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FOREWORD
Rapid economical growth and expansion of human population have produced a number of
environmental problems with varying geographic dimensions. While local problems remain
near the pollution sources, the focus of the scientific community is more and more shifted
towards regional, continental and global consequences of air pollutants. At this 10* World
Clean Air Congress, we attempt to draw the attention of the international community to the
most critical environmental issues facing us today. The theme of the Congress "Growing
Challenges from Local to Global" reflects the growing demand from the scientific and
professional community working in air pollution prevention and environmental protection more and more complex mechanisms should be understood on a growing spatial scale.
Locally, environmental problems are most often manifested as effects on human and ecosystem
health. Air pollutants from large stationary sources or from a great density of mobile sources
extend their immediate effects to a distance which is dependent of meteorological conditions
and emission amounts. The most prominent regional air pollution issues with high priority
within the next five years focus on the control of long-range transported air pollutants acting as
acidifying or eutrophying agents or as precursors for photochemical oxidants. Presently the
most severe environmental threats are, however, global of nature. The greatest global concerns
that require a concerted international action are the issues of global wanning and depletion of
the ozone layer.
The 10* World Clean Air Congress addresses in its more than 400 presentations, documented
in three Volumes of Proceedings, the history, the present and the potential futures of the air
pollution problems. Air has during different times always represented something valuable to
people: the logo of the Congress, the octahedron sign, symbolizes the element of air in ancient
Greek philosophy. Today air quality is not only valued as important, it is a death serious
matter.
This Volume includes all papers of paths C "Pollutant Impacts", D "Pollution Management",
and E "Health Effects". Path C includes numerous highly relevant papers dealing with climate
change and greenhouse gasses, as well as with environmental effects of air pollutants mostly on
materials and vegetation. The most critical issues on air pollutant management throw light on
national and regional abatement strategies and on the applicability of various tools for
pollution management The path on effects on human health includes a session on "Air
pollution epidemiology" sponsored by the Economic Commision for Europe and a session on
"Health effect control strategies" sponsored by the UN World Health Organization. In these
sessions invited speakers describe the current understanding of human responses to air
pollution exposure.
\
We are sincerely grateful to all those who have contributed to the accomplishment of these
Proceedings, and in particular to all authors who have shared their expertise with fellow
Colleagues.

Juha Kamari
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Merja Tolvanen

Pia Anttila

Raimo O. Salonen

AVANT-PROPOS
La croissance dconomique et l'accroissement rapides de la population humaine ont genere de
nombreux problemes environnementaux, dont les dimensions geographiques sont variables. Si les
problemes locaux restent proches des sources de pollution, l'attention de la communaute
scientifique s'oriente, de plus en plus, vers les consequences regionales, continentales et globales
des polluants atmospheriques. Ce lO8”6 Congrds mondial sur 1'Air pur est pour nous l'occasion
d'attirer l'attention de la communaute Internationale sur les problemes d'environnement les plus
graves auxquels nous sommes aujourd'hui confrontds. Le theme du Congres - "Les defis en pleine
amplification - du local au global" -reflete l'aspiration globale des communautes scientifiques et
professionnelles qui s'emploient a la prevention de la pollution atmospherique et a la protection de
l'environnement; les mecanismes, de plus en plus complexes, doivent etre compris sur une echelle
de plus en plus spatiale.
A I’echelon local, les problemes d'environnement affectent se manifested, le plus souvent, sous la
forme d'affections de la sante des etres humains et des ecosystemes. Les polluants atmospheriques
provenant de sources stationriaires importantes ou generes par une forte densite de sources mobiles
etendent leurs effets immediats sur une distance qui est fonction des conditions meteorologiques et
des quantites demissions. Les questions majeures tides a la pollution atmospherique regionale, qui
auront la haute priorite dans les cinq annees & venir, mettent l'accent sur le controle des polluants
atmospheriques transports sur de longues distances, qui agissent comme agents responsables de
l'acidification ou de l'eutrophisation ou encore comme precurseurs d'oxydants photochimiques. Les
plus graves menaces qui pesent, actuellement, sur l'environnement sont toutefois de caractere
global. Les preoccupations globales les plus serieuses, qui necessitent une action intemationale
concertee, sont les questions liees a l’alerte globale et h la diminution de la couche d’ozone.
Le 108™ Congres mondial sur l'Air pur examine, & travers plus de 400 communications compilees
dans les trois volumes des Actes, l'historique, le present et les future potentiels des problemes de
pollution atmospherique. Aux differentes epoques, l'air a toujours eu une valeur aux yeux des
individus: le logo du congres, l’octaedre, symbolise les elements de l'air dans la philosophic de la
Grece antique. De nos jours, la qualite de l’air n’est pas seulement jugde importante; c’est une
question aussi sdrieuse que la mort
Le present volume contient les communications sous le theme C du Congr&s ’’Impacts des
polluants”, sous le theme D ’’Gestion de la pollution”, et sous le theme E "Effets sur la sante de
l’etre humain”. Le theme C inclut de nombreuses communications hautement pertinentes, qui
examinent le changement climatique et les gaz de l’effet de serre, les effets des polluants
atmospheriques sur l’environnement, principalement sur les matdriaux et sur la vegetation. Les
questions les plus critiques, relatives & la gestion de la pollution, font la lumiere sur les strategies
nationales et regionales de reduction et sur 1’applicabilitd d’outils varies a la gestion de la pollution.
Le theme consacre aux effets sur la sante de l’etre humain inclut une session consacree &
’’l’epidemiologie de la pollution atmospherique”, sponsorisee par la Commission economique pour
l’Europe, et une session vouee aux ’’Strategies de controle des effets sur la sante”, sponsorisee par
l’OMS de l’ONU. Les orateure invites & ces sessions decrivent 1’etat actuel de la connaissance des
reponses humaines a l’exposition a la pollution atmospherique.
Nous sommes sincerement reconnaissants a tous ceux qui ont contribue a la realisation de ces
Actes, en particulier a tous les auteurs qui ont bien voulu partage leur competence avec leurs
collegues.
JuhaKamari

Meija Tolvanen

Pia Anttila

Raimo O. Salonen
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MANGANESE FOLIAIRE CHEZ "PlCEA ABIES" ET DEPERISSEMENT
FORESTIER
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INTRODUCTION
Le manganese joue un role essentiel dans divers processus cellulaires en tant que constituant
structural, site de liaison et systeme redox Mn(III)/Mn(II), principalement dans la
photosynthese (1). Un complexe manganese-polypeptide protege le centre reactionnel
photosynthetique de la destruction redox et radicalaire (2).
L'ozone probablement fortement implique dans le deperissement des arbres, en alterant le
fonctionnement des membranes, a une influence sur la concentration de certains elements
foliaires. L'alteration des chloroplastes entramerait probablement la liberation de cet element.
L'augmentation du manganese libre pourrait aussi resulter d'un metabolisme augmente pour
reparer ses dommages. (3). Le manganese constitue une sonde paramagnetique simple a mettre
en oeuvre pour effectuer un tri plus grassier entre arbres sains et presentant des symptomes tres
nets de deperissement (4,5).
Nous avons voulu verifier si les taux de manganese libre dans des aiguilles d'epiceas peut
constituer un bioindicateur precoce du deperissement. Nous avons done dose d'une part le
manganese total, d'autre part le manganese libre de et tente de relier ces mesures aux parametres
classiques decrivant le deperissement des arbres (classes de defoliation et de jaunisssement).
MATERIEL ET METHODES
A fin d'eviter les fluctuations dans les concentrations en elements mineraux lies aux differents stades de
developpement des arbres, notre etude est realises a partir d'epiceas adultes ages de 80 a 120 ans. Les echantillons
d'aiguilles proviennent de 13 stations de forets plus ou moins deperissantes de l'Est de la France et des regions
limitrophes (Tableau 1). Les sites de prelevements ont etc choisis dans des stations jugees par les administrations
forestieres locales comme representatives de zones non directement polluees, et de preference en altitude. La
collecte de rameaux a lieu en automne (1989), epoque de l'annee ou les resineux se trouvent en phase stabilisee
du cycle vegdtatif (6). Trois generations d'aiguilles (annees 1,2 et 3), proviennent de rameaux preleves dans les
houppiers entre le 5 erne et le 10 feme verticille (7).
Les taux de manganfese total (MnT) ont ete determines par spectrophotometrie d'absorption atomique a partir de
500 mg de poudre d'aiguilles sechees a 65 °C pendant au moins 48 H. Le reactif de mineralisation est constitue a

volumes egaux de perhydrol et d’acide perchlorique (7). Le manganese Mn(II) est mis en evidence directement in
situ dans les aiguilles par Resonance Paramagnetique Electronique (RPE) (spectrometre BRicker ER-200D).
Seuls les ions libres (MnL) presentent un spectre detectable a temperature ambiante. L'intensite des spectres RPE
est correlee & la concentration de Mn(II) (4,8,9). Les resultats sont exprimes en mg/g de matiere seche (m.s.).
Le nombre d'echantillons etant faible (n<30), certaines hypotheses comme la normalite des distributions ou
l'egalite des variances sont tres difficiles a verifier. C'est pourquoi, nous avons utilise des tests non parametriques
(Mann et Whitney ; Kruskal et Wallis) pour trailer les donnees (10). Trois niveaux de signification ont ete
retenus : 5 % (significant), 1 % (tres significatif), 0.1 % (hautement significatif).

RESULTATS ET DISCUSSION
Domaines de concentrations
Pour I'ensemble des 13 stations (Tableau 1), le domaine des concentrations en MnT est etendu
(0,100 - 3,713 mg/g m.s.). Toutes les stations depassent les seuils de carence manganique
definis par les specialistes (5,11). On note egalement une grande disparite de I'amplitude du
domaine de concentration du MnL (0,012 - 0,591 mg/g m.s.), soit dans le rapport de 1 a 60.
La plupart des distributions des donnees groupees par station sont asymetriques a l'exception
de Fl,F2,S3 etJ6.
Les valeurs moyennes les plus faibles ont ete determinees dans les stations les plus
septentrionales, Vosges (Ft, F2) et Jura (J6, Jl2), et en Rhenanie-Palatinat (Rl). Les moyennes
les plus elevees sont trouvees dans les Ardennes beiges (Bl), au Luxembourg (L2) et en Sarre
(SI,S3), regions plus proches des zones tres polluees de l'Est. Les valeurs fluctuent aussi bien
d'une region a l'autre que d'une station a l'autre dans une meme region, refletant
l'heterogeneite de la distribution spatiale du statut nutritionnel en manganese. Une augmentation
de la resistance aux stress peut se traduire par un prelevement accru de Mn par les arbres (12).
On retrouve globalement pour les concentrations en MnL les memes tendances que pour MnT
(Tableau 1). La liaison entre MnT et MnL est toujours significative ou hautement significative.
Ainsi, la grandeur MnL/MnT semble adaptee pour suivre 1'evolution de la liberation du
manganese a l'interieur des chloroplastes en fonction du degre de deperissement des arbres et
de l'age des aiguilles. Une correlation positive hautement significative des taux relatifs
MnL/MnT avec les teneurs hydriques des aiguilles (r=0,37 ; p=0,0001) est observee.
Variability du manganese avec Page des aiguilles
Nos analyses du manganese foliaire, que ce soit le MnT ou le MnL, montrent une tendance a
l'augmentation de cet element au cours du vieillissement des aiguilles surtout lorsque les
teneurs des aiguilles de premiere annee depassent 1 mg/g m.s. (Bl,L2,R2,Sl,S2,S3). Les
valeurs des coefficients de correlation sont alors superieures a 0,5. Quelque soit la region, le
coefficient de correlation est positif mais il ne peut etre considere comme significatif (p =
0,049). Les stations frangaises se distinguent des autres stations par une augmentation peu

f

sensible des taux de MnL ou MnT avec l'age des aiguilles. Nos resultats sont en accord avec
ceux de Bonneau (11). La correlation positive tres faible avec l'age des aiguilles est tout juste
significative. Contrairement au MnT, les teneurs en eau varient peu d'une annee a l'autre.
Influence de I'etat de deperissement sur les parametres foliaires
Afin de s'affranchir des variabilites inter-individuelles des taux de Mn et de celle liee au facteur
age qui empecherait de mettre en evidence son eventuelle correlation aux notes de desolation ou
de jaunissement, reprenant les concepts developpes par Wyttenbach et Tobler (6), nous avons
etudie les grandeurs relatives [Mn( 1 an)]/[Mn(2ans)]. Toutes les valeurs sont inferieures a
I'unite, indiquant que la concentration de manganese total augmente au cours du temps. A
I'echelle regionale, les valeurs moyennes se situent a peu pres au meme niveau (0,70 ± 0,11), a
1'exclusion des Vosges (Fl) ou les valeurs sont proches de I'unite.
devolution moyenne des teneurs relatives [MnL/MnT](2ans) / [MnLZMnTj(lan) pour les 3
classes de deperissement (0, 1 et 2) indique une grande variability (de 0,5 a, 2,75) selon les
arbres. La tendance generate semble aller dans le sens d'une legere augmentation non
significative de l'aggravation de I'etat sanitaire des arbres (r = 0,21) (Figure la). Bien que la
teneur en MnL semble s'accroitre quand I'etat sanitaire des arbres s'aggrave, le seul resultat
concluant concerne l'augmentation des teneurs en manganese aussi bien libre que total, quand
l'age des aiguilles augmente (Figure lb), alors que les teneurs hydriques diminuent legerement.
CONCLUSION
Bien que notre etude ait porte sur 153 echantillons appartenant a 13 stations differentes, aucune
tendance significative ne peut etre degagee. Nos essais realises a une microechelle sur des
aiguilles encore vertes, montrent que la distribution du manganese libre mesure par RPE ne peut
etre retenue comme un indicateur precoce de deperissement. Us ne permettent pas de distinguer
1'origine de sa liberation : vieillissement normal des aiguilles ou consequences de faction de
divers facteurs de stress ? Ces resultats indiqueraient egalement que les stress a 1'origine du
phenomene de deperissement (secheresse, ozone) ont des niveaux relativement faibles car ils
entrament sur le metabolisme du Mn des modifications du meme ordre de grandeur que celles
liees au vieillissement nature!.
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Tableau 1. Repartition des echantillons analyses par region de collecte et teneurs moyennes en manganese
foliaire total (MnT) et libre (MnL)
Station (Region)
Eupen (Ardennes Beiges)
Wielsam (Ardennes Beiges)
Plainfaing (Vosges,France)
Sewen (Vosges,France)
Flatzbau (Luxembourg)
W-Hocheifel (Rh-Palatinat,D)
O-Hocheifel (Rh-Palatinat,D)
Hoch-Idarwald (Rh-Palatinat,D)
Sellwald (Sarre.D)
Tiirkismuhle (Sarre.D)
Kahlenberg (Sarre.D)
Foret des Farges (Ain,France)
Foret de Censeau (Jura,France)

Designation
B1
B2
FI
F2
L2
R1
R2
R3
SI
S2
S3
J6
J12

(a)

Nombre
d’arbres

Nombre
d'echantilions

3
3
5
3
4
3
7
4
4
3
4
6
6

9
7
15
7
11
8
12
20
11
7
10
18 .
18

MnT
(mg/g m.s.)
1,866 + 0,900
1,234 ±0,502
0,240 ± 0,063
0,399 ± 0,193
2,329 ±0,891
0,316 ±0,312
1,561 ±0,477
1,302 ±0,659
1,800 ± 0,802
1,112 ±0,305
2,348 ± 0,759
0,244 ± 0,097
0,402 ±0,172

0,202 ±0,155
0,206 ± 0,074
0,036 ±0,016
0,091 ± 0,054
0,305 ±0,130
0,047 ± 0,041
0,276 ±0,116
0,246 ± 0,161
0,242 ± 0,094
0,122 ±0,086
0,370 ±0,131
0,054 ± 0,021
0,072 ± 0,037

(b)

B1
F1
B2
J6
J12
L2
R1
R2
R3
51
52
53

0,4-

classe de deperissement

Mn L
(mg/g m.s.)

AGE (annees)

Figure 1: (a) Evolution des taux relatifs de Mn libre (MnL/MnT) en fonction de la classe de deperissement.
(b) Evolution des taux relatifs de Mn libre en fonction de l'age des aiguilles pour les arbres de classe 0.
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TREND OF HEAVY METAL AND SULPHUR DEPOSITION IN
FINLAND FROM THE 1980's TO 1990's

Eero Kubin and Harri Lippo
Forest Research Institute, Muhos Research Station, Finland

INTRODUCTION
The moss technique to survey atmospheric heavy metal deposition was developed in Sweden in
the late 1960's (1, 2). The surveys has extended from regional and national basis to cover all
the Nordic countries in 1985, to northern Europe in 1990 and to a large part of Europe in 1990
- 92 (3,4,5). National reports have also been published in many countries (6,7).
The Forest Research Institute established a network of 3009 secret permanent monitoring sites
all over the country in 1985 and 1986 for forest inventory and for monitoring the situation and
changes in the forests (8, 9). One essential part has been to study the effects of air pollution including heavy metal and sulphur deposition on forests. Deposition has been monitored by
collecting bioindicators and analysing the element concentrations (10). The purpose of this
report is to show the trend of the heavy metal and sulphur deposition from the 1980's to 1990's
and in addition to produce information about the emission sources.
MATERIALS AND METHODS
Moss samples (Hylocomium splendens and Pleurozium schreberi) have been collected and
analysed according to the guidelines for international survey. The moss-survey of the Nordic
countries made in 1985 (3) had only about 20 % samples collected from those permanent sites.
The survey made in 1990 was based on the permanent network and results have been published
as a part of a survey in northern Europe (4). Results based on moss samples collected from the
same sites all over the country in 1985 and 1990 will are presented in this report. The total
number of samples analysed has been 4883 and analyses have been made by ICP-AEStechnique after digestion with a mixture of HNO3 and HCIO4.
RESULTS
The cadmium concentration in the moss samples decreased by 25 % from 1985 to 1990. The
effect of long range transport was seen by a decreasing gradient from south to north. The lead
level declined with 35 %, mainly due to a reduction of the lead content in petrol in the 1980's.
The effect of long range transport was seen similarly as for cadmium. The nickel concentration
decreased by 11 % and the vanadium level declined with 27 %. The concentrations for
chromium, copper, iron, zinc and sulphur had been nearly at the same level.
The main maxima for cadmium were around the Hayavalta smelter and Kokkola industrial city.
The main concentration maximum for copper was around the Haqavalta smelter and the
influence from the Murmansk area in Russia was seen in the north-eastern parts of Lapland.
The main concentration maximum for chromium was around the Tomio steel mill and

especially for chromium, the area of high concentrations has got smaller. The main maximum
for nickel was around the Harjavalta smelter and the influence from the Murmansk area in
Russia was seen in the north-eastern parts of Lapland. The main concentration maxima for
vanadium were around the oil refineries in Naantali and Porvoo. There was no significant local
emission source for iron, zinc and sulphur.
CONCLUSION
There was a decrease in the concentrations in moss for cadmium, lead, nickel and vanadium
from the 1980's to 1990's. The decrease in the concentrations will continue in all probability
mainly due to stricter emission control legislation and better filter technique and for lead due to
a reduction of the lead content in petrol in the 1980's.
Some important emission sources cause local enhancements of the concentrations in moss.
High metal concentrations were found around Haqavalta smelters, around the Tomio steel mill
and in the north-eastern parts of Lapland near the Finnish-Russian border rather close to heavy
metal industry in Kola Peninsula. Eleveted levels were also found around the Raahe smelter
and around the oil refineries in Naantali and Porvoo. The effect of long-range transport from
the Central and East Europe was seen especially for cadmium, lead and sulphur.
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BIOACCUMULATING POLLUTANTS FROM AN
REDUCTION PLANT ON FOREST ECOSYSTEM.

ALUMINIUM

Blanka Mankovska
Forest Research Institute, Zvolen, Slovakia
INTRODUCTION
The environmental degradation is presently one of the worst problems of Slovakia. The
aluminium plant began its operations in 1953. The yearly production of A1 is 66 0001, which
gives a rise to 315 000 t of solid waste and slush, ash (fly ash, A1203, calcinated coke,
anthracite) and 17 000 t of gaseous pollutants (S02, NOx, F, Cl, Hg). In total 2 mill, t of A1
have been produced over the years (1).
The objectives 0 of the study is to continue the investigation of pollution of this region
disrupted in the seventies and determine the load by selected pollutant elements of forest trees,
insect pests and wildlife after 40 years of aluminium plant working activities.
MATERIAL AND METHODS
A sampling network initially composed of 26 study sites was established in 1970. The
sampling area was divided into 3 pollution zones with different distance from the industrial
complex (A- to 10 km , B from 10 to 20 km, C- from 20 to 50 km) (2).
Samples of the forest insects Rhyacionia buoliana Den.et Schiff., Aradus cinnamomeus
L. and Operophtera brumata L.were collected in zone A and in a control region (Sajdikove
Humence). Samples of roe-deer hair, teeth and tissue were collected from zones A and from
a control locality (Hontianske Nemce). Samples of assimilation organs of forest trees were
taken according to internationally accepted monitoring methodology (3). In 1970 samples from
26 localities were analysed. In 1990 we repeated sampling in the same 26 localities. In 1992
sampling was done in 5 localities 1, 3, 12, 20, 22 and 26 (2).
The vegetative organs (2-year old needles of Picea abies Karst, and Pinus sylvestris
L. were analysed unwashed. Samples of hair were washed with ethanol and then several times
with redestilled water. Metals were determined by atomic absorption spectrometry using AA-6
DA Varian Techtron AG, and by induction-coupled plasma mass spectrometry (ICP-MS)
using VG Plasmaquad I. Fluoride was determined spectrophotometrically after microdiffrision
separation. Sulphur was determined by elementary analysis on LEGO SC 132 (4).
Possible significant differences in arithmetical means of selected elements were tested
using the t-test. Arithmetic means of the selected element contents were tested between
samples from regions not influenced by pollutants from the aluminium plant and those from
regions damaged by pollutants.
RESULTS AND DISCUSSION
The original vegetation in the area was formed by the following forest types:
Fageto-Quercetum, Querceto-Fagetum, and Fagetum pauper. In the whole area ( A + B + C
pollution zones) 10.4% of the forest now consists of conifers (5% spruce, 1.1% fir, 3.2% pine,
0.1% larch) and 89.6% of broadleaved species ( 56.4% beech, 15.2% oak, 14.9% hornbeam
and 3.1% others). The composition of forest trees has changed significantly since the A1 plant
started to operate. In 1955 coniferous trees represented 36.6% of the vegetation in zone A,

while in 1978 the figure had been reduced to 3.0%. Similar figures for zone B are 55.6 % and
28.0%, respectively.
Concentrations of F, Cd and Pb in selected stages of R.buoliana, O.brumata and
A.cinnamomeus are shown in Table 1. The arithmetical means in samples from the zone A are
all significantly different from those in the control region (Sajdikove Humence). The
difference in the element content in polluted zone A and non-polluted areas is statistically
significant for all elements and insect species. The absolutely highest values of F, Cd and Pb
are in perished larvae of R.buoliana. Their bodies were shrunk and their death was probably
caused by high fluorine content. The same symptoms were observed for Bombyx mori L.
caterpillars (4), who perished under influence of fluorosis in the vicinity of glass works. It
was confirmed that the elements F, Cd, and Pb are present in the food chain plantphytophagous animal;-they were found both in defoliating and sucking insects. The results
obtained in the present study support the idea that F, Cd and Pb are absorbed by the
phytophagous insects not only from food and the plant assimilation organs which pollute the
surface by airborne of subtoxic metals, but that they are also cumulated from plant tissues and
saps.
TABLE 1
Concentration of F, Cd, and Pb in R. buoliana, O. brumata and A. cinnamomeus (mg.kg-1)
Species

ZP

n

Pb

Cd

F
X

sx

SD

X

sx

SD

X

sx

SD

R. buoliana
Heads of
larvae

A
K

40
63

5142
281

171
29

**

3.1
0.8

0.09
0.02

**

22.4
3.7

2.1
0.5

**

Body of
larvae

A
K

60
86

1187
191

948
19

**

2.5
0.7

0.10
0.04

**

17.6
2.9

1.5
0.2

**

Dead
larvae

A

16

4650

312

7.5

0.12

31.2

1.9

O.brumata

A
K

20
10

3098
67

325
15

**

2.8
0.8

0.08
0.01

**

18.2
3.5

3.2
0.3

**

A.cinnamo
mens

A
K

28
28

5936
30

297
4

**

5.9
2.9

0.10
0.08

**

26.6
4.9

5.3
0.5

**

** Significantly different at PO.Ol, N Not statistically significant
A - zone pollution, K - control locality
Concentrations of As, Cd, F, Pb in roe-deers are shown in Table 2. All differences
in the element contents from polluted and control areas (Hontianske Nemce) are statistically
significant, with the exception of Pb in the teeth of roe-deer. Results from analyses of soft
tissues of roe-deer are shown in Table 2. Many of the reported values appear to be above or
close to the recommended limits for human consumption. This is particularly the case for As,
Cd, and F (5).

TABLE 2
Concentration of As, Cd, F, and PB in the hair, teeth and tissue of roe-deer (mg.kg"')
Pollution
zone

n

As
X

s.

Cd
SD

X

s,

Hair
A
B
C
K

5
5
25
40

9.5
1.8
14.0
0.9

0.2
0.1
8.3
0.1

036
036
033
0.03

0.03
0.02
036
0.01

Teeth
A
K

21
9

13.4
6.3

2.3
0.5

5.8
53

0.8
0.4

75
75
75

0.27
0.34
0.30

0.32
0.28
0.19

0.10
0.54
0.03

0.01
0.16
0.02

tissue
liver
kidney
meat
hygienic
limit (5)
viscera
meat

0.20
0.10

0.10
0.05

F
S
D

**

*

Pb
S
D

X

s,

17
22
21
0.5

29.8
6.9
21.5
1.6

2.1
1.9
8.8
03

3847
310

54
7

5.7
5.5

23
0.4

435
7.31
4.95

1.94
2.45
1.89

0.11
0.14
0.08

0.09
0.21
0.05

X

s,

294
238
156
14

2.5
2.5

SD

N

1.0
0.5

** Significantly different at P < 0.01, * Significantly different at P < 0.05, N Not statistically significant,
A, B, C - zone pollution, K « control locality

The deteriorated forest conditions means change of trophic conditions for wildlife as
well. F, As and heavy metals get to the roe-deer directly from plants. Roe-deer is very
suitable for such observations, as their migration is normally very limited, only in range of
1 -2 km. The concentration of F in animal organisms is dependent on duration of exposure
and F concentration in food. Most of the absorbed F is cumulated in bones and teeth, where
it causes osteosclerotic and osteoporous processes. Among soft tissues especially kidney and
liver concentrate F. Low levels of F are found in muscular tissue. The amount of F
accumulated in the animal organism is dependent on supply of other mineral elements as well
especially Ca, Mg, P, Zn, A1 and Cu. Fluorine is eliminated from the organism largely
through the kidneys and only a small fraction is eliminated through the intestine.
Results from chemical analysis of spruce needles (1970 and 1990) are shown for three
zones of pollution in Table 3 comparing levels in 1970 and 1990 in three pollution zones
A-C. The F level is similar, but with a growing trend in zones B and C. The trends for S are
different showing a significant decrease in the most polluted zone while the situation in B and
C apparently has not changed very much. This is evidently the result of a greater dispersion
of S02 emissions because of a higher stack. Very similar isotopic composition of S in zones
A, B and C supports this fact (4). Table 3 shows also ratios of mean values in 1970 and 1990
respectively, expressed as % of the 1990 value.

TABLE 3
The content of F, Pb, S (mg.kg"1) in the 2 years old needles of P. abies (PA) in the three
pollution zones in the region of Ziar nad Hronom in the years 1970 and 1990
Polluti
on
zone
x

1970
s,

x

S

Pb

F
1990
s,

1970/1990
%

x

1970
s.

x

1990
sx

1970/1990
%

x

1970
s,

x

1990
s,

1970/
1990
%
47

A

301 122

310 148

103

4.7 1.3

6.7 1.4

143

3682 827

1730 598

B

92 24

170 39

184

3.6 1.2

14.0 22

389

2733 541

1970 282

72

1410 172

115

34

C
K

11

102 13

300

32 0.8

13.9 1.4

434

1230 448

781 38

4.1 0.8

10.1 0.3

A, B, C - zone pollution, K - control locality (2)

TABLE 4
Elemental composition of 2 year old needles of P. sylvestris collected in the region of Ziar
nad Hronom in the years 1992 and from control area on Kola Peninsula (mg-kg"1 in dry
matter)
Element

X

A1
As
Ba
Be
Bi
Ca
Cd
Co
Cr
Cs
Cu
Fe
La
Li
Mg
Mn
Mo
Na
Ni
Pb
Rb
Sb
Sr
Th
Ti
U
V
Y
Zn

312
<0.20
7.5
<0.010
0.004
4200
0.040
0.320
1.09
0.048
6.0
87
0.034
0.044
551
649
<0.12
154
7.50
0.43
15.2
0.005
14.1
<0.012
0.026
0.001
0.27
0.012
36.2

t-test

Polluted area
A,B,C pollution zone

Control
area
X

511
0.66
4.57
0.025
0.067
5617
0229
0278
0.533
0.284
3.57
244
0.147
0.296
1300
426
0.076
29.2
2.79
2.66
8.75
0.094
8.98
0.027
0.033
0.012
0.468
0.112
45.8

s,

Xrf„

^ina

213
0.16
1.53
0.027
0.063
1452
0.068
0.227
0.198
0.498
0.60
28
0.017
0.159
125
244
0.034
31.8
1.16
1.72
8.07
0.071
1.72
0.004
0.013
0.004
0.172
0.034
12.6

225
0.46
3.1
0.005
0.012
3570
0.146
0.128
034
0.058
2.49
207
0.117
0.148
1120
145
0.047
4.0
0.59
1.76
0.94
0.041
6.5
0.022
0.019
0.008
0300
0.075
30.5

780
0.89
7.2
0.064
0.185
7220
0.339
0.722
0.800
1.30
4.12
284
0.163
0.561
1440
750
0.134
90.0
3.78
6.05
21.6
0232
11.4
0.033
0.054
0.020
0.800
0.170
62.2

** Significantly different at P < 0.01, * Significantly different at P < 0.05, N Not statistically significant

**
*

N
**
*
**

*
*
**

Table 4 shows concentrations of 29 elements, determined by ICP-MS, in 2 year-old
needles of P.sylvestris in the re- gion of Ziar nad Hronom and comparison with the control
area from Kola Peninsula. The highest levels of Li, Be, Na, Al, V, Cr, Mn, Fe, Ni, Cu, As,
Rb, Mo, Sb, Cs, Pb, Bi, and Th were found in locality 3 in zone A. Significantly higher levels
of Al, As, Be, Bi, Ca, Cd, Cs, Fe, La, Li, Mg, Mo, Pb, Sb, Th, Ti, U, V, Y and Zn are
evident from comparison of the results of pine needle analysis from the aluminium plant
region (arithmetic mean of locality 1, 12, 22, 3, 26, 20) with a background area on Kola
Peninsula. The elements Co, Cr, Cu, Mn, Na, Ni, Rb, Sr were similar or lower than in the
control area.
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ABSTRACT
Pollution problems in forest ecosystems resulting from 40 years operation of an
aluminium smelter comlex in Slovakia are reviewed.Original data are presented with respect
to temporal and spatial trends of sulphur, fluorine, and heavy metal pollution of forest trees.
Other issues discussed here include tree species distribution, trace element exposure of
phytophagous insects and roe deers.
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ATMOSPHERIC HEAVY METAL DEPOSITION IN
EUROPE ESTIMATED BY MOSS ANALYSIS

Ake Ruhling
Swedish Environmental Research Institute, Department of Ecology, University of Lund,
Sweden

INTRODUCTION
Atmospheric heavy metal deposition in Europe including 21 countries was monitored in
1990 -1992 by the moss technique. This technique is based on the fact that the concentrations
of heavy metals in moss are closely correlated to atmospheric deposition. This was the first
attempt to map heavy metal deposition in this large area.
The objectives of the project were to characterise qualitatively and quantitatively the regional
atmospheric deposition pattern of heavy metals in background areas in Europe, to indicate the
location of important heavy metal pollution sources and to allow retrospective comparisons
with similar studies.
The present survey is a follow-up of a joint Danish and Swedish project in 1980 (1) and an
extended survey in 1985 (2) within the framework of the Nordic Council of Ministers. In
Sweden, heavy-metal deposition was first mapped on a nation-wide scale in 1968 - 1971 (3)
and 1975 (4).
METHODS
Samples of mainly the moss species Pleurozium schreberi, Hylocomium splendens and
Hypnum cupressiforme were collected during the summertime 1990. Some samples were
taken also in 1989, 1991 and 1992. The total concentrations of arsenic, cadmium, chromium,
copper, iron, lead, nickel, vanadium and zinc were determined and the results presented in the
form of coloured contour maps of Europe.
RESULTS
The results for the Nordic and Baltic region was published in 1992 (5) and for all Europe in
1994 (6). Figure 1 shows as an example the lead concentrations. National reports have been
compiled for Austria, the Czech Republic, Estonia, Finland, Germany, Latvia, Norway,
Poland, Portugal, Slovakia, Romania, Russia and Switzerland (7 - 20).
In the Nordic countries and adjacent areas the regional deposition pattern of all metals shows
a decreasing gradient from relatively high values in the southern parts of Scandinavia to low
values towards the North. The gradient is steep for cadmium, lead and vanadium, whereas the
concentrations of chromium, copper, iron, nickel, and to some extent zinc, show weaker
gradients. Compared with previous similar studies, a significant decrease in the concentrations
of most elements was found in this area during the last 10 - 20 years.

(microgram/gram)

I Over 35
I 30 - 35
I 25 - 30
20 - 25
15 - 20
L. 110 - 15
t.

I 5 - 10

L

I Below 5

I.

I Undefined

Important local enhancements of the concentrations in moss were found superimposed on the
regional background pattern, especially at the great smelters in Nikel, Zapolyamyv and
Monchegorsk in Russia in the western part of the Kola Peninsula.
The pattern of deposition in the Baltic region is due to long-range transport and local sources.
Higher levels of metals are found at Mazeikiai (oil refinery) in Lithuania, close to Liepaja
(steel mill) and Riga in Latvia and in the industrial north-eastern area of Estonia and adjacent
area of Russia. Higher levels of metals were found in the metropolitan area of St. Petersburg
as well as in several industrial areas in the Leningrad region.
In Central Europe, Germany, Poland, and the Czech Republic have numerous sources of air
pollution. The major industrial regions that supply emissions for long range transport are the
Ruhr area in Germany, the western part of the Czech Republic and adjacent areas in eastern
Germany, as well as southern and south-western Poland. The Netherlands is particularly
affected by pollution from Belgium and western Germany.
NEXT SURVEY 1995
The Environmental Monitoring and Data Group in the Nordic Countries has planned for the
next survey of heavy metals in moss to take place in 1995 when mercury will be added to the
above elements. That survey will also include sampling of surface soil humus. Most heavy
metals increase in the surface layer of the soil. Even if the annual deposition decreases, the
concentration in the topsoil might increase due to the generally slow leaching of heavy metals.
In order to improve the quality of analytical data to be produced in the 1995 metal deposition
survey, potential participants were invited to participate in a laboratory intercomparison
exercise. Three moss and three soil humus reference samples specifically prepared for this
purpose were distributed anonymously among the laboratories, which were asked to report
data for the ten priority element V, Cr, Fe, Ni, Cu, Zn, As, Cd, Hg, and Pb. The analytical data
from the intercomparison has been evaluated, and recommended values for the elements in
each of the six reference samples are established.
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MONITORING OF HEAVY METAL LOAD—BY MOSSES
OR RAIN WATER CHEMISTRY
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INTRODUCTION
The deposition of heavy metals is usually determined from precipitation chemistry but the
moss technique has been increasingly used, particularly in the Nordic countries. Some
international monitoring programmes, e.g. UN/ECE Integrated Monitoring, give them as
alternative methods (1). However, their comparability has not been sufficiently determined.
This study compares the two monitoring methods for Pb, Cd, Cu and Zn, which have
different sources. The metal industry is an important source of Pb and Cd emissions. Longrange transport as well as traffic and local emissions are also important sources for Pb. The
use of fertilizers and fossil fuels also result in Cd emissions (2). Cu and Zn are emitted from
metal industries and local sources. Unlike Pb and Cd, Cu and Zn are essential elements for
living organisms. Cu and Zn are needed in many enzymes and Zn in proteins (2).
Mosses are thought to take all their nutrients from the air. The deposition of heavy matals is
also effectively retained by mosses and may be used to indicate levels of heavy metal
deposition. In northern countries the mosses are isolated from air (and therefore also from
deposition) by snow in winter. In this study both the bulk deposition of the whole year (later
"total deposition") and the bulk deposition of the snow-free period (later "bare ground
deposition") are compared to the metal concentrations in mosses.
MATERIAL AND METHODS
The heavy metal deposition in precipitation was measured at seven air quality stations run by
the Finnish Meteorological Institute (FMI). The stations are located throughout the country.
At four of the stations (Valkea-Kotinen, Hietajarvi, Pesosjarvi and Vuoskojarvi),
precipitation samples were collected monthly in bulk collectors (open cylinders). At the other
stations (Haapasaari, Hailuoto and Varrio) samples were collected weekly using collectors of
the same type. The three-year period from July 1991 to June 1994 was chosen because it
corresponds to the same period the three year segment of mosses has been exposed to
deposition. Deposition was calculated by multiplying the concentrations of heavy metals in
rain water by the amount of rain water gathered in the sampling gauges.
The chemical analyses of most of the samples were carried out at the FMI using atomic
absorption spectrometry (AAS). The samples collected during the last six months, however,
were analysed at the Geological Survey of Finland using inductively coupled plasma mass
spectrometry (ICP-MS). Three months samples were analysed using both AAS and ICP-MS
and were found to give similar results for the four elements studied.

Samples of two carpet-forming moss species, Hylocomium splendens (Hs) and Pleurozium
schreberi (Ps), were collected within a maximum radius of 500 m of the air quality stations
from late May through to early June 1994. The sampling sites were open areas, that is small
gaps in the forest canopy not exposed to throughfall from trees (3). At each sampling site at
least 5 subsamples were taken and combined to give a single composite sample. The two moss
species were sampled separately. However, at Hietajarvi station, only Ps was collected. The
samples were collected using plastic gloves, adhering soil and litter carefully removed and put
into paper bags. In the laboratory the samples were dried at 40° C for at least 24 h. The three
youngest annual growth segments were carefully excised from the moss stems and taken for
analysis. The total digestions were made at the University of Helsinki (Dept, of Botany) and
the heavy metal concentrations determined at the Geological Survey of Finland using ICP-MS
(1).

Daily precipitation amount and the dates of snow-free ground for the period July 1991-June
1994 were taken from nearest weather and climate stations of the FMI. The bare ground
deposition is the sum of the depositions of the snow-free period.
RESULTS
The metal concentrations in the moss samples corresponded quite well with the concentrations
recorded in the North European Survey (2). Only the Cd concentrations were somewhat lower
than had been recorded in 1990 (2). There were no statistically significant differences (p>0.05)
in metal concentrations between the moss species, except in Cu concentrations which tended
to be higher in Hs than in Ps (t-test, p=0.016) as has been reported earlier. (4).
The dependence of moss concentrations on the deposition were explained using simple linear
regression analysis (Table 1). Regression models were derived using both untransformed and
logarithm transformed data. The regression models did not differ considerably when using bare
ground deposition instead of total deposition (Table 1).
The concentrations of Pb and Cd were strongly dependent on their deposition values
(R2>0.695), but the dependences were poorer for Cu and Zn (R2<0.197; Table 1, Fig. 1). This
difference between the heavy metals is due to the biological acitivity of Cu and Zn.
The Zn deposition at Hailuoto and Haapasaari is affected by small local Zn sources. When
these stations were omitted the coefficient of determination increased to about 0.2, but the pvalue of F-test was not statistically significant
DISCUSSION
This study showed that the depedency of moss metal concentrations upon deposition varys
with the metal. Good correlation between the metal concentrations in mosses and atmospheric
deposition for Pb and Cd is because these metals are not biologically active. Low Cd
concentrations in rain water and in mosses caused higher relative errors of the analysis and
therefore probably also poorer correlations compared to Pb.

Table 1. Regression equations between mean total deposition and metal concentrations in
mosses as well as between mean bare ground deposition and metal concentrations in mosses
for the period July 1991-June 1994. Coefficients of determination (R2) and the significance of
F-test (*** = p<0.001) are also indicated. C=concentration in mosses (mg kg-1), D=deposition
(mg nr2 a"1).
Element
n

Total deposition
equation

Bare ground deposition
R2

P

equation

R2

P

Pb

0.910 *** 00.718+10.066*D
13 C=-0.434+6.547*D
lg(C)=0.775+0.997*lg(D) 0.897 *** lg(C)=l .002+0.797*lg(D)

0.944 ***
0.870 ***

Cd

0.732 *** C=0.041+6.772*D
13 C=0.019+4.808*D
lg(C)=0.475+0.833*lg(D) 0.838 *** lg(C)= 0.469+0.716*lg(D)

0.695 ***
0.824 ***

Cu

13 C=3.816+1.384*D
lg(C)=0.7 l+0.233*lg(D)

0.197
0.114

C=4.552+1.217*D
lg(C)=0.733+0.094*lg(D)

0.043
0.019

Zn

13 026.112+0.306*D
0.010
lg(C)=1.362+0.113*lg(D) 0.090

C=24.191+1.63*D
lg(C)=1.391+0.141*lg(D)

0.059
0.126

The atmospherically derived Cu and Zn are involved in the biological circulation and therefore
the relations between metal concentrations in mosses and deposition were poorer. Ruhling et
al. (2) considered that the retention of Zn by the moss tissue is relatively poor and that there
might be a natural background level in mosses of about 20 pg/g. The results of this study are
in agreement
There was no difference in coefficients of determination when using bare ground deposition
instead of total deposition. This is because both depositions are highly correlated and the range
of the depositions at the different stations is larger than the differences in the total and bare
ground depositions.
ACKNOWLEDGEMENTS
The funding of this study was supported by the Ministry of the Environment. Michael Stair
gave valuable comments of the manuscript Paivi Jussila and Markku Rontti collected some of
the moss samples. Ahti Makinen gave reference material for moss analysis.

2.0
1.5

1.0 h
E

■—
■—
o
A
□
V

lg(C(Zn)) = 1.362 + 0.133*lg(D(Zn))
lg(C(Cu)) = 0.71 +0.233*Ig(D(Cu))
lg(C(Pb)) = 0.775 +0.997*lg(D(Pb))
lg(C(Cd)) = 0.475 + 0.833*lg(D(Cd);
Zn
Pb
Cu
Cd

o
o

o
-oo

o
o

o

o

0.5
1

A
0.0
-0.5
1.0

-

-1.5
-2.5

-X
J—L.

-2.0

■ I
-1.5

■ • '
-1.0

-0.5

0.0

0.5

1.0

1.5

Lg total deposition, mg m*2 a
Figure 1. Concentrations of metals in mosses as a function of total atmospheric deposition.
Regression equations for different metals are indicated. C=concentration in mosses,
D=deposition.
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Evaluation of polychlorinated dibenzodioxins and dibenzofurans
under exotoxicological aspects
Bernhard Prinz
Northrhine-Westphalia State Environment Agency, 45133 Essen, Germany

INTRODUCTION
The air pollution strategy in Germany is historically based on the principles of minimization of
emissions according to the best available technology and the control of air quality according to
specific air quality standards. A board of administrative and scientific people appointed by the
federal and state governments, called Landerausschufi fur Immissionsschutz (= states air qual
ity council), is responsible to develop and to propose appropriate criteria and standards. Such a
proposal exists now for polychlorinated dibenzodioxins and dibenzofurans (PCDD/Fs). In the
following the major basic elements in deriving the proposed air quality standards for PCDD/Fs
are presented.

OCCURRENCE AND PROPERTIES OF PCDD/Fs IN THE ENVIRONMENT
PCDD/Fs exists in the air and can be measured as concentration and deposition. Characteristic
data for the concentration are 100 to 400 fg I-TEq nr3 for urban and industrial regions (at
certain spots significantly higher) and 20 to 100 fg I-TEq nr3 for rural regions. The corre
sponding data for deposition are 20 to 100 pg I-TEq nr2 d"1 (at certain spots significantly
higher) for industrial and 5 to 20 pg I-TEq, resp. for rural areas.
PCDD/Fs are extremely persistent in the environment with a half-life of at least one decade in
soil. Therefore soil contamination is a considerable problem at sites influenced by industrial
emission. According to recent knowledge and opposite to former estimations metal producing
and processing industries play a much greater role for these emissions than waste incinerators.
The range of soil concentrations in urban and industrial regions are typically 10 to 100 ng ITEq (at certain spots extremely higher) and in rural regions 2 to 10 ng I-TEq.
Contamination of vegetation by PCDD/Fs plays a significant role for the transfer of these con
taminants into cow-milk as well as for internal exposure of man by oral uptake of vegetable
contaminated with PCDD/Fs. Above all leafy plants can accumulate PCDD/Fs to a consider
able extent while fruits and other parts of the plant besides leaves show as a rule only relatively
small concentrations. Typical concentrations for leafy plants are in industrial regions 1 to 10 ng
I-TEq (kg dry weight.)-1 (at certain spots extremely higher) and in rural regions < 1 ng I-TEq
(kg dry weight)-1. A specifically accumulating plant is curly cale showing concentrations up to
100 ng I-TEq (kg dry weight)-1 and more.
Due to its lipophilic character accumulation of PCDD/Fs in cow- and human milk is of special
importance leading to an internal exposure in breast-fed infants which is manifold higher than
with adults. Since cattle breeding is more or less concentrated to rural regions industrial influ
ence is nearly non-existent. Typical concentrations in cow-milk for moderately polluted regions
are 1 to 2.5 ng I-TEq (kg milk fat)-1. The concentration of PCDD/Fs in human milk is signifi
cantly higher showing concentrations around 30 ng I-TEq (kg milk fat)-1. A measure for inter

nal exposure is the concentration of PCDD/Fs in blood fat. .Typical values are between 40 and
50 ng I-TEq (kg blood fat)-1. If comparing blood concentrations in epidemiological studies one
has to consider that a strong correlation between the height of concentration and the age of the
probands exists.

BASIC ELEMENTS FOR AN ECOLOGICAL EVALUATION OF PCDD/Fs IN THE
ENVIRONMENT
As in Figure 1 presented a manifold and complex system of different paths exist, through which
PCDD/Fs transfer until they ultimately are taken up by man. As it was already mentioned in
fants are a group at a specifically high risk. When protective environmental measures shall be
taken the following requirements have to be met:
• It must be clear which dose of PCDD/Fs can be tolerated at maximum.
• The point within the network of Figure 1 must be selected at which the protective meas
ures shall be effective.
• The quantitative relationships must be known which describe the transfer of PCDD/Fs from
one medium to the respective neighbouring medium.
• A system must exist which gives an unequivocal solution although innumerable interde
pendencies between the different partial paths exist. So for example by limiting the deposi
tion of PCDD/Fs from the air contamination of forage plants, of vegetables as well as of
soil is affected, but with quite different time horizons and with quite different implications
for the food chain, when considering the length of paths, until the ultimate uptake of
PCDD/Fs by man takes place.
In this chapter only point one and four of the above items shall be discussed in some more
detail.
It is not the place here to give an
extensive description of the recent
status of discussion concerning the
height of the acceptable daily intake
(ADI) of PCDD/Fs or in more modem
terms of the tolerable daily intake
(TDI). As it is well known the US EPA
has a rather restrictive value of 0.006
pg I-TEq (kg body weight)-1 d-1
proposed. As it is stated by the EPA
Figure 1. Paths for organic air pollutants within ecosystem
this value is still under discussion and
therefore provisional. Another more important point is that under normal conditions, i. e. even
for a person living in a less polluted area this dose is exceeded to a manifold by quite normal
ingestion. It has moreover to be considered that also in the USA the extremely low TDI-value
has no administrative consequences whatsoever.
In Germany due to official issues one is still following the results of the meeting of the WHORegional Office for Europe in Bilthoven from" 1990 which derived a TDI of 10 pg I-TEq (kg
body weight)-1 d-1. This value has been calculated by use of an uncertainty factor of 100 from
the well-known Kociba-study, which showed that rats were not affected if fed with a dose of
1 ng 2,3,7,8-TCDD (kg body weight)-1 d-1. More precisely spoken the TDI-value is considered
as a criterion for intervention, if this dose is expected to be exceeded for longer periods. In this
case immediate actions have to be undertaken. Contrary to this a second value of precaution

has been defined with 1 pg I-TEq (kg body weight)"1 d*1. This value is definitely above the
normal uptake of PCDDZFs by food contaminated on the average level, however. Therefore
the meaning of this value is more a goal for reaching satisfying conditions in the future than a
realistic basis for present actions.
Within the chain between the source of PCDD/Fs and uptake by man limiting values can be
fixed at any point with different consequences. If for example such values are defined for the
maximum concentration in vegetables this means that vegetables with a PCDD/Fs-concentration exceeding this maximum value must be taken off from the market. As a rule the certainty
of risk assessment is as higher as closer the considered point is situated to the final acceptor. If
for example the risk is assessed on the basis of PCDD/Fs-concentration in blood-fat the many
vague transfer relations between the different media can be left out. On the other side it is
rather difficult to calculate the precise conditions which on the basis of a intolerable high
blood-level must be met by a specific industrial point-source regarding its PCDD/Fs-emission.
If as an opposite concept the deposition of PCDDZFs shall be limited, a relation to the maxi
mum emission by stack is easily derivable, but a connection to the TDI-value is accordingly
difficult. This latter case shall be dealt with, however, in the following. To cope with this
problem the following solutions principally exist:
•

•

•

Within the proportional model the relations between the uptake by different partial paths
for "normal conditions" are calculated. Afterwards all partial uptakes are proportionally
raised so that as a sum a defined TDI-value is not exceeded. If all quantitative transferfactors exist, then for each medium limiting values can be easily derived.
Within the constant model certain partial paths are considered as constant, since they can
not be influenced by the environmental management system, others as variable. So for ex
ample the uptake of PCDD/Fs by ingestion of sea fruits is a result of long lasting contami
nation of the ocean, which by no means can be changed to a better from one day to the
other.
Within the dominant model one partial path is considered as dominant and the others as
irrelevant so that they can be neglected. An irrelevant partial path is for example the uptake
of PCDD/Fs by inhalation in a normal case. This means that interdependencies between
regulations on deposition from air and ambient air concentration of PCDD/Fs normally
have not to be considered.

In reality mixtures of these different models are applied.

DERIVATION OF A LIMITING VALUE FOR PCDD/Fs-DEPOSITION

Vegetable-------- ►
rr-a* t pg TEq/(kg body weight • a)

Forage------ *" Milk
mu. 0.6 pg TEq/(kg body weight • d)

other food
ce. 1 pg T£q/(kg body weight * d)

Figure 2. Partial paths for uptake of PCDD/Fs by man

This chapter considers the basis of an air
quality standard for PCDD/Fs-deposition
which were issued in Germany by the already
cited Landerausschujl fur Immissionsschutz.
For this aim first an appropriate TDI-value as
an input for all further considerations had to
be found, bearing in mind that the above
mentioned value of 1 pg I-TEq (kg body
weight)-1 d-1 was unrealistically low, since
exceeded by normal ingestion, and the value
of 10 pg I-TEq (kg body weight)"1 d1 too
high, since the goal of an air quality standard

should be to reach a situation, where measures of intervention are with high probability not
necessary. As an compromise according to Figure 2 a TDI-value of 2.6 pg I-TEq (kg body
weight)-1 d-1 was conventionally defined. The basic philosophy was that the uptake of
statistically 1 pg I-TEq (kg body weight)1 d"1 by mainly meat and fish is uninfluenced by an air
quality management system and that the uptake of statistically 0.6 pg I-TEq (kg body weight)'1
d-1 by cow-milk could theoretically be influenced by industrial emission but is due to typical
sites of cattle breeding in rural areas in reality rather unlikely. Therefore, however, it should be
prevented in any case that in rural areas the level of PCDD/Fs rises. So at the end the uptake of
PCDD/Fs by vegetable remains as the really relevant path.
For further assumptions, which are presented in more detail in (1) and (2), the worst case was
constructed that a neighbour in the vicinity of an PCDD/Fs-source extensively uses his garden
for supply with vegetables. Thereby a daily uptake of leafy vegetables of 250 g fresh weight or
25 g dry weight for a man with 75 kg body weight was assumed. This leads to a maximum
tolerable concentration of 3 ng I-TEq (kg plant dry weight)'1. Accordingly with a daily con
sumption of 25 g milk fat the milk path of 0.6 pg I-TEq (kg body weight)-1 d"1, presented in
Figure 2, results in a maximum tolerable concentration of PCCD/F in milk of 1.8 ng I-TEq (kg
milk fat)"1.
There is no place here to review all further steps in deriving the proposed air quality standard
for PCDD/Fs-deposition. As a major point within the whole consideration it only shall be men
tioned that besides a number of other transfer-factors a relationship between PCDD/Fs-deposition and PCDD/Fs-concentration in leafy vegetation was empirically found as 0.2 ng I-TEq (kg
plant dry weight) Vpg I-TEq nr2 d'1, as represented in Figure 3. This led together with all the
other aspects, mentioned in (1) and (2),
5
35
E
to an air quality standard of 15 pg I-TEq
.
m-2 d-1, which is quite reasonable also
under the aspects of the given air
■ Series 1
-=Sl5
pollution situations. According to recent
2^10
♦ Series 2 o)
*
•
monitoring results in Northrhine-gJC5 ♦ J e 1
Westphalia this proposed limit will
• Series 2 b)
8
0
60
0
10
20
30
obviously be met in rural areas as well as
Deposilion[pg IEq/(m**2 d)]
in cities with moderate influence of in
dustry, while in heavily industrialised
Figure 3. Uptake of PCDD/Fs in standardized grassareas yearly averages of up to 30 pg Iculture from deposition. In series 1 (Dortmund area) and
TEq nr2 d'1 may occur. The recent status
series 2a) (different sites in Northrhine West-phalia) values
of discussion is that this proposed value
below detection limit were set as measured, in series 2b)
shall at the nearest time officially be
set to 1/2 detection limit
introduced into the Technische Anleitung
zur Reinhaltung der Luft (= Technical regulation for air quality management) so that then this
standard has the same character of enforcement like all the other official standards in this
regulation.
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DE L'ECORCE A L'INTERIEUR DES LOCAUX.
INFLUENCE DES NUISANCES ATMOSPHERIQUES SUR L'EXTERIEUR ET
L'INTERIEUR DES HABITATIONS DANS LA VILLE DE BORDEAUX (FRANCE).
J.G. Faugere1, J. Derion1, J.Dufoir1, J.F. Tessier2
'institut Europeen de l'Environnement de Bordeaux, France
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INTRODUCTION
Les degradations qui affectent V'ecorce" des immeubles, et plus particulierement les fagades,
sont provoquees a la fois par des interventions humaines mais egalement par des phenomenes
naturels : parmi ceux-ci la pollution atmospherique a une importance cruciale.
Les premieres etudes menees dans le cadre du Laboratoire Municipal de Bordeaux depuis les
annees 1970, puis de l'Institut Europeen de l'Environnement de Bordeaux, ont identifie et
quantise les principaux facteurs et processus de degradations des materiaux des fagades par les
polluants atmospheriques dans l'agglomeration bordelaise (1).
Ces etudes ont ete approfondies a partir des annees 1980, d'une part par l'etude de ('impact sur
les materiaux de la pollution atmospherique d'origine humide (en particular acidites forte et
faible dans les eaux de pluie) (2), et d'autre part par l'etude de 1'influence des caracteristiques
mineralogiques des pierces, couplee avec la pollution atmospherique sur la degradation des
pierces du bati bordelais (3).
Parallelement a ces etudes sur l'environnement exterieur des locaux, l'etude de 1'influence de la
pollution atmospherique sur la sante des populations etait menee au sein du groupe PAARC
(Pollution Atmospherique et Affectations Respiratoires Chroniques) compose de 7 equipes
frangaises. Les premiers travaux de ce groupe (a partir de 1974) ont porte sur l'etude des
correlations entre, d'une part la concentration atmospherique en divers polluants (SO2, Nox,
poussieres en suspension) et, d'autre part, la prevalence des symptomes respiratoires et la
fonction ventilatoire (4).
A partir de 1985, les etudes de l'influence de la pollution atmospherique a l'interieur des locaux
se sont developpees:
- en identifiant et quantifiant les contaminations aeromicrobiologiques,
- en etudiant simultanement l'influence des contaminants chimiques et microbiologiques et de
facteurs physiques sur l'etat des materiaux et la sante des habitants (5).
Cette etude fait la synthese des methodes de mesures mises au point et des resultats obtenus,
concernant l'influence de la pollution atmospherique sur V'ecorce" et l'interieur des habitations.
Elle trace egalement de nouveaux objectifs d'etude concernant de nouveaux effets sur les
materiaux et la sante des populations qu'il conviendrait de developper.
I - INFLUENCE DES NUISANCES ATMOSPHERIQUES SUR LES FACADES DES
IMMEUBLES.
Les polluants atmospheriques agissent sur la plupart des biens materiels. Leurs effets se
manifested par un changement d'aspect ou des proprietes de ces demiers (corrosion des
metaux, salissures et alterations des materiaux de construction en site). Leurs effets indirects

concement le nettoyage et les protections qu'il faut assurer. Tous ces effets represented une
partie economique importante.
1. Les sources de la pollution atmospherique en milieu urbain.
Les effets des polluants atmospheriques sont generalement connus en milieu urbain.
Les principaux polluants atmospheriques subissent des mecanismes complexes soit radicalaires
en milieu gazeux, soit catalyses en milieu liquide. Ils formed alors des acides forts ou faibles
agressifs sur les materiaux de construction.
Du fait de mecanismes reactionnels complexes, l'aerosol urbain contient principalement du
sulfate d'ammonium (90 % environ) dans les zones controlees (milieux urbain et agricole).
Les precipitations acides resulted du "nettoyage" de l'atmosphere par les pluies. L'acidite n'est
pas seulement apportee par la dissolution du dioxyde de soufre mais egalement par celle du gaz
carbonique. La determination de ces deux acidites forte et faible est cruciale et effectuee par la
methode de GRAN (6).
Le dioxyde de soufre est a l'origine de l'acidite forte dans les precipitations.
Les foyers fixes sont egalement responsables de remission de poussieres et de particules ;
suivant leurs dimensions, elles peuvent sedimenter tres vite (d > 500pm) lentement en temps
calme (d > 5 pm) ou etre transposes sur de longue distance (d < lpm).
Les foyers mobiles (surtout les moteurs diesels) sont egalement a l'origine de ('emission des
particules. De plus, 75 % des oxydes d'azote et 30 % du dioxyde de carbone sont emis par ces
foyers. Le dioxyde de soufre participe a l'acidite faible ; les oxydes de l'azote ne sont que tres
peu solubles dans l'eau, si bien que I'acide nitrique n'apparait pratiquement pas dans les
precipitations. Les salissures constituent souvent l'element le plus visible de la pollution
atmospherique : elles sont causees par les depots de particules provenant de la pollution
naturelle et anthropogenique (Industrie, chauffage, transports). Les poussieres sont
caracterisees par leurs dimensions et leur composition chimique. Les implications economiques
des salissures en milieu urbain sur les facades des immeubles sont de plus en plus importantes.2
2. Les modnlites d'action des polluants sur les pierres calcaires.
Les materiaux non alteres sont en equilibre avec l'environnement: quand il y a transformation
ou modification de celui-ci, il y a evolution des materiaux vers un nouvel etat. Si ces
modifications entrainent une reduction de la resistance et une perte de matiere, il y a alteration.
Les polluants atmospheriques interviennent principalement dans les processus chimiques des
alterations des pierres calcaires : ceux-ci comprennent d'une part la dissolution du carbonate de
calcium par les acides forts et faibles contenus dans les precipitations, et d'autre part, la
cristallisation des sets formes et leur hydratation eventuelle provoquant les microeclatements
des structures. Les morphologies des alterations des pierres calcaires peuvent etre classees en
trois groupes : exfoliations, desquamations et alveolisations.
Une etude realisee a Bordeaux (7) a tente de degager des correlations entre I'etat des fagades
(alteration et degre de salissures) et leur orientation : un millier de fagades situees sur six axes
de circulation a 1'interieur du Secteur Sauvegarde ont ete classees en fonction de la gravite des
alterations (exfoliations et desquamations - un coefficient de gravite de 0 a 4 a ete etabli), de
leur degre de salissures (au moyen de l'echelle de noircissement de Bacharach de 0 a 9) et de
leur orientation:
Il apparait que les fagades orientees aux pluies battantes sont nettement plus alterees mais
moins sales que les autres.
Enfin, les processus biologiques de degradation jouent dans certains cas un role crucial : il
s'agit de faction de bacteries telles que celles autotrophes du cycle du soufre (desulfbvibrio
desulfuricans et thiobacillus) et de l'azote (nitrosomas et nitrobacter), des champignons, des
algues et des lichens.

n - INFLUENCE DES NUISANCES ATMOSPHERIQUES A L'INTERIEUR DES
HABITATIONS.
La plupart des citadins passent une grande partie de leur temps a l'interieur (chez eux, au
travail ou dans un moyen de transport) : il etait done naturel que l'etude de la pollution
interieure se developpe en relation avec la sante des habitants. La pollution interieure se
compose de polluants provenant de l'exterieur et de ceux qui sont emis a l'interieur.
1. Les facteurs chimiques :
Le role de la pollution atmospherique classique dans les affections respiratoires chroniques a
ete etudie dans six metropoles frangaises (dont Bordeaux) (Enquete PAARC : Pollution
Atmospherique et Affections Respiratoires Chroniques) (4). L'etude de correlations entre la
concentration atmospherique en divers polluants (oxyde de soufre, oxyde d'azote, poussieres
en suspension) et, d'une part, la prevalence des symptomes respiratoires et, d'autre part, la
fonction respiratoire, a mis en evidence que :
- La prevalence des affections respiratoires inferieures chez les adultes (superieures chez les
enfants) est d'autant plus elevee que la pollution en oxyde de soufre est forte,
- le volume respiratoire maximal chez les adultes et les enfants est d'autant plus has que la
pollution en oxyde de soufre est plus forte.
- II n'existe pas dissociation entre le niveau des autres polluants et les affections respiratoires.
L'utilisation de materiaux synthetiques ou de produits d'entretien et de bricolage qui emettent
des substances chimiques (formaldehyde, composes organiques volatiles C.O.V.) a entrame
une augmentation de la concentration des polluants interieurs.
2. Les facteurs microbiologiques.
L'extension des techniques de conditionnement d'air a entrame l'apparition chez les employes
travaillant dans ce type de locaux de troubles respiratoires d'origine allergique (l'alveolite
allergique) et de maladies, telle celle du Legionnaire (on s'est alors rendu compte que non
seulement fair conditioned pouvait vehiculer des particules antigeniques mais pouvait aussi etre
la source de proliferation et de dissemination de bacteries pathogenes) et de syndrome dit des
batiments malsains.
Nous avons ete amends a suivre pendant huit annees, de 1982 a 1989, la contamination
micrqbiologique de fair dans des bureaux de locaux climatises sur deux sites, fun en plein
coeur de Bordeaux en milieu urbain, fautre en zone rurale a l'exterieur de Bordeaux (8).
Cette etude a permis de quantifier la pollution aeromicrobiologique d'installations a
conditionnement d'air bien congues et entretenues et de la comparer a celle d'autres locaux.
Nous avons developpe nos etudes d'aeromicrobiologie en comparant la qualite de l'habitat de
locaux d'habitation rehabilites et non rehabilites dans un quartier ancien en cours de
rehabilitation et en evaluant les representations de sante des habitants correspondants : la
caracterisation de l'environnement interieur a porte principalement sur l'aeromicrobiologie et la
microbiologie des poussieres, et secondairement sur les composes mineraux dans les aerosols
interieurs, finfluence du tabagisme sur la concentration en particules en suspension dans fair
interieur et la quantification des acariens par le dosage de la guanine dans les poussieres. La
contamination aeromicrobiologique totale (germes + moisissures + levures) interieure est 40 %
plus elevee dans les logements rehabilites que non rehabilites. Les causes de cet ecart sont a
rechercher dans l'organisation de l'espace interieur des logements rehabilites presentant souvent
une non separation des pieces de service (telles que la cuisine) des pieces de sejour, une*
etancheite renforcee des ouvertures et une ventilation insuffisante.

CONCLUSIONS
On assiste depuis une quinzaine d'annees au deplacement des problemes de pollution de
l'exterieur vers l'interieur. Ce n'est pas dire que la pollution atmospherique exterieure est
inexistante mais elle s'est modifiee et les facteurs qui nous paraissent etre les plus importants
actuellement et pour l'avenir proche sont : l'ozone, l'oxyde de carbone, les poussieres (ces
dernieres provoquent les salissures des fagades et la necessite de les nettoyer et de les
proteger), les pollens (qui ont une influence grandissante sur les pathologies respiratoires); de
plus, le developpement des microorganismes vegetaux (moisissures, algues, lichens) sur les
revetements de fagades mineraux et organiques est preoccupant et necessite la mise au point de
techniques de protection adaptees.
La pollution atmospherique interieure a un effet direct sur le bien-etre et la sante des habitants
et s'est considerablement accrue (tabagisme, presence de composes organiques volatiles dans
les materiaux de construction, les isolants thermiques, les produits de nettoyage, de bricolage,
les peintures) et sur le plan microbiologique (acariens, syndrome des bailments malsains). Get
accroissement resulte d'erreurs de conception des produits, de defaut d'entretien de materiel et
de changement de comportement et de mode de vie des habitants.
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MICROENVIRONMENT MEASUREMENTS AT MONUMENTS WITH
A COMPLEX BUILDING SHAPE
St. Catherine's church, Oppenheim (Germany) and St. Gatien, Tours (France)
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INTRODUCTION
In the last two decades big effort has been spent to clear up damage effects on cultural
heritage caused by immission components. Several materials have been under research, e.g.
medieval glass and natural stone. Acidic components, like SO2 and.NOx have been identified
as substances with a high risk potential (1). Thus, there is an intention to evaluate the
immission situation at monuments with high cultural importance. Suitable investigations will
be mainly performed by using a single sampling and measuring location close to the building
which provides informations on the average influences effecting the site. By doing this, there
is however a lack of information on the local influences at monuments with complex building
shape. Microenvironment measurements are able to yield these informations (2).
The present paper describes the results of a two year case study (1992-1993) being performed
to optimize and to test suitable measuring systems for the monitoring of local immission
influences. The yielded informations will help to explain possible differences in the decay
types and intensities of building parts sometimes in close vicinity. A second application is the
setting up of priorities for the managment of conservation work. We have built up a kind of
pollution mapping system exemplary at St. Catharine's church in Oppenheim (Germany) and
the cathedral St. Gatien in Tours (France), both objects with a famous stained glass inventory.
Measuring points were chosen all over the buildings, differing in height, orientation and the
degree of protection by other building parts.
MATERIALS AND METHODS
The measuring campaign was devided up into three main parts. "Dry" deposition of
immission components was evaluated by using immission rate measuring systems. Rain/run
off water collectors were chosen for "wet" deposition. At least, corrosion rate systems (steel
plates (3)) were added to yield a direct information on the effect of the air pollutants.
To record the local distribution of air pollutants, especially SO% and NOx, a net of passive
samplers, so called SAM's (surface active monitor (4)), has been installed at both churches.
Main component of the SAM-technique is a glass-fibre filter (e: 50 mm), which is
impregnated with an alkaline solution (sodium carbonate, 1 ml of 10% solution). Because of
its hygroscopic and basic character, the system is enabled to precipitate acidic air pollutants.
These filters were fixed in polystyrene boxes by means of an adaptor ring and mounted with
the open side downwards. This construction will avoid wetting or dilution by rain. Three
filters were fixed on a free rotating roundabout to provide better statistics. In a corresponding

fixing unit two filters were mounted vertical beneath an acrylic glass roof. The roofs function
is to prevent the filters from rain (solution) and dirt (animal excrements).The time of exposure
for all SAM systems was commited to four weeks. Then an exchange has taken place. By
soaking the exposed filters with twice dest. water (40 ml) the air pollutants were transformed
to the solution and finally analysed by ion chromatography.
Wet deposition effects were examined at different windows of both cathedrals. Samplers were
constructed as two-chamber systems. The first chamber collected precipitations directly,
whereas the second one was pressed against the pane using a rubber gasket collecting the run
off water exclusively. A collecting bottle, linked by a thread, has guaranteed simple handling.
The intervals of changing were coupled with those of the SAM-systems, i.e. four weeks at
each time. Filtration of the collected liquids followed by pH- and conductivity measurements
as well as anion and cation analysis by ion chromatography and ICP finally yielded wet
deposition informations.
The selection of sampler positions was made with regard to a most comprehensive description
of the microenvironment situations at both objects. The SAM carousels were located on the
north, east and south sides of the churches. Three different areas of height ( 2-6 m, 13-17 m,
22-29 m) should give an information on the influence of wind speed. SAM systems beneath
an acrylic glass roof were mounted close together but with different orientations. These
systems were used to yield informations about vortexing and sheltered zones. In Oppenheim
the rain/run off samplers were installed at windows of different kind (medieval glass, glass of.
the nineteenth century, modem glass of a protection unit). In contrast to this the run off
samplers in Tours were mounted at windows of more or less the same age (medieval glass).
RESULTS
Within this paper we will give only a short summary of the results. Details can be taken from
our final reports for St. Catharine (5) and St. Gatien. Looking to the specific results, the site of
St. Catharine is mainly affected by urban influences. Describing the situation of the immission
load at the church the foilwing sequence has been found: East>North>South (fig. 1).
Proceeding from the ground structure there is an unhindered flow to the east side as well as to
the south side. Because of the hillside location of the church and the backwards located
clerestory there are very complex flow characteristics. We observed slightly higher SO2*
immission rates for the north side compared to the south (fig. 1). For the NOx-deposition the
effect is however reverse. There is a distinct increase in deposition rates with increasing
height of the building but a decrease at locations with shielding effects caused by the building
shape. Therefore comer positions show a significantly reduced deposition. The influence of
the various climatic conditions (wind, humidity) at the different building sites (sunny south
side, sheltered and shaded north side) is decisive for the interaction of the immissions.
In Tours there are no dramatic differences in comparison to Oppenheim. One also has a
typical urban situation, without distinct influences of industrial immissions. Looking to the
"dry" deposition measurements with SAM-systems we got the same correlation between
increasing of height /building shape and the deposited amount of pollutants. The east side of
the choir (narrow side of the object) again yields the highest immission rates. In Tours the
north side is affected a little bit less than the south side.
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east choir, lower level: 8/ mg/hrti
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Figure 1. SAM rates (80%) in Oppenheim: all measuring locations of the three height levels,
all sampling periods, av. values for each location are given in the head of the graphs
Looking to the wet deposition we had to recognize that there is a distinct protection of the
windows from direct rain due to the inset position in the tracery at both objects. Only very few
events have been observed with pouring rain wetting the glass. "Wet" deposition however
cannot be neglected as there are numerous fog events mainly in Oppenheim, probably with
dramatic effects on the gel layer of the glass. The direct pecipitation (rain) when coming in
contact with the glass surface has a pH-value of about 7. Thus we think there is no significant
load for the glass. The average anion and cation ratio of the rain samples is given exemplary
for Oppenheim in fig.2. In the resulting run off water disolved gypsum is dominating.
DISCUSSION
As an overall result of the project we are now able to state that the SAM-systems are qualified
for the registration of local influences of acidic pollutants (SO2 and N0%). The results
gathered by these systems can be correlated to those of the corrosion rate measuring systems.
Due to the rain and run off water studies the size of the samplers has shown to be
unfavourable because there is no exact definition of the sampling area for the run off water.
The uncontrolled dust load of the samplers has been another problem for the evaluation of
data. Work is going on to improve the design.
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Figure 2. Average cation and anion ratio of rain samples collected at three different windows
in Oppenheim
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THE EFFECTS OF ATMOSPHERIC POLLUTANTS UPON
SANDSTONE: EVIDENCE FROM REAL TIME MEASUREMENTS
AND ANALYSIS OF DECAY FEATURES ON HISTORIC BUILDINGS.

David P. Halsey 1, David J. Mitchell^, S. John Dews* and Frank C. Harris^.
1 School of Construction, Engineering and Technology, 2 School of Applied Sciences,
University of Wolverhampton, Wulffuna Street, Wolverhampton, WV1 1SB, UK.

INTRODUCTION
Due to the urbanisation and industrialisation of the West Midlands, UK, historic sandstone
buildings are exposed to atmospheric pollution. In order to assess the impact of this pollution
upon their deterioration, chemical analysis of runoff water, from sandstone and control
surfaces, has been carried out. The amount of stone affected by atmospheric pollution has
been quantified by surveying selected sandstone buildings.
METHODS
Six microcatchments (1), were used to measure the weathering of sandstone over one year.
Three were fitted with 50 mm thick slabs of Mottled Hollington Sandstone, a medium grained
ferruginous Triassic Sandstone widely used in Central England. As a control, three
microcatchments were fitted with rough textured glass plates. The microcatchments were
installed at the University Urban Meteorological Station, Wolverhampton. They were
orientated to the South West at a 15 degree angle to the horizontal, with the outlet tube at the
lowest point. Each tube fed into individual polyethylene bottles housed in an insulated box.
Rainfall runoff from the microcatchments was collected weekly, the volume and pH
measured, and the samples filtered through Whatman Cellulose Nitrate membranes (0.45pm
pore size). Filtrates were analysed for chloride, sulphate and nitrate, using Ion
Chromatography, and calcium and sodium using Inductively Coupled Plasma Spectrometry.
Filters were dried and quantitative elemental analysis carried out using X-Ray Fluorescence
Spectrometry. To assess changes in the sandstone, results were averaged for control and
sandstone microcatchments, and cumulatively totalled. The control were subtracted from the
sandstone values to give cumulative losses (mg m'2) for each particulate and chemical
species. Paired t-tests evaluated differences between the sandstone and control.
The building survey was carried out in a 700 km2 area, centred on the West Midlands (NGR
SO 010890). Churches were chosen for the comparative survey as they are easily located,
tend to be free standing and, in the West Midlands, many were built of ferruginous sandstone
in the 19th century. Cleaned or heavily restored buildings were excluded, leaving twenty four
19th century churches. Six 12th century churches were also included in order to gain a more
even distribution in the survey area. Three forms of weathering considered relevant to
atmospheric pollution were examined (Table 1). Blackened stone is generally considered to
be caused by the deposition of atmospheric particulates, although in some cases algae may
cause a similar effect (2). If this was apparent, then it was noted as a different weathering
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form. For each wall of the building the basic environmental conditions were recorded. The
weathering was assessed by examining 1 nP quadrats of sandstone at heights of 0.2-1.2 m and
1.2-2.2 m every 2 m along the wall. For each observation, the percentage of cover of the
weathering forms were recorded to the nearest five per cent. Effects of wall orientation on the
occurrence of the weathering forms were examined by Analysis of Variance.
Table 1. Classification of weathering forms related to atmospheric deposition.
Description
Black coating on the sandstone surface.
Detaching black surface layer (thickness of detaching stone < 3mm).
Detaching black surface layer (thickness of detaching stone > 3mm).

Weathering Type
Black Soiling
Black Flaking
Black Scaling

To evaluate the physical effects of black soiling, water absorption rates were measured on
stone that has been exposed to an inner city environment (Birmingham, UK) since about
1860. Half of the stone was left with its black soiling, whilst the other half was cleaned by
sandblasting. Water absorption was measured on both halves with Karsten Tubes (3). Paired
t-tests evaluated the difference between the two halves.
RESULTS
For the first nine weeks of exposure particulate matter was lost from the stone (Fig. 1) (i.e.
losses from the sandstone were significantly (P<0.05) greater than from the control). Particles
had high concentrations of silicon, potassium and aluminium (the main constituents of the
stone). After this initial loss, there was uptake of particulate matter (Fig. 1) (P<0.05), rich in
silicon, aluminium and iron (Table 2).
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Figure 1. Cumulative changes in calcium, sulphate and particulate matter.
Table 2. Cumulative gains as particulate matter (weeks 10-52).
(mg m"^)
AI2O3 CaO FezOg K20 MgO Na20 Si20 ZnO Total (4)
508.5 62.3 155.0 18.5 69.5 26.5 2005.8 5.0
2851.1
Total gain
1.4
0.4
1.6
0.6
46.6
11.8
3.6
0.1
66.3
Mean weekly gain
21.5
8.6
5.8
9.1
9.1
252.9 0.6
Maximum weekly gain 62.6
357.9
-255.9
Minimum weekly gain -32.8 -2.9 -22.3 -9.9 -2.8 -2.3 -198.8 -0.8
20.0
2.3
7.2
2.2
1.8
77.9
0.2
110.2
Standard deviation
2.8

Soluble calcium and sulphate losses were significantly (PO.Ol) greater from the sandstone
than the control. The pattern of losses were similar suggesting calcium and sulphate were
combining to form the salt gypsum (CaSC>4.2H20) or possibly anhydrite (CaSOzj) (Fig. 1).
Small quantities of halite (NaCl) also formed. Nitrates showed no consistent trend over the
study period and were only detected in very small quantities.
Deterioration related to atmospheric deposition was present in 86% of the quadrats and on
average accounted for 33% of the total deterioration found. Orientation influenced the
occurrence of blackened stone and relevant deterioration forms, with the greatest quantities on
south and west facing walls (Fig. 2). Orientation has a significant affect upon black flaking
(P<0.05), scaling (PO.Ol) and soiling (PO.Ol).
20

I

15

1 10
5

I

0

1 Black Flaking

A

□ Black Scaling

□w

Black Soiling

W
Orientation ofthe facade.
Figure 2. Occurrence of black flaking, scaling and soiling.
Water absorption measurements show blackened and clean stone absorb water at the mean
rate of 0.071 m'^hr'^and 0.68 1 m^hr'l respectively. Black soling has a significant (PO.Ol)
affect upon water absorption.
DISCUSSION
The initial loss of particulate matter was probably" due to the detachment of sandstone grains
by raindrop impact, which were first loosened when the stone was cut. The later uptake of
particulates was most likely due to the porous nature of the stone, trapping atmospheric
particles within its structure. The chemistry of this particulate matter (Table 2) is typical of
spherical particles formed by fossil fuel combustion (5). This process may cause the initial
formation of black soiled sandstone (2). The sandstone pores may ultimately become
blocked, trapping moisture behind the crust, which may result in black flaking and scaling (2).
This is supported by water absorption measurements, which suggest that black soiling can
reduce water absorption rates by a magnitude of ten.
Gypsum is commonly found in many types of deteriorated stone. Its formation is generally
attributed to the sulphation of calcium with atmospheric sulphur oxides. Calcium may be
contained within the stone, derived from the mortar surrounding the stone or from dry
deposition (6). The calcium content of Hollington Sandstone is extremely low, about 0.06%
(as CaO), and therefore provides approximately 40,000 mg m'2 of calcium. This is sufficient
to account for the calcium lost. However, particulate calcium (Table 2) may also be involved
in gypsum formation (5). Gypsum can exert pressure in the pores of the stone by changes in
volume, either due to a change in hydration state, cycles of dissolution and re-crystallisation
or differential thermal expansion. Gypsum can also assist in the blocking of pores, with
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gypsum crystals growing around particulate matter and therefore trapping it (6). Furthermore,
gypsum may cause the loss of calcium carbonate, which occurs as a natural cementing agent
in sandstone. Unlike gypsum, halite does not show consistent trends and is present in smaller
quantities. It exerts almost twice the crystallisation pressure of gypsum, but is probably less
harmful, as it does not undergo transitions between hydration states and is less abundant.
The formation of black soiling, scaling and flaking can be explained by the processes outlined
above. The occurrence of weathering forms depends on the degree of exposure, as this
influences the magnitude of the processes and the depth at which they occur. The preference
of black weathering forms for south and west facing walls may be related to the fact that these
facades are exposed to prevailing winds. This increases the inputs of wind-driven rain and
hence wet deposition and adhesion of particulate matter. It is unclear if the prevailing wind
alone can increase dry deposition, as this is greatly influenced by local wind turbulence (3).
The processes which aid the detachment of black scales and flakes are caused by cycles of
wetting and drying, and heating and cooling. Due to the prevailing wind direction and the
incidence of solar radiation, the greatest number of cycles will generally occur on the south
and west facades and this may account for the greater occurrence of black scaling and flaking
on these walls.
This research shows that deposition of atmospheric sulphur oxides and particulates can
explain the formation of decay features, which account for a third of the total sandstone decay
found. This highlights the importance of atmospheric pollution upon the deterioration and
conservation of historic buildings. Further research is continuing on all forms of sandstone
deterioration and the importance of atmospheric pollution will continue to be assessed.
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INFLUENCE OF TRACES OF AIR POLLUTANTS ON THE
ATMOSPHERIC CORROSION OF ZINC
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S-412 96 Goteborg, Sweden
INTRODUCTION
The corrosion of zinc in the atmosphere is known to depend on SO2 concentration, pH in
precipitation, as well as chloride deposition (1-5). The effects of other gaseous pollutants
are less well-known. The atmospheric corrosion of zinc has been investigated in both
field-and laboratory-studies during more than half a century. Field studies can provide
valuable information of the atmospheric corrosion of zinc. The outdoor environment is
very complex which constitutes a major problem when trying to correlate the corrosion
rate to e.g. the concentration of a particular trace gas in the environment
Laboratory studies give an opportunity to investigate the relative importance of different
corrosion stimulators and to study synergistic effects that may occur when two or more
corrosion stimulators are combined. Laboratory studies also provide an opportunity to
study the corrosion process, as it is occurring, in-situ. Traditionally, investigations of the
atmospheric corrosion of zinc have been focused on the effect of SO?. Often very high
concentrations of SO? (even in the %-range) have been used, resulting in atypical
corrosion products and affecting the corrosion mechanism. Such investigations are
expected to be of little relevance to real out-door environments. The concentrations of air
pollutants used in this work resemble those encountered in moderately to heavily polluted
outdoor environments.
The growing demand for environmental protection actions has resulted in lower
atmospheric sulphur dioxide levels in the industrial world. This has increased the relative
significance of other atmospheric pollutants. Nevertheless, the effect of other potential
corrosion accelerators, e.g. NO? andOg, has received little or no attention.
This laboratory study deals with the effects of NO? and O3 on the atmospheric corrosion
of zinc. We use time-resolved trace gas analysis of SO?, NO? and O3 to study the
consumption of SO?, NO? and O3 in the reaction with the zinc sample. We also use this
method to determine the stoichiometry of the interaction between the different pollutants.
Our results show that NO? and especially O3 increases the rate of sulphate formation on
zinc. We also find that both pollutants accelerate the SO?-induced corrosion of zinc. The
results suggest that O3 and NO? may be important factors in the atmospheric corrosion of
zinc.

EXPERIMENTAL SET-UP
Zinc of electrolytic grade (>99.9%) was used in all experiments reported here. Prior to
exposure the zinc samples were polished on SiC-paper in ethanol to 1000 mesh and
washed in ethanol using ultrasonic agitation. The samples were then dried at 20°C in air
and stored in a desiccator for 24 hours. Time-resolved analysis of the deposition and
consumption of SO2,03 and NO2
The zinc samples in these experiments had a geometrical area of 26 cm2
(5.9*2.0*0.17cm). Figure 2 shows the experimental set-up for the time-resolved trace
gas analysis. This apparatus contains one exposure chamber with continuous flow and it
includes on-line analysis of SCh, NO2 and 63 in the output gas from the chamber. The
direction of flow was parallel to the sample. The gas flow was 1.00 dm3/min resulting in
a net gas velocity of 2.7 cm/s in the cell. Flow conditions were laminar (Rc = 50). This
experimental set-up has previously been described in detail (2-4).
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Figure 1.

Experimental set-up used in the experiment involving time-resolved trace gas
analysis.

Before the start of each experiment the interaction of the pollutants with the chamber
walls had reached a steady state so that the output gas from the corrosion chamber had a
constant composition. The experiment was started by introducing a sample into the
corrosion chamber.
RESULTS
To study the stoichiometry of the SO2-O3 and SO2-NO2 interactions on zinc, exposures
were performed that included time-resolved analysis of SCh, NCh, HNCh, NO and O3 in
the output gas from the corrosion cell.

Figure 2 shows the deposition of SO2 on zinc and the consumption of O3 by zinc in air at
95% RH. The input concentrations of SCh and O3 are 65 and 120 ppb, respectively. To
begin with, one may note the strong increase in the deposition of SO2 caused by O3. The
increase in SO2 deposition (measured in moles) caused by O3 closely corresponds to the
increase in O3 consumption registered in the presence of SO2.
SO2 deposition

O3 consumption

Exposure time (hours)

Exposure time (hours)

0.8

Figure 2.

Deposition rate of SO2 and rate of O3 consumption on zinc at 95%
RH as a function of time. The concentration of SO2 was 65 ppb
and the O3 concentration was 120 ppb.

Figure 3 shows the corresponding curves for the interaction of SCb and NCb on zinc, the
concentration of SO2 and NO2 being 65 and 120 ppb, respectively and the relative
humidity 95%. In analogy to O3, NO2 causes a marked increase in the rate of SO2
deposition although the effect is less drastic than with ozone. However, in sharp contrast
to the SO2 + O3 case, there is no increase in the consumption of NO2 that corresponds to
the increased deposition of SO2. On the contrary, the rate of depletion of NO2 is the same
irrespective of whether SO2 is present or not. It may be noted that in the absence of SO2 a
few percent of the NO2 is converted to HN02(g) by the zinc sample, while in the SO2 +
NO2 environment there was no formation of HN02(g). We did not detect the formation of
NO(g) in any environment.
SO2 deposition

NO2 deposition
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Figure 3.

Deposition rate of SCb and NCb on zinc at 95% RH as a function
of time. The SCb concentration was 65 ppb and the concentration
of NCb was 120 ppb.
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The TRAD experiments showed that the presence of O3 caused a drastic increase in the
deposition rate of SO2 on zinc in humid air, as shown in figure 5.4. The corresponding
rate of O3 consumption was also increased in the combined environment.
The increased SOo deposition rate (ASO2) in the SO2 + O3 environment is balanced by
the increased O3 consumption rate (AO3) to give a molar ratio ASO2/AO3 = 1.0 ± 0.1.
This stoichiometry of the SO2/Q3 synergism suggests that the following overall reaction
takes place on the corroding zinc surface:
S(IV)(ads) + 03(g) + H20(ads) —» SO^'Cads) + 02(g) + 2H+(ads)

[1]

This conclusion is supported by ion-chromatograpghic analysis which showed an
increased amount of sulphate on the surface.
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O3 accelerates the corrosion of zinc in SCh-polluted air by increasing the rate of deposition
of SO2 and that this increased deposition results from the oxidation of four-valent sulphur
on the surface by O3 or its decomposition products. The increased sulphate formation
creates more electrolyte on the surface, attacking the surface film consisting of zinc oxide
and zinc hydroxy sulphate, exposing the metal and contributing to electrochemical
corrosion,
Experiments with time-resolved trace gas analysis showed an increasedS (^-deposition
in the SCb + NO2 environment compared to the SO2- onlyexposure (cf. fig. 3). The
effect was smaller than with O3.1 on-chromatographic analysis showed an increased
amount of sulphate on the surface compared to SC^-only exposure. The deposition of
NO2 was low and diminished below detection limit after about one hour. No formation
of HNC>2(g) or NO(g) was detected in the combined SC^+NCb-environment. This
means that the increased deposition of SO2 on zinc in the presence of NO2 is due to an
increased oxidation rate of four-valent sulphur on the surface. It also means that this
effect is not connected to a redox mechanism, as in the case of O3 + SO2. Rather, the
enhancement of the oxidation of four-valent sulphur on the zinc surface by NCb appears
to be catalytic.
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SMALL-SCALE STRESS MAPPING IN TEST CHAMBERS FOR
COMBINED CLIMATIC AND POLLUTION TESTING (GLASS
SENSOR STUDY)
Dieter R. Fuchs and Thure Bohm
Fraunhofer-Institut fur Silicatforschung (ISC), Wurzburg, Germany

INTRODUCTION
Testing equipment for the combined testing of materials or technical products under defined
climatic stresses and increased levels of gaseous pollutants are applied in industrial quality
control as well as in research to study the interaction of surfaces or component parts with
relevant atmospheres. For these purposes a homogeneous distribution of the "total stress
potential" (governed by the synergistic influence of temperature, moisture and pollutants)
within the test chamber is of major importance.
Effects at the test specimen should clearly be correlated to the individual properties of the
sample and must not be due to local variations ofthe test atmosphere.
Therefore a pilot study was designed to clearify the performance of a typical laboratory
climatic test cabinet in respect to local inhomogeneities of the corrosive stress. Corrosive
sensitive material was used to detect the local stress distribution (dosimeter principle).
MATERIALS AND METHODS
In order to investigate the question of local variations of the corrosive stress within climatic
chambers a method is needed which meets the following requirements:
- The ability ofproducing a large number of test samples with constant surface quality
- sufficient sensitivity against the chosen test climate
- exact quantitative analysis of the dosimeter response
- acceptable costs
To meet these requirements the Glass Sensor Method [1] was chosen. The corrosive sensitive
material which acts as a stress dosimeter is a potash-lime-silicate glass. This method is widely
used in detecting outdoor stress levels, for example monitoring the environment of cultural
heritage [2], Also measurements of indoor environments (museums and display cases) have
been carried out.
The analytical evaluation is done by infrared spectroscopy (1R). The intensity of the OH-band
at 3300 cm~l is directly proportional to the corrosive effects at the glass surface (ion exchange
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and weathering crust). The quantitative measure is the extinction difference (AE) between the
spectra recorded before and after exposure. Differing from the VDI guideline the sensors were
not prepared with backside sealing and aluminum mask, since the handling risk in this study is
quite low.
A standard climatic test cabinet (Fa. Weiss Umwelttechnik GmbH, type SB 11/300/40 -BSB)
was used for this study. The climatic chamber is nearly cubic with a side length of 40 cm. 36
sensors were put into the chamber, arranged in three horizontal and three vertical planes. The
comers and the middle position were fitted with two sensors. The distance between each
sensor is approx. 15 cm, the distance of the nearest sensors to the walls is approx. 3 cm. The
experimental setup is shown in Figure 1.

Figure 1: Experimental setup
A climate according to DIN 40046 [3] was used (25°C/75% r.h./lppm SO2). The exposure

time was 240 hours, to reveal effects for shorter exposure times the sensors were also
removed, measured, and put back into the chamber after 24, 96, 168 and 240 hours. Glass type
MI [2] was used as sensor material, since it is best suitable for this type of climatic stress
monitoring.
RESULTS
The results of the IR-measurements are presented in Figure 2. Symbols are used to show for
each sensor the deviation from the mean value of all 36 sensors. The homogeneity of the stress

level within the chamber is quite good, especially positions in the comers or near the wall have
no general deviation from the mean level Nevertheless two main characteristics can be
noticed.
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(1) . The stress level at the bottom of the chamber is higher than the average, the level at the
upper part of the chamber is lower than the average. Smaller deviations are found in the
vertical planes. The left side of the chamber (opposite to the air inlet and outlet) shows a lower
stress level, the middle of the chamber (in the main air stream) has a higher level. These
features are observable already after 24 hours of exposure.
(2) . The deviations increase with exposure time. After 24 hours more than half of the sensors
still lie within 5% of the mean value, a deviation of more than 20% is visible only at three sites.
After 240 hours of exposure already 12 sensors show deviations of more than 20%.
The reason for these significant differences in the stress levels lies probably in the non
symmetric position of the air inlet and outlet. This leeds presumably to a non symmetric main
air stream.

SUMMARY
The study of the stress levels in a climatic chamber with the Glass Sensor Method showed a
generally good homogeneity of the stress level within the chamber. Especially for a 24 hour
exposure most positions deviate not more than 5% from the mean level For longer exposure a
inhomogeneity is detectable. The bottom of the chamber and the vertical middle plane have
higher stress levels, the upper part of the chamber and the left vertical plane have lower levels.
These deviations grow with increasing exposure time.
The ability of the Glass Sensor Method for a smale scale mapping of corrosive stress levels
was pointed out.
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INFLUENCES OF AIR POLLUTANTS ON POLYMERIC MATERIALS
- NATURAL WEATHERING OF POLYMERS
Thomas Felix Reichert; etal.;
Environmental Engineering Division, Fraunhofer-Institut flir Chemische Technologie (ICT),
D-76327 Pfinztal-Berghausen, Germany

INTRODUCTION
Polymeric materials are affected during their entire service life by a number of environmental
influences. These originate from both man made and natural sources. Such environmental influences
include solar radiation, temperature, humidity and air pollutant effects. They all act together, some
independently and some synergistically, to influence material properties, as well as functionality,
service life, quality and reliability of the polymeric materials and systems. The main degradation
process is chain scission with loss of molecular weight and oxidation, followed by fading of colours
and loss of gloss and mechanical strength. Due to the large number of different types of polymers
there are many types of degradation processes and it is difficult to generalise about the effects of the
environment on organic materials.
Materials, as opposed to organisms, have no self-repair mechanism which allows them to tolerate a
certain level of stress. In principle, therefore, it is not possible to define critical levels for the effects
of pollutants on materials below which no deterioration occurs. Material deterioration by
weathering is normally a very slow process lasting some or more years. Therefore attempts have
been made to produce deterioration in short-term experiments by using high stress levels. The limits
for the high stress levels are given by the comparability of the obtained damage from artificially
accelerated weathering with these from real natural weathering (1).
To investigate the damage caused by air pollutants on polymeric materials, samples were natural
weathered with some light exposed and some dark stored samples in different climatic and polluted
areas of Germany [Figure 1]. The weathering stations are closed to the continuously measuring
stations for air quality [Figure 2],

MATERIALS AND METHODS
Commonly used polymeric compounds were selected including polyvinyl chloride (PVQ,
polyurethane (PUR), polyester (PES) and alkyd resin based polymers (ALKYD). The samples
were obtained directly from the manufacturer, whereby only the purest possible materials or simple
compounds were actually subjected to testing. The samples with the dimension of 5cm x 10cm x
0.3cm were removed periodically to inspect for damage and characterisation by mechanical,
microscopical and spectroscopical techniques. This techniques deliver characteristic values for the
material alteration, as it was shown in artificial weathering investigations (1). In this investigations
the materials were exposed to NO» S02 and Os in special fumigation chambers with some light
exposed and some dark stored samples [Figure 3], The chambers were fitted with a UV light
transparent glass, positioned facing south, tilted 45° degrees towards the horizontal and located on a
roof terrace.

c
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The selected constant concentration of pollutant gases ware somewhat higher than those normally
encountered to make the test exposure time shorter than the expected life time of the products in
the open. The impurity levels were 5.0 mg/m3 for NO* 5.0 mg/m3 for SO2, 2.5 mg/m3 for O3 and
for the mixture this concentrations were added. This values are approximately one hundred times
higher than the averaged annual value of these pollutants, but only ten times higher then some 1/2
hours averaged peak values. It is one aim of our investigation to correlate the produced material
damage in the fumigation chambers (artificial weathering) with the material damage in the open air
(natural weathering).
The evaluation of the exposure locations with their specific air pollution depicted, that it was not
possible to find a clean air reference location for our investigations. The normally nonpolluted areas
have high ozone concentrations and are therefore locations with mainly ozone effects for the
polymers [figure 4], During natural weathering we have always a mixture of air pollutants effecting
the materials and the locations for the weathering places were selected for their dominating air
pollutant(s). Rastatt (Mix), Karlsruhe (NO,), Bottrop (SO2), Waldhof and Schauinsland (Ozone).
The other locations were selected to deliver additional values for the material damage, to make it
possible to calculate dose-response-functions.
RESULTS
The materials were investigated by morpholgical, mechanical, optical and analytical methods. As an
example the colouring properties of the PVC and the PUR materials are depicted in Figure 5 and
figure 6. The exposured materials and the reference are coloured with a dye. After this the material
will be cut and the penetration depth of the dye in the material gives a significant value for the
damage of the material beginning from the surface. For the Alkyd Resin Based Polymer the
decrease in the layer thickness is depicted in figure 7. As it is obvious the decrease is larger for the
light exposured samples then for the dark stored samples.
DISCUSSION
The influence of air pollutants on polymeric material damage is significant if we have additional the
influence of sunlight. For the dark stored samples ozone has the strongest effect. The doseresponse-functions for the material degradation will be calculated during 1995 and verified with the
values after four years of exposure in 1996. Then it is also possible to calculate the gain of test time
during the artificial weathering of materials against to natural weathering.
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DRY AND WET DEPOSITION OF ELEMENTAL MERCURY
MEASURED BY MOSS BAGS NEAR A CHLOR-ALKALI PLANT

Martin Lodenius
Department of Limnology and Environmental Protection, University of Helsinki, Finland
(martin.lodenius@helsinki.fi)

INTRODUCTION
Mercury emissions to air disperse over a very wide area. Elemental mercury has a long half-life
in the atmosphere from which it is removed as wet or dry deposition. Mercury may he
deposited hundreds or thousands of kilometers fiom the emission source. In addition there is
an re-emission of mercury fiom soils and vegetation which adds confusion when determining
the fate of mercury emissions. The direct sorption of gaseous mercury (Hg°) by vegetation is
obviously important, even though poorly known, way of removal of this metal from the
atmosphere. The dry deposition has been estimated by measuring sorption to vegetation, total
deposition, throughfall and litter fall.
The sorption and re-emission of mercury to vegetation can be assumed to depend on:
type and abundance ofvegetation (different in summer and winter)
light and wheather (stomata open / closed)
air moisture and temperature.
The aim of this study was to compare dry and wet deposition near an emitter of elemental
mercury by using the moss bag technique. This method gives an accurate picture of the
spreading of mercury and good estimates of the deposition near emission sources (1,2).

METHODS
Moss bags were placed at two sites near a chlor alkali plant (Finnish Chemicals Ltd) in
Kuusankoski, SE Finland, for the period 19.8.1994 - 28.10.1994 (70 days). The moss bags
were made according to the Finnish standard method (3) except that half of the moss bags
were covered with plastic pots (Fig. 1) preventing these moss bags fiom getting wet
deposition.
The wheather in the area was
normal for this time of the year:
total rain 216 mm during the
period (76 - 118 mm month1)
The site A was situated 200 m and
the site B 700 m north west of the
chlor alkali plant. At both sites
seven normal and seven covered
moss bags were placed in trees at
a heigth of 2.5 - 3.5 m.

Figure 1. Uncovered and covered moss bags.

O"

The moss material was dried at +50°C, homogenized and digested in strong acids (H^SO., +
HNOj). The mercury concentrations were analyzed by cold vapour AAS.

RESULTS
The net mercury accumulation was bigger in the uncovered moss bags receiving both wet and
dry deposition (Fig. 2). The mean difference was more than 30% at both sites but due to the
limited amount of samples and the large variation in concentrations of covered moss bags at
site "A", the differences are not statistically significant (Tuke/s test)

•v

Figure. 2 Mercury accumulation (ng g"1 month ') in covered (C) and uncovered moss bags
at two different distances (A and B) from the emission source: means and standard deviations.
A rough estimate of the dry and wet deposition may be made (Table 1) on the basis of the
surface occupied by the moss: 3.2 g dm-2 (1).
Table 1. Estimated mercury deposition pg nr2 a ' at the two sites A and B.
Site

Total

Wet

Dry

A

310
100%

110
34%

200
66%

B

58
100%

22
38%

36
62%

DISCUSSION
The estimates of deposited mercury are considerable smaller than those obtained earlier with
the same method for a chlor alkali plant with bigger emission (1). In that study the background
deposition was calculated to 8 pg nr2 a '.
Dry and wet deposition of mercury to terrestrial ecosystems may be estimated in many ways
(Table 2). The differences in estimates may partly be explained by differences in methodology.
In southern Sweden the dry deposition of mercury has been estimated to be 50% of the wet
deposition to a spruce stand. The net uptake of mercury from soil by above-ground biomass
was estimated to be near zero (4, 5). In tropical conditions the canopy absorption ofHg has
been estimated to 20-36 % of the rain (6).
Table 2. Some estimates ofnet mercury deposition pg nr2 a-1
Type of study

Environment

Hg deposition

Ref.

moss bag

chlor-alkali plant

1200 (dry + wet)

1

moss bag

background

8 (dry + wet)

moss bag

chlor-alkali plant

200 (dry)
110 (wet)

7

throughfall: pine canopy

background

0.9 - 26 (dry)

8

model calculation

2-6 ng nr3 Hg° in air

0.5-180 (dry)

8

throughfall, litter fall:
spruce canopy

background

4-7 (dry)
12 (wet)
40 (total flux to forest floor)

4,5

gas exch. system:
oak, spruce, grass

low air cone. (13-18 ng nr3)

- 48 (= net emission)
(dry)

9

gas exch. system:
oak, spruce, grass

high air cone. (—300 ng nr3)

1500 (dry)

9

'

1

On the basis of results reported here and earlier one may conclude that:
the different moisture of the moss bags migth have influenced the results,
most ofthe mercury emitted from a Hg° source is absorbed to moss tissue through a
dry deposition process,
the deposition obviously depends on the type ofvegetation; the sorption to a conifer
forest may be significantly smaller than the sorption to moss tissue,
there may be a significantly higher sorption to vegetation in the summer than in the
winter; on the other hand the re-emission is higher at higher temperatures,
there is an obvious need for measuring, calculation and comparisons of the deposition
of mercury using different methods including biological monitoring.
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THE USE OF MOSSES IN AIR POLLUTION MONITORING IN ESTONIA

Siiri Liiv1, Enel Sander1, Andres Tarand2 and Agu Eensaar1
‘Tallinn Botanic Garden, Academy of Sciences of Estonia
Government of Estonia

INTRODUCTION
Mosses Pleuroziam schreberi and Hylocomium splendens have been proposed as biomonitors of
atmospheric heavy metals (1,2,3,4). These mosses are wide-used in biomonitoring studies in
Scandinavia as well as in other Nordic countries (5,6). Some methodical problems of
bryoindication, e.g. other factors than the adsorption of precipitation which influence element
concentrations in mosses have been studied in Scandinavia as well (7,8).
In Estonia only in 1989 moss survey was performed on the initiative of dr. A. Makinen (University
of Helsinki) as a part of a joint moss-survey of Nordic countries (6,9).The results of the survey
of atmospheric heavy metal deposition as reflected by the content of metals in mosses in 1990 in
Estonia differed from those recorded in 1989 (10,11). The differences may, in part, be explained
by the fact that different moss species were analyzed by different laboratories in different years.
To reduce uncertainly in interpreting elemental content of mosses in mapping atmospheric
deposition, several subsamples collected in the sampling site should be analysed separately. Due
to financial reasons, 5-10 subsamples from each sampling site are usually analysed together as
one sample.
Methodical study for determining the intrasite, local variability in Estonia was started in 1991.
Despite of the used uniform methodics in sampling, cleaning, digesting and chemical analysing of
moss samples in the same laboratory there is high variability of the content of elements at the
reference area (11). There are many reasons for this variability - errors from instrumental
procedures (analytical steps in chemical analysing), biological deviation, etc. (12).
In this paper we present the results of the methodical study of intrasite variability of As, Cd, Cr,
Cu, Fe, Ni, Pb, Zn and V in mosses at reference areas of different deposition level in Estonia. The
intrasite variability of elemental content in mosses at the reference areas is takeif into account in
mapping the territorial distribution of the content of elements in mosses, samples of which were
collected during the joint Finnish-Estonian-Russian biomonitoring project in 1992 in a more
dense network compared with the 1989 and 1990 national moss surveys in Estonia in order to
describe more accurately the pollution situation in highly polluted north-eastern Estonia.
MATERIALS AND METHODS
The moss samples at reference areas (124 in all) and also in north-eastern Estonia (55) were
collected in summers 1991-94.The sampling, cleaning of moss samples and their chemical analyses
were carried out using the exact methodical prescriptions of Nordic countries (6,13).
The intrasite variability of elemental concentrations in mosses of P. schreberi was studied at 5
homogenous reference areas each about 100 x 100 m2 in size. 25 samples (24 at Niinsaare 94)
were collected from each of them and analysed on the content of As, Cd, Cr, Cu, Fe, Ni, Pb, V
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and Zn at the Environmental Research Laboratory of Ministry of the Environment of Estonia
using AAS method.
Due to the absence of P.schreberi in some sampling sites under dominating alkaline pollution,
only one moss sample ofH.splendens from each of the 55 sampling sites (about 50 x 50 m2 in
size) in north-eastern Estonia was collected.The content of 64 elements in these was analysed in
TA Trace Laboratory SA in Switzerland using ICP-MS method.
RESULTS AND DISCUSSION
Intrasite variability of the content of elements in mosses
The results of chemical analysis of single moss samples are random values, the distribution of
which is characterized by a certain function. Distribution of concentrations of As, Cd, Cr, Cu, Fe,
Ni, Pb, V and Zn in moss samples at reference areas corresponds approximatly to the normal
distribution. It means that to a 95% confidence level the concentrations of elements as measured
in mosses in north-eastern Estonia remain within the range q ± (26+A), where q is the mean
concentration and 8 is the standard deviation of the contents of the element at the reference area,
and A is the error of the analytical method. Therefore, the minimum isotoxic zone width of
elemental concentration corresponding to the extent of their variability at reference areas is a
double standard deviation of concentrations of the elements plus the error of the method (AAS)
(11).
Elemental concentrations and the statistics that indicates their local variability in P. schreberi at
reference areas are presented in Figure 1. There is probably due to the analytical process much
higher intrasite variability in the moss data from 1991 at Aegviidu than from 1993 at Niinsaare
and 1994 at Vaisi, Saali and Niinsaare. Therefore, in calculating the range of elemental content
in mosses in order to establish isotoxic zones in north-eastern Estonia, we have considered only
the 1994 data. The mapping of territorial distribution of elements in mosses in Estonia shows the
minimum concentration interval (pg/g) of isotoxic zones on the basis of elemental content in P.
schreberi at 4 reference sites in 1993-1994 as follows: As - 2,4; Cd - 0,10; Cr - 2,30; Cu - 0,95;
Fe - 234; Ni - 2,42; Pb - 6,25; Zn - 8,68; V - 3,22.
Distribution of elements in mosses in north-eastern Estonia
Moss samples collected in north-eastern Estonia in 1989 and in 1990 revealed higher
concentrations of the majority of heavy metals than those in other regions of Estonia (6,13).The
total amount of solid pollutants from the biggest air polluters there - Baltic (BTT) and Estonian
(ETT) thermal power plants (Fig.2 ) was 101,1001 in 1993 (14 ). Flying ash from these oil-shale
burning TPP-s consists of many of heavy metals and trace elements which are emitted into the air.
The content of majority - 60 of the analysed 64 elements in mosses decreased at sampling sites
at increasing distance from TPP-s. The highest concentrations of Cr (Fig.2) like those of many
other elements in mosses to the north-east from Estonian TPP are related to the prevailing south
west winds.
The contours of isotoxic zones of As, Cd, Cr, Cu, Fe, Ni, Pb, Zn and V follow the concentration
intervals calculated from the data of intrasite variability at reference areas in 1994. Still, the
extrapolation of these data to north-eastern Estonia is, due to absence of the variability data of
H. splendem at sampling sites in 1992, a large generalization.
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BIOMONITORING THE EFFECTS OF AIR POLLUTION ON FOREST
ECOSYSTEMS IN AN URBAN AREA, HELSINKI, FINLAND

Ahti Makinen1, Mikael Pihlstrom1
1 Department of Ecology and Systematics, University of Helsinki, Finland

INTRODUCTION
Single bioindicators have been used for a long time in air pollution monitoring in the Helsinki area
(e.g. lichen studies since 1933). hi the mid-eighties local authorities became aware of the need for
regular integrated monitoring. Important objectives were: (a) to collect timeseries for the
evaluation of natural variation e.g. weather in different parameters (b) to detect small, gradual,
changes resulting from pollution control measures.The intensive monitoring of coniferous forests
in the metropolitan area of Helsinki started in 1988.
METHODS
One hundred permanent sample plots in natural spruce and pine stands were selected
systematically (1). Direct human influence was avoided. The following parameters were
investigated yearly during 1988-1993: I. Needle loss of conifers. H. Sulphur and nutrient (Ca, K,
Mri, Mg) concentrations in pine needles. III. Epihytic lichens and green algae. IV. Heavy metals
(Hg, Cd, Pb, Ni,Te, Zn) in mosses (Pleurozium schreberi). V. Acidification, nutrient status and
heavy metals in surface soil (humus-layer). Many of the methods (II-IV) have since been officially
standardized (2).
Some other methods were also used sporadically: mossballs, litter bags, SEM analysis of needles.
RESULTS
Needleloss of conifers increased somewhat during 1988-1993. Initially spruces were most
affected, but during the past few years pines also suffered from needle loss (Fig. 1). The
magnitude of the change is not great (c. 5%) but the continuously rising trend indicates a
persistent slight stress differing slightly from the situation in background areas (4).

Figure 1. The needle loss of pines (left) and spruces (right) in the study area during 1988-1993.
Annual means of 50 sample plots (5 trees/plot). Note different scales on the x-axes.

The sulphur concentration in pine needle collected each year in Januaiy, decreased slightly from
1989 to 1993. During the same period sulphur emissions and ambient sulphur dioxide
concentrations also fell considerably. In Januaiy 1994 the sulphur concentration of pine needles
increased again, probably due to the cold weather and some long-range transport episodes (Fig 2).
Other concentrations (Ca, K, Mg, Mn) have remained rather stable. No leaching indicative of
severe acidification has been detected in the most polluted areas. The concentrations of calcium,
magnesium and nitrogen have in many cases been higher , probably indicating long-term
eutrophication of the soil.
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Figure 2. The sulphur concentration of pine needles during 1988-1993 (left) and the ambient SOz
concentrations at 3 stations during 1988-1993 (right).
The distribution of epiphytic lichens rather well reflects longterm air pollution zones. Many species
are still absent from conifers throughout most of Helsinki as well as in smaller areas in Vantaa and
Espoo. hi the very centre of Helsinki considerably improved air quality has led to recolonization
of the former lichen deserts, first on broadleaved tree trunks, and during the past few years also
on the naturally more acid bark of pines.
The abundance of epiphytic green algae increased in 1990-1991, probably reflecting the mild
winter weather and high nitrogen emissions. Green algae abound on tree trunks in built-up,
polluted areas. In the peripheral forest areas they are replaced by Hypogymnia physodes which
covers the base of the trunks and also the branches of spruce.
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Figure 3a. The estimated amount of epiphytic green algae on the base of spruce trunks during
1989-1993. Scale: 1= sparse, 2=moderately abundant etc. (left). The abundance of Platismatia
glauca, a rather pollution sensitive species, on the pine sample plots in 1993 (right).

Heavy metal concentrations in mosses well reflect the distribution of pollutants derived from the
combustion of coal and oil (especially Ni, Fig. 4), from human activities in general (especially Fe)
and from traffic (especially Pb). Mercury (Hg) and cadmium (Cd) are monitored because of their
toxicity. During the six year period (1988-1993) the levels of these metals variate somewhat.
Despite this the areal distributions have been rather similar from year to year. The concentration
of lead has gradually decreased both in the study area (Fig. 4) and in background areas (3),
synchronically with the conversion to unleaded gasoline. Heavy metals have also accumulated in
the surface soils of the central area, the amounts of lead are especially high.

Figure 4. The mean concentration (70 sample plots yearly) of lead in mosses 1988-1993 (lefijand
the areal distribution of the highest nickel concentrations (over 6 ppm) in mosses 1992 (right).
Due to the role of soil acidification processes in forest decline, many soil variables are regularly
monitored. No clear, large-scale decrease in the total amount of available nutrients or a slowing
down of decomposition have yet been detected. Signs of relative acidification, reflected in low pH,
base saturation degree and calcium-aluminium ratio are not restricted to the central polluted area
alone.
The best indicators for the individual components of forest ecosystems give a reliable picture of
the effects of air pollution when plotted on the same map (Fig.5). Air pollution, acting over a long
period oftime has had clear effects on the forest ecosystem. In a large area from W. Espoo to E
Vantaa visible damage and elevated concentrations of e.g. heavy metals in mosses occur. Within
this area a most polluted area can be seen, covering most of the city of Helsinki.
DISCUSSION
Despite clearly decreased levels of local sulphur and particulate emissions, the condition of the
forests, as assessed by different bioindicator methods, has not clearly improved. This could be due
to delaying mechanisms in the ecosystem: acid pollutants have accumulated in the soils, trees
recover rather slowly etc. However, many individual bioindicators show positive trends: the
concentration of lead in mosses and the sulphur concentration of needles generally decreased
during the period 1988-1993. It must also be pointed out, however that forest condition was not
critical at the outset either: inside larger forests conifers were only slightly damaged and no largescale acidification of the topsoil was detected.
Ecosystem monitoring requires continuity and intensive observation if changes and rather
complicated causal patterns are to be detected in time. The methods tested in this program proved
usable, but new methods, for assessing tree condition especially are also needed.

clear effects
strongest effects
Figure 5. A synthesis of the results. In the shaded areas most (darkest shading) or many of the
bioindicators exceed limit values compared with the local background areas.
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BIOMONITORING OF BEES - UPGRADING OF ELECTRONIC
MONITORING OF THERMAL POWER PLANTS
Igor Cuhalev, Zalika Rajh-Alatic
“Milan Vidmar” Electroinstitute, Ljubljana, Slovenia

INTRODUCTION
Industrialisation and the growing need of energy have been menacing the air quality for quite a
while. The air quality control is a prerequisite in the process of establishing a harmonious
evolution of the entire living world. To assure its survival, it is necessary to co-ordinate
economic and environmental interests in general and in a particular area and time.
Environmental monitoring of the air quality associates procedures whose task is to acquire
data about the measurement of the polluted air in the real time and on-line mode.
Air quality measurements are made at the point of the measurement site which is the most
exposed to pollution. Apart from the point measurements, there are also line measurements
carried out. They are made in a particular area where they provide better results about the
environmental pollution. Data that are obtained in this way provide the basis for adequate
procedures for the air protection.
The effect of noxious substances from the air on living organisms under laboratory conditions
is known to a certain degree. The real extent of the effect of the air pollution under existing
conditions in a particular area and time can only be established with biomonitoring. One of its
most frequent forms is observation of a particular plant specimen which is sensitive to some
noxious components from the air. A well known case of distinct sensibility to ozone is the
tobacco plant.
Biomonitoring of plants provides data about the complex pollution stress to which an
observed plant is exposed. It covers a certain time period and gives point results of an area.
To get a complete insight into the effect of the pollution stress in an area, we expanded
biomonitoring onto bees. The bee family is an ideal system for the collection of samples in the
environment. With a rather simple analysis of samples we obtain complex data about the
environment pollution regarding an area in an observed period of time. The animal behaviour
under polluted environment conditions covers the additional field in which the bee is the
subject of observation.
ENVIRONMENTAL INFORMATION SYSTEM
The Sostanj Thermal Power Plant (TPP) is with its 745MW of the electric power output the
greatest coal fired power plant in Slovenia. In 1990 its emission of SO2 was 93.000 tons,
covering 47% of the total emission of SO2 in Slovenia.

The TPP effect on the environment is monitored with the Sostanj TPP Environmental
Information System (EIS). From the technologicaLpoint of view it consists of measurement,
information and communication phases (1). As far as the logical component is concerned, it
covers imission, emission and hydrological measurements regarding the Sostanj TPP.
The Sostanj TPP EIS integrates 6 imission measurement stations located in its vicinity, and 2
emission stations on stacks. At the measurement site at Zavodnje (770m a.s.l.) at which a
beehouse is located, the following measurements are made:
1.
2.
3.
4.
5.
6.

SO2 concentration in the air,
NO, NO2, NOx concentrations in the air,
ozone concentration in the air,
wind speed and wind direction,
air temperature,
relative air humidity.

Sampling takes place any 10 seconds. Each 30 minutes, average values are calculated and sent
over a telephone line to TPP and then to other users of the environmental information.
Data about measurements are from EIS available on the on-line and real time basis. They serve
for the avoidance of critical concentrations of noxious substances in the air, alarming the
public, informing the competent state authorities, and research work in the field of the air
pollution and environmental stress caused by TPP's and other industrial plants. The EIS
deficiency lies in the fact that it can provide measurement results in one point only. To estimate
the area pollution, it is consequently necessary to use mathematical models. The goal of the
environmental monitoring is to determine the total environmental pollution in space and time.
BIOMONITORING OF BEES
Biomonitoring is upgrading of the electronic environmental monitoring, whose main task is
acquisition and processing of the air pollution data in real time and in a particular point. To
acquire data about the integral environmental stress of a particular space, it is necessary to
dense the sampling system and to adapt it to a foreseen space volume.
Table 1.

SO4"2

Location
Zavodnje
Prapretno
Ljubljana 1
Ljubljana 2
Lenart

ion in honey
g SO4'2 ion / 1kg honey
0.78
0.29
0.28
0.29
0.19

The bee family represents an excellent system of small samplers (2). In the radius of 3 km
around a beehouse, bees collect samples of honey, nectar and water. Sampling does not take
place only along the plane but also along the height (meadows, shrubs, trees). Collected
samples contain data about the pollution of the soil, precipitation, air and water. Bees fly out of
their beehouse to collect food about 40 times a day. During each flight, which lasts 10
minutes, they visit around 50 flowers, which on the day level gives at least 2000 flowers. Table

1 shows a honey analysis with regard to the SO4"2 ion content. Honey is collected all over
Slovenia and it has been found out that any collection site shows signs of the pollution with the
S02 gas. The highest level of the environmental stress is in the TPP vicinity (at Zavodnje,
Prapretno) and near big towns (Ljubljana). Honey was analysed in 1993 with the method that
we use for the analysis of the precipitation quality.
BEHAVIOUR OF BEES UNDER CONDITIONS OF HIGH S02 CONCENTRATIONS
IN THE AIR
In 1992, a beehouse was sited at Zavodnje. In one of the beehives, an electronic weighing
machine was installed. It was connected with EIS. Sampling of the beehive weight was made
each 10 seconds and then a 30 minute average weight of the beehive was calculated. A
comparison was also made between the weight of the beehive and the occurrence of the S02
concentration for the period from 1990 to 1994 from May to September.
The bee family is a biological system, which distinguishes itself by a particular behaviour
mechanism and a well known organisational structure. In a clean environment, the main goal of
the bee community are reproduction, food collection and protection from the enemy. Under
the condition of a greater (critical) environmental stress, bees develop a special behaviour
pattern.

Comparison: Beehive weight - S02
Low concentrations of S02

49
48.5
48

I
£
&

47.5 10>
>

47

I
m

46.5
1

5 10 15 20

1 5 10 15 20

1 5 10 15 20

46

Hours
Figure 1. Bees behaviour pattern at low SO2 concentrations in the air
Fig. 1 shows a normal activity in a beehive which is reflected also in the weight of the beehive.
During the day the weight of the beehive grows as a consequence of the honey and nectar
input. During the night, the weight of the beehive decreases as a result of the water elimination.
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During the observed days, SO2 concentrations are low and it is only on May 23 that they have
a little effect on the activity of bees.

Comparison: Beehive weight-S02
Low concentrations of S02

Figure 2. Bees behaviour pattern at high SO2 concentrations in the air

Fig. 2 shows two days of high SO2 concentrations in the air. The consequent environmental
stress disturbed the normal day rhythm of bees and it took quite a number of hours to have it
re-established.
The described method for the observation of bees on the basis of the weight of their beehives
can give only a rough insight into general behaviour patterns of bees. The method should be
expanded with the measurement of noise, temperature and relative humidity in beehives, and at
the exit from beehives a timer should be mounted to record entrance and exit activities of
bees.
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UTILISATION DE CERTAINS VEGETAUX SUPERIEURS
(Olea europea et Fraxinus angustifolia)
DANS L'ETUDE DE LA POLLUTION ATMOSPHERIQUE FLUOREE
Ammar SEMADI
Institut des Sciences de la Nature, Universite de Annaba, 23000 - Annaba (Algerie)

INTRODUCTION
Au niveau de la region de Annaba, nous distinguons une source principale de pollution fluoree:
le complexe des engrais phosphates (ASMIDAL) et deux autres sources secondaires plus ou
moins eloignees de l'agglomeration: le Complexe siderurgique d’El Hadjar, situe h une dizaine
de km au Sud de Annaba et une briquetterie a Boutheldja, a une quarantaine de km a vol
d’oiseau a l'Est de Annaba.
L'etude en question va nous permettre d'apprecier revolution spatio-temporelle de la pollution
fluoree d'origine industrielle & 1'aide de l'accumulation du fluor par les folioles de deux especes
phanerogamiques: Fraxinus angustifolia et Olea europea qui vontnous permettre de
cartographier ce type de pollution.
MATERIELS ET METHODES
Choix du materiel vegetal
Nous avons retenu en premier lieu Fraxinus angustifolia qu'on peut rencontrer soit en petits
groupements, notamment a proximite des oueds, soit en alignement le long des axes routiers,
soit isole en milieu rural. La seconde espece est Olea europea. abondante egalement dans la
region d'etude (1).
Techniques d'echantillonnage
Nous avons opere, lors de 1'echantillonnage, a une hauteur comprise entire 1,50 m et 1,70 m du
sol et nous avons preleve une dizaine de folioles sur tout le pourtour de 1'arbre en essayant
toujours d’epargner les trois demieres feuilles du rameau (folioles juveniles). Ceci nous a
permis d'avoir un echantillon moyen homogene devant nous renseigner sur le taux moyen de
fluor accumule en un site donne. En effet si nous avions opte pour une face privilegiee de
1’arbre les resultats obtenus auraient ete influences par la direction des vents et auraient
considerablement varie selon 1'exposition retenue.

RESULTATS
Cartography de la pollution fluoree
L'accumlulation spatiale du floor par les deux especes vegetales etudiees nous ont permis de
delimiter les zones nevralgiques qu'il faudra h. tout prix surveiller de pres en agissant sur le
contrdle des Emissions industrielles.
- Utilisation de Fraxinus angustifolia comme bioaccumulateur
A partir des concentrations en fluor dans les folioles de ffene d'un grand nombre de stations,
nous avons arrete differentes classes de pollution fluoree que nous avons adoptees: 0-10,1120,21-40 et >40 pg/g. Ainsi nous avons pu visualiser la repartition des zones polluees autour
de la source d’Emission.
En premier lieu, ce qui attire notre attention, c’est le pic & plus de 1700 pg/g qui correspond a
l'entree de la cite El Bouni (sous les immissions d'ASMIDAL). Sur un rayon de 5 km de la
source, nous considerons que la pollution fluoree est forte (taux de fluor accumule par le ffene
>40 pg/g).
A l'Ouest, on observe une zone de pollution moderee qui s’etend sur 15 km et une zone de
pollution faible, entre 15 et 30 km. Nous precisons que dans cette direction il faut tenir
compte de l'influence de la cimenterie de Hadjar Soud dont les effets sont remarquables.
Au S.W., la zone de pollution moderee s'etend sur 20 km et l.a zone de pollution faible entre
20 et 30 km. Dans cette direction, nous mettons en evidence trois facteurs favorisant la
diffusion des polluants: topographie plate sans aucun ecran naturel, l'influence du vent et de la
proximite du Coruplexe siderurgique.
Au Sud, la zone de pollution s'etend jusqu'a 7 km, puis on observe une pollution moderee entre
7 et 25 km et une pollution faible entre 25 et 28 km.
A l’Est, la pollution est moderee sur 8 km & partir d'ASMIDAL, puis faible entre 8 et 25 km,
on observe a nouveau un foyer de pollution moderee entre 30 et 35 km d’ASMIDAL, une telle
elevation de la teneur en fluor est justifiee par la precence d'une briquetterie a proximite.
- Utilisation de Oleau europea comme bioaccumulateur
Contrairement au ffene, 1'olivier est caracterise par une cuticule foliaire cireuse et plus epaisse,
ce qui limite l'accumulation des polluants. Cette espece nous indique une pollution moderee
sur 2 km a l’ouest et sur 3 a 5 km pour les autres directions. En ce qui conceme les zones de
pollution faible, elles sont comme suit:
- N, NW (entre 5 et 10 km)
- W (entre 2 et 25 km)
- SW, W (entre 5 et 35 km): pollution faible mais s'etendant sur une longue distance d'ou
influence de la cimenterie de Hadjar-Soud
- S (entre 5 et 30 km)
- E (entre 3 et 35 km): ici encore l’influence de la briquetterie.

Comparison du pouvoir accumulateur du fluor chez I'olivier et le frene
Nous avons attribue a chacune des classes de pollution fluoree (0-10,11-20,21-40 et >40
pg/g) des coefficients de 1 a 4 que nous avons reportes aux differentes stations communes au
frene et a I'olivier. En faisant la moyenne des coefficients pour chacune des especes vegetales,
nous obtenons ce que nous appelons le pouvoir accumulateur qui est de 1,9 pour le frene et de
1,2 pour I'olivier, soit un rapport de 1,6 d'oii le ffene accumule 1,6 fois plus que I'olivier (la
morphologic et les caracteristiques de la cuticule foliaire qui jouent un tres grand rdle dans le
processus d'absorption-accumulation.
La comparaison du pouvoir accumulateur du fluor entre I'olivier et le ffene a ete faite a 1’aide
du test statistique "t de Student" pour echantillons independants (2). Les calculs effectues a
l'aide du logiciel d'analyse et de traitement des donnees MINITAB (3) ont donne une moyenne
arithmetique de 1,9 avec un ecart-type de 0,568 pour le ffene alors que pour I'olivier, nous
avons une moyenne de 1,2 avec un ecart-type de de 0,422.
La comparaison de ces deux moyennes par le test "t de Student' a permis d'obtenir une valeur
de de Lw 3,13 qui est nettement superieure qui est nettement superieure a la valeur theorique
correspandante obtenue, ce qui nous pousse a rejeter 1’hypothese d'egalite des deux moyennes,
c’est a dire que le frene et I'olivier n'ont pas le meme pouvoir accumulateur du fluor.
CONCLUSION
La pollution fluoree d’origine industrielle a un impact certain sur l’environnement dans la
region de Annaba et ceci depuis longtemps (4).
L'accumulation du fluor par les vegetaux superieurs etudies depend de la nature de 1’espece, de
son cycle vegetatif, de la distance et l'exposition par rapport a la source de pollutions, de la
duree d’exposition a la pollution, des conditions climatiques et topographiques (5).
Enfin, nous avons pu mettre au point une cartographic de la pollution fluoree dans la region de
Annaba, en nous basant d'une part sur l'accumulation du fluor par le ffene et d'autre part par
I'olivier. Le ffene semble donner une bonne image quant a la delimitation des differentes zones
de pollution (faible, moderee et importante), I'olivier nous renseigne surtout sur une faible
pollution a travers la plus grande partie de la zone industrielle (ceci se traduit d'ailleurs par son
pouvoir accumulateur qui est de 1,6 fois moins que celui du ffene).
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TECHNIQUE DE TRANSPLANTATION DE DEUX ESPECES
LICHENIQUES (Ramalinafarinacea etRamattna duriaei) DANS
L’ETUDE DE LA POLLUTION PLOMBIQUE DANS LA REGION DE
ANNABA (ALGERIE)
Ammar Semadi
Institut des sciences de la Nature, Universite de Annaba, 23000 - Annaba, AlgSrie

INTRODUCTION
La pollution par le plomb est un probleme mondial faisant actuellement l’objet d’une prise de
conscience generate. L’activite humaine et en particulier 1’utilisation de I’essence au plomb
modifient sensiblement la concentration du plomb dans 1’atmosphere. Des recherches
nombreuses ont ete entreprises ces demieres annees aux Etats-Unis, au Japon puis en Europe
dans la cadre d’origanismes officiels dont la Commission des Communautes Europeenes (1)
afin de preciser l’impact du plomb d’origine automobile sur Penvironnement. Aucun travail
de ce type n’ayant ete effectue en Algerie, il nous a semble interressant de detecter l’intensite
de la pollution plombique d’origine automibile dans la region de Annaba & l’aide de
P accumulation spatio-temporelle du plomb par les transplants licheniques.
MATERIELS ET METHODES
L’accumulation du plomb en relation avec la circulation a etS definie par les transects
perpendiculaires & trois routes k grande circulation desservant P agglomeration de Annaba. Le
long de ces transects, sont recoltes les transplants de lichens installes a des distances variables
de la chaussee. Les dosages de plomb par absorption atomique permettent de preciser son
accumulation en function de la distance a la route et la duree de transplantation.
Technique de transplantation des lichens
Void une centaine d’annees que les premieres transplantations de lichens ont ete realisees.
Depuis, deux techniques ont 6t6 avondamment utilisees:
- La premiere technique (2) consiste & greffer un disque d’ecorce supportant un lichen sur un
phorpophyte de meme espece. En absence d’arbres, on propose de fixer les disques d’ecorce
sur des planches. Cette technique, souvent reprise ces denudes annees en ce qui conceme les
dtudes de pollution acide a ete utilisee pour estimer P accumulation du plomb a Fontainebleau
(3).
- La seconde technique consiste h exposer en milieu pollue des branches recouvertes de thalles
epiphytes. Ainsi des thalles d’Hypogymnia physodes (4,5, 6,3) et de Ramalina duriaei (7)
ont ete de cette fagon sounds a la pollution automobile.
Les resultats obtenus montrent qu’au niveau du site 1, apres 6 mois de transplantation, la
teneur des Schantillons de Ramalinafarinacea transplants a 35 m de la chaussee represente
42,5 % du taux trouve h 5 m de la chaussee.

Au site 2 oil ont en lieu deux series importantes de transplantation (Ramaliafarinacea & 5,7,
20, 30,50, 80 et 100 m de la chaussee; Ramalina duriaei a 5, 10,25, 50, 80 et 100 m), on a
une diminution des rapports d’accumulation temporels lorsque l’on s’eloigne de la chaussee et
ceci quelque soit la durde des transplantations. Neanmoins, pour les transplants recoltes a plus
de 50 m de la chaussee, les variations sont infimes ou inexistantes et de toute fa$on non
significatives. Au site 3 les memes constatations peuvent 6tre faites mais reppelons qu’apres
un mois de transplantation, la circulation & etc interrompue sur la R.N. 44. il en resulte de
faibles variations des rapports d’accumulation. Enfin au site 4 les transplantations de
Ramalina farinacea realiasees jusqu’a 50 m de la chaussee montre des resultats tres reguliers
avec encore 24 % de Pb accumule a 50 m par rapport a celui accumule a 5 m. Cette valeur ici
importante est probablement due a la circulation elevee a cette station.
L’absence de transplants a plus de 50 m ne nous permet pas d’etre affirmatif mais l’analyse
des resultats de Ramalina duriel confirme notre hypothese. En effet 1’impact de la R.N. 16
qui est la voie d’acces a Annaba avec la circulation la plus intense de la region atteint 80 m.
Nos resultats permettent done de preciser 1’impact de la circulation automobile sur les R.N. 16
et. R.N. 44 aux abords de Annaba. L’impact de la R.N. 44 est de 1’ordre de 50 m part et
d’autre de la chaussee que ce soit a 1’Est ou & 1’Quest de Annaba. Pour la R.N. 16 avec un
trafic 2 a 3 fois plus important, on peut definir un impact de l’orde de 80 m. Ces resultats sont
en accord avec ceux des auteurs ayant transplant^ de thalles 6 differentes dostances d’une voie
de circulation (8,3). Nos experiences confirment done que 1’accumulation du plomb depend
de 1’importance des retombees.
En absence d’echantillons se developpant naturellement aux abords immediats des routes
desservant Annaba, nous n’avons pas pu determiner le degre de staturation des lichens
transplant pendant 6 mois, (9) signale que pour la majorite des especes transplantees &
Fontaineblau, la teneur en plomb apres presque deux annees de transplantation est toujours
inferieure a la teneur des lichens installes spontanement et contamines naturellement en
bordure de 1’autoroute. Sfl est difficile de comparer 1’accumulation pour des especes
differentes et en plus soumises & des conditions climatiques differentes, nous pouvons
souligner que pour Ramalina farinacea, les valeurs obtenues k Annaba sont inferieures &
celles de Fontainebleau (482 pg/g) oil le trafic est de 20 & 50 fois plus important qu’a Annaba.
Pour Ramalina duriaei, 1’accumulation du plomb est importante au niveau du site 4 k Annaba,
la teneur maximale en plomb accumule au bout de 2,5 mois est de 120 pg/g, ce qui est
relativement plus importante dans le temps que la teneur signalee a Hadera center: 222 pg/g
au bout d’une annee. La teneur en plomb au niveau du site temoin & Annaba est de 11 pg/g,
elle est du meme niveau que celle signalee par (10) qui mentionne 10 k 12 pg/g.
Les transplantations des deux especes de Ramalina effectuees dans la region de Annaba
permettent de definir precisement 1’impact de la circulation automobile, cependant le pouvoir
accumulateur de Ramalina farinacea est superieur & celui de Ramalina duriaei. Cette
demiere espece, moins sensible k la pollution plombique, peut quand meme etre utilisee dans
nos regions ou elle est plus abondante que Ramalina farinacea.
Choix de la technique utilisee et des especes transplantees
La choix de la tecnique de transplantation est lie au choix des especes transplants, en effet
nous avons retenu deux especes de Ramalina: Ramalina duriaei (De Not.) Bagl. et Ramalina
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farinacea (L.) Ach. qui sont abondates dans la region. Ces deux especes se presentent sous
forme de thalles fruticuleux de quelques centimetres de long et fixes par un crampon tres
rdduit sur de petites branches. Le faible diametre du support et la morphologic des thalles
rendant le prelevement a l’emporte piece difficile voire impossible sans leser les echantillons,
nous avons choisi de transplanter des branches recouvertes de thalles.
Sites de prelevement
Les sites de prelevement sont situes en dehors de la zone polluee. Ramalina duraei & ete
preleve pres d’El Batah (Fig. 1), a 16 km a l’Est de Annaba h 3 m d’altitude, sur un cordon
dunaire. Les echantillons licheniques en question ont ete transplants avec leurs supports
(branches de Phyllirea media et Olea oleaster). Ramalinafarinacea provient de la region de
Seraidi, & 14 km a 1'Quest de Annaba et & 1000 m d’altitude (Fig.l). C’est une region boisee
oh les thalles licheniques ont ete preleves avec des branches de Quercus faginea.
Lieux de transplantation
Les transplants ont dt6 places au niveau de trois grands axes routiers desservant
1’agglomeration de Annaba (Fig 2.).
Quatre sites de transplantation ont ete retenus, il s’agit de:
- Site 1: sur la route nationale (R.N. 44 Annaba-El Kala) a 18 km au S.E. de Annaba. Les
fragments de branches de Quercus faginea converts de Ramalina farinacea ont ete fixes sur
Casuarina equisetifolia a 5 et a 35 m de la chaussee (Fig 2).
- Site 2: sur la route nationale (R.N. 44 Annaba-El Kala a 4 km au S.E. de Annaba) ou les
transplants de Ramalina farinacea et Ramalina duriaei ont ete fixes a differentes distances par
rapport a la route (Fig. 2).
- Site 3: sur la route nationale (R.N. 44 Annaba-Skikda a 3 km au S.W. de Annaba) oh cinq
series de transplants de Ramalina duriaei ont ete fixes sur des pied d’Eucalyptus (Fig. 2).
- Site 4: sur la route nationale (R.N. 16 Annaba-El Hadjar a 5 km au Sud de Annaba) oh les
transplants de Ramalina duriaei ont ete places a differentes distances par rapport a la route sur
Cupressus sempervirens (Fig. 2).
RESULTATS
La recolte des lichens h differentes distances de la chaussee permet de definir l'impact de la
route, c’est h dire de preciser justu’a quelle distance de celle-ci, on observe desetombees de
plomb. L’dchelonnement des recoltes dans le temps (justqu’a 6 mois), pour chaque site
permet, en outre, de preciser revolution de la pollution pendant cette periode (Tab. 1 a 7):
Tableau 1. Accumulation spatio-temporelle du Pb par Ramalina farinacea (Site 1)
Dist/Route (m) /Date
5
35
T

14/3
21,4
21,4
21,4

15/4
59,8
30,0
. 22,3

15/5
90,5
42,4
35,4

15/6
123,4
56,0
28,0

15/8
195,1
85,3
32,6

15/9
227,4
96,4
34,8

Tableau 2. Accumulation spatio-temporelle du Pb par Ramalinafarinacea (pg/g) (Site 2)
Dist/Route (m) /Date
5
7
20
30
50
80
100
T

14/3
21,4
21,4
21,4
21,4
21,4
21,4
21,4
21,4

15/4
66,7
64,3
51,7
32,6
24,7
10,7
10,0
22,3

15/5
106,0
98,2
70,0
48,5
31,5
10,8
9,0
354

15/6
144,5
136,7
93,2
63,3
36,7
10,3
10,2
. 28,0

15/8
215,3
209,1
139,4
100,0
50,7
12,5
11,6
32,6

15/9
244,8
241,0
160,2
116,5
58,4
13,2
10,8
34,8

Tableau 3. Accumulation spatio-temporelle du Pb par Ramalina duriaei (pg/g) (Site 2)
Dist/Route (m) /Date
5
10
25
50
80
100
T

20/3
11,0
11,0
11,0
11,0
11,0
11,0
11,0

5/4
104,3
70,7
55,0
40,1
29,0
10,8
11,3

20/4
67,8
63,0
42,5
33,0
22,6
15,8
11,7

5/5
99,1
79,3
52,5
44,0
39,6
11,6
12,0

20/5
105,0
85,0
58,3
34,0
45,3
11,3
11,3

5/6
82,5
58,7
56,7
35,0
12,0
11,3
11,7

Tableau 4. Accumulation spatio-temporelle du Pb (pg/g) par Ramalinafarinacea (Site 3)
Dist/Route (m) /Date
15
25
35
50
100
T

14/3
21,4
21,4
21,4
21,4
21,4
21,4

15/4
45,6
27,9
22,7
12,0
10,0
. 22,3

15/5
47,4
35,5
23,3
11,4
9,5
35,5

15/6
53,3
36,7
27,7
12,2
10,3
28,0

15/8
70,0
43,4
33,5
12,8
10,6
32,6

15/9
77,3
46,8
38,3
14,4
10,2
34,8

Tableau 5. Accumulation spatio-temporelle du Pb (pg/g) par Ramalina duriaei (Site 3)
Dist/Route (m) /Date
10
25
50
80
100
T

14/3
11,0
11,0
11,0
11,0
11,0
11,0

15/4
49,3
34,6
22,0
12,1
11,5
11,3

15/5
41,2
32,0
11,6
11,1
11,0
11,7

15/6
48,0
37,0
16,0
11,3
11,3
12,0

15/8
52,0
38,5
18,0
12,0
10,6
11,3

15/9
45,3
33,0
11,6
11,3
12,0
11,7

Tableau 6. Accumulation spatio-temporelle du Pb (pg/g) par Ramalinafarinacea (Site 4)
Dist/Route (m) /Date
5
12
30
50
T

14/3
21,4
21,4
21,4
21,4
21,4

15/4
66,7
57,1
34,2
30,3
. 22,3 .

15/5
116,7
92,8
61,6
33,6
35,4

,

15/6
156,7
128,2
90,0
39,5
28,0

15/8
230,0
205,4
120,0
54,2
32,6

15/9
168,2
245,0
137,3
63,4
34,8
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Tableau 7. Accumulation spatio-temporelle du Pb (pg/g) par Ramalina duriaei (Site 4)
Dist/Route (m) /Date
5
10
25
50
80
100
T

20/3
11,0
11,0
11,0
11,0
11,0
11,0
11,0 .

5/4
111,1
100,3
82,2
43,3
18,0
11,7
H.3

20/4
82,9
61,4
40,0
34,0
11,1
11,0
11,7

5/5
102,0
74,7
58,3
36,0
17,5
11,6
12,0

20/5
120,0
108,0
70,0
40,8
18,0
11,3
11,3

5/6
116,7
107,7
66,0
17,5
11,0
11,3
11,7

CONCLUSIONS
Les resultats obtenus par transplantation de Ramalina farinacea et de Ramalina duriaei
permettent de determiner avec precision Pimpact d’une voie de circulation (11 et 12).
Dans les environs de Annaba, Pimpact de la circulation est ressenti jusqu’a 50 a70 m de la
chaussde selon l’intensite de la circulation. En absence de capteurs de plomb dans la region
de Annaba, capteurs qui ont d’ailleurs, en l’etat actuel, une fiabilite discutable, la cartographic
de la pollution automobile peut etre realisee en utilisant les lichens. La sensibilite de la
methode est lied au choix d’especes & forte affinite pour le plomb soil en Algerie, Ramalina
farinacea et Ramalina duriaei par example. La multiplication des transplantations et des
releves, sous reserve de conditions strides d’homogeneite des transplants, est un facteur de
precision qui sera toujours supdrieur h celle d’un reseau de capteurs aussi etendu soit-il.
La ddtermination de Pimpact des voies de circulation etudiees dans ce travail des & present
d’arreter eventuellement la protection de zones situees aux abords des routes h grande
circulation. On pourrait envisager d’eviter Pexploitation de certaines cultures au voisinage
immddiat de ces routes.
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INTRODUCTION
Photosynthesis is often among the first targets of the air pollution stress of plants. As chlorophyll
fluorescence is a process competing with photosynthetic electron transport it can be employed to
study the potential photosynthetic capacity and to detect damage to the photosynthetic apparatus.
Many previous studies have shown that chlorophyll fluorescence can be a powerful tool in the
detection of forest damage (1,2).
In this preliminary study, singular value analysis of the fluorescence induction curves was used
together with the traditional way of analyzing fluorescence measurements. The experimental data
were collected from ozone and carbon dioxide fumigated Scots pine saplings.
MATERIALS AND METHODS
The chlorophyll fluorescence of Scots pine (Pinus sylvestris) needles was measured using pines
exposed to ozone (O3) and carbon dioxide (€0%) alone and in combination. Six different
treatments were used: filtered air, ambient air, elevated O3, elevated CO2, and elevated O3 and
CO2 in combination. The measurements were made on over-wintered second-year-needle class
needles after three-month exposures at the end of the growing season in 1994.
In the measurements, 20 approx, two-metre high natural Scots pine saplings were used. Each of
these saplings had been surrounded by a plastic chamber, which had been left open at the top. An
automatic fumigation control at the Mekrijarvi Research Station, University of Joensuu, Finland,
provided by the research group of Dr. Toini Holopainen, was used. The dose levels of ozone and
carbon dioxide were about twice the ambient concentrations in Finland. Five pines growing in a
natural forest environment, not surrounded by a chamber, were also used for the measurements.
Chlorophyll fluorescence was measured with a Plant Efficiency Analyzer (Hansatech, U.K.) using
either 2 or 120 seconds measurement times (Figure 1). The ratio of variable fluorescence to

maximum fluorescence (Fv/Fm), as well as the half rise time of the induction were calculated from
both types of measurement curves. The curves of 120 seconds illumination were used to calculate
the maximal decline rate after the maximum peak P.
a

b

Figure 1. Chlorophyll fluorescence of Scots pine needles, a) A typical fluorescence curve of 2
seconds illumination measured at 1208 channels. X-axis: time [ms], y-axis: fluorescence [relative
units], b) A typical fluorescence curve of 120 seconds illumination measured at 2388 channels. Xaxis: time [s], y-axis: fluorescence [relative units].
The analysis of the spectral information of the fluoresced radiation was carried out applying
Singular Value Decomposition (SVD). The definition of SVD is:
(1)

X=U*S*VT

The columns of the matrix X contained all the original two-second curves measured at 1208
different channels.
RESULTS AND DISCUSSION
Spectral information
Physically SVD means, as presented in (3), that for any value of k, the first lc column vectors ui (=
'singular vectors') of the matrix U form the best approximate k-dimensional representation of all
the m measurements (if k = m, then an exact representation is formed). The elements of S indicate
the significance of the vectors u. One column vector of the matrix V contains the relative weights
of one of the singular vectors in all of the measured spectra. When using SVD as presented in (3),
the quality of one measurement on the controll trees was found not acceptable, and this spectrum
was removed from the analysis. The columns of the matrix X used for the singular value analysis
were as follows: columns 1 - 11 for control; 12 - 18 O3 fumigation; 19 - 23 CO2 fumigation; 24 27 combined O3 and COg fumigation. Different plots were made for an interpretation of the
information in die matrices U and V. In most cases, the pictures showed no differences between
treatments. However, weight vector vector v2 was found to indicate that pines with combined O3
and COj fumigation differed in fluorescence properties from the controll pines (Figure 2; the
corresponding vector u2 also shown), and vector v4 was found to slightly indicate the difference in

C02 fumigated pines (data not shown). The cases 2,7, 9 and 11 in Figure 2a. represent trees not
surrounded by a chamber. When the information of the vectors v2 and v4 was studied more
closely, it was found that in case of v2 only the values of O3 and C02 fumigated pines differed
significantly from the values of the control trees (1-sided t-test, risk level 0.01), and in case of v4
differences were found only for C02 fumigated (1-sided t-test, risk level 0.05). The ozone
fumigation was not found to cause any such signals that could be differentiated from the others.

Figure 2. a) Weight vector v2. X-axis: the number of the column in the matrix X; cases 1-11 =
control (filtered, ambient or natural air); 12 - 18 = 03 fumigation; 19 - 23 = C02 fumigation; 24 27 = combined O3 and C02 fumigation. Y-axis: values of the vector v2. b) The corresponding
vector u2. X-axis: time [ms]. Y-axis: values of the vector u2.
To investigate the weight coefficients more closely, plots were made by selecting two components
for inspection, and a symbol which indicated the treatment was plotted at the specified location. In
addition to this, following scatter plots were also made: v2 versus Fv/Fm, and v4 versus Fv/Fm. In
all cases the points were scattered randomly, and the different symbols were mixed with each
other.
The preliminary results based on the singular value analysis of the fluoresced electromagnetic
radiation suggest that fumigations lasting three months did not cause such differences in the
fluorescence induction measured during two seconds that they could be clearly identified. The
clearest changes in fluorescence signals were found in combined O3 + C02 fumigations and C02
fumigations alone.
These results reported here are in accordance with the results found in (4), whose authors studied
the same pines. They reported that light-saturated rates of photosynthesis increased in the pines
exposed to C02 and combined O3 and C02 fumigation.
Physiological aspects
The ratio Fv/Fm is known to be very stable in non-stressed vascular plants, and can be regarded as
a measure of the potential activity of photosystem II (PS II) (5). In our measurements a
significant difference in the Fv/Fm -ratio was found between the control plants and the plants
treated with elevated C02 and elevated O3 (1-sided t-test, risk level 0.05). However, the
treatment with a combination of O3 and C02 did not lead to significant changes in this parameter.

The increased Fv/Fm ratio in fumigated needles implies an increased capacity of photosystem II
and thus could be in accordance with the results in (4) from the same experimental conditions. In
addition to increased rates of light-saturated photosynthesis they reported an increased size of
starch grains in chloroplasts of needles treated with O3 or C02. These changes were also detected
in needles treated with a combination of O3 and C02. Why the Fv/Fm ratio of these needles does
not show any differences compared to the control cannot be answered here.
The half rise time of the fluorescence induction is related to the reduction rate of the
plastoquinone pool in PS H No significant differences between the treatments were found in this
parameter. The maximal rate of decline after peak P was used as an indication of the condition of
the whole photosynthesis. In this parameter no significant differences were to be found. A better
parameter to characterize the whole photosynthesis would have been the so-called vitality index
(1), which however was impossible to calculate from these data, as the fluorescence signal did not
reach the terminal level during 120 seconds.
The fumigations will continue during the year 1995, and it will be most interesting to discover if
the changes in fluorescence signals between the treatments become more obvious due to over
wintering and continued exposures.
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FOREST SOIL RESPONSE ON AIR POLLUTION
IN THE NORTH-WESTERN PART OF KOLA PENINSULA
Galina Koptsik
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INTRODUCTION
The areas surrounding Pechenganickel smelter, Russia, are heavily polluted from emis
sions of sulphur dioxide and heavy metals for several decades. The total emission of
sulphur dioxide from Nikel and Zapolyamyy was 380000 tons in 1980 and decreased to
266000 tons in 1990. According to data of Laboratory on Observation for Environ
mental Pollution in Nikel the emissions of nickel are 136 and 164.5, copper - 92 and 87.8
and cobalt - 4.8 and 5.6 tons in Nikel and Zapolyamyy respectively. At present the total
annual sulphur deposition is more than 4 g/m^ in the vicinity of the nickel smelter. The
total annual deposition of nickel and copper reaches 100 mg/m^ close to the smelter,
decreasing significantly within the first 10 km. In background areas it has been estimated
to about 1-3 mg/m^ (1). The purposes of this study were to examine the changes in soil
properties under the influence of air pollutants, to estimate the buffer capacity of forest
soils to acidification, to assess critical loads of acid deposition for forest soils and to
identify the plots where critical loads are exceeded.

MATERIALS AND METHODS
The study area is situated around a nickel smelter in the north-western part of Kola
Peninsula, Russia, close to the Norwegian border. The soil samples were collected from
pine and birch forests at different distances and directions from the smelter (Fig. 1).
Total amounts of heavy metals in soil samples were determined by use of X-ray fluores
cence. Acid-soluble and ammonium nitrate-extractable heavy metals in soils were determined by AAS. The acid-buffering
properties of podzols were studied by
means of continuous and long-term potentiometric titration of water suspen
irkchcs
sions and extracts from soils combined
with simultaneous determination of sol
A
uble cations in solutions and exchange
able ones in soil remainders after titration (2).
Zapolyamyy

Fig. Plot locations.

The critical loads of acid deposition were
calculated with the simple mass balance
model (SMBM) according to manuals on
mapping critical loads (3, 4). For esti
mation of weathering as the key parame
ters for critical load assessment we have
used the equation (5). The present calcu
lations were made for acidification of
forest soils as receptor. The soil and
vegetation data was taken from experi
mental measurements. Temperature and

~z^

precipitation data were taken from Laboratory of Meteorological Observations in
Nickel, deposition data - from CCE data, as adapted from EMEP data, and from (1,6).

RESULTS AND DISCUSSION
The podzols studied are characterized by strong acidity, low content of exchange cations,
low effective cation exchange capacity and per cent saturation with alkali+alkaline earth
metals (Tab. 1). No trend with distance are observed in either the pH or exchangeable
cation content in soils within 60 km from the smelter. The lack of present effect may be
due to both natural soil variability and combined effect of atmospheric pollutant input
and vegetation disturbance.
Table 1. Selected chemical properties of podzols in background plot (1-94)
Horizon Depth
cm
O
0-3
E
3-5
Bn
5-14
14-25
Bp?
BC
25-44
C
44-50

pH
3.86
4.15
4.66
4.7
4.82
4.92

Acidity
mmol/kg
140
28
9.9
2.9
4.1
3.6

CEC BC
%
236
22
30
6.6
11.7 14.1
3.4
13.7
5.5
22.9
5.1
28.2

C
%
31.3
4.62
1.67
0.5
0.1
0.09

Fe
mmol/kg
2.64
81.4
298
178
248
271

Ni

Cu
Co
umol/kg
2.250 1.280 30
29
24
160
110
88
164
146
78
242
220
126
255
293
144

Soil close to the smelter contained higher concentrations of both nickel and copper com
pared to remote sites. Close to the smelter the concentrations of heavy metals in the or
ganic horizon were in the range 32-40 mmol/kg (total), 9-33 mmol/kg (acid-soluble), and
8-25 mmol/kg (ammonium nitrate-extractable). At the most exposed site also iron, man
ganese, chromium, strontium and arsenic were found to be at elevated concentrations.
At the most remote site (40 km from the smelter), the concentrations of heavy metals
were approximately 1.3-2.3 mmol/kg. The heavy metals were significantly concentrated
in organic horizons. The mobility of Ni and Cu in the soils was limited, as shown by a
sharp reduction in their concentrations with soil depth. However, the concentrations of
Ni and Cu in mineral horizons were higher in sites in the vicinity of the smelter than in
sites remote of the smelter. The acid-soluble metals accounted for 1-45% of the total con
tent in the organic horizons in background sites and increased significantly at sites near
the smelter (50-97%). The percentage of total etal content associated with exchangeable
Table 2. Exchangeable cations in soil organic horizons in the vicinity of nickel smelter
Dir. & dist.
Acidity Ca
from smelter
km
S-40
223
41.4
S-35
163
53.5
S-ll
133
83.0
W-8
140
54.8
W-7
120
85.2
W-6
123
45.5
NW-5
177
52.8
SW-3
167
78.8
N-2
163
53.5

Mg

K

12.8
18.2
27.2
17.1
21.2
25.4
18.8
29.9
18.2

mmo Wkg
17.1
3.9
16.1
4.3
27.0
2.5
23.9
3.4
17.4
2.6
11.0
4.1
22.8
2.5
40.1
2.5
16.1
2.0

Na

Ni

Cu

0.40 ND*** 365
3.21 0.24 337
3.95 0.53 415
1.59 0.21 330
8.72 1.10 411
8.58 1.15 378
9.85 1.36 352
18.00 8.47 295
24.60 15.90 333

* - CEC = exchangeable acidity + Ca + Mg + K + Na + Mn + Ni + Cu;
** - HM = (Ni + Cu)/CEC, %; *** - ND = not detected.
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CEC* BC
%
35.4
48.5
60.2
51.9
54.7
56.8
54.3
33.6
50.0

HM**
%
0.22
2.04
2.16
1.09
4.85
5.22
6.47
18.1
24.7

fractions in organic horizons were 0-29% and 40-77% in background and polluted sites,
respectively. Heavy metal content reached 18-25% of the soil CEC in heavily polluted
soils (Tab. 2).
The buffering of the organic horizons of forest soils (26-65 mmol/kg) exceed that by the
mineral horizons by almost one order of magnitude. The organic horizons consume 6879% H+ entering in the course of continuous potentiometric titration through rapid cat
ion exchange (29-42%), nonexchangeable protonation of soluble (24-55%) and insoluble
(16-34%) organic substances. The additional H+-consuming process is slow reductive
formation of Fe^+ and Mn^+. The organic horizons are an important barrier protecting
mineral horizons against acidification. The modem add load in industrial areas of the
Kola Peninsula exceeds the buffer capacity of organic horizons and can lead to soil
addification and forest ecosystem function disturbance.
. Critical load value can be also used as an indicator of ecosystem sustainability. A critical
load is the highest deposition of addifying compounds that will not cause chemical
changes leading to long-term harmful effects on ecosystem structure and function accord
ing to present knowledge (7). The critical load concept is now developed and widely used
to assess the sustainability of ecosystems, to compare it with the present pollutant depo
sition and to connect it with emission reduction strategy.
Sandy podzols of the north-western part of the Kola Peninsula are characterized by low
values of weathering rate. They range from 0 to 400 eq/ha/y for upper soil layer depend
ing on soil type, parent rock and texture. The weathering rate of widely distributed mo
raine-derived soils varies through a wide range with the mineralogy. Quartz, feldspar,
plagioclase, muscovite are found in light fractions of sand. Hornblende, biotite, garnet,
epidote and ore minerals prevail in heavy fractions. Clay fractions consist mainly from
hydromica (illite) with admixture of vermiculite, chlorite, sometimes smectite. Histosols
had the lowest weathering rate close to 0.
Critical loads of acidity vary mainly between 550 and 800 eq/ha/y with soil and vegetation
types and hydrology. In sandy soils the critical acidity leaching is the most important
proton sink. So critical loads depend greatly on runoff and the acidity leaching criteria.
The use of critical aluminum concentration, critical Al/Ca ratio and A1 depletion
criterion for calculation of the critical acidity leaching yield rather different results.
Finally we used the minimum values calculated according to molar Al/Ca ratio 1.0 for
forest ecosystems (8). The critical loads values are almost all related to S only since NOx
is not yet a problem in most of the area of Kola Peninsula. The lowest critical load
values are found for histosols. For these soils, critical load values are underestimated.
Table 3. Critical loads of sulphur and their exceedances at selected forest ecosystems
Item
Forest type

Units

Dist. from the smelter
Present load of sulphur
Weathering rate
Base cation uptake
Critical load of acidity
Critical load of sulphur
Exceedance of CLfA)
Exceedance of CL(S)

km
kg/ha/y
eq/ha/y
eq/ha/y
eq/ha/y
kg/ha/y
eq/ha/y
kg/ha/y

Plots
technoge
nic heath
1.5
40.0
217
0
620
9.90
1980
31.6

Plot 3
pine

Plot 9
birch

Plot 2
pine

Plotl
pine

7
20.0
144
14
550
8.80
615
9.80

8.5
20.0
399
6
800
12.9
350
5.60

17
14.5
320
7
725
11.6
80
1.30

40
2.0
350
12
755
12.1
-750
-12.0

The critical loads of sulphur and acidity increase in the direction histosols < coarse
textured podzols < medium textured podzols. According to SMBM critical loads of
acidity and sulphur are exceeded in the most area of the north-western part of the Kola
Peninsula. In industrial areas exceedances reach to 600-1800 eq/ha/y.
The uncertainty in the critical load values estimated can be large due to uncertainty in
critical chemical values for the soil as for a receptor, calculation method and data. For
example critical aluminum concentration values directly influence the critical load. The
values used seem to be very strict comparing with natural aluminum concentration values
for similar soils observed by (9) in background area in Northern Fennoscandia. The
discrepancy between the reported negative effects of soil solution Ca/Al less than 1 (8)
and the lack of apparent effect on growth of birch and conifer was underlined by (10).
Uncertainties in the calculation method are connected with model assumptions as was
noticed earlier (11). In particular, the method reduces to a great extent the importance of
organic horizons, which may fully neutralize the atmospheric acid input. Both limited
number of experimental data and their spatial variability determine uncertainties in data.
Obtained results are certainly preliminary and can be revised in the future as new experi
mental input data become available and as method improvement will be achieved. Com
plex process-oriented multi-layer models seem to be reasonable to apply for acidification
assessment and prediction as it has been done in the Nordic countries (12, 13). For these
purpose permanent monitoring plots should be organized in studied area.
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INTRODUCTION
Trichloroacetic acid (TCA), previously used as a commercial herbicide, has recently been
commonly observed in conifer needles and in rainwater (1). Its environmental origins
obviously lie in reactions of Cz-chlorocarbons from anthropogenic sources. The possible role
of short-chain chlorocarbons and their degradation products in forest decline has been
discussed in the literature (2). Experiments performed with weeds and agricultural plant
species have shown that TCA exposure may cause growth inhibition, leaf necrosis and
formative effects and may alter the character of the surface wax (3). There is still a scarcity of
data for assessing the ecotoxicological role of TCA in forests, however, and more
information is needed on its effects and occurrence in forest environments. The aim of this
work was to investigate the uptake of TCA into pine needles via the needle surfaces and via
the roots of the tree, and to study the microscopic symptoms induced by TCA in the needle
structure.
MATERIALS AND METHODS
Two-year-old potted seedlings of Scots pine (Pinus sylvestris L.) were exposed to aqueous
TCA solutions in climate chambers three times a week for 9 weeks. Two exposure set ups
were used, via the roots and via the atmosphere simulating wet deposition of mist on the
needles. Each set-up included two dose levels and corresponding control treatments. The root
treatments (TCA-R) included applications of 5 ml of 0.02 mg H and 1 mg l"1 of TCA
solution giving a dose of 0.1 pg and 5 jig TCA, respectively. The mist wet deposition (TCAWD) was applied with fine aerosols of 10 ml of 1 mg l"1 and 50 mg H TCA solutions by
means of by means of nebulazers inside Teflon chambers placed oyer the seedlings for
periods of 45 minutes. Plastic cover were placed over the pots to prevent passage of the TCA
solution into the soil.
Pooled needle samples from three randomly selected seedlings were collected every seventh
day for TCA analysis. The older, C+l-needles were sampled every time and the younger, Cneedles on the last three occasions. The samples were prepared and analysed by GC/NCIMS/SIR methods as described previously (4,5).
The same five pine seedlings in each treatment were used for light and transmission electron
microscopy, C+l-needles being sampled four times and C-needles once during the exposure
period. The sampling and fixation were carried out as described earlier (6). The observations
and measurements with the light microscope were carried out at 700 x magnification and
those with the transmission electron microscope at 10 000 x.

RESULTS
TCA was effectively taken up by the roots and accumulated continuously in the needles, so
that concentrations of 700-800 |ig kg"1 and 40-60 pg kg"1 were observed in the C+l-needles
treated with higher and lower doses, respectively by the end of the experiment. The
corresponding TCA concentrations in the needles exposed to TCA wet deposition via the
foliage were 270-320 pg kg'1 and 60-80 pg kg'1. Most of the fumigated TCA remained on
the lipophilic surface of the needles and could be removed by rinsing with water. The levels
in the C-needles were about 2-4 times lower than in the C+l-needles. Concentrations in the
control needles were 12-19 pg kg'1.
TCA exposure caused a number of structural changes in the tissues of the pine needles. The
cells of the outermost cell layer, the epidermis, of all the C+l-needles were smaller after the
eight-week exposure than of the beginning, but most markedly so in the TCA-treated needles.
(Table 1). This decrease in area was caused by thinning of the cells. The epidermal cells of
the C-needles of the TCA-treated seedlings were likewise smaller than those of the control
seedlings of the end of the experiment (Table 1), the affect being caused by thinning of the
cells in the TCA-R needles and by thinning and shortening in the TCA-WD needles.
Table 1. Mean area (pm2) of epidermal cells in second year (C+l) needles and current year
(C) needles of fumigated (TCA-WD) and root-treated (TCA-R) seedlings one and eight
weeks after the start of the experiment. R-cntr = control for root treatments, TCA-R 1 = 0.1 pg
TCA via roots, TCA-R2 = 5 pg TCA via roots, TCA-WD = control for mist treatments, TCAWD1 = 10 ml of 1 mg l'1 TCA, TCA-WD2 =10 ml of 50 mg HTCA. (n = 5 seedlings).
Week
1
1
1
8
8
8

Treatment
R-cntr
TCA-R1
TCA-R2
R-cntr
TCA-R1
TCA-R2

C+l-needles
90.11±3.9
90.00±2.1
95.71+6.0
84.39+4.0
79.53+4.1
77.22+4.2

C-needles

92.73±8.4
84.37+4.9
84.03±4.8

1
1
1
8
8
8

WD-cntr
TCA-WD 1
TCA-WD2
WD-cntr
TCA-WD1
TCA-WD2

90.58+3.2
96.20+1.6
94.33+3.3
82.60+4.1
72.72+5.9
73.00+2.8

89.14+2.9
74.65+5.0
77.29+3.2

The stomatal cells, both the guard cells and subsidiary cells, disintegrated as the TCA
concentration inside the TCA-WD needles increase, so that 30 % of the stomata in the Cneedles and about 70 % of those in the C+l-needles had ruptured by eight weeks of exposure.
The proportion of disintegrated stomata in the TCA-R and control needles was about 10 %
throughout.
The most conspicious change in the mesophyll tissue was the decrease in the size of the
chloroplasts, which occurred in concert with the increase in needle TCA concentrations in
each exposure group. The difference between the sizes measured at the beginning and end of
the experiment was, however, statistically significant only in the TCA-WD group treated with
the higher dose. A decrease was also seen in the size of the starch grains in the chloroplasts.
The most noticeable change in the conducting tissue was darkening and thinning of the

cytoplasm in the transfusion parenchymatic cells, as seen in the TCA-WD needles treated
with the higher dose after eight weeks.
DISCUSSION
The effective uptake of TCA via the roots was expected because of the previous use of TCA
as a soil herbicide, whereas water drops on the needle surfaces are known to be unable to
penetrate into the stomata due to surface tension. The formation of thin water films (< 100
nm) on the needle surfaces by wetting will nevertheless allow some transportation of ions
across the concentration gradients, as they may form liquid junctions from the needle surface
into the substomatal cavities and thus allow the uptake of various ionized compounds into the
needles (7). It is obvious that TCA applied to the foliage will be transported into the needles
via the stomata, obviously via this thin water film mechanism.
The disintegration of the stomata as observed here may lead to enhanced uptake of TCA into
the needles, just as damaged stomata may also lead to enhanced transpiration. This latter
effect may at least partly explain the symptoms of water deficiency noted in our material,
including the decrease in starch. The concentrations of TCA in the solutions used for the mist
treatments were high, however, and consequently led to higher concentrations on the needle
surfaces than would be found in the field. Thus it is too early to say whether TCA exposure
causes disintegration of the structure of the stomata in the field as it did here.
The TCA-induced changes in the chloroplasts point to interference by TCA with the
photosynthetic processes. Disturbances in energy-producing processes may lead to reduced
growth, as observed in broad-leaved plants exposed to TCA, for example (3), and also in
recent experiments with pine seedlings exposed to low levels of TCA for two growing
seasons (Sutinen and Juuti, unpublished data). The decrease in the size of the epidermal cells
observed here may have been connected with reduced growth in TCA-exposed needles.
Growth parameters were unfortunately not measured. The TCA concentrations inside the
needles exposed to lower doses were within the range commonly recorded in conifer needles
in the field (1,5), which suggests that the experimentally induced structural changes in the
needle mesophyll tissue may also occur in forest trees.
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INTRODUCTION
The nutrient related characteristics of forest ecosystems
are defined by their different components (such as biomass,
amount and forms of chemical elements) and by the rate of
exchange of materials and energy among various components of
system. Allocation of chemical elements among various vegetation
components depends upon a number of factors associated with the
site and plant (tree species, nutrient availability, woody or
green components of vegetation etc.), whereas the dynamics of
elements depend on the amount and rate of transfer of biomass
and water, climatic condition in a stand affecting litter
decomposition and uptake of elements, root distribution and
element availability.
On a given soil, tree species differ in their accumulation
and distribution of biomass, nutrients and in their effects on
soil chemistry (Stone 1968). The aim of this paper is to describe
distribution and dynamics of elements in two European beech
forests (Fagus sylvatica L. ) growing on two completely different
soils.
Normally, a significant part of the nutrient requirement in
deciduous tree- species is met by internal cycling within the
plant, but depends upon the nutrient status of the soil
(Stachurski and Zimka 1975). At a poor soil site, in addition to
internal cycling of elements, the atmospheric deposition of air
pollutants (nutrients such as K, Ca, Mg, N, S etc.) may also act
as fertilizer for fulfilment of nutrient requirement of such
sites (Cole and Rapp 1981; Sah and Meiwes 1993). The objective
of this study is also to assess the effects of air pollutants on
the accumulation
and dynamics of elements in the vegetation
components of two European beech forests on two different soils
(Limestone and acid soils).
MATERIALS AND METHODS
Two beech forests situated in N. Germany were investigated
in this work. The research site is near Goettingen; a 120 year
old beech forest (Fagus sylvatica L. ), located at 350 m above sea
level. Annual rainfall is around 600 mm. The soil is triassic
limestone. The research site at Soiling is a 130 year old beech
forest, located at 500 m above sea level. At this site, the
annual precipitation rate is approx. 1000 mm and the soil is a
two layered acid Braunerde soil developed in a periglaciai loess

loam (0-60 cm) over solifluction masses consisting mainly of
weathered sandstone (60-140 cm) over triassic sandstone. The
soils are strongly acidified, pH (CaCl,) reaching from 2.9 to 4.2
and the base saturation is less than 5 % in the whole profile.
At the both sites, for the estimation of biomass, 20 trees
were felled. The concentration of elements in different
vegetation components was analyzed by standard methods.
Litterfall were collected from 15 litter traps in the both
stands. Soil samples were taken from the different depths (such
as 5 cm, 20 cm, 50 cm, and 100 cm) and analyzed for the different
elements by standard methods. The atmospheric deposition of air
pollutants (dry and wet deposition) was assessed according to the
Interception-Model developed by Ulrich (1983).
RESULTS AND DISCUSSION
Concentration of Chemical Elements in Different
Vegetation Components
Concentration of main elements in various components of the
beech stand on the acid soil when expressed as moles (ion
equivalent) follows the following trend (Table 1); N>Ca>K>Mg
However, for the vegetation growing on the calcareous soil, most
of the vegetation components, especially bark, contained high
concentration of Ca resulting in the following order of main
elements; Ca>N>K>Mg.
The various vegetation fractions of the both beech stands,
in general, showed the following order for the total nutrient
concentrations per unit dry matter; Green leaves>Bark>Wood

Table I; Element concentrations (Mol equ.ha ) in
different tree components of two European
beech forests; 1. Goettingen 2. Soiling

Tree
coaponencs

l. Green leaves
Leaf Litter
3. Branch wood
4. Branch bark

2.

5. Stem wood

6*.

Seen bark

7. Root wood
Root bark
9. Fine roots

8.

---------- COETTIHCEH -------------------------Biomass
(ton.ha

t

2.8
2.6

1.78
0.99

22.4
3.6

0.18
0.41

272.0
17.0

22.0
4.0
3.0

Ca

ns

Ho

0.87
0.97

0.13
0.09
0.03
0.03

0.01
0.02
0.001

0.27
0.14
0.04

0.11

0.13
0.44

0.05
0.03
0.07

1.92
0.07
2.04

0.28
0.74

0.03
0.06

0.12 0.02 0.01
1.59

0.08

0.004

0.56

0.03

0.60

0.05

0.002

---------- SOILING
H
£

Biomass

3

0.003

0.02 0.001
0.04

0.004

2.8

1.78
0.97

26
7

0.19
0.60

223
16

0.08
0.55

i
. 37

0.18
0.58
0.49

Ca

0.24

0.22

0.13
0.03
0.04

0.37

0.05
0.04

0.05
0.50
0.03
0.31
0.06

0.08
0.05

0.25
0.13

0.02

Ug

Un

0.07 0.06
0.03 0.07

0.02 0.02
0.03 0.07

0.02 0.02
0.09 0.03

0.02 0.01
0.02
0.01

0.06
0.05

r<v(=»

The element composition of twigs and branches depends upon
the proportion of bark and wood. Bark has higher concentration
than wood for various elements. Concentration of elements in
roots also vary in both stands (Table 1). Roots of beech tree
growing on the calcareous soil accumulate large amounts of
calcium, magnesium and potassium when compared with those growing
on acid soil (Table 1).
As expected, the concentration of base-cations (mainly Ca2*
and Mg2*) in the different above ground vegetation components of
the beech stand on limestone soil was higher than those on soils
poor in bases (beech stand on acid soil). In contrast, the
concentration of acid cations (mainly, Mn2*) in the above ground
vegetation fractions was found to have more concentration in the
acidic soil beech stand than in the calcareous beech stand.
The molecular ratio of calcium/aluminium in fine roots has
been suggested as a critical factor in their development. So this
ratio can be used to identify the predisposing stress factors due
to acidity in soils (Ulrich et al. 1984). In the present study,
the Ca/Al ratio in fine roots of the acidic soil beech stand is
lower
(1.70) than that in the calcareous beech stand (5.6).
Therefore, it can be concluded that the beech forest on acid
soil will have a high potential for Al-toxicity than that the
beech forest on calcareous soil.
Biomass and Element Dynamics of Vegetation Components
As expected, the elements like N (58.0 keg.ha"1), K (11.1
keg.ha"1), Ca (71.7 keg.ha"1) and ,Mg (8.7 keg.ha'1) were in higher
guantity in the total above ground vegetation of the calcareous
beech forest ecosystem than that on the acidic beech forest
ecosystem (N = 52.0 keg.ha'1, K = 9.5 keg.ha'1, Ca = 20.2 keg.ha'1
and Mg = 7.7 keg.ha'1). In the case of acidic beech forest
ecosystem, opposite is true for the element Mn (Soiling = 6.5
keg. ha'1 and Goettingen = 0.36 keg.ha'1). In both beech forests,
stem bark formed only 4 - 5 % of total biomass (Table 1) but
contained 27 %, (Soiling) to 40 % (Goettigen) of the calcium and
more than 10 % of other elements such as N,P and Mn in the both
stands. Day and McGinty (1975) reported from North Carolina, USA
that although weight of bark accounted for only 12 % of above
ground biomass in the Chestnut-Oak forest, it contained 73 % of
the total calcium in the above ground portions of those trees.
Roots accounted 11 % (Soiling) to-14 % (Goettingen) of the total
biomass in the both beech forests and
contained 14-20 % of
various elements in the case of Goettingen and 20-80 % (mainly
Al = 82 %) in the case of Soiling.
As expected, base cations (Ca2* = 3.16 keg.ha"1.yr"1 and Mg2*
= 0.34 keg. ha"1.yr"1) in the litter of beech forest on the
calcareous soil were in larger guantity (two times more) than
that on the acid soil (Ca2* = 0.1.48 keg.ha.yr"1 and Mg2* = 0.16
keg.ha.yr"1). In contrast, Mn-content (0.26 keg.ha.yr"1) of the
acidic beech stand litter fall was 7 times more than that in the
calcareous beech forest (0.04 keg.ha"1.yr"1). The fluxes of
N
(Goettingen = 3.8 keg. ha'1. yr"1, Soiling = 4.64 keg.ha"1.yr"1), K
(Goettingen = 0.47 keg. ha'1. yr"1, Soiling = 0.50 keg.ha.yr"1), S
(Goettingen = 0.30 keg.ha.yr"1, Soiling = 0.39 keg.ha.yr"1) and
P (Goettingen = 0.10 keg.ha.yr"1, Soiling = 0.16 keg.ha.yr'1)
with the litter fall in the both beech forest stands were almost
egual and guantitatively significant.

At the Goettingen site, the ground vegetation litter
contains high element fluxes (K = 0.58 keq.ha .yr'1, Ca= 0.90
keq.ha" .yr'1, Mg = 0.32 keq.ha'.yr"1 and N = 2.14 keq.ha.yr"1)
which constitute about one third of the tree litter element
fluxes. These observations indicate high internal turnover rate
at the Goettingen site in comparison to the Soiling site (no
considerable herb layer).
Atmospheric Deposition of Elements and their
Fulfilment of Forest Nutrients Requirement

Role

in

the

The nutrients needed for the plant growth is met mainly from
the soil. However, in addition, at a forest site with nutrientpoor soil, a considerable foliar absorption of the nutrients
(deposited from atmosphere) may also follow.
The comparison of total deposition of K (0.17 keq.ha .yr"1),
Mg 0.24 keq.ha .yr"1) and Ca (0.85 keg.ha'.yr"1) in the case of
the beech forest stand on acid soil (Soiling) with the annual
storage of these elements in the biomass increment (K = 0.16
keg.ha'.yr"1, Mg = 0.14 keg.ha'.yr"1 and Ca = 0.33 keg.ha'Lyr"1)
shows that the annual requirement of these nutrients of this
beech stand may be covered by the atmospheric deposition.
Furthermore, the exchangeable element storage of Ca (13.5 keq.ha"
1) and Mg (2.88 keq.ha'1) in soil is only about 10 - 15 times the
annual total deposition (in the case of K, it is about 50 times,
which is due to canopy leaching of this element). Above all, the
exchangeable K, Ca and Mg contents of the soil from the acidic
beech forest are even lower than the storage of those elements
in the total above ground parts of the stand (K = 9.5 keq.ha'1,
Ca = 20.2 keq.ha"1 and Mg = 7.7 keq.ha"1). This means that the
nutrients needed for the biomass increment of this stand is
dependent on the atmospheric deposition of these nutrients.
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INTRODUCTION
Up to the present time scientists researching the causes of the vast areas of forest damages
observed in Europe and North America have presented many different hypotheses. Among the
first explanations was the damaging effect of acid rain. Some researchers claimed that of all
air pollutants ozone was the most important damaging agent. The stress theory emphasizes the
interaction of nitrogen oxides and sulphur dioxide with oxidants, hydrocarbons and heavy
metals to be the main cause of toxic effects. In addition to above-mentioned theories, projects
carried out by the Finnish Meteorological Institute (FMI) have revealed that under northern
conditions coniferous forests have been damaged even in situations where the emissions
consist of sulphur and nitrogen compounds occurring together (1). This theory postulates that
the interaction of the above pollutants may be responsible by themselves for the effects on
coniferous forests. The interaction is supposed to cause damages by two different mecha
nisms, namely, by causing direct toxic effects or through wintering failures. These
mechanisms are indicated by the total nitrogen and sulphur concentration relationships of the
needles. In the first case both sulphur dioxide and nitrogen oxides occur at such a high levels
in the air that they cause direct damages, while in the second case sulphur dioxide
concentration, in particular, is lower and both compounds can then be used as nutrients
causing nutrient imbalance and a loss of wintering hardiness of the needles. The study area in
these projects was southeastern Finland, which is one of the most polluted areas in our
country. Domestic emissions from the paper and pulp industry, as well as the Russian
emissions (e.g. from the Leningrad region) affect this area. The aim of this study was to test
the sulphur-nitrogen hypothesis using data collected from the Kymi province, S.E. Finland.
MATERIALS AND METHODS
The spatial distribution and seriousness of pine (Pinus sylvestris L.) damages as well as the
occurrence of two different kinds of damage mechanisms in S.E. Finland (total area 12 828
km2) were estimated on the basis of chemical needle element analysis and visual pine damage
classification. The needle samples were collected, as described elsewhere (2) in background
areas in April 1991, using 79 study areas. In the industrial and urban areas the needle samples
were collected in May 1994, using 149 study areas. Pine damage classification was carried out
at the same time as the needle samples were collected, using 567 study areas. In background
areas the contents of boron (B), calcium (Ca), chlorine (Cl), magnesium (Mg), manganese
(Mn), total nitrogen (N), phosphorous (P), potassium (K) and sulphur (S) in needles were
analyzed, as described elsewhere (2), using both the first and second growing season needles.
In industrialized and urban areas the contents of Cl, N, K and S in needles were analyzed. The
results were tested statistically using non-parametric tests, see, e.g., (3). The relationships of
the concentrations according to the needle nitrogen-sulphur (N:S) and nitrogen-potassium
(N:K) ratios were evaluated by graphical manner and statistical methods for the year 1994.

RESULTS
The spatial distribution of visual pine damages in the year 1991 concerning the whole Kymi
province and descriptive statistics of the trace elements in the two last annual needle whorls
are presented elsewhere (2). The spatial distribution of visual pine damages in the year 1994
for the industrial and urban areas of Imatra, Joutseno, Lappeenranta, Rautjarvi, Ruokolahti (all
in S.E. Finland), and Svetogorsk (in Russia) is presented in Figure 1. The descriptive
statistics, i.e. the arithmetic means, standard deviations, minimums and maximums of the
trace elements in the two last annual needle whorls, divided into different damage classes, are
presented in Table 1.
Table 1. Descriptive statistics from the data of different damage classes : the arithmetic means
(x) minimums (min) maximums (max) and standard deviations (s.d.) from the last two annual
needle whorls (1=1993, 2=1992). S and Cl: [pg/g], N and K: [g/kg] in d.w. Number of
samples = 149.
Damage class 1
SI

SI

978
940
min
850
860
max 1170 970
s.d.
95.1 53.5
table continues
N1
N2
10.55 10.28
min
10.4 9.90
max
10.80 10.90
s.d.
0.19 0.45
X

Damage class 2
Cll

C12

SI

294
150
406
77.1

220
194
263
29.8

K1
4.25
3.97
4.57
0.26

K2
4.07
3.83
4.26
0.18

Damage class 3

Damage class 4

Cll

C12

SI

S2 ■

Cll

C12

SI

1032 988
760
810
1570 1230
155.1 11.3

269
141
497
88.4

239
138
409
65.2

1140
830
1680
183.6

1130
930
1450
144.6

288
184
516
69.4

264
150
403
61.2

1249 1102
940
900
1940 1370
279.5 142.4

N2
10.49
8.70
13.20
1.08

K1
4.42
3.62
6.70
0.58

K2
4.08
3.09
4.95
0.44

N1
11.53
9.10
15.20
1.46

N2
11.83
9.00
14.83
1.38

K1
4.58
3.72
5.69
0.56

K2
4.12
3.40
5.11
0.46

N1

N1
10.50
8.50
12.80

1.10

S2

S2

N2

Cll

CI2

365
178
853
182.9

258
163
397
85.4

K1
4.71
9.50 9.20 3.40
13.80 14.00 5.74
1.32 1.37 0.65

11.12 11.02

K2
4.29
3.40
5.21
0.59

In the background areas (1991), the statistical tests showed that the contents of N, S, Cl, Ca
and Mn in the older 1989 needles were significantly higher than in the younger needles. On
the other hand, the contents of K, Mg and P were lower in the older needles. There were no
statistical differences in the contents of B between the different annual whorls. When
comparing the 1989 needle trace element contents of the slightly damaged and undamaged
areas, the tests showed that there was more S and B in the damaged areas. More N was found
in the slightly damaged 1990 needles than in the healthy ones. There was also significantly
more sulphur in the 1989 needles from the severely damaged areas than from the undamaged
areas (2). The needle sulphur data for the year 1994, classified according to damage classes,
did not show statistically significant differences between tested classes (Kruskal-Wallis test)
either for the younger (1993) or for the older (1992) needles. As for the chlorine contents, the
situation was same as described above for sulphur. In the different damage classes statistical
tests including the whole S and Cl data of the younger and older needles did not show
significant differences (Kruskal-Wallis test). In the unclassified data the statistical tests
showed that the contents of S and Cl in older 1992 needles were significantly (risk level
0.025) higher than in the younger 1993 needles (Wilcoxon two-tailed test). The statistical tests
showed that the classified needle contents of N and K did not differ significantly in 1993
needles, neither did they show significant differences between 1993 and 1992 needle contents
or between different damage classes (Kruskal-Wallis test). In unclassified data the statistical
tests showed that the contents of N in older 1992 needles were significantly (risk level 0.01)
higher than in younger 1993 needles (Kruskal-Wallis test). On the other hand, the contents of
K were lower (risk level 0.05) in the older 1992 needles. Between different damage classes

statistical tests for the ratio N:S showed significant (risk level 0.001) differences in younger as
well as in older needles (risk level 0.05, Friedman test). On the other hand there were no
statistically significant differences between the ratios of N:K in different damage classes
either in 1993 or 1992 neeedles. The ratios of N:S are presented graphically in Figure 2.
DISCUSSION
According to the visual pine damage classification for the year 1991, the most severe damages
were found close to the emission sources of urban areas and in the vicinity of a highway. The
needle sulphur contents were higher in class 4 compared to the undamaged ones, which
supports the nitrogen-sulphur hypothesis. The damages in class 4 could thus be due to socalled toxic effects. One of the factors which caused the widely-dispersed damages in Kymi
county, as described elsewhere (2), might have been the excess nitrogen content in the
needles, causing a nutrient imbalance in the trees and changes in the nitrogen metabolism. It
was also noticed that the potassium contents were in almost all cases below the minimum
level. If potassium is available, nitrogen is predominantly in the form of amino acid (4).
Potassium deficiency could thus cause the winter damages. In the unclassified data for the
year 1994, statistical tests showed that the contents of N in the older 1992 needles were
significantly (risk level 0.01) higher than in the younger 1993 needles. By contrast, the
contents of K were lower (risk level 0.05) in the older needles. The statistical test for the ratio
N:S showed significant differences both in the younger and older needles. The ratios were
lower in the classes of more severe damages. These results may indicate that near the SO2
emission sources the nitrite reductase enzyme has been blocked and airborne nitrogen oxides
cannot be used as a nutrient, remaining in the form of nitrite in the needles. As the distance
from the sources grow, SO2 changes gradually into the form of SO4 and concentrations in the
air are also lower. These results support the nitrogen-sulphur hypothesis. We are continuing
research work to improve our hypothesis. Firstly, we are going to improve our methods of
detecting damages using studies of leaf area index (LAI) and chlorophyll fluorescence and
spectrometer (reflection) measurements in order to obtain more objective results for the
damage classification. Secondly, we intend to get more specific information about the
biochemistry of the needles by means of chemical molecular analyses of them.
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Figure 1. The spatial distribution of pine (Pinus sylvestris L.) damages in the
communes of Imatra, Joutseno, Lappeenranta, Rautjarvi and Ruokolahti
(in S.E. Finland) and Svetogorsk (in Russia) in the year 1994.
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INTRODUCTION
Motor vehicle exhausts are significant contributors to air pollution. Besides fine particles and
inorganic gases, like CO, SO% and NOx, exhaust gas contains a large group of aromatic
hydrocarbon compounds, many of which are phytotoxic. In field studies, exhausts are found to
have both direct and indirect harmful effects on roadside plants (1, 2). However, only few
experimental studies have been made about the effects of exhaust gas emissions on coniferous
trees (3,4). The aim of this study was to survey the effects of exhausts on spruce (Picea abies
(L.) Karst.) in standardized conditions. The concentrations of major exhaust gas components in
the chamber atmosphere were detected simultaneously. The effects of exhaust on epistomatal
waxes of first-year spruce needles are described.
MATERIALS AND METHODS
Two-year-old spruce seedlings were grown in a growth chamber simulating the weather
conditions of central Finland in early June: day/night temperature 19/12°C, air humidity 65/85
% and light-dark cycle 22/2 hours. The seedlings were fumigated with exhaust gas produced
by a generator, which used lead-free gasoline as fuel. The load of the generator and the speed
of rotation were adjusted to represent emissions at speed of 80 km h"1. The exhaust gas levels
in the growth chambers were monitored by measuring the levels of oxides of nitrogen (NOx)
and controlled by a computer connected to a NOx-analyzer. Two fumigation levels were used
for the period of ten days, representing 100 and 200 ppb of NOx. In addition, the
concentrations of fine particles and black carbon were also measured and qualitative analysis of
aromatic hydrocarbons was performed from the chamber atmosphere (Fig. 1).
The physiological and biochemical responses of spruce seedlings studied, were condition of
epistomatal waxes, stomatal response, changes in free amino acid concentrations and other
changes in nitrogen metabolism. In this paper, the results on the effect of exhaust on
epistomatal waxes of newly grown spruce needles are presented. Needle surface structures
were studied with scanning electron microscope (SEM). The structural degradation of the
epistomatal wax was classified to four classes as described by Sauter et al. (5). Four needles
from eight different seedlings per treatment were sampled. Total of fourty stomates were
analysed per needle.

exhaust
outlet

chamber
OuUet CONTROLLED
ENVIRONMENT
CHAMBER

pipe
system

'particle analyzer
*black carbon
"analyzer
'hydrocarbon
analysis
= -*—compressed
air inlet,150
l/min
exhaust
pipe

NOx-analyzer
control of the
valve

loading

Figure 1. Scheme of the exhaust fumigation system.

RESULTS AND DISCUSSION
No visible injuries were found in first-year needles of spruce seedlings after the fumigation.
However, microscopy revealed that the epistomatal waxes had degraded during the experiment
(Fig. 2). After five days of exposure there was only slight increase of injuries of epistomatal
waxes of treated seedlings. In both 100 and 200 ppb NOx -treatments, about 65 % of needles
were still healthy. After 10 days of exposure injuries were more apparent In both treatments
only 40 % of the needles were healthy when compared to control. The needles of treated
seedlings were slightly or moderately damaged when compared to control. In addition, in
treatment 100 ppb NOx about 9 % and in treatment 200 ppb NOx about 13 % of the needles
were severely damaged while in control seedlings the amount of severe injury was less than 1

Most abundant organic compounds found in the fumigated chamber air were aromatic
hydrocarbons such as toluene, xylenes, trimethyl- and methyl-propyl-benzenes and
polyaromatic hydrocarbon, naphtalene. Short term exposure to high concentration of exhaust
gas has been found to cause similar structural degradation and aggregation of needle waxes
like aromatic hydrocarbon fumes, such as xylene, toluene and benzene (6). The causes of the
injuries on epistomatal waxes of the needles studied, are thus likely to be the gaseous aromatic
hydrocarbons in the exhaust gas.
In earlier experiments (3, 4) the concentration of exhaust used for the exposure, has been
remarkably higher, in ppm level, and the time of the exposure has been short, only 30 minutes
to one hour. In other words, the studies have focused on acute toxicity of exhaust on plants. In
this study the total time of the exposure was ten days and the concentration of exhaust was
comparable to concentration measured in a vicinity of a relatively busy highway (about 20 000

vehicles per day). The study showed that also a relatively short term exposure to real
concentrations of exhaust gas in traffic environment, can cause injuries in conifer needles. The
exposure system has shown its usefulness during the first experiment and more analyses of the
effect are under way.

CONTROL

100 ppb NOx 200 ppb NOx

□ class I

^ class II

CONTROL

class III

100 ppb NOx 200 ppb NOx

class IV

Figure 2. The frequencies of injury classes of epistomatal waxes in first-year needles of twoyear-old spruce seedlings - a. after 5 days of exposure - b. after 10 days of exposure, n is 640
per treatment For explanations of injury classes see Sauter et al. (5).
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THE DANGER OF AIRBORNE POLLUTANTS TO FOREST
ECOSYSTEMS
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INTRODUCTION
The protection of the Alpine area, which, between Vienna and Nice, provides a home to
thirteen million people, should be given highest priority not only because of the (commercial
and other) benefits that the area offers and that are sometimes over-exploited for tourism, but
also because the Alpine area is one of the largest coherent ecoregions of Europe and a Noah’s
ark for endengered species and ecosystems. The present report focuses on two aspects of the
dangers to forest ecosystems: on the threats caused by the input of ozone and nitrogen.
EXPERIMENTAL SETUP
The large number of results obtained from many years of both area-wide and selective
investigations in Alpine countries permits a comprehensive evaluation of the current condition
of the dangers to the Alps. For Austria, nation-wide results of investigations carried out by the
Federal Forest Research Centre, Vienna (Forest Survey, Forest Damage Monitoring System
and Forest Soil Monitoring System, Bioindicator Grid), results from the integrated research
approach on ecosystematic forest damage in the Alps (from the projects of the "Zillertal
Altitude Profile" and the "Achenkirch Altitude Profile" / Tyrol), and many other data from the
federal provinces are available. For the evaluation of the entire Alpine region also data from
other Alpine countries are used, especially from areas at higher altitudes, as these are
considered particulary endangered from the Austrian point of view.
RESULTS
Ozone trends: Results regarding the development of nearground ozone concentrations are
available from numerous sites from all over the world; since the 70ies there appear to be
different trends: Although there used to be an average annual increase of approximately 1%
(Table 1), this development seems to have come to a standstill at several Central European
sites since the beginning of the 80ies. (Figure 1).
Despite this stagnation it is striking that, compared to metering sites that had been started in
the middle of the last century (Volz & Kley 1988; Lauscher 1984) and that had indicated
annual ozone means significantly below 30ppb, a marked increase of the ozone concentration
was observed from the beginning of the 50ies. As a consequence, also the limit of 30ppb,
which, for the vegetation period mean (from April to October, from 9 a.m. to 4 p.m.), is
considered a limiting value in respect of the danger to the vegetation (Austrian Academy of

ozone measuring stations
N-input measuring stations

500km
Figure 1: European Alps and below-mentioned sites of ozone and N-input measurements
Table 1: Ozone increase acc. to Bojkov (1988), Feister
& Warmbt (1991), Smidt & Gabler (1994)
Wank

Metering station / Altitude a.s.l. /
Metering period
Mauna Loa (Hawaii) / 3,400m; 1973-86
Fichtelberg (Bavaria) / 1,213m; 1972-84
HohenpeiBenberg (Bavaria) / 975m, 1971-86
Arkona (former GDR) / 42m, 1956-90

Zugspitze

% p.a.
+1.04
+1.02
+1.10
+1.12

Garmisch

I ll'll

Garmisch (Bavaria) / 740m, 1978-93
Wank (Bavaria) / 1,780m; 1978-93
Zugspitze (Bavaria) / 2,962m; 1978-93

-0.1
+1.1
+1.2

1989), was exceeded. A vegetation
period mean of 30ppb corresponds to an annual
mean between lOppb and 25ppb (Figure 2), a
value which has been exceeded at all mediumand high-altitude metering stations (between
approx. 1,000m and the timber line); examples
are given in Table 2. This altitudinal area is of
special importance to Austria as almost 50% of
the Austrian forests are to be found at altitudes
above 900m and these areas have mainly a
protective function.

I 1 t II 1 I I 1 I II

Figure 2: Annual ozone means observed at
Garmisch (740m), Wank (1780m), Zugspitze
(2962m); Bavaria, Germany; SEILER, pets. comm.

Sciences.

vegetation period
mean (ppb)

annual mean (ppb)
Figure 2. Ozone annual mean values vs.
vegetation period mean values

Table 2. Annual ozone means of the years of 1991,1992, and 1993 (in brackets: metering
period <12 months)
Country
Switzerland

Bavaria (Germany)

South Tyrol (Italy)
Austria

Station (Altitude a.s.1.)
Davos (1,650m)
Chaumont (1,130m)
Rigi (1,030m)
Wank (1,776m)
Wank Basisstation (1,175m)
HohenpeiBenberg (975m)
Rittner Horn (1,750m)
Nordkette (1,960m)
Zillertaler Alpen (1,950m)
Gerlitzen (1,900m)
Karwendel West (1,730m)
Achenkirch (1,758m)
Achenkirch (1,280m)
Gaimberg (1,250m)
Salberg (1,250m)
Masenberg (1,137m)
St. Kolomann (1,020m)
Sulzberg (1,020m)

1991
30
(40)
38
50
40
35
44
45
46
(50)
45
46
39
42
(40)
38
38

1992

1993

33
36
39
51
78
34

36
38
51

45
42
44
49
43
45
40
36
36
39
39

34
41
44
50
42
48
36
37
41
36
38
37

It was proved in laboratory experiments that the ozone concentrations observed for the Alpine
area affect the metabolism of sensitive and medium-sensitive plant species (AUSTRIAN
Academy of Sciences, 1989). In-the-field experiments showed that, with regard to foliage
damage and negative influences on the photosynthesis, spruce was little sensitive to ozone
(VEREIN Deutscher Ingenieure, 1989; Havranek & Wieser, 1993; Wieser&al., 1993).
Also Lutzetal. (1994) did not observe reduced chlorophyll fluorescence at medium
concentrations of about 50ppb in Achenkirch. As opposed to this, BOLHAR-NORDENKAMPF &
Gotzl (1992) described the photosynthesis as being affected at comparable ozone
concentrations if increased radiation appeared together with temperatures around the freezing
point ("photochilling") or together with permanent stress, which increases with altitude; in this
context it was postulated that ozone had a plant-physiological influence on spruce only in the
case of a high general stress level. The European larch, which the VEREIN DEUTSCHER
INGENIEURE (1989) called very sensitive with regard to foliage, was also found to be little
sensitive as a result of an in-the-field experiment (Havranek & Wieser 1993).
The stress caused to forest ecosystems by gravitational depositions can be evaluated with the
help of Critical Loads. According to UN-ECE (1988) the Critical Load for most sensitive sites
is 5kg of nitrogen per hectar and year. As can be seen from Figure 3, this limit is permanently
exceeded in the Alpine area; inputs of up to 20kg N/ha.a were exceeded in the Alpine area. At
higher altitudes, inputs ranged between approximately 5 and 15kg N/ha.a. As a result of the
adaption of the ecosystem to the low-nitrogen soils found, for instance, in the Limestone Alps,
additional (increased) inputs might lead to an imbalance of the soil and, consequently, to
malnutrition of the forest ecosystems. The nitrogen depositions are regarded as being at a
critical level for these areas (Knoflacher & Piechl 1992).

Figure 3: N inputs through wet depositions in the field
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As can be seen from the above annual ozone means and the examples of the nitrogen inputs, it
must be assumed that there is a risk for sensitive plant species. It is therefore an urgent
necessity to push ahead the strategic measures for environmental relief that have repeatedly
been requested in the past.
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EFFECTS OF ACID DEPOSITION ON TREE ROOTS

Hans Persson
Department of Ecology and Environmental Research, Swedish University of Agricultural
Sciences, Sweden

INTRODUCTION
Large forest regions in SW Sweden have been exposed to high levels of acid deposition for
many decades, causing soil acidification in forest soils. Historically, SO% has been the major
acidification agent, but lately nitrogen compounds increasingly have become important. The
amount and chemical form of nitrogen strongly affects the pH in the rhizosphere and
rhizoplane (1). Many forest stands show a positive growth response to increased nitrogen
input, even in heavily N-loaded areas. Nitrogen fertilization experiments suggest that part of
the increased forest production is caused by a translocation of biomass production from below
ground to above-ground parts. At the same time fine-root growth dynamics are strongly
affected by the high N supply (2,3,4,5).
Deficiencies of various nutrients (Mg, Ca, K, Mn and Zn) obtained from needle analyses have
been reported from different Picea abies stands (6). In areas with more extensive acidification
and nutrient leaching, a decline in tree vitality has been observed. Although deficiency
symptoms in forest trees may be reflected in nitrogen/cation ratios in fine roots, few attempts
have been made to explain forest damage symptoms from fine-root chemistry. Root damage is
often described as a decline in the amount of living fine roots, an increase in the amount of
dead versus live fine roots (a lower live/dead ratio) and an increasing amount of dead medium
and coarse roots (6,7). The major factors causing a reduction in fine-root growth and
mycorrhizal development in acidified soils are high nitrogen/cation ratios and elevated
Al/cation ratios, causing an increased sensitivity of the root systems to environmental stress
(drought, wind-break, nutrient shortage, etc.). Al/Ca ratios may best describe plant response to
available soil Al3+ (6, 8).
Extensive data on fine-root growth in response to experimental manipulation of plant nutrients
in forest soils are available from many large field experiments in Sweden and from elsewhere
(8). The primary objectives of the present paper were i) to analyse available data on the effects
of high nitrogen and sulphur deposition on mineral nutrient balance in tree fine roots and ii) to
evaluate the risk of A1 interference with cation uptake by roots.
RESULTS AND DISCUSSION
The concentrations of N, P, K, Ca, Mg, Al, and Ca/Al, (Ca+Mg)/Al ratios of fine roots from
mineral soil layers in different experimental forest sites are given in Table 1. The investigations
clearly demonstrate that element in fine roots are affected by changes in soil nutrient status
after liming, ash-application, etc. Furthermore, it is demonstrated that alkalizing substances
increased the Ca/Al ratio of the fine roots and the pH in the soil solution.

Table 1. Chemical composition (mg g"^), Ca/Al or (Ca+Mg)/Al ratios (mol/mol) in living fine roots in soil cores of various tree
stands in the upper 0-30 cm of the mineral soil horizon or in 30 cm ingrowth cores (Oringe). Estimates were obtained on untreated
sites (0), control plots (C), plots subjected to irrigation and liquid fertilization (IL), dolomite lime application (D), carbonate lime
application in two doses (Cal-2), application of peat/ wood ashes (P-W), application of complete solid fertilizers (F) and application
of ammonium sulphate (NS), different plots in the same stand (FI, Fd, F2). For original data see references in Persson et al. (8).
Tree species/ site
diameter/ /treatment

N

K

P

Ca

Mg

Al

Ca/Al

(Ca+Mg)Al

7.4-9.3
5.8-9.1
7.S-9.3
7.1-9.2

0.4-1.3
0.2-0.4
0.2-0.4
0.5-0.6

0.7-0.8
0.6-0.8
0.7-0.9
0.7-0.8

1.5-2.0
1.5-1.6
1.3-1.7
2.0-2.3

0.6-0.7
0.5
0.5
0.6-0.7

6.4-11.0
5.5-10.1
4.7-11.7
4.0-13.3

0.10-0.20
0.05-0.22
0.06-0.30
0.11-0.34

0.16-0.31
0.10-0.37
0.09-0.43
0.17-0.50

0.2-0.6
0.3-0.8
0.2-0.8
0.3-1.0

1.5-1.9
1.2-1.9
1.3-1.7
1.4-2.4

1.5-5.0
1.4-5.7
2.1-6.2
2.5-6.1

0.4-0.9
0.6-1.2
0.4-1.0
0.6-1.1

6.6-9.3
6.2-S.8
5.6-S.4
4.8-S.7

0.15-0.38
0.15-0.45
0.22-0.56
0.22-0.57

0.22-0.47
0.25-0.58
0.32-0.67
0.32-0.55

2.7-2.S

0.6-0.9

1.2-1A

0.24-0.26

0.35-0.38

1.4

Picea abies - Skogaby;
Sweden

< 2 mm, 0
< 2 mm, C
<2 mm, NS
< 2 mm, IL
Picea abies - Oringe,
Sweden

<1
<1
<1
<1

mm, C
mm, D
mm, Cal-2
mm, P-W

13.1-13.5
11.4-14.3
11.7-14.6
11.8-15.2

Picea abies - Faxboda,
Sweden

0.4-1.2

< 1 mm, C
Picea abies - Halites Fagnes,
Belgium
< 2 mm, 0

5.61

6.50

0.2

1.0

11.5

1.1

8.2-12.4
10.4-11.4

1.8-2.6
2.6-2.9

0.9-1.2
1.0-1.1

1.5-3.4
2.3-4.1

0.7-0.8
1.2-1.3

4.1-13.1
4.4-9.S

0.11-0.55
0.17-0.63

0.17-0.72
0.31-0.96

7.0-10.8
7.4-9.1

1.6-1.7
1.5-2.1

0.5-0.6
0.5-0.7

7.1-12.6
5.9-10.4

1.5-3.1
0.9-1.3

1.0-2.6
1.2-4.1

3.20-4.58
1.70-3.18

4.47-6.20
2.00-3.95

2.8

0.4

3.6

0.5

2.9-S.4

1.9-3.2

2.4-5.S

0.9-1.4

4.8-18.6

0.09-0.81

0.15-1.14

2.0

1.0

4.9

0.7

9.8
15.0
16.0
11.2

1.4
1.3
1.6
1.8

1.5
2.2
1.6
1.3

1.5
1.7
1.6
0.9

1.2
1.2
0.7
0.7

7.9
7.2
4.8
5.3

6.1

1.9

0.9

2.0

0.7

„

.

4.4

2.3

0.9

1.3

0.9

5.6

0.15

0.33

4.1

3.0

1.0

1.0

0.9

9.5

0.07

0.17

3.3

1.8

0.6

1.5

0.9

13.3

0.07

0.15

0.4

0.6

9.4

1.1

3.4

1.84

2.21

11.3

Picea abies - Soiling,
Germany
< 2 mm, FI

< 2 mm, Fd
Picea abies - Wank,
Germany

< 2 mm, FI
< 2 mm, F2

Picea engelmanni -Abies lasicarpa
- Rocky Mountains, USA

< 1 mm, C

10.8

Picea glauca - Abies lasiocarpa
- Prince George, Canada

< 6.4 mm, 0

13.3-22.2

Pseudotsuga menziesii - Oregon,
USA
<5

mm, 0

5.4

Pinus sylvestris - Jadraas,
Sweden - mature stand
< 2 mm, C

< 2 mm, IL
< 2 mm, FA
< 2 mm, FB

0.13
0.16
0.22
0.11

0.30
0.34
0.39
0.26

-young stand

< 2 mm, C

Pinus sylvestris - Ilomatsi,
Finland- sapling stand
< 2 mm, 0
-

pole stage stand

< 2 mm, 0
-

mature stand

<2 mm, 0

Fagus sylvatica - Hautes Fagnes,
Belgium

<2 mm, 0

10.0

The Ca/Al and (Ca+Mg)/Al ratios are very low in most Scandinavian sites; however, low ratios
were also found in the German Soiling and in the Canadian site. The Ca/Al and (Ca+Mg)/Al
ratios in fine roots differed with soil depth. The concentration of Al in itself should not be
expected to be critical for damage symptoms, but rather the Ca/Al molar ratio. A low Ca/Al
ratio (< 0.1 mol/mol) in the fine roots should be regarded as a possible indication of root
damage (9). It has been hypothesized that nutrient deficiencies may result from an antagonistic
role of Al on the uptake of different cations. Available data from many of the investigated
forest stands indicate a low Ca/Al ratio in fine roots (often <0.1 mol/mol) and it may be
concluded that Al toxicity may be a predisposing factor to forest decline.
The Ca concentration varied considerably in comparison with other cations, such as P, K and
Mg. High Ca concentrations were found in lime rich soils on several Picea abies and Fagus
sylvatica sites in Germany and Belgium. Low K concentrations were found in the fine roots of
most SW Swedish forest stands. Fairly high K concentrations were obtained in Pinus sylvestris
stands in Sweden and Finland, for Picea abies in the German sites and for different tree species
in the sites in the USA and in Canada. In trees, elemental concentrations in fine roots may be
regarded as better phytoindicators of the nutritional conditions in the forest soil than foliar
concentrations and give a more direct indication of experimental impacts from fertilization etc.
(8). According to Ingestad (10), the optimum weight proportions are 100 N:45 K: 15 P: 6 Ca:
6 Mg for Picea abies. In field experiments where a close relationship between the tree growth
rate and net uptake rate of nutrients is desired, complete sets of nutrients should be applied at
these levels.
It is evident from the data that the potassium to nitrogen ratio (K/N) is low in forest stands in
SW Sweden, when compared with other Swedish sites. Low K/N ratios were also found in the
two forest stands in Belgium, compared with other European forest stands and forest stands in,
the USA and Canada. The data suggest that K shortage may be a reality in Southern Swedish
forest stands and that accelerated acidification in combination with increased nitrogen
deposition (the NS-treatment at Skogaby) increase the risk of K deficiency. K deficiency is
known to depress the allocation pattern to roots seedlings (11). Shortages of macro-nutrients
other than K in relation to N were generally not indicated in the data. However, we know from
different ecosystem studies that low levels of most cations, in combination with an increased
mineral requirement due to the growth stimulating effects of nitrogen, may cause such nutrient ■imbalances (8).
Part of the increased above-ground tree production subsequent to nitrogen deposition seems to
be related to a shift in the carbon allocation pattern from below- to above-ground, caused by
changes in fine-root turnover (2, 8). At the same time, the growth dynamics and vitality of the
fine roots are affected. Swedish root investigations in the field (8) indicate so far that:
- Liquid fertilization (with a complete fertilizer) caused an increased fine-root production.
- Solid fertilization in combination with liming generally caused a decrease in fine-root
production, whilst solid fertilization alone (ammonium nitrate and urea) in some field
experiments caused a decrease in fine-root production. However, in some experiments an
increase in fine-root growth was observed.
- Ammonium sulphate application, viz. increased nitrogen and sulphur deposition (the NStreatment at Skogaby), caused a decreased fine-root vitality (based on morphological
characteristics), an increased concentration of fine roots to the LFH-layer and an increased

amount of dead fine roots in the soil profile. Experimentally decreased nitrogen and sulphur
deposition in a catchment area in SW Sweden (roof experiment) tend to increase fine-root
vitality.
Many major environmental problems result from the lack of information about the role of tree
roots in the carbon and mineral nutrients cycling in forest ecosystems. The development of a
new technique, e.g. the minirhizotron technique (12) makes it possible to follow the growth
dynamics of the fine roots in the field with high resolution. Results from the minirhizotron
investigations on fine-root production and mortality in the control (C) and ammonium sulphate
treatment areas (NS) in Skogaby reveal that fine-root production tended to increase in the NStreated areas compared with the control areas while the fine-root survival decreased (8,12).
Fine-root mortality in the NS treatment areas were higher than in the control during the whole
study period. Reduced vitality of fine roots in the NS treatment at Skogaby was indicated from
data obtained from direct soil coring, and sorting the fine roots into 3 vitality classes based on
morphological characteristics (8). Although a 30% increase in above-ground production was
shown on NS-treated areas in response to the NS-application, the vitality of the fine-root
system appeared to be in a state of deterioration, as indicated by a decrease in fine-root
biomass, an increased amount of dead fine roots, a decreased specific root length (fine-root
length/fine-root dry weight.
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THE CHEMICAL COMPOSITION OF SCOTS PINE LITTERFALL
NEEDLES AS AN ENVIRONMENTAL INDICATOR IN FINNISH
LAPLAND AND THE KOLA PENINSULA

Paivi Media and Eeva-Liisa Jukola-Sulonen
Finnish Forest Research Institute, Vantaa, Finland

INTRODUCTION
This article presents the results of a study on the variation between monitoring plots in the
elemental concentrations of brown litterfall needles. The elemental concentrations are
considered in relation to deposition levels and the location of the emission sources in the Kola
Peninsula and Finnish Lapland.
MATERIAL AND METHODS
Litterfall collection was started on 14 monitoring plots dominated by Scots pine in Finnish
Lapland during summer 1990. In autumn 1992, three additional collection plots were
established in the Kola Peninsula, NW Russia. The plots were located along five sampling lines
running to the industrial areas of Monchegorsk and Nikel in the Kola Peninsula (1) (Fig. 1).
Litterfall was collected using ten funnels (collection surface area 0.50 m^ each) located
systematically over an area of 50 x 50 m2 (2). The litterfall was gathered in cotton bags
attached to the bottom of the funnels, the bags being changed monthly during May-October.
The litter samples were dried at room temperature (e.g. green and brown needles separated),
weighed, and stored in paper bags at room temperature.

'Nikel

Monchegorsk

sampling line 2

™Apotity
Kovdor •

Figure 1. Location of the sample plots and the most important industrial centres with
heavy metal emissions.

The brown needles falling during September and October 1990 (except for sample plot no. 9
October only, and no. 6 September only) were chosen for chemical analysis because the
elemental concentrations of litterfall have been shown to remain relatively stable at the end of
autumn (3).This is also the period when the amount of litterfall is at its maximum. No material
was available from the Russian side in 1990. In autumn 1993, the elemental concentrations of
the litterfall needles were determined for sampling line 2, radiating to the west from
Monchegorsk, including three Russian and four Finnish sample plots (Fig. 1). The samples
were analysed for Al, Ca, Cr, Cu, Fe, K, Mg, Mn, P, S by means of wet digestion followed by
inductively coupled plasma atomic emission spectrometry (ICP/AES). In 1993, N
concentrations were also determined by the Kjeldahl method. In 1990 the analysed samples
were funnel-specific (100 mg, 20 samples/plot, except on sample plots no. 6 and no. 9 n = 10),
but in 1993 a composite sample was formed for each plot (200 mg needles/funnel).

RESULTS AND DISCUSSION
In 1990, the highest Cu concentrations in
Finnish Lapland were observed close to the
eastern border (Fig. 2), probably due to
emissions from the smelters in the Kola
Peninsula. A decreasing Cr concentration
gradient was found with increasing distance
from the steel works in Tomio (Fig. 2.)(4).
However, owing to possible contamination
from the collecting funnels the Cr
concentrations should be considered as
relative rather than absolute values (5). The
S concentrations in the the litterfall needles
varied by 350-470 mg/kg, and showed no
correlation with the modelled ambient 80%
concentration (6).

mg/kg
dwt.

The stand plot specific concentrations along
sampling line 2 in 1993 are presented for Fe,
Ni, Cu in Fig. 3a., for Ca, Mn, Mg and Al in Figure 2. The stand plot specific concentrations
Fig. 3b and for K, S, N and P in Fig. 3c.
of copper and chromium in litterfall needles
collected in September and October 1990.
Heavy metal emissions from the industrial Vertical bars represent standard errors of the
areas in Monchegorsk were most clearly mean (n = 20).
_________________
reflected as elevated Cu and Ni
concentrations (Fig. 3a). The concentrations were highest in the sample plot located nearest'
(47 km) to Monchegorsk (Ni 33,7 mg/kg, Cu 19,4 mg/kg). Iron followed a similar pattern, but
had a maximum near Kovdor (197 mg/kg) (Fig. 3a), where an open-cast mine with heavy dust
emissions is also located. On the Finnish side of the border, the determination limit of nickel
(5 mg/kg) was exceeded only on the sample plot located furthest to the east. Copper and iron
concentrations on the Finnish side were low.

Z.26
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Figure 3. The stand plot specific concentrations of (a) iron, nickel and copper, (b) calcium,
manganese, magnesium and aluminium and (c) potassium, sulphur, nitrogen and phosphorus in
litterfall needles shed 15.8.-15.9.1993 on the sampling line running to the west from
Monchegorsk. The broken line indicates the Finnish-Russian border.
The emission of particles from the open-cast mine at Kovdor were reflected as elevated Ca,
Mg and AI concentrations on the neighbouring sample plot (Fig. 3b). The sulphur
concentrations of the litterfall needles in the Kola Peninsula were only slightly higher than
those in Finnish Lapland (Fig. 3c). The K concentrations of litterfall needles decreased towards
Monchegorsk (Fig. 3c). However, this was not observed in living needles (7). The lowest Mn
concentrations (823 mg/kg) in litterfall needles were detected on the sample plot located
nearest to Monchegorsk (Fig. 3b), which is consistent with the result obtained from needle
analyses (7).
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Introduction. China is country that uses coal as main energy. Coal smoke is the
principal form of air pollution. The pH value of the precipitation in most areas south of
Yantse River is below 5.6, 90% of 6000 ha Armand pine of Wushan Mountain are
dead; 46% of 1800 ha Masson pine in the suburb of Chongqing have already died,
and the rest are under the menace of death. The preliminary investigations indicate
that the decline of the forest is often associated with nutritional disturbance, though
there are little known on the factors causing the forest decline.
The general objective of our experiment is to find out which composition of nutrient
addition results in positive effects as an optimal and balanced nutrient element supply
for best vitality and resistance of forest trees and stands against stress.
Materials and Methods. An experiment on the nutrition control of Pinus massoniana
Lamb, Pinus armandi Branch and pinus taeda L. in the polluted area of south and
southwest China was conducted. Based on the concept of "Oriented control of
nutrition balance" and "Evaluation method of nutrition balance curve", a comparison
trial on the nutrition balance of the pine needles and soil properties was carried out.
Results and discussion.

The result show that:

1. The tree species is the Mg deficiency type declining forest, whose ratio of
macronutrient/Mg deviated from the normal value in the curve at the farthest distance.
2. Nutrition control has the effect of recovery function in different degrees on the
affected tree species. The key point to evaluate .the function of nutrition control is to
find out whether the content ratio of macronutrient/key element of the original needles
tends to the normal ratio, and whether the non-sound nutrition balance curve B of the
affected needles is moving towards the sound nutrition balance curve A of the normal needles. The experimental results show that the non-sound nutrition balance curves
after nutrition control C are all moving to curve A in different degrees, it makes AB,the

longer distance be shortened to AC and AC<AB proves the existence of movement of the nutrition
balance and the occurrence of the recovery function of the nutrition control. The smaller the ratio of
AC/AB,the smaller the AC distance, the larger the recovery function. Fig.l, 2 and 3 showed the
change of nutrition balance status of the needle before and after management of nutrition.

Fig. 1. Change of nutrition balance status for P.massonianna

A-Normal
B-Damaged
C-After Managed

Fig2. Change of nutrition balance status for P.taeda

A-Normal
B-Damaged
C-After Managed

Fig.3. Change of nutrition balance status for P.armandi

A-Normal
B-Damaged
C-After Managed

3. The nutrition control can generally reduce the Al34' in acidic soil, and raise the content of K+,
Mg 2+ and Ca 2+. It can also raise the base saturation, which is favorable to the inhibition of soil
acidification. As to the neutral and weak acidic soil, nutrition control can reduce the base
saturation which is a little bit higher. The above-mentioned soil properties changes are favorable
to the forest recovery.
Table 1. showed the result of the experiment.
Table 1 .Change of the main indexes of the optimal treatment
before and after management of nutrition
Species

Optimal Reagent

AB-AC Increasing

Treatment

PH

BS

Change of
growth amount

rate of Mg

P.massoniana

B

N.Mg

8.26—2.23

37.1

4.18-4.10

2.20-6.05

Needle length
increase 4.8cm

P.armandi

C

KCa.Mg 3.57-0.17

70.0

6.69—6.36 95.85 - 84.27 Needle length

P.taeda

C

KCa.Mg 7.46-1.87

87.6

3.94-3.95

increase 2.1cm
4.79 - 5.55

Tree height
increase 2.4cm
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INTRODUCTION

It has been discussed that the greenhouse gases, e. g. carbon dioxide (COz) and
methane (CH<), enhance warming in the biosphere. Many scientists are therefore
interested in monitoring the minor constituents of the atmosphere and in the carbon
cycle.
In cooperation with the Climate Monitoring and Diagnostics Laboratory (CMDL) of the
U.S. National Oceanic and Atmospheric Administration (NOAA), we have been measuring
COz, CH4 and carbon monoxide (CO) at the western tip of the Tae-ahn Peninsula (TAP)
in central Korea since October 1990. Shortly thereafter, two more sites were added
for the measurement of greenhouse gases in East Asia: one at Mount Waliguan of
Qinghai Province (QPC) in China and another at Ulaan Uul (UUM), the Gobi Desert in
Mongolia. Also, we have used trace gas data obtained at Mauna Loa (MLO) in Hawaii
in the USA. The Hawaiian data represent the world's longest period of COz monitoring
since 1958. The present monitoring is a part of the Global Air Sampling Network of
the WMO's Global Atmospheric Watch.
The method of collecting and measuring COz, CO and CH« have been described else
where (1). Here we report the four year monitoring of the trace gases at the three
sites in East Asia. The results are also compared with the measured values obtained
at the free troposphere background site at MLO in Hawaii.
RESULTS
COz measurement results from 1991 for flask air samples collected at TAP are shown

in Figure 1. The curve used for selecting data and calculating monthly and annual
means was obtained using a method described by Thoning et al. (2). The curve in the
figures of the present study is a combination of a quadratic fit to the trend, and
fit of sines and cosines to the annual cycle and its three harmonics. The minimum
of monthly means in Figure 1 occurred in August and September, and the maximum
value appeared in April and May. The seasonality of COz is due to photosynthesis and
respiration of the terrestrial ecosystem. In particular, the minimum value of COz in
late summer is represented by a rapid decrease of concentrations in late spring and
early summer and by a rapid increase through the fall. The amplitude of the
seasonal cycle at TAP was about 21 ppm with the minimum and maximum values of
monthly means 348 and 371 ppm, respectively. However, the relative extreme values
of individual measurements were about 344 ppm for the minimum and 375 ppm for the
maximum. The annual mean value at TAP for 1994 was about 361.4 ppm.
The cooperative measurements of COz with NOAA at UUM in Mongolia revealed that the

annual mean value for 1994 was 359.1 ppm with the amplitude of the seasonal cycle
about 20 ppm. Meanwhile, COz recordings at QPC in China were exsmimed and these
measurements represented seasonal variations with a good stability. The annual mean
concentration at QPC in 1994 was about 360.1 ppm with the seasonal amplitude of ~
10 ppm. In comparison with the observed values at the three East Asian sites, the
annual mean value for 1994 at MLO in Hawaii was about 358.4 ppm. MLO recorded the
smallest amplitude (7 ppm) of the seasonal cycle but with the phase delay of about
one month. The differences of atmospheric COz values in all sites can be used for a
budget study of atmospheric COz, and they are important for model calculation and
verification especially in the winter when there is not much photochemistry taking
place.
According to 4-year measurements of atmospheric CH4 at TAP, a seasonal cycle of CH*
was not distinctive. Albeit there was a minor summer-maximum both in 1991 and 1993
with a minor summer-minimum both in 1992 and 1994. The same trend also appeared in
the CH* cycle observed at QPC in China. In contrast to the above, a distinctive
summer minimum of CH* values at UUM in Mongolia occurred in 1992, 1993 and 1994.
During 1992-1993 the annual mean value of CH* measured at TAP in Korea was —1830
ppb with the amplitude of the seasonal cycle about 50 ppb. In comparison with TAP
values, the annual mean values of CH* observed at UUM in Mongolia were 1795 ppb,
1765 ppb at QPC in China and 1725 ppb at MLO in Hawaii, respectively.
CO is an urban air pollutant, and measurements of CO at TAP in Korea showed that
the atmospheric CO also undergoes the seasonal and interannual variations. The
annual minimum occurred during summer and autumn, while maximum concentrations were
in winter and spring. We observed similar cycles at UUM, QPC and MLO. In 1993,
annual mean values of the background CO were 233.0 ppb for TAP, 152.1 ppb for UUM,
115.3 ppb for QPC and 88.5 ppb for MLO, respectively. Meanwhile, the amplitudes of
the seasonal cycle were about 276.1 ppb for TAP, 106.8 ppb for UUM, 79.0 ppb for
QPC and 65.4 ppb for MLO, respectively.

Tae-ahn Peninsula, Korea
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Figure 1. The variation of atmospheric COz values at TAP, Korea

DISCUSSION

The increasing values of COz, CH< and CO in the atmosphere and their possible
impacts on climate and on ecosystems have become of great concern to many
scientists and the general public. The primary cause of the COz growth is the
burning of fossil fuels. The rate of annual growth at all four sites during the
last 3-4 years was estimated at 1.0—1.34 ppm. (globally 1.43 ppm (1)). Among these
stations, both the monthly and annual mean values of C02 were found to be the
highest at TAP in Korea, while those values at MLO were the lowest. Clearly, there
is a larger influence from anthropogenic sources at TAP than at the other three
sites.
This is also evident in considering the human geography and topography of East
Asia: The monitoring site of TAP is located at 20-m above sea level on the western
shore of the Korean Peninsula which is facing toward the mainland of China. In
turn the prevailing westerlies give an upstream position of anthropogenic sources
in Korea, while it is situated in the “downstream” side of many industrial sources
of concerned trace gases and air pollutants in East China across the Yellow Sea.
From the emisson sources in the “upstream" side, i.e. Chinese continent, TAP is
located within the distances about 300-700 km. For the crossing of the Yellow Sea,
with a moderate airflow, atmospheric trace gases from East China can take 12-48
hours to reach TAP in Korea. During the transport over the marine atmospheric
boundary layer the greenhouse gases also can be well mixed vertically and
horizontally, although there may exist a strong vertical gradient of COz (3) and CH*
over land during night and morning hours.
For the above reasons we usually do air sampling at TAP with the prevailing
westerly winds during the afternoon hours. The westerly airflow at TAP can
generally contain the background air concentrations of greenhouse gases that come
from populated areas of the Chinese continent. In contrast, UUM in Mongolia and QFC
in China are situated both in the “upstream” side of large anthropogenic sources in
China. Moreover, UUM is in the Gobi Desert of Mongolia and QPC is located on the
Mount Waliguan (3810 m) of the semi-desert area in China. Also, the world's oldest
monitoring site of atmospheric COz at MLO is situated on the top of a high mountain
(3397 m) in Hawaii in the middle of the Pacific Ocean.
At TAP, measured mean values of all three const!tutents were higher than the mean
concentrations at any of the other three sites. In addition, it is important to
note that the mean seasonal amplitudes of the greenhouse gases at TAP in Korea were
the largest of all 32 sites of the CMDL's cooperative network (1). Comparatively,
the measured CO values at TAP in Figure 4 scattered more widely than the values of
COz and CH<. The higher levels of the amplitude and of the “noise” in the TAP data
also indicate an influence of anthropogenic emission with the general westerlies.
In particular, the photochemical reaction in winter is very slow and the lifetime
of CO is quite long, and this is evident from the fluctuations of CO at TAP. The
concentrations of CO depend more on local sources than the variations of COz and
CHi. In addition, we found good correlations between CO and other trace gases which
may reflect the strength of regional emission.
It should also be noted that methane is emitted from a variety of anthropogenic
and natural sources. These include rice paddies, natural wetlands, and biomass
fires (4). In warm seasons, we observed high concentrations of methane in the rural
area of central Korea where there are many rice paddies. Rice paddies and wetlands
are also numerous in East and Southeast China. Interestingly, we also found that
the observed methane values in summer were negatively correlated with high values
of ground-level ozone in central Korea (5). These measurements suggest that the
oxidation of CH4 was the reaction in photochemistry with strong implications for the
ozone formation near the ground. In addition, there was a strong relationship
between 03 formation and CO oxidation.

Measurements of atmospheric 13C isotope were carried out. It was observed that the
level of 13C also undergoes seasonal variations, however the curves of C0Z and 13C
values are negatively correlated with the each other. We interpret that the
correlations of 13C and COz values were in turn due to photosynthesis and
respiration of plants and soil. In general, plants take up 12C in atmospheric COz.
Our results indicate that plants are depleted in 13C, while the atmosphere gets
enriched (6). With the worldwide fossil fuel combustion, the atmosphere has slowly
contained more depleted 13C. The fluctuations of COz in the atmosphere were then
caused by the photosynthesis and respiration of C< plants, e.g. rice in East Asia.
CONCLUSIONS

The measurements and subsequent comparison of COz, CH* and CO values at three East
Asian and one Hawaiian site revealed that the annual and monthly mean
concentrations at TAP in Korea were the highest among others. The amplitude of
seasonal variations including “noise” level was also the highest at the TAP site.
The cause of higher values at TAP was mainly due to its proximity to densely
populated areas and to the influence of emission sources in East China.
Presently, China is the top producer of coal in the world. In 1993 China consumed
over 14 billion tons of fossil fuel including coal (~90%) and oil. Moreover, their
annual growth rate of coal production is at least 10%. Therefore, the quantitatve
interpretation of differences in measured trace gases is important for the
monitoring of climate change and for the study of the Asian contribution to global
carbon budgets. The sites of UUM and QFC are located both in the upstream side of
densely populated areas, and MLO is a station of the global “Background Air
Pollution Monitoring Network (BAPMoN)”. On the other hand, TAP is located at the
eastern side of the Yellow Sea which is about 300-700 km from East China (across
the Sea). TAP is in turn asuitable downstream site
for the monitoring the
atmospheric impact of regionally well-mixed emissions from China. With the
prevailing westerlies in the mid-latitude, TAP is regarded as one of tactical sites
for the monitoring of the regional and global carbon cycle.
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FLUXES OF NITROUS OXIDE AND METHANE IN A LAKE BORDER
ECOSYSTEM IN NORTHERN GERMANY
H. Rusch, D. Rembges, H. Papke and H. Rennenberg
Fraunhofer Institute for Atmospheric Environmental Research, Garmisch-Partenkirchen,
Germany

INTRODUCTION
Methane and nitrous oxide are radiatively active trace gases. This accounts for approximately
20% of the total anticipated greenhouse effect (1). The atmospheric mixing ratio of both gases
has increased significantly during the last decades at a rate of 0.25% yr1 for N20 (2) and a
rate of 1% yr1 for CH4 (3). Whether this increase is caused by enhanced biogenic production
of both gases or is due to decreased global sinks, has not been definitely elucidated. Soils are
an important source of methane and nitrous oxide. Natural wetlands, e.g., have a similar
global source strength of methane as rice paddies (4). On the other hand, well aerated
grasslands have been shown to be a sink for atmospheric methane due to methane oxidation
(5). Nitrous oxide is emitted by a wide range of soil types. Its rate of emission is strongly
enhanced by nitrogen fertilization (6). In the present study, fluxes of methane and nitrous
oxide were determined in a lake border ecosystem along a toposequence from reed to dry
pasture. The aim of this study was to characterize the influence of soil type, land use and
season on the flux rates of these greenhouse gases.
EXPERIMENTAL SET-UP
The field site is located on Lake Belau within the Bomhdved lakeland area 30 km south of
Kiel in Northern Germany. Measurements were performed at the lake border along a
toposequence from reed over an alder swamp and wet pasture to dry pasture. The soil type
changes along this catena from lake sediment over boggy soil to sandy loam. The pasture was
grazed by cattle and fertilized with liquid manure in March (25 m3 ha-1 which equals
100 kg N ha-1) and with NH4NO3 (54 kg N ha-1) both in April and August. Six measuring
campaigns were conducted between 1992 and 1994. During the campaigns the alder swamp,
the wet pasture and the dry pasture were sampled each for at least three consecutive days. The
reed was studied for shorter periods of time.
Fluxes of trace gases were determined applying the closed chamber method. For a general
description of the chamber construction and the fully automated system which was used for
sampling see (7). In brief, four chambers covering an overall area of 0.7 m2 plus a control
chamber (bottom closed) were placed on each plot and sampled simultaneously. Chambers
closed for 96 min, and four air samples were drawn automatically during this time. Chambers
opened for 24 min to allow turbulent exchange of the chamber atmosphere with ambient air.
The sample gas line was splitted to allow both GC-ECD analysis for N20 and GC-FID
analysis for CH4 at the same time. Chamber gas concentrations obtained during these twohour cycles were regressed on time and slopes of the measuring chambers were corrected for

the control chamber values. Slopes with an R2 < 0.8 (usually at low flux rates at or below the
detection limit of the measuring system, i.e. approximately 2 pg m'2 h"1 for both gases) were
set as 0. All slopes were used to calculate gas flux rates per chamber per measuring cycle.
Thus, the data yield was 12 flux rates per chamber per day. Standard deviations of the net gas
flux rates shown are a measure of the diurnal and spatial variability of the fluxes. Soil
temperatures were recorded on-line. The volumetric soil water content was determined once
during each measurement.
RESULTS
The time schedule of the measurements was arranged to get a picture of the N20- and CH4fluxes at different times of the growing season while being limited to two four-week
measuring campaigns per year. Therefore, we measured during most months of "one" growing
season, evenly distributed over the three consecutive years of our field study.
N2O and CH4 fluxes as well as soil temperatures and soil water contents of the sites during
the measurements are summarized in Table 1.
Table 1. Nitrous oxide and methane flux rates1, soil temperatures and soil water contents at
four sites along a transect of the border of Lake Belau measured six times during a
three year period.
April
(1993)

May
(1994)

NzO [pg N m"2 h"1]
14:2
reed zone
4±4
04:3
4±4
alder stand
94=11
34:7
wet pasture
04:2
11±15
pasture
CH4 [pg C m"2 It1]
14564=1275
224=25
reed zone
14184=434
alder stand
7±6
2054=131
wet pasture
314=19
-14:2
-24=4
pasture
soil temperature and soil water content (°C,
reed zone
alder stand
wet pasture
pasture

(6,90)3
(4,80)
(6,53)
(7,17)

(12, fl.)
(13, wl.)
(12,75)
(13,19)

June
(1992)

August
(1993)

September October
(1994)
(1992)

174:7
664=33
504:40
n.d.

04:1
04:1
04=2
154:8

04:1
34=6
34=4
474=35

n.d.2
04:2
84:7
194=17

n.d.
6964:923
n.d.
12144:779
n.d.
15204=878
n.d.
-14:3
% vol/vol)

18414=1411
16434=1246
22794=1462
-74:7

n.d.
104=29
04=2
-24=9

(19,n.d.)
(17,n.d.)
(17,n.d.)
n.d.

(7, fl.)
(13, wl.)
(11,63)
(16,19)

n.d.
(7,n.d.)
(5,n.d.)
(5,n.d.)

(14, fl.)
(14, wl.)
(17, wl.)
(14,28)

1 means±standard deviations of 2-day to 4-day measuring periods, 2 to 4 static chambers, semi-continuous
measurements with 12 flux rates chamber'1 day"1
2 not determined
3 mean soil temperature at 2 cm depth [°C] and soil water content [% vol/vol] averaged over 0-15 cm, e.g. (6°C;
90%,vol/vol), fl.= flooded, wl.= water-logged

The data show that temperatures during our field measurements ranged from approximately
4°C to 19°C on all sites. Reed and alder stand were usually flooded and waterlogged,
respectively. The wet pasture was waterlogged in August 1993. In June 1992 the water table
was well below the soil surface even in the reed zone. Soil water content was not determined.

Nitrous oxide was emitted from all sites. However, mean flux rates ranged from 0 to 70 pg N
m'2 h'1 and showed a high spatial and seasonal variability. The sites with organic soil (reed,
alder stand, and wet pasture) mostly exhibited very low N2O emission rates close to or even
below the detection limit. However, N20 emissions were very high during the first measuring
campaign, when e.g. the alder stand emitted 66 ± 33 pg N m"2 h"1. The pasture (sandy loam)
consistently emitted more nitrous oxide than the other sites except in May 1994.
Figure 1 depicts an example of diurnal variations of N20 flux rates which were characteristic
for the pasture site. The mean N20 flux rate followed the soil temperature (2 cm depth) with a
delay of approximately six hours. Regressing this flux rate on soil temperature (shifted by 6 h)
gave an R2 of 0.64 for the data set shown in Figure 1 (n=34, significant at the 1% level).

- - soil temperature.
2 cm depth

J □□□□□□

time of <%
Figure 1. Diurnal variability of nitrous oxide flux rates and soil temperature on a pasture
(sandy loam) in April 1993.
Methane emissions were observed on all sites with organic soil (Table 1). Mean flux rates
ranged from 0 to 1.5 mg C m'2 h"1 and were highest during the summer months with anoxic
conditions (waterlogging). The pasture (sandy loam), however, was a weak sink of CH4.
Correlating the flux rate with temperature gave no significance.
DISCUSSION
Our measurements were aimed at determining the diurnal and seasonal variability of nitrous
oxide and methane fluxes and their controlling climatic factors along a transect of the border
of Lake Belau. An overall gradient of decreasing N20 flux rates from the fertilized pasture to
the sites with organic soil was observed. This was most obvious in the September 1994
campaign. However, even the N20 fluxes on the pasture site were lower than most flux rates
reported for comparable sites (8; 9). The annual release of N20 from a waterlogged alder
stand near ^Copenhagen, Denmark was calculated as 20.5 pg N nr2 h*1 (10). Our results
showed fluxes from the alder stand close to or below the detection limit under waterlogged
conditions even at higher soil temperatures. We observed high N20 emission rates in June
1992 when the water table was below the soil surface. Similar results were obtained during
field measurements of Finnish peatlands (11) which revealed that a lowered water table
increased the N20 efflux in nutrient-rich peat from less than 10 to 390 pgN m"2 h"1. Diurnal
variability of nitrous oxide fluxes appeared to be dependent on diurnal changes in soil

temperature. This is in good agreement with an earlier study (12) which showed that as much
as 90% of the observed diurnal variability could be attributed to changes in soil temperature.
Methane emissions were found from the waterlogged, anoxic sites. The order of magnitude of
methane emissions (maximum of 1.5 mg C m-"2 h"1) is within the range of efflux rates
reported from other wetlands (13; 14). Methane flux rates were not affected significantly by
diurnal variations of soil temperatures, presumably because these variations were low at the
mostly shaded sites. However, the release of CH4 from these sites was strongly dependent on
seasonal changes of soil temperature as well as soil water status. For example, CH4 emission
rates increased by two orders of magnitude between April 1993 with wet but not waterlogged
soil and August of the same year with waterlogged soil and soil temperatures approximately
10°C higher than in spring. These findings correspond with the results of other groups (13;
14). Low soil temperature was possibly the cause for the low (April 1993) to very low (below
the detection limit, October 1992) flux rates we observed early and late in the growing season.
Apparently, methane production is not well adapted to temperatures below 15°C (15).
We found a high variability of the flux rates of both nitrous oxide and methane along the
toposequence of Lake Belau. Our results stress the importance of continuous measurements
over several days as presented in this study to give a good estimate of the actual gas flux
"behaviour" of a field site at a given time.
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INTRODUCTION
All diffusive models used so far in the literature use the implicit assumption that the energetic
flux adjusts instantaneously to the value of the temperature gradient. From a physical point of
view, is more realistic to consider a delay between the change of the temperature gradient and
the change of the flux.
In many energy-balance climatic models, Fourier's law is used to parameterize the energy flux.
It is well known that the solutions of this equation have an infinite speed of propagation. There
is no actual physical process in the climatic system that corresponds to such high speeds. In our
work we explore the consequences of using a Maxwell Cattaneo type equation that includes a
relaxation time for the heat flux, and therefore a finite speed of propagation of the thermal sig
nals. In addition, some new features emerge from the analysis based on Maxwell Cattaneo's
equation, as new solutions previously inaccessible to the system, and a modification of the
thermodynamic formalism in the framework of extended irreversible thermodynamics (EIT)(1),
a non equilibrium thermodynamic theory, of the problem that allows us to obtain a non-Markovian hydrodynamic noise that is in best agreement with the intrinsic complexity of the climatic
systems (2). The new entropy balance rises the fact that if the energetic flux is larger than a
critical value, the hole climatic system becomes unstable. The stability criteria derived here dif
fers from the usual criteria obtained from the classical analysis (3).

RELAXATION TIMES
The classical energy-balance equation is a diffusion type equation that results in an infinite ve
locity of propagation of the thermal signals. It is well known that this model is appropriate only
for an average from the top of the atmosphere to the base of a hypothetical mixed layer. More
over, also is assumed that it applies when the temperature is averaged over several months.
With this conditions, from a practical point of view, the simple classical model works well on
time scales of the order of several months, but from the physical point of view has sense to
look for a description of the system that overlooks a infinite speed for the thermal waves.
We start with the balance equation for the energy of the system that writes as
C8T/0t = f(T,r,t)-VJq

(1)

where T is the effective surface temperature that depends on latitude, C is the heat capacity
coefficient, f is the absorbed part of the solar influx minus the infrared cooling rate, that de
pends on T, latitude r, and time, and Jq is the energy flux. If we take for the energy flux, a
Maxwell Cattaneo type equation as
t9Jq/5t = -(jq + A,Vt)

(2)

where 1 is the energy flux relaxation time, equation (1) results in a energy balance equation
with a relaxation time that reads as
xCcn2/dt2 + C 5T/5t = of(T, r, t)/5t + f (T, r, t) + XAT

(3)

It is not difficult to establish that the stationary solutions of equation (3) are unchanged and
moreover it is important to maintain this solutions because they give a good fitting with ex
perimental data (4)-(5). On the other hand , as equation (3) is of second order in time, a
different dynamics must be expected. It can be easily demonstrated that in this new formalism
the wave velocity in a perturbative model is finite.

It should be noticed that the evaluation of x is different that in systems with a microscopical
representation where is possible to determine the relaxation time using techniques of statistical
mechanics (l).The energy-balance models are phenomenological ones, and do not allow micro
scopic pictures. We have to notice the order of magnitude of the relaxation time following
Landau (6)
t = C12/X
(4)
where l is the typical longitude of the system and X its thermal conductivity. The values of
these coefficients vary from model to model, and (4) gives different relaxation times for each
choice. For instance, following North (5)-(6) A/F=0,45 Wnr2 °C ' and the heat capacity for very
large time scales (lOMO4 years), is O1010Jm-2°C"1, and for very small time scales (10 years)
C=10^Im 2°C '. Then results t=250-300 years in the first case, and 2-3 years in the second one.
This results provide us with an evaluation of the response time of the energetic flux. For very
large time scales, this response time is about two or three centuries whereas for very small time
scales the delay time is about two or three years. Note that the rate of the relaxation time to
the typical temporal scale is 300/1000 in the first case and 3/10 in the second one. Both rates
are several orders of magnitude larger than in kinetic theory or the usual BIT.
The second order time derivative in (3) allows new solutions in energy-balance models. For the
sake of simplicity here we shall consider only a model with constant albedo a (ice-free earth).
This model has been solved by Nicolis and Nicolis (3). They obtain a solution for the tempera
ture T(x) expressed in terms of
T(x)=T0+T2P2(x)
(5)
where P2(x) is the second Legendre polynomial, and T0(t) and T2(t)are given by
T0 (t) = [Q(l - a) - A]/B + T00exp(-Bt/C)
T2(t) = Q(l-a)S2/(B + 6X)+(T-Q(l-a)S2/(B+6X))exp(-(B + 6X)t/c)

(6)
(7)

where TM and T20are constants. Q is the solar constant, S2 is a negative constant, x the sine of
latitude and A and B are the infrared cooling coefficients. Note that the. solutions are
decreasing exponential because B/C and (B+6X)/C are definite positives.

When the relaxation time is introduced, one has to solve a equation derived from equation (3)
that drives to the following solutions for T0(t) and T2(t)
To = [Q(l - a) - A]/B+P,exp(-Bt/C) + P2exp(-t/-c)

(8)

=Q(l-a)S2/(6X + B) + yexp(pt)

(9)

T2

with pi,, given by

-(C + Bx) ± [(C + B-c)2 - 4xC(6X+B)]K
(10)

where P, and P2 and y are constants. Therefore there are two different types of solutions for T2,
if (C-Bx)2> 24CxX, |X±are real numbers, whereas if (C-Bx)2<24CtX, \l± are complex numbers.
In the first case the solutions are again two decreasing exponential. In the second case, we
have imaginary roots that physically correspond to waves with amplitudes exponentially
decreasing in time. This pattern is forbidden to systems with only a first order derivative, let us
say, the classical theory cannot give this behavior of the climatic system.
CLIMATIC STABILITY
The variables used in a thermodynamic description of a macroscopic system are the conserved
quantities, mass, energy,... The rest of variables are not conserved and they decay very rapidly.
However, in the high-frequency limit, the decay time of some fast variables may become large
and those variables have to be included into the description, and play the role of basic inde
pendent parameters. The Maxwell-Cattaneo equation introduces a new term in the heat balance
equation and through it, in the Gibbs equation. In this section we give a brief outline of the
consequences of the new formalism taken advantage of the progress given by EIT (1).
The introduction as a variable of the energy flux in the Gibbs equation causes to write
ds = (l/T)du-(VpXT2)jq.dJq

(11)

and drives to a generalized specific entropy per unit mass s; u is the specific internal energy and
p is the density. Equation (11) is coherent with the inclusion in the formalism of the Maxwell
Cattaneo equation for the energy flux. Using a standard procedure (1), one can obtain a
expression for the non equilibrium entropy which will facilitate the evaluation, through the
Einstein relation, of the second moment of the fluctuations of the energy flux and the time cor
relation function for the fluctuations of the energy flux. It is obtained for these correlations
(5Jq,5Jq) = (kXT2)/rV

;

(fi Jq (o),S Jq (t)) = (kXT2 )exp(-t / t)/tV

(12)

where V is the volume of the system. This last formula gives us the link between fluctuations
and hydrodynamics noise. The hydrodynamics noise in the frame of models with relaxation
term is non-Markovian, that is, colored noise, in contrast with the white noise associated with
the standard energy balance models. In the case of zero relaxation times this white noise is re
covered in our theory. From a theoretical point of view this result is important because the
complexity of the earth-atmosphere system is closer to a colored noise than to a white noise.
Another standard thermodynamic procedure is to analyze the stability of the system (7) taken
into account the requirements stemming from the complexity of entropy. Performing the classi
cal analysis of stability taking into account the Gibbs equation (11) one gets the following
conditions
cv/T2>0 ; VtJ2/XT2 <0 ; J2 <XT2cv/Vx

(13)

The two first conditions are identically fulfilled. However, the third one is accomplished when
the energy flux is lower than a critical value. Taking into account equation (4) and a simple

evaluation for Jq =(2XM)(TE-TP), where TE is the temperature in the equator, and Tp is the
temperature at the Poles, the stability criteria reduces to (TE-Tp)<(7t/2)T0 condition that is
fulfilled always. Therefore the actual climate is stable against the mechanism provided by the
critical flux. However, we can test the stability of the model used above and solved in reference
(3).In that case, using the values of the North's model (4)-(5), A=211.2Wnr2, B=1.55Wm-2(°C)-',
Q=344.4Wm-2, S2=-0.482 and oc= 0.25 and the results of equation (13), the climatic system is
unstable for 0.145 < x < 0.820 and for -0.145 > x > -0.820 that reflects the symmetry of
both hemispheres. Therefore, the ice free earth is unstable between the latitudes of nine
degrees and fifty degrees, becoming unstable the full climatic system.
DISCUSSION
One of the most serious difficulties of all diffusive models used so far in the literature is the
implicit assumption that the energetic flux adjust instantaneously to the value of the tempera
ture gradient. To our knowledge this is the first time that such a response time has been con
sidered in the literature. Moreover, we have evaluated these delay time for some cases. The
rate of the response time to the typical temporal scale of the problem depends on the own typi
cal scale. In a first approximation, the magnitude of the delay time can be identified with the
response time of the full climatic system, and its knowledge would be a powerful tool in the
understanding of the climatic change problem.
In (3) the authors claim that the climatic change is a problem of thermodynamic stability. In this
sense we remark that the relaxation term provides a new mechanism of instability, closely re
lated with the intensity of the energetic flux. When the flux is larger than a critical value, the
climatic system becomes unstable. It is necessary then to study the climatic stability against this
new mechanism. Here we only offer a simple example.
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INTRODUCTION
Terrestrial vegetation provides an important source of volatile hydrocarbons, especially
isoprene, monoterpenes and in addition possibly sesquiterpenes as well as oxygenated
compounds [1]. Although there exist considerable uncertainties in the estimation of the
magnitude of these biogenic NMHC emissions, it is generally accepted that the majority
of global NMHC release is from natural and not from anthropogenic sources [2]. Taking
into consideration the high reactivity of the mostly unsaturated biogenic emissions, their
impact on tropospheric processes can be assumed to be of great importance. Together
with anthropogenic NOx emissions, the highly reactive natural alkenes can act as
precursors in photochemical oxidant formation and contribute to regional-scale air
pollution [3,4]. Their oxidation in the atmosphere and the subsequent gas-to-particle
conversion of the products lead to the formation of organic aerosols. Because of the
formation of phytotoxic compounds, the interaction of the biogenic hydrocarbons with
ozone inside or outside the leaves and needles of plants has been suggested to play a
role in forest decline [5,6].

SAMPLING AND DETERMINATION OF BIOGENIC HYDROCARBONS
Several techniques are available for the sampling of organic volatiles. In particular, two
approaches are widely used: the adsorptive preconcentration on organic polymers or
carbon based materials and the instantaneous air sampling (grab sampling) in stainless
steel canisters [7,8]. Due to the unsaturated character of isoprene and monoterpenes, the
sampling step is a particularly critical part in the analysis of biogenic organic matter.
Substantial problems are posed by loss reactions and intramolecular rearrangements
during sampling or storage of these compounds [9,10]. For field and laboratory studies
of the emission characteristics of biogenic hydrocarbons we have chosen a method based
on the adsorptive .preconcentration on two adsorbents (Tenax TA {60 mg} / Carbopack
B {100 mg}), and special efforts have been made to avoid losses of trapped species
through their reaction with ozone during sampling (Fig. 1). The analysis of the collected
matter was carried out by employing a thermodesorption - GC/MS technique.

MnOg-coated copper-screen

PTFE

sampling tube

16 pm

Vlton

100 mg Carbopack B
60 mg Tenax TA
\

adsorption tube

Cj

needle valve
(used as a crilical orifice)
- flow rate 10 L/h

- sampling time 15 to 60 min

Figure 1. Sampling of isoprene and terpenes

I
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RESULTS AND DISDUSSION
Emission studies
Current attempts to model regional and global tropospheric chemistry are mainly limited
by uncertainties associated with existing natural source inventories and a lack of
knowledge with respect to environmental factors controlling the biogenic emissions from
forest trees [2,11]. There are, for example, contradictory assessments of the influence of
meteorological variables, especially the influence of insolation, on the emission of
monoterpenes from conifers [12,13]. Furthermore, little is known about the effects of
airborne matter on the release of isoprene and monoterpenes, analogous to the
observed influence of air pollutants on plant ethylene emission [14].
Therefore, one objective of our studies was to improve the understanding of the
influence of environmental conditions on biogenic hydrocarbon emissions by carrying out
reliable field measurements of the diurnal variation of natural NMHC concentrations in
forest air. In addition, results of laboratory investigations using plant fumigation
chambers have shown a significant effect of ozone on the monoterpene release from
forest trees.
Aerosol formation
One of the greatest uncertainties of the impact of natural VOCs on tropospheric
processes is the formation of organic aerosols due to their oxidation in the atmosphere
and the subsequent gas-to-particle conversion of the products. Although the aerosol
forming potential of monoterpenes has been recognized since at least 1960 [15],
investigations on the relevant processes are missing in most experimental and theoretical
studies. This lack of understanding of aerosol generation from biogenic hydrocarbons
still causes significant problems in the elucidation of the natural carbon cycle and the
evaluation of the influence of biogenic VOC emissions on tropospheric photooxidant
formation [16].
In respect to the actual discussion above climate change, the formation of biogenic
aerosols is a matter of great interest, since aerosols affect the heat balance of the lower
troposphere [17,18]. To evaluate the anthropogenic impact on atmospheric aerosols,
reliable data about natural source strength and composition of organic particles has to
be included in respective models [19]. In addition the possible role of biogenic VOC
emissions as natural precursors of continental cloud condensation nuclei (CCN) is a
matter of topical scientific interest. In a few simulation experiments we were able to
demonstrate the rapid formation of submicron aerosols from terpenes as well as the
potential suitability of such particles to serve as CCNs.
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INTRODUCTION
The increased concentration of greenhouse gases (e.g. carbon dioxide, methane) can have large
effects on the earth's climate via possibly increasing the greenhouse effect. However, much
attention has recently been given to possibility that the increased concentrations of aerosol
particles have a direct and indirect (via clouds) tendency to cool the earth's surface (1).
Recently we have studied an additional aerosol effect (2) and shown that condensable nitric
acid vapour enhances cloud droplet formation and increases the reflectivity of individual clouds
(3). In the present report we summarise the main result and include some other condensable
gases in discussion.
THE EFFECT OF TRACE GASES ON CLOUD DROPLET ACTIVATION
Even though the concentrations of trace gases are typically low, they have effects on cloud
formation. Consider first an air parcel containing water vapour and aerosol particles (AP), but
free of trace gases. Allow the parcel to rise freely in the atmosphere, causing pressure drop and
cooling. As the temperature drops, relative humidity grows inside the parcel, and hygroscopic
particles (mostly consisting of various salt species) take up water, becoming more dilute the
higher the R.H. becomes. When the R.H. exceeds 100 %, water starts condensing rapidly on a
certain fraction of the hygroscopic AP.
We say that this fraction of the particles is activated as cloud condensation nuclei (CCN). For
simplicity, assume that all the aerosol particles are spherical and that their composition is the
same regardless of their size. Then the only factor determining whether a particle will be
activated at given R.H. or not is its size. The smaller an aerosol particle is, the larger is its
curvature, and the larger is the effective vapour pressure of water on its surface (because
water molecules can escape more easily from curved rather than from flat surface); this is
called the Kelvin effect (4). The threshold size for activation is now just the equilibrium size for
which the effective droplet vapour pressure is the same as the ambient pressure of water
vapour. To determine this size at a given R.H. we have to know the salt concentration in the
droplets, because the salt depresses the effective vapour pressure of water. The effective
saturation ratio on the surface of particles larger than the threshold size exceeds unity, and they
start to grow as water condenses on them.
Next, introduce into the air parcel a small amount of condensable trace gases. The acid will be
taken up by the droplets until an equilibrium between the gas-phase and the liquid-phase
concentrations is reached. The equilibrium state can be described by Henry's law if the liquidphase concentration is low. To find the equilibrium size for which the effective water vapour

/‘-r

pressure is the same as the ambient vapour pressure, we must now consider multicomponent
solution droplets consisting of different ions. The effect of multicomponent ion solution is to
depress the water vapour pressure on the droplet surface even more than the salt alone would
do. The activation threshold therefore shifts towards smaller particles at a given R.H. after we
have added trace gases into our system, and consequently the cloud droplet concentration will
become higher than in condensable trace gas free circumstances.
THE IMPORTANCE OF NOx
When fossil fuel is burned, carbon dioxide, sulphur dioxide and nitrogen oxides are released
into the atmosphere. Currently the significance of NOx emissions is growing in comparison to
SO2 emissions: in 1970 the NO* emissions were 18.1 Mtons (equivalent N) and SO2 emissions
57.0 Mtons (equivalent S) where as in 1985 the respective numbers were 23.9 Mtons
(equivalent N) and 66.1 Mtons (equivalent S) (5). The reason for this is that the reductions in
NOx emissions are at the moment much less than reductions in S02 emissions, and traffic, a
major source of NOx releases, is growing at the same time as an increased use of fuels such as
natural gas, which are almost sulphur-free. We have calculated the ratio between NOx and SO2
emissions (3) in past 120 years from data given by Dignon and Hameed (6) and Hameed and
Dignon (5) and from the IS92a scenario (a modified "business as usual") estimation (7).
Atmospheric nitrogen oxides may have twofold effects important to the Earth's climate, as they
are precursors of both ozone and nitric acid: ozone is a greenhouse gas, and nitric acid could
affect CCN activation (2,3).
The HNO3 vapour concentrations are many times greater above polluted areas than in
background areas. Typical HNO3 concentrations range from 0.05 to 0.1 ppbv in marine air,
and to about 1.0 ppbv in continental air (8). In heavily polluted areas nitric acid concentrations
have been found to be much higher (9) even 50 ppbv (10).
NUMERICAL RESULTS
The results shown here were produced using a one-dimensional cloud model (11); see also (4),
and an extensive multicomponent condensation model (2).
Table 1 shows the results of comparison between three different systems. In the first case
water and HC1 vapours were allowed to condense on soluble NaCl aerosols, whereas in the
other two cases water and HNO3 condensed either either on NH4NO3 or NaNOs particles. The
initial conditions were similar in all three cases. The initial bimodal aerosol particle distribution
was lognormal, with mean aerodynamic radii of 30 nm (Aitken mode) and 100 nm
(accumulation mode) and standard deviations of 1.35 (Aitken mode) and 1.6 (accumulation
mode). The initial particle concentrations were 1000 cm"3 (in the Aitken mode) and 100 cm"3
(in the accumulation mode).
The results clearly show that HC1 influences cloud droplet formation in a way comparable to
HNO3. The absolute effect seems to be somewhat weaker with HC1. This can be seen by
comparing the increase in the total activated fraction as a function of the initial acid
concentration in the different systems. The atmospheric concentrations of HC1 are at same or
slightly smaller level than nitric acid concentrations (see e.g. (12)). This indicates that nitric
acid might have a bigger effect on cloud droplet formation compared to hydrochloric acid. One

of our main results is that the increased number concentrations of cloud droplets and their
decreased mean size would change the optical properties of clouds (3).
Table 1. The comparison of HC1 and nitric acid effect on cloud droplet formation.
System

Initial acid
concentration
(ppbv)

NaCl

0.1
1.0
10
0.1
1.0
10
0.1
1.0
10

-H20

- HC1
NH4NO3
-HzO
-HNO3

NaN03
" H2O
-HNO3

Activated fraction Activated fraction Activated fraction
Acc.mode
total
Aitken mode
0.494
0.585
0.750
0.403
0.494
0.750
0.403
0.494
0.750

0.992
0.996
0.998
0.992
0.992
0.998
0.992
0.992
0.998

0.539
0.622
0.773
0.457
0.539
0.773
0.457
0.539
0.773

CONCLUSIONS
Our model calculations suggest that the effects of condensable species on CCN activation
should be considered, and that the emissions of the precursors of these species, such as NOx ,
may have to be taken into account in future climate modelling. The significance of condensable
vapours can be compared to that of sulphate aerosols. The comparative summary of direct and
indirect effects of sulphate particles and condensable vapours on the optical properties of
individual clouds and on cloudiness is given in Table 2 (3).
Table 2. Comparison of the sulphate effect and the nitric acid effect (3)
Sulphate Aerosols
(13)
Increased sulphate
concentrations
<=> enhanced scattering

Effect of HNO3
(2)

Indirect radiative influence

Increased AP and CCN
concentrations => more and
smaller cloud droplets =>
enhanced scattering

Larger fraction of AP activates
to CCN
O more and smaller cloud
droplets
=> enhanced scattering

Cloud lifetime influence

Precipitation decreases
O lifetime increases

Precipitation decreases
^lifetime increases
Cloud droplets appear and
disappear at lower R.H.

Direct radiative influence
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INTRODUCTION
In this paper part of an investigation is described into risks for climate change which are
presently not adequately covered in General Circulation Models. In the concept of climate
change as a result of the enhanced greenhouse effect it is generally assumed that the radiative
forcings from increased concentrations of greenhouse gases (GHG) will result in a propor
tional or quasi-linear global warming. Though correlations of this kind are known from palaeoclimate research, the variability of the climate seems to prevent the direct proof of a causal
relation between recent greenhouse gas concentrations and temperature observations.
In order to resolve the issue the use of General Circulation Models (GCMs), though still
inadequate at present, is indispensable.
Around the world some 10 leading GCMs exist which have been the subject of evaluation and
intercomparison in a number of studies (1-7). Their results are regularly assessed in the EPCC
process (8-10).
A discussion on their performance in simulating present or past climates and the causes of
their weak points (11) shows that the depiction of clouds is a major weakness of GCMs. A
second element which is virtually absent in GCMs are the feedbacks from natural bio
geochemical cycles. These cycles are influenced by man in a number of ways. GCMs have a
limited performance in simulating regional effects on climate. Moreover, albedo instability, in
part due to its interaction with cloudiness, is only roughly represented. Apparently, not all
relevant processes have been included in the GCMs. That situation constitutes a risk, since it
cannot be ruled out that a missing process could cause or trigger a non-linear climate change.
In our study non-linear climate change is connected with those processes which could provide
feedbacks with a risk for non-monotonous or discontinuous behaviour of the climate system,
or which are unpredictable or could cause rapid transitions.
In addition, if global temperatures start to rise, we do not know too well the extent of the
responses we will see. That holds, for instance, for the connected sea level rise that has been
predicted.
METHODOLOGY
In order to collect as many entries as possible with a relevance for the topic of interest the
investigation was directed to all major areas of research with respect to climate and climate
change. The state-of-the-art of the General Circulation Models stands at the base of our inves
tigation. The following areas which either are inadequately covered in GCMs or are outside
the focus of the GCM-based climate research have been selected for a separate screening on
potential non-linear effects:
- global change and biogeochemical cycles
- clouds and aerosols
- ice flow instability
- albedo instability

- ocean circulation patterns
Our results on clouds and aerosols and biogeochemical cycles will be published elsewhere
(12). Clouds are the major uncertainty with respect to future climate and global warming:
clouds could counteract global warming; it should be realized that in doing that a more cloudy
world results.
Present global change processes nearly all tend to contribute to either increased emissions of
C02 or decreases in C02-sinks. They do not seem to provide major increases in the source
strengths of other greenhouse gases. There is a certain risk for loss of stratospheric ozone as a
result of the enhanced greenhouse effect.
In the present paper we will, starting from the body of knowledge which is absorbed within
GCMs, communicate our estimates for non-linearities in climate change resulting from
modified ocean circulation and albedo instability. In addition, we will report on the potential
effect of ice-flow instability on sea level rise.
Full details of this work are to be found in our final report for the National Research Program
me on Global Air Pollution and Climate Change (11).
MODIFIED OCEAN CIRCULATION
The North Atlantic region runs a finite risk for a substantially cooler climate, also in the
absence of any radiative forcing, since such a variability has been a feature of the climate in
North West Europe between 1100 and 1850, the Little Ice Age (13), and, more pronounced,
during the last interglacial (14). The time horizon for such an effect, which may most
probably be attributed to a weaker mode of the Gulf Stream, in the worst case could be less
than a century; the phenomenon could also stay away for a much longer period. The suggesti
on that the probability for a change is increased directly or indirectly by radiative forcing (f.i.
15-20) has to be substantiated by further research.
The effect, when assessed in terms of average temperature, might not be as serious as it has
been manifesting itself in the past, since it could be additive to the supposed global warming.
However, the suggestion from palaeoclimatic data, that during the last interglacial a tempera
ture fall occurred of about 4°C implies the risk of a net cooling in the North Atlantic region.
Even in the "Little Ice Age"-mode of ocean circulation changes in weather patterns are
probable, however, and may require adaption, though a detailed picture cannot be given.
ALBEDO INSTABILITY
The melting process of glaciers in the Greenland ice-sheet has been recently studied in more
detail at the site. From the measurements it was discovered that the melting process locally
generates a marked albedo loss through the formation of melting ponds and canals (21); the
effect has since been confirmed from satellite observations (22). Albedo loss results in a
positive feedback on global warming and significantly enhanced run-off. It has not yet been
possible to estimate the magnitude of the effect.
ICE FLOW INSTABILITY
The major ice mass of the world is packed on the Antarctic Continent where it is still
increasing as a result of annual precipitation. The theory of a total collapse of the Antarctic
ice sheet, causing a sea level rise of many meters, which has been suggested as a major threat
of global warming, does not seem very probable within the foreseeable future. Global
warming will cause an enhanced melting of ice shelves in the ice sheet/ice shelf system
typical for the West Antarctic ice cap. A reduced balancing pressure from the shelves could
enhance ice flow and destabilize the grounding ice sheet. According to model calculations
(23, 24) a sea level rise of about 30 cm + 15 cm within 500 years is expected for 2 x C02.
The process will continue after that period and will be accelerated when global warming
cannot be controlled. This rise is to be added to the expected sea level rise due to processes
which assume an unchanged geometry of the major ice-sheets and ice-shelves, as specified
below (25):

Thermal expansion
Glaciers
Greenland ice sheet
Antarctic ice sheet

Sea level rise in mm/year/°C temperature rise
1.1
0.46

0.21
-0.27

CONCLUSIONS
Natural variability includes an inherent probability for a colder climate in the North Atlantic
region. It is probably associated with a transition into a weaker mode of the Gulf Stream,
which could be triggered by its thermohaline circulation component. Further research should
substantiate this hypothesis.
Melting processes may result in considerable albedo reduction as observed at a site in the
Greenland ice sheet. This phenomenon, which also results in enhanced run-off, is to be
included in the radiation balance.
In a warmer world an enhanced melting of the Antarctic ice sheet/ice shelf system could
contribute significantly to sea level rise on a time scale of centuries.
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CLIMATE CHANGE SCENARIOS IN MEXICO FROM MODELS
RESULTS UNDER THE ASSUMPTION OF A DOUBLING IN THE
ATMOSPHERIC C02
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INTRODUCTION
General circulation models (GCMs) and energy balance models (EBMs) are the best way
to simulate the complex large-scale dynamic and thermodynamic processes in the
atmosphere. These models have been used to estimate the global warming due to an
increase of atmospheric C02 .
Liverman [1] made a study of the regional impact of the global warming over Mexico, in
which she obtained climate change scenarios using the results from five major GCMs on
the grid points over Mexico. Her main conclusion is that the potential evaporation will
increase and moisture availability will decrease, even in those cases where the models
show an increase in precipitation, which means that Mexico will likely be warmer and
drier.
Ohta et al.[2] developed a physical model based, on the conservation of thermal energy
applied to pounded shallow water, to compute the change in the water temperature in
Japan, using the atmospheric warming and the precipitation due to the increase in the
atmospheric C02 computed by the GISS-GCM.
In this work, we will use for Mexico a method similar to the Ohta's one for computing the
change in ground temperature, soil moisture, evaporation, runoff and dryness index in
eleven hydrological zones, using in this case the surface air temperature and precipitation
due to C02 doubling, computed by the GFDLR3 0-GCM and the version of the Adem
thermodynamic climate model (CTM-EBM), which contains the three feedbacks
(cryosphere, clouds and water vapor), and does not include water vapor in the C02
atmospheric spectral band (12-19p), and which is case 8 of model ATM2 , reported by
Garduno and Adem [3],

METHOD
The method consists in applying the conservation thermal energy equation to the surface
continental layer 60 cm thick and the water balance equation 30 cm of critical soil
moisture deficit, using the following observed climate variables: relative humidity,
cloudiness, surface air temperature, surface wind speed and precipitation obtained from
the Atlas del Agua de la Republica Mexicana [4]; short wave radiation on surface with
clear sky from CTM's files and values of dry and wet surface albedoes from Barradas [5],
The large-scale anomalies of the surface air temperature and precipitation due to C02 ,
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Figure 2. Average for 11 hydrological zones in Mexico and for all country (XII zone) of: (A) the annual
precipitation (cm) used as input data; (B) the computed annual evaporation (cm) and (C) the computed
Budyko's dryness index, by current climate (CLIMATE) and 2xC02 (GFDLR30 and CTM models).

computed by GFDLR30 and CTM, are superposed to the corresponding climate variables
and used as forcing in the conservation thermal energy and water balance equations to
generate the annual surface warming and soil moisture, in 106 points distributed over
eleven hydrological zones in Mexico (Fig. 1).
The thermal energy and water balance equations are integrated with a semi-implicit
scheme using a time-step of one month. The atmospheric conditions and the short wave
radiation as well as the surface albedo are prescribed month by month, so that they change
after one time-step. We start the computations with an initial uniform ground temperature
of 25° C and soil moisture deficit of 30 cm in all the integration area. Starting in January,
the integration was carried out for 5 years until the computed average values of ground
temperature and soil moisture, for each of the 12 months of the year, had a difference of
less than 0.0010 C and 0.001 cm with the corresponding values of the previous year. The
parameters of this balance model are adjusted with the running of the actual climate,
comparing the computed annual runoff with the observed one for each hydrological zones.

GulfofMerico

Pacific Ocean

Figure 1. Hydrological zones in Mexico according to Atlas del Agua de la Republica Mexicana [4]

RESULTS
The GFDLR30 and CTM models produce in our balance model an increase of 2.5° C in
annual ground temperature for all the country (over an average temperature of 250 C).
The GFDLR30 shows an increase of 1 cm in soil moisture, whereas the CTM gives a
decrease of 2.5 cm (over an average soil moisture of 15 cm). The above results are not
shown here.

Figure 2 shows for the 11 hydrological zones in Mexico and for all the country the
average of: (A) the annual precipitation (cm) used as input data; (B) the computed annual
evaporation (cm) and (C) the computed Budyko's dryness index, corresponding to the
present climate (CLIMATE) and 2 x C02 (GFDLR30 and MTC models).
Figure 2(A) shows that at present climate the annual rainfall in the south of Mexico is over
100 cm (I, II, III, IV and VII zones) in the center over 10 cm (V and VI zones) and in the
north below 50 cm (VIII to XI zones). The GFDLR30 model shows a rainfall greater than
at present climate in all zones, mainly in the II,
IV and VH. However the CTM model
shows less rainfall than at present in the south and center of the country, and a half in the
north
Figure 2(B) shows that in the present climate the annual evaporation in the southern and
central Mexico is over 50 cm and the northern is below 40 cm. The GFDLR30 produces
in our balance model an evaporation slightly greater than the present climate in all the
zones. However the CTM model produces an evaporation smaller than the present climate
in all the zones, mainly in the northern zones (VIII to XI).
The Budyko's dryness index, in figure 2(C), for the present climate is smaller than 2 in the
southern and central Mexico, between 3 and 4 in the northern continental part and greater
than 6 in the IX zone (Peninsula de Baja California). The GFDLR30 model produces in
our balance model a dryness index slightly smaller than the present climate in all the zones.
The CTM produces a dryness index slightly greater in the southern and central zones,
however in the northern zones this index is larger than the one for the present climate,
mainly in the IX zone.
Annual runoff can be obtained for each hydrological zone subtracting from the annual
precipitation the annual evaporation (values in Fig. 2(A) minus values in Fig. 2(B)). The
result is that the GFDLR30 produces in our balance model an increase in the annual runoff
of 74.2% in all the country and the CTM produces a decrease of 15.8% (over annual
runoff of 22.1 cm), it represents a higher or a lower water availability according to the
model used.

in,

DISCUSSION
Mexico can be divided in two large climate zones according to temperature and
precipitation: the Northern Zone (NZ), which includes the VIII to XI zones, and the
South-Central Zone (SCZ), which includes from the I to the VH zones. In the first one
the climate is warm and arid and in the second the climate is warm and moist.
The conclusions about climate change in the NZ and SCZ will be referred to the change in
the diyness index, which includes the formation of precipitation and potential evaporation,
which is a function of surface ground and air temperature.
The GFDLR30 model produces in our balance model a small reduction in dryness index
(approximately 11.1%) in all the country, whereas the CTM model produces in NZ a
considerable increase (approximately 56.4%). However in the SCZ the increase is only
10%. It means that the GFDLR30 shows a warmer and moister climate for the SCZ and
warmer and less dry for the NZ, whereas the CTM model shows a warmer and drier
climate for the NZ and warmer and less moist for the SCZ.
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INTRODUCTION
Carbon dioxide, which is a very important greenhouse gas, contributes approximately 55 % to the
problem ofglobal warming. Our knowledge to the sources and sinks ofcarbon on a global basis is
very poor. IPCC(1994)(1) suggested that unknown 1.5-2.0 GtC/year may be sunk in terrestrial
ecosystem, in particular, in the Northern Hemisphere. The clear evidence for it has not been
shown yet byIPCC(1994). However, based on the gradient ofCOa, as a function oflatitude, main
CO2 sink can be thought to be in the terrestrial biosphere, in the middle to high latitude of the
Northern Hemisphere. As can be seen from a recent estimation of the carbon fluxes in the
terrestrial biosphere, there is a high degree ofuncertainty in the magnitude (for example Keeling et
al. (2), Dixon et aL (3)). From this view, more investigation ofthe role ofthe temperate forest on the
CO2 balance is inevitable. In this paper, we intend to elucidate the seasonal variation of CO2 flux
between air and biosphere intemperate deciduous forest in Japan.
OUTLINE OF MEASUREMENTS
We started the measurements of the atmospheric concentration of CO2 and meteorological
conditions using a tower(height=27m) in the temperate forest from September, 1993.

Figure 1. Map of the observation site.

Table 1. Observational components and measurement heights.

Observation

Continuous
Measurement

Intensive
Period

Items

Observation Heights

C02(mean value)

27,

18,

8.8,

Insolation

25.5m

Wind Speed(mean)

26,

9.5m

Wind Direction(mean)

26,

9.5m

Temperature(mean)

25.5,

9m

Humidity(mean)

25.5,

9m

C02(fluctuation)

24.5,

11m

lemp(fluctuation)

25,

Humid(fluctuation)

24.5,

Wind(turbulence)

25,

5.8m

10m
11m

10m

The tower was sited in the mountain area at an elevation of 1420m, in the middle part of Japan as
shown in Figure 1. The main species oftrees in the site were deciduous one such as birch (Betula
ermanii, Betula platyphylld) and oa.k(Ouercus mongolicd), and average height of the
trees(canopy height) was about 21m. The measurement components were the mean values of
CO2, insolation, temperature, humidity, wind speed and wind direction as listed in Table 1.
Moreover, in the intensive observation period, fluctuations of CO2 concentration and
temperature, and turbulence of vertical wind were measured by high-response CO2 sensor and
sonic anemometer & thermometer.
ANALYTICAL METHOD OF CO2 FLUX
The fluxes of CO2 were calculated according to the eddy correlation and aerodynamic
methods.
(1) Eddy correlation method
Using the data of CO2 fluctuation (c1) and turbulence of vertical wind (w1) in the intense
observation period, we can estimate the CO2 flux (Fc) directly by the equation, Fc=wV. The merit
of this method is that we need no hypothetical parameter, but the measurement of fluctuations of
CO2 through whole the year is difficult practically.
(2) Aerodynamic method
We can estimate the CO2 flux using the vertical gradient of the CO2 concentration and diffusion
coefficient (K), Fc= Kdc/dz. The value of K is calculated from the mixing length theory,
K=/2 du/dz, where is mixing length (/=2.6m was used in this paper for the value of deciduous
forest in Watanabe et al.(4)), and du/dz is the gradient of mean wind speed. Also, the value of K
can be determined by comparison with the fluxes calculated by eddy correlation method. The merit
11 21081

ofthis method is that the fluxes of CO2 through the whole year can be calculated using the mean
values ofCO2 concentration and wind speed.
RESULTS AND DISCUSSION
Figure 2 shows the seasonal variation of daily average of CO2 measured at the height, 27m from
September,1993 to December, 1994. Though the data are scattered, the concentration of CO2
takes a maximum value (about 367 ppmv) in April and minimum value (about 355 ppmv) in
September. The seasonal variation like this is typical one at the site in the middle latitude of
Northern Hemisphere. The uptake rates ofCO2 are estimated by the aero dynamic method. The
values ofC02flux depend on the activities ofvegetation including photosynthesis, respiration
and the decomposition oforganic matter which relate to the meteorological conditions such as
insolation, temperature and wind speed. Figure 3(a) shows one example of the time variation of
CO2 concentration, CO2 flux and insolation from June 25 to July 1,1994. The gradients of CO2
concentration are calculated using the values of CO2 at 27m and 8.8m. The trees was active in
this season and the temperature in daytime was higher than 20 deg C, so the fluxes of CO2 have
positive values (uptake of CO2 by vegetation) in the morning and afternoon and they have
negative values (release of CO2 to the air) in late afternoon and night. Figure 3(b) is same as
Figure 3(a) except the period from December 22 to December 26,1993. In this period, the
ground was covered with snow (accumulation of snow was more than 50 cm) and almost of the
leaves had fallen. Therefore, the activity of the vegetation is low and the time variation of CO2
concentration and CO2 flux are very small. More detailed analysis of CO2 fluxes and their
relation to meteorological conditions will be reported to examine the model of the CO2 balance
in the temperate deciduous forest. And, the values ofdiffusion coefficient will be discussed using
the results by the eddy correlation method.

Figure 2. Seasonal variation of CO2 concentration at the height, 27m.
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SURFACE FLUXES OF C02, 03 AND H20 MEASURED BY THE EDDY
CORRELATION TECHNIQUE
Mika Aurela and Tuomas Laurila
Finnish Meteorological Institute, Air Quality Department, Helsinki, Finland
INTRODUCTION
Air pollution by ozone has been recognized as a regional problem of the first priority. The
acute effects on plants have been documented across Europe, and experimental evidence for
chronic and subtle effects is growing. To protect crops and trees UN-ECE has defined the
concept of critical levels for ozone (1). The concept is, however, still developing, and new
research findings are needed to improve its scientific basis. O3 and COz are both important
greenhouse gases and their exchange between the biosphere and the atmosphere is therefore a
subject of growing interest. The eddy correlation technique is a new micrometeorological
method to measure fluxes on the ecosystem scale. In this method the high-frequency
fluctuating components of the vertical wind velocity (w) and, for example, the concentration
(c), are measured and correlated to give a direct measurement of the flux Fc =w' c', where the
primes denote deviations from mean values. Perhaps the most difficult requirement in flux
measurements with the eddy correlation technique is the need for fast-response sensors. The
sampling should be done at a frequency no lower than 5 Hz. In addition general
micrometeorological requirements exist regarding statistical stationarity and horizontal
homogeneity. Eddy correlation measurements can be used to study ozone deposition velocities
and the net carbon balance within the related physiological processes of the ecosystem. In this
study the turbulent fluxes of these gases were measured in Finland by this direct method above
a forest for the first time. Fluxes were studied in a boreal Scots pine (Pinus sylvestris) forest in
collaboration with Prof. Kellomaki’s group from Joensuu University which is studying the
carbon balance using various methods at the Mekrijarvi research site (2).

SITE AND MEASUREMENTS
The measurement site is located near the Mekrijarvi research station in eastern Finland not far
from the Russian border (62°52’N, 30°55’E). The terrain is mainly covered by Scots pine
having a height of 6 to 7 metres. An adequate fetch was obtained in wind directions from 160
to 340 degrees. To the north there was a logging area that limited the useful measurement
sector. In the wind sector used the fetch varied from 200 to 400 metres, which is considered
satisfactory. The zero-plane displacement of 4.5 m was estimated directly from the average
tree height, and the roughness parameter of 0.5 m was calculated from measurements.
The eddy correlation measurements were performed at a height of 10 m from an elevatable
platform. The measurement system consisted of an ATI (Applied Technologies Inc., USA)
SWS-211 sonic anemometer, a LI-COR (USA) LI-6262 CO2/H2O analyzer and a GFAS
(Gesellschaft fur Angewandte Systemtechnik, Germany) OS-2 ozone analyzer based on surface

chemiluminescense. In addition, a slow-response ozone UV-absorption monitor was used to
calibrate the OS-2 every half-an-hour. The sonic anemometer was mounted at the end of a
rotatable bar of 2.5 m length that was directed towards the prevailing wind direction. The
mouth of the inlet tubes of the OS-2 and the Licor was attached 0.3 m from the vertical wind
component path of the sonic anemometer, resulting in a small lateral separation of sensors. The
length of the tubes of the OS-2 and the Licor were 0.7 m and 4 m respectively. The resulting
lag in the time series was taken into account in on-line calculation of flux quantities by a
program due to McMillen (3). The drifts and trends not associated with turbulent transport
were removed by using a 200 s running mean, and the coordinate frame was rotated as
described in (3). Wind and temperature data were input digitally from the SWS-211 to a PC
(386). The OS-2 data were digitalized by an A/D converter and combined in the SWS-211
with wind and temperature data. The Licor data were input directly to the PC through a
second serial port. A sampling rate of 10 Hz was used for all instruments except for the Licor,
which had an output rate of 5 Hz. Temperature, humidity, PAR and the net radiation were
measured as additional meteorological data.
RESULTS AND CONCLUSIONS
Time series of some measured micrometeorological variables for a two-day period are shown
in Fig. 1. On the selected days, 3-4 August 1994, the weather was fair, being almost cloudless
on 3 August 1994 but turning partly cloudy from noon on 4 August 1994. A clear diurnal
cycle, which is determined by solar radiation, is seen in the sensible heat and latent heat fluxes.
The ozone concentration has its maximum in the late afternoon due to vigorous turbulent
mixing which brings ozone-rich air down from higher altitudes to the ground. In the evening
turbulence is suppressed, and ozone concentrations decline.
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Fig. 1. Heat flux, latent heat flux and O3 concentration measured at the Mekrijarvi research
site. The zero-level for the heat and latent heat fluxes is marked with a dashed line.

Soil and vegetation can be either sources or sinks for atmospheric constituents. The
decomposition of soil organic matter releases carbon dioxide into the atmosphere, but the
vegetation acts both as a sink (photosynthesis) and a source (respiration). For ozone they
always act as a sink. Ozone and carbon dioxide fluxes for the measurement period are shown in
Fig. 2. Negative fluxes indicate deposition to the forest surface.
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Fig. 2. C02 and 03 fluxes measured at the Mekrijarvi research site. Zero-levels for both fluxes
are marked with dashed lines.
The daytime photosynthesis and nocturnal respiration are both observed in C02 fluxes. The
ozone flux has a clear diurnal cycle having its maximum at noon and vanishing for the duration
of the night. Both fluxes are determined by turbulent mixing and physiological processes.
Figure 2 shows clearly the effect of turbulence. In daytimes the curves are quite well
correlated, while during the nighttime, when C02is emitted from soil, they are anticorrelated.
Combining the ozone concentrations with the measured fluxes produces a quantity, the
deposition velocity Vd (Fig. 3), which is defined as ozone flux divided by ozone concentration.
Although the ozone concentration and the ozone flux both exhibit a diurnal cycle, they are not
proportional by a constant value. Therefore also Vd exhibits a diurnal cycle, which is governed
by the physiological functioning of the leaf stomata. Figure 3 shows ozone deposition velocity
as a function of water vapour pressure deficit, VPD. VPD is defined as the difference between
the vapour pressure inside the leaves and that in the ambient air, and is an important measure
of the drying power of the air. In Fig. 3 a clear diurnal cycle is seen. The circular shape results
from simultaneous cycles of humidity and ozone deposition velocities. It is interesting to
observe that deposition velocities in the forenoon (+) are higher than in similar radiation
situations in the afternoon ( o ). This is probably due to humidity changes. In the forenoon the
humidity is higher and plants keep their stomata wider open. In the afternoon, when the air
gets drier, plants try to save water and partly close their stomata, resulting in a deposition
decrease. This should be taken into account when evaluating possible critical levels from

monitored ozone concentrations. The same concentration in the same radiation conditions can
cause different doses depending on the humidity conditions.

03 deposition 3-5 August 1994
Q. 20
16.00-20.00
10.00-16.00

6.00-10.00
20.00-6.00

Ogdeposition velocity (m s')
Fig. 3. O3 deposition velocity and water vapour pressure deficit. Marks represents half-hourly
averages during the period from 3 August 00.40 to 5 August 9.40 (Local time).

The eddy correlation method and the measurement system used has proved to give reliable
results for studying the ozone deposition to the forest or the net carbon balance and related
physiological processes of the ecosystem.
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DENITRIFICATION AND ITS RELATIONSHIP WITH COz PRODUCTION IN SOIL
Tamara V. Balayan
North-Western Research Institute of Agriculture “Belegorka”, 188231 St.-Petersburg Region,
Russia

INTRODUCTION
Denitrification losses are widely varied and can total 0-70 % on N in fertilized soils and no
more than 10 % of N in unfertilized soils (Rheinbaben, 1990).
Under the field conditions activity of denitrification is determined as a result of interactions of
different factors; for example simultaneous effects of soil organic matter and mineral nitrogen
fertilizers.
The main aims of our investigation were
(I)
to determine relationships between level of nitrates in soil, soil respiration (C02production) and denitrification rate (production of N-N20);
(EE)
to determine ways of decreasing of N-N20 as unproductive losses of nitrogen on
the one hand and air pollutant on the other hand.
(HI) to define relationships between yield and carbon and nitrogen nutrition of plants.
MATERIALS AND METHODS
Investigations were carried out during 1988-1991. Objectives of investigations were sodpodsolic soils differenced in humus content (1.5; 2.5; 3.5 %). Agrochemical properties of soils
were: pH - 5.8-6.0; labile forms of P - 19.0-25.0 mg P205/100g, labile forms of K - 9.7-13.0
mg K2O/100 g.
In spring 1988 mineral nitrogen fertilizer (NH4NO3), manure, peat and green fertilizer (Lupinus
perennis) were input in soil in pots without bottom. The quantities of organic fertilizers were
equivalent to the quantity of mineral nitrogen fertilizer - 13 g N/pot.
Potential C02-productibn in soil and potential denitrification activity were determined by gas
chromatography, nitrates in soil - by NO3 - sensor electrode.
RESULTS AND DISCUSSION
At first year of experiment potential denitrification in all soils was maximum - 14 mg NN20/kg. Denitrification losses of N in soil with manure totaled 13.2 mg N-N20/kg. At the
second year nitrogen losses were equal both in soil with manure and in soil with green fertilizer
- 9.0 mg N-N20/kg (20 % more than in control). Soil with peat was not characterized by .
significantly increase of N-losses in compare with other soils during all years of experiment. At
the 1st year denitrification losses in soil with mineral nitrogen fertilizer were less than in soil

with green fertilizer. But at the 2nd year denitrification activity in variant with N-mineral was
the highest among other variants with organic fertilizers because of the annual input.
It is obvious that N-N03 level in soil was the main factor affecting denitrification losses. On
the base of data obtained we attempted to include in prediction model few variables
characterized soil organic matter. Method of stepwise regression was used. The most closed
link was founded between denitrification and N- N03 level and level of soil respiration at the
beginning of crop season.
Y = 0.19+ 3.70 In X +0.06 X,

r = 0.50

n=120

(1)

Y - potential denitrification, mg N-NzO/kg,
X - level of nitrates in soil at the beginning of crop season, mg N-NOa/kg,
Xi - potential respiration at the beginning of crop season, mg C-C02/kg soil.
This model suggested that if level of nitrates in soil was more than 20 mg N-NOa/kg
denitrification was more depended on biological activity of soil reflecting availability of organic
matter (carbon). Graphic interpretation of relationship gives an opportunity to see the places
(areas) of potential denitrification respected to soils with different fertilizers inputs (Figure 1).
In general potential denitrification losses in our experiment were about 38-44-kg N/ha,
maximum - 69 kg N/ha during crop season.
Preliminary analysis of data was demonstrated that expected model yield must includ
parameters characterized carbon nutrition of plants as well as of nitrogen nutrition. The most
adequate model was estimated by stepwise regression:
Y = exp (1.17+ 0.33 In X +0.01 X,)
where

r = 0.67

n=120

(2)

Y - yield of grain (g/pot)
X - level of nitrates in soil at the beginning of crop season (mg N-NOa/kg),
Xi - soil respiration (potential production of COz) at the beginning of crop
season (mg C-CO2 /kg day).

This equation suggested that the main factor determined yield was level of available nitrogen in
soil. The second factor - available carbon (microbial C02-production) increased yield only
when level of the first factor was high essentially (approximately 60 mg N-NOa/kg). This
tendency is similar to the tendency of denitrification losses. Therefore, level of potential CO2production was favorable for yield under limits studied (10-100 mg C-C02/kg day). Level of
nitrates in soil (more than 60 mg N-NOa/kg) was not expedient for plants.
CONCLUSIONS
1. Potential denitrification losses in soil were varied from 38 to 44 kg N/ha during crop season
but totaled 60 kg N/ha during month after inputs of mineral and organic fertilizers.
2. The high level of nitrates in soil (> 60 mg N-NOa/kg) increased denitrification losses - air
pollutants. In general, if level of nitrates was about 20-60 mg N-NOa/kg, level of
denitrification was about 15-20 mg N-N20/kg.
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Figure 1. Influence of nitrates and potential C02-production on
denitrification losses.

3. If level of nitrates in soil was more than 20 mg N-N03/kg denitrification rate was more
depended on biological activity of soil reflecting availability of soil organic C.
4. Level of potential C03-production was favorable for yield under the limits studied (10-100
mg C-COz/kg day). Level of nitrates in soil more than 60 mg N/NO3 was not expedient for
plants.
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SCAVENGING OF PARTICULATE ELEMENTAL CARBON INTO
STRATUS CLOUD

Naoki KANEYASU and Takahisa MAEDA
National Institute for Resources and Environment, Tsukuba, Japan

INTRODUCTION
The role ofatmospheric aerosols on the alternation of cloud radiative properties has widely been
recognized since Twomey et al. (1977)° have numerically demonstrated the effect of increased
cloud condensation nuclei (CCN). At the same time, cloud processes are one of the most
important factor in controlling the residence time of atmospheric aerosols through the wet
removal process. The redistribution of the size and the composition ofpre-cloud aerosols is also
the important role ofcloud process on the nature ofatmospheric aerosols. In order to study these
cloud-aerosol interaction phenomena, the incorporation ofaerosols into cloud droplets is the first
mechanism to be investigated. Among the several mechanisms for the incorporation ofaerosols
into cloud droplets, nucleation scavenging, which is the growth of activated hygroscopic
particles by condensing supersaturated water vapor, is the potentially important process in the
view of cloud-aerosol interactions. This critical supersaturation for a given radius of a particle
can be theoretically calculated only for pure species, e.g., NaCl. However, a significant portion
of the atmospheric aerosols is in the form of internal mixture of multiple components, such as
804% NOs", NH4+ and particulate elemental carbon. The knowledge acquired by field
measurements is therefore essential on this subject. The observational studies on the cloudaerosol interaction, however, have mostly been concentrated on the aqueous chemistry in cloud
droplets, especially on cloud acidification. The present study focuses onthe scavenging ofmajor
components of urban atmospheric aerosols, in particular the incorporation of particulate
elemental carbon into stratus cloud. Particulate elemental carbon is the strongest light absorbing
species in visible region, and has potential to change the optical property of cloud (Chylek et al.,
19842)). On the basis of the measurements conducted at a mountain located in the suburb of
Tokyo Metropolitan area, Japan, some insights on the scavenging ofparticulate elemental carbon
into cloud droplet will be presented.
EXPERIMENTAL
The measurements have been conducted at the sites located near the top (elevation 800 m) and at
the middle (elevation 300 m) of Mt. Tsukuba. Mt. Tsukuba is an isolated mountain located in the
northern part of Kanto plane; it lies 50 km northeast of Tokyo metropolitan area, surrounded by
rice paddy field. Size distributions of atmospheric aerosols in Mie region were measured with
optical particle counters at the top and the middle sites. At the top site, condensation nuclei
counter equipped with diffusion-battery type size separator was also operated to measure the size
distribution of aerosols in Aitken region. At both sites, filter samplers were operated to collect
atmospheric aerosols for the analysis of major ion components (Teflon filter) and elemental
carbon (Quartz fiber filter). Aerosols collected at the top site were pre-separated by cyclone
separator to remove particles greater than 2 pm in aerodynamic diameter which are regarded as

cloud droplets during cloud events. Accordingly, the collected aerosols then are regarded as
cloud interstitial aerosols. Bulk cloudwater samples were collected at the top site during cloud
events by a screen sampler through which air is passed by means ofa ventilator at a rate of 15 m3 of
air per min. In addition, size fractionated cloud droplets were collected by using three-stage
cloud droplet impactor (1st stage: D>20 pm; 2nd stage; 20>D>10 pm; 3rd stage: 10>D>2 pm).
Sampled cloud water was filtrated immediately with nitrocellulose filter (pore size 0.45 pm) to
remove insoluble suspended particles, such as elemental carbon. Elemental carbon component in
aerosols collected on the quartz fiber filter was analyzed by thermal differentiation method (Ohta
and Okita, 19823)). Filtrated elemental carbon from cloudwater samples was analyzed as follows.
Cellulose nitrate filters retaining insoluble particles were dissolved with H2O2 and KOH and then
the solution was again filtrated by silver membrane filter (0.45 pm pore size). Elemental carbon
on the silver membrane filter was analyzed in the same manner as that on quartz fiber filter. Ion
components (SO42", NOs", Cl", Na+ and NH/) of cloud water and the extracts of filter samples
were analyzed by ion chromatography.
RESULTS AND DISCUSSION
1. Scavenging coefficientfor SOS', NO3'and elemental carbon in atmospheric aerosols
Fig.l shows the concentrations of S042", NOs and elemental carbon in atmospheric aerosols
(diameter less than 2 pm) collected at the top ofMt. Tsukuba from 23 to 24 June 1992. During
the period, the top site experienced a cloud event accompanied by the approach and passage of
warm front. For the aerosols collected from 18:00 on 23 to 14:00 on 24 when the site was in the
cloud, we can regard them as cloud interstitial aerosols.
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Fig. 1 Temporal variations of the concentrations of SO*2-, NOs and elemental
carbon in atmospheric aerosols (diameter less than 2 pm) collected at the top site
of Mt. Tsukuba (800 m) during a cloud event (23-24 June 1992).
It can be seen from the figure that 0.1- 0.25 pgC m"3 of elemental carbon exist interstitially in the
cloud, which was almost the same concentration of SO42 andNOs".
Scavenging coefficient for each aerosol component is defined as,
scavenging coefficient = Ccioud phase / Cbciowcloud

where Ccioud phase is the concentration ofa chemical component in cloudwater in unit volume ofthe
air, Cbeiowcioud is the concentration of below cloud aerosols. However, there are some problems in
measuring Ccioud phase. One is the difficulty in collecting the cloud droplets of the entire size
spectrum and in estimating the liquid water content of cloud using the theoretical collection
efficiency of droplets by the screen sampler. The other is the additional formation of SO42" in the
cloud droplets through the absorption of SO2 and subsequent aqueous-phase chemical reactions,
or the addition ofNOs" by the absorption of HNO3. For this reason we calculated the scavenging
coefficient as,
scavenging coefficient = 1 - Cinteisitial/ Cbeiowcioud
where CmtcisMai is the concentration of each component in cloud interstitial aerosols. As shown in
Fig.2, scavenging coefficients ofSO42" range from 0.6 to 0.98, which is in good agreement with the
results of Hegg et al. (1984)''. Regardless of its hydrophobic nature, the behavior of the
elemental carbon is similar to that of SO42", suggesting that the incorporation of elemental carbon
into cloud droplets is due to the internal mixing with SO42" containing particles. The decrease in
the scavenging coefficient of NOs" in the dissipation stage of the cloud might the effect of
decrease in supersaturation.
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Fig.2 Temporal variations of the scavenging coefficients for SO42", NOs' and
elemental carbon into frontal stratus based on the measurement at Mt. Tsukuba
(23-24 June, 199).
2. Concentration ofSOS', NO3'and elemental carbon in bulk cloudwater samples
Fig. 3 shows the temporal variations ofthe concentrations of SO42", NOs" and elemental carbon in
bulk cloudwater samples. The marked feature seen in the figure is that the rate of decrease in the
concentration of elemental carbon is much larger than those of SO42" and NOs". One possible
explanation for this is that the cloud droplets which contained elemental carbon were
concentrated near the cloud base, because the top site first entered into the cloud base and then it
shifted to the upper layer of the cloud according as the warm frontal stratus passed through. If
this was the case, elemental carbon containing particles that acted as cloud condensation nuclei
were relatively large, i.e., enough to be activated in relatively low supersaturation condition near
the cloud base.
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Fig. 3 Concentrations of SO42", NOs" (upper) and elemental carbon (lower) in
bulk cloudwater sampled at the top of Mt. Tsukuba during a cloud event (23-24
June 1992).

SUMMARY
1) Temporal variations ofthe scavenging coefficients suggest that the incorporation ofparticulate
elemental carbon into stratus cloud occurred by the internal mixing with particles containing
S042;

2) Decrease rate of elemental carbon concentration in the bulk cloudwater samples indicated that
the cloud droplets that contained elemental carbon were locally concentrated near the cloud base.
3) The above result further suggests that the particles that contained elemental carbon and acted
as CCN were relatively large enough to be activated in the low supersaturation near the cloud
base.
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THE INFLUENCE OF CLIMATE CHANGES ON CARBON CYCLE
IN THE RUSSIAN FORESTS. DATA INVENTORY AND LONGSCALE MODEL PROGNOSES.

Alexey 0. Kokorin1, Igor M. Nazarov1 and Alexander L. Lelakin1
1 Inst. Global Climate and Ecology. U.S. Country Study Program. Moscow, 107258 Russia

INTRODUCTION
The growing up climate changes arise the question about reaction of forests. Forests cover 770
Mha in Russia and are giant carbon reservoir. Climate changes cause disbalance in carbon
budget that give us additional C02 exchange between forests and the atmosphere. The aim of
our work is estimation of these fluxes. This problem is directly connected with an GHG
inventory, vulnerability and mitigation assessment, which are necessary for future Russian
Reports to UN FCCC. The work includes the following steps:
• Collection of literature data as well as processing of our experimental data on influence of
climate changes on forests.
• Calculation of carbon budget as base for calculations of C02 fluxes.
• Developing of new version of CCBF (Carbon and Climate in Boreal Forests) model.
• Model estimations of current and future C02 fluxes caused by climate changes, forest
cuttings, fires and reforestation.
The analysis of WMO data on warming in 1882-1992 in Russia (1) allows to indicate
several specific features.
• Increase in the summer temperatures (the main part of vegetation period in the boreal zone)
is weaker than in winter temperatures.
• The main part of changes is connected with the period after 1960. It means that ecosystems
are not close with equilibrium state. According to our draft estimations, without any future
climate changes they will go to new stable state in during 100 years.
• Summer warming is strongly variable among regions of Russia. The largest warming was
in Baikal region (126 Mha of forests, 1.5°C/100yrs.) and North-East Siberia (76 Mha,
0.8°C). The smallest one was in European part of country (163Mha, 0.38°C) and in Amur
region (82Mha, 0.17°C). Usage of mean Russia or Hemisphere warming (0.55 and 0.34°C)
gives us over- or underestimation, which can be up to 4 times in some regions.
CLIMATE FACTORS INFLUENCED ON FOREST ECOSYSTEMS
We considered four factors.
• Influence of warming and increase in duration of vegetation period on trees growth.
• Fertilisation by atmospheric C02
• Reaction on changes in amount of precipitation.
• Increase of organic matter decomposition caused by warming (including increase in
duration of positive °C period).
The special experimental study of warming in North and Middle Taiga forests of Baikal
region was carried out (2) We measured radial growth of about 150 middle-age and mature

/

trees (pine, Pirns sibirica, and fir, Abies) on 7 areas. The average growth of the same trees in
cold and warm years were calculated and compared. The growth rate increase of pine in
Middle and North Taiga was 0.25-0.30mm/(yr-°C) or about 15%/°C. The dispersion of
averaged values was from 15 to 30%. The dependence for fir was practically the same (in
percents). Dependence from rains was a little (decrease of growth in the most rain summer).
Also we used the another way for estimations. It based on data on fluxes of photosyntetically
active radiation (PAR). We calculated the changes in PAR caused by increase in vegetation
period and by changes in amount of clouds. The IPCC scenarios and primary Russian data on
PAR and clouds were used. It was obtained that 1°C warming is connected with 15% increase
in PAR in North Taiga, 12 and 6% increases in Middle and South Taiga zone (2).
In additional we collected data on different parameters used in models (2,3,4), including data
on C02 fertilization and changes in precipitation (see summary data in Table 1). Changes of
decomposition rates are calculated taking in to account both factors: warming and
prolongation of vegetation period. The last factor increases the parameters by about 1.5 times.
Table 1. Data on influence of the climate conditions on Russian forests
Natural zone

Forest-tundra
North Taiga
Middle Taiga
South Taiga
Mixed North
Mixed South
Deciduous
Forest-steppe

Increase in wood growing rate (in percents)
warming increase in
increase in C02
1°C
precipitation concentration by
by 6%
10%
1.25
-0.7
15
-0.7
1.25
15
-0.3
1.25
12
-2.6
0.95
3
1.0
■1.0
8
2.8
1.25
3
4.4
1.5
3.6
5.3
0.75
-1.0

Increase in
decomposition rate
in 1°C warming
(in percents)
15
13.5
13.5
12
10.5
10.5
9
7.5

CARBON BUDGET AS BASE FOR THE FOLLOWING CALCULATIONS.
We collected and analysed about 100 works (2,4,5) and completed full inventory of carbon in
all types of Russian forests (see Table 2). The living wood and roots (WR and separately old
trees in young forests- OW), green biomass (GB), litter (LI), died-off standing trees (DW),
labile and stable humus forms (HL and HS) are considered separately.
We have not here enough place for discussion and presentation of data on rates of processes.
It is necessary to notice only, that climate conditions cause the difference of rates. Difference
between North Taiga and, for example, Deciduous forests, is 12 times for rate of litter
decomposition, 7 times for rate of break of dry trees, 5 times for decomposition of labile
humus forms (in all cases increase from North to South).
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Table 2. Total carbon budget in forest ecosystems of Russia, Gt C.

Forests managed by Federal
Forestry Service (FFS)
Forest-tundra
North Taiga
Middle Taiga
South Taiga
Mixed North
Mixed South
Deciduous
Forest-steppe, steppe
non-FFS managed forests
Russian forests as a whole

Phyto
mass
WR+GB+
OW

Mort
mass
LI+DW

Labile
humus

2.3
2.0
12.1
7.5
1.36
1.21
2.11
2.16
2.5
33.2

3.0
1.6
7.2
2.7
0.16
0.16
0.17
0.21
1.3
16.5

5.9
4.6
28.8
14.6
1.97
1.30
1.95
2.17
5
66

Total carbon
influenced
by climate
factors

11.2
8.2
48.1
24.8
3.49
2.88
4.23 .
4.52
8.8
116

Stable
humus

11.8
9.6
57.6
29.2
4.00
2.60
3.90
4.30
10
133

MODEL
The calculations were carried out by new version of CCBF model (Climate and Carbon in
Boreal Forests). The preliminary version was described and published in Russian (4) and
reported in English. Scheme of calculation for every ecoregion is presented on Fig.l (total
number of ecoregions is 55). Initial values of variables were based on equilibrium
preindustrial carbon balance. We considered only the lands covered by forests now.
Practically all these lands also were forests 120 years ago. Current carbon budget and
influence of climate conditions are described by values obtained above, see Tables 1 and 2.
Fig. 1. Scheme of model calculations for every
ecoregion

ing-off

hum ification

fires

em ission

(decomposition

The new key features of the model
calculations were the following:
• All carbon reservoirs and transfers
influenced by climate factors are
considered.
• Primary data on climate changes in
1892-1992 for 6 WMO regions
covered Russia were used.
• Age distribution of forests are
considered for all types of forests.
Forest review data obtained in
1988 and 1993 were used.
• The processing of forest fires,
cuttings and reforestation were
calculated directly on the base of
primary data.

RESULTS
The calculated total C02 fluxes show (Fig. 2) that Russian forests are significant C02 net-sink
from the atmosphere now, 120-150 MtC/yr. The accuracy of our estimations is about 20-30%
(up to 50% in Central and N-E Siberia). The reasons of C02 net-sink are the influence of
climate changes and previous cuttings and fires (shifting of age-distribution to young classes).
It is important to notice that we are considering only the lands covered by forests now. It
means that we are carrying out full estimation of the current fluxes, but non full estimation of
past. The past land-use changes were not taken into account. We have data , but their precise
is very low.
Figure 2. Estimation of C02 net-sink in Russian forests (the lands covered by forests in
1990 were considered only), caused by climate changes, cuttings, fires and reforestation.
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The net-sink of C02 has tendency to increase in future, up to 180-220 MtC/yr. by 2010. We
used the following climate scenario: increase in C02 concentration up to 400ppm by 2020;
warming everywhere is equal to average for Russia 0.55°C/100yrs.; changes in precipitations
are absent; cuttings, fires and reforestation are constant and equal to average values in 19901992. It is important to notice that choice of climate scenario gives us less uncertainty than
choice of parameters characterised the reaction of forests. The calculated inputs of warming
and C02 fertilisation are variable in different climate regions, but as a whole these inputs are
close. It means that it is necessary to intensify the investigations of C02 fertilisation of
coniferous taiga species, that is known very approximately.
REFERENCES
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AN ESTIMATION OF THE CR, FLUXES FROM RICE FIELDS IN
TAIWAN AREA
Kung-Tu Kuo, Shih-Chong Lu, Long-Nan Chang, Pay-Liam Lin, Che-Ming Chang
Center for Environmental Studies, National Central University Taiwan R.O.C
1. Introduction
Methane (CH4) is one of the important trace gas in the atmosphere. The major sources of
methane in atmosphere come from a wide variety of natural and anthropogenic process. Rice
paddy fields are considered as an important source for the increase of methane abundance in
the atmosphere.
The whole world's methane fluxes which generated from natural sources (including rice
field) are about 40% (Mattews and Fung 1987, Cicerone Oremland. 1988). More and more
research indicates that methane fluxes are increasing about 1% in air every year(Fraser et. al.
1981; Blake and Rowland 1988).
The following report indicates the differences of methane flux between northern and
southern Taiwan.
2. Sampling and Analysis
2.1 Sampling method
Adopt the sampling method developed by Dr. Minami.
2.2 Analysis
Analyzed by Gas Chromatoghapher.
3. Result and Discussion
3.1 Relationship between methane flux with sampling time
From the measuring data in Tao-Yuan, one can see that there was a straight forward
relation between CH4 concentration with sampling time.
r'
3.2 Relationship between rice crop height and methane flux
The flux of methane increased with growing of rice, but decreased with the .growth of
when it reached to some height which had a maximum flux of methane, because of draining
water.
3.3 Relationship between organic value of soil and CH4 flux
According to the organic content of the analyzed soil of both sites, the amount of organic
value at Tao-Yuan was much higher than Chia-Yi. The soil of the paddy in Tao-Yuan and
Chia-Yi contained 2.59-3.32%. And the release of CH4 at Tao-Yuan was more than Chia-Yi.

3.4 Daily variance of the flux of methane and daily average value
The generation of CH4 affecting by change of temperature varied with time in a day.
According to China environment academic's report for the measurement of the CH4 flux of
later period at Pei-Jin area everyday had two high point. It's AM 6:00-8:00 and PM 18:0020:00. In Taiwan the flux of CH4 was shown a maximum at PM 14:00-16:00. So the sampling
time for this research is in PM 14:00-16:00 period (see Fig. 5).
3.5 Season change of the flux of CH4
The generation of CH4 effecting by change of temperature varied with season. According
to K. Yagi and K. Minami's report for research of CH4 flux of rice, there were three peaks on
June, July and August. The maximum flux appeared on July.
The flux of CH4 was changed by temperature with season. The growth of rice on the first
period was begun from April to June at Tao-Yuan, January to March at Chia-Yi, and the
second period was begun from August to October at Tao-Yuan, August to September at ChiaYi. The maximum fluxes of CH4 were appeared on mid of the period on 35-45 cm rice height,
and they appeared later at Tao-Yuan than at Chia-Yi for two periods.
3.6 Relationship between CH4 flux and depth of water
Because rice field was immersed in water for long time, it stopped up contact action
between air and soil. It made the soil live in the anaerobic, it would be helpful for the
generation of CH4. The flux of CH4 increased by depth of water being risen and it decreased
sharply by draining of water (see Fig. 3).
3.7 Relationship between flux of CH4 and temperature
Productive quantity of CH4 change with season and it will increase with high temperature
because of increasing activity of methane germ. Productive quantity of CH4 is large in high
temperature, but there is not a simple correlation because it as effected by other factors.
4. Conclusion
There is a maximum flux of CH4 during 15-20 days after transplanting in second period.
The maximum fluxes of CH4 were 200 mg/m^/hr. and 51 mg/m^/hr. at Tao-Yuan and Chia-Yi
respectively for second period of 1993, but 47 mg/m^/hr 4.1 mg/m^/hr respectively for first
period of 1994.
Reference
1. Mattew E. and I. Fung 1987. Methane emission from nature wetlands: Global distribution,
area and environmental characteristics of sources, Global Biogeochem. cycle 1, 61-86.
2. Blake DR and FS Rowland 1988. Continuing worldwide increase in tropospheric methane,
1978 to 1987, Science 239: 1129-1131.
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emission from some Japanese paddy field, Soil Sci. Plant Nutr. 36(4): 599-610.
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EMISSION OF CARBON - A MOST IMPORTANT COMPONENT FOR
GREENHOUSE EFFECT IN THE ATMOSPHERE

Vitaly B. Milyaev, Ilia Z. Kopp and Alexei N. Yasenski
Scientific Research Institute of Atmospheric Air Protection SRI Atmosphere, St. Petersburg, Russia

INTRODUCTION
Greenhouse effect is most often defined as the probabilities of atmospheric air
quasiequilibrium temperature increase as a result of air pollution due to emission of
anthropogenic gaseous substances which are usually called "greenhouse gases". Among
greenhouse gases are primarely considered several gaseous substances which contain
carbon atoms: carbon oxide, carbon dioxide and methane (CO, C02 and CH4), and
chlorinated and fluoiinated hydrocarbons (freons) spectra of which are transparant to solar
radiation, but absorb and rerediate longwave radiation causing disturbance of quasistationary
thermal regieme of the atmosphere [2], Qualitative estimates of the income and relative roles
of different substances in occurrence of greenhouse effect differ considerable [3],
At the modem state of knowledge the problem of greenhouse effect and greenhouse gases is
considered in several aspects. The most widespread and investigated is climatic or
meteorological aspect, it is discussed in a number of international works [1], Rather pressing
is thermal physics aspect of the problem of estimating greenhouse effect, which consists in
correct construction of a calculation model and usage of the most representative
experimental data, since analytical methods require many assumptions, introduction of which
may lead to results which differ very much [1],
Bearing these uncertainties in mind the UNEPAVMO/ICSU conference has included into the
number of the most urgent tasks in the study of greenhouse effect, the problem of
determining the priority of factors which cause greenhouse effect [1], which in its turn
predetermines the necessity to substantiate the methods of selection and criterion of
comparative evaluation of such factors.
EMISSION OF CARBON CONTAINING GASES IN ATMOSPHERE

According to the modem views on the role of the anthropogenic component in the global
carbon cycle, the principal sources of CO and C02 entering the atmosphere are consumption
of organic fuel in different branches of economy in smaller degree in metallurgical production
and production of construction materials. The main sources of ammonia entering the
atmosphere are chemical and petrochemical industries, agriculture (cattle breeding and
cultivation of rice), metallurgy and machine building. The sources of the major part of carbon
containing fluorine and chlorine compounds entering the atmosphere are metallurgy, chemical
and petrochemical industries. To illustrate this Table 1 is given containing brief data on
atmospheric emissions of certain substances for the principal branches of industry (with no
account for transport) over European Territory of Russia in 1991 (income of the substances
into atmosphere in thous t per year).

From Table 1 it follows that the sources of 90% of greenhouse gases entering the
atmosphere are only several branches, contribution of each of them being very different.
Table 1
Industry
Metallurgy
Fuel production
Thermal power
Chemical industries
Materials industry
Machine building
Agriculture
Total for 7 branches
Total for European
Territory of Russia

CO
3235
1590
331
320
387
283
212
6358

CnHm
2.7
2962
6.5
415
7.0
9.5
6.1
3409

VOC
16.1
758
2.5
652
3.3
67.3
13.6
1513

6961

3460

1741

3705
4618

Chlorine
1.37
>0.1
>0.1
0.17
0.05
0.01
>0.1
1.62

Fluorine
13.4
0.02
0.02
1.56
0.2
0.04
0.01
15.2

4923

1.83

15.9

CH4
200
618
95
—
—
—

On the basis of available data on the dynamics of the income of carbon-containing greenhouse
gases into the atmosphere [3], which allow by means of all available methods and with
sufficient extent of reliability to determine specific -q and aggregate -Q indecies of the income
of greenhouse gases in the atmosphere within the given time interval - t and for every i-th
branch.
BEHAVIOUR OF GREENHOUSE GASES IN THE ATMOSPHERE

The modern level of knowledge on the area of chemical transformations of organic compounds
in the atmosphere [5,6] allows to obtain model qualitative views on their behaviour and
obtain in the fierst approximation quantitative estimates of balance ratios of budget of these
substances in the atmosphere for calculations of diffusion and transboundary transport. As the
main parameter for mathematical modelling serves coefficient of dry absorption - "the
duration of stay of the substance in "dry" atmosphere in an unchanged state" - Kc -the period
from the moment when the substance entered the "dry" atmosphere from the source - T; to the
moment when this substance is removed (or transformed) - Tr

Kc = Tf-Tj
It is obvious, that every substance has its own value of Kc. From data in [6] it follows, that
for the majority of carbon compounds under consideration (excluding in Table 2) dry
absorption rate - speed of motion of carbon-containing molecules to the underlying surface W, is approximately 0.5 cm/sec., and the value of dry absorption coefficient Kc is determined
by the equation Kc = WZH, where H - average height of pollutant diffusion.
For most widely spread types of sources Kc = (5E - 6) 1/C. Very important role in removing
substances from the atmosphere belongs to precipitation. Because of the variety of conditions
in which precipitation are affecting different compounds and thikness of cloudness, account of
this effect is based on empiric coefficients a and b.
Kw = Kc*f(a + b*j),

where j - intensity of cloudness, Values of coefficient b is within the range 0.5 - 1.0, and that
of a is (4.8E - 3) 1/min. Average period of stay of a substance in the atmosphere may be
described by the integral
T„=yP(T)dT

We'd like to emphassize that value of T„ is valid only for specific conditions of determination
of Tr, T; and p(T). Material balance of x-th substance in the given system "the region of the
atmosphere" is determined by the equation
dMx / dT = mx - nx,
where: Mx - initial content of x-th substance in the system; mx - rate of income of x-th
substance into the system; nx - rate of sink (removal) of x-th substance from the system.
Behaviour of the most part of greenhouse gases which enter the lower layers of the
atmosphere from any anthropogenic sources is go-vemed by the law of diffusion of "trace
permanent gases"; following the general atmospheric circulation, considerable part of them
diffuse uniformly and concentrations beyond the boundaries of the plumes of emission sources
are almost equal for all the regions. The most sound practical evidence of this fact are
surface, air and space measurements of carbon dioxide concentrations in the sites located at
quite large distances from industrially developed regions. Proceeding from this, one should
estimate the income of greenhouse gases into the atmosphere at a global scale.
Calculation of the world income of C02, as in the above example for Russia, allows to
estimate global anthropogenic income of C02 into the atmosphere due to application of
organic fuel in the begining of the 90th within the range of Q C02 - 22-25 billion t per year,
from 20 to 30% of it is due to thermal power production.
Estimated values of the global income of other greenhouse gases into the atmosphere based
on the data from other sources differ considerably. This is caused by different approaches to
methodological basis of accounting for their formation in different technological processes of
production and agriculture, to description of the mechanism of physico-chemical and
photochemical processes of removing these gases from the atmosphere in different periods of
their entering into the atmosphere. Especially controversery are data obtained by dyfferent
investigators on determination of processes and mechanisms of removal and "sink" of
greenhouse gases from the atmosphere. In some works absorption of carbon oxide and
dioxide by water surface is considered as the main mechanism of their sink from the
atmosphere, while in other works some other processes are considered to be prevailing.
COMPARATIVE EVALUATION OF THE ROLE OF INDIVIDUAL SUBSTANCES
IN GREENHOUSE EFFECT.
Measurements and calculation of changes of concentrations of greenhouse gases in the
atmosphere are the main initial parameter for estimates of the influence of greenhouse gases on
the changes in interactions of the atmosphere and radiation flows. Table 2 contains such
general estimates based on work [1],

/ ysr

Table 2.

Gas
C02
CH4
N20
CFC13 (F-ll)
CF2C12 (F-12)
CHC1F2 (F-22)
CH3CC13
CF3C1 (F-13)
CF4 (F-14)

Estimated time of stay
in the atmosphere,
years
7
10
170
80
170
20
8
400
500

Content

in the
1/billion

atmosphere,

near 1900
275000
700
280

in 1980
339000
1550
300
0.17
0.28
0.0
0.14
0.007
0.07

estimated for 2030
450000
1850-3300
350-450
0.5-2.0
0.9-3.5
0.4-1.9
0.7-3.7
0.04-0.1
0.2-0.3

-

-

On the basis of these data estimates of the role of individual gases in greenhous effect amount
from different models and sources: C02 - 45-75% (60% in average basing on thermal
physics model); CH4 - 12 - 25% (15% in average); CO - 1 - 10% (5% in average);
fluorinated and chlorinated hydrocarbons 5 - 15% (10% in average).
CONCLUSION

1. Results of calculated income of carbon containing gaseous substances into the atmosphere
from antropogenic sources depend considerably on the choice of the model for calculations and
the system of criteria. Descrepancies amount to tens of per cent.
2. Detailed study of the mechanism of interaction of carbon - containing compounds with
radiation in the real atmosphere is the main direction for obtaining more substantiated data
on their role in manifestation of greenhouse effect.
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GREENHOUSE IMPACT OF CH4, N20 AND CFC EMISSIONS IN
FINLAND AND ITS CONTROL POTENTIAL

Riitta Pipatti, Hkka Savolainen and Jukka Sinisalo
VTT Energy, P.O. Box 1606, FIN 02044 VTT (Espoo), Finland

INTRODUCTION

Methane (CH4), nitrous oxide (N20) and chlorofluorocarbon (CFC) emissions contribute
considerably to the anthropogenic enhancement of Earth’s greenhouse effect. The limitation
of atmospheric concentrations of CH4 and N20 is considered important also in the Climate
Convention. Chlorine released from the CFCs in the stratosphere destroys ozone (03) and the
emissions are therefore regulated with the Montreal Protocol. The greenhouse impact of CFCs
might be, at least to some extent, compensated by the depletion of 03 which is also a
greenhouse gas.
The objective of the paper is to assess the role of anthropogenic CH4, N20, and CFC
emissions in the total direct greenhouse impact due to human activities in Finland. The
emission estimates for the gases are presented, as well as scenarios for emission history,
future development and control potential. The greenhouse impact of the gases is compared
with that of carbon dioxide (C02) emissions in Finland.
FINNISH ANTHROPOGENIC CH4, N20 AND CFC EMISSIONS

The development of CH4and N20 emissions is reviewed in two scenarios: the base and the
reduction scenarios. In the base scenario the expected changes in the volume and structure
of the different emission sectors are considered. In the reduction scenario a 50 % reduction
on average in comparison with the base scenario is assumed. Emissions of CFCs and their
substitutes are considered only in one scenario based on data given by the importers of the
chemicals in a survey made by the Finnish Ministry of the Environment and the restrictions
of the Montreal Protocol.
Anthropogenic CH4 emissions in Finland in 1990 are estimated to be about 250 Gg. The
emissions arise mainly from domestic ruminants, landfills, waste waters and biomass burning.
According to the base scenario CH4 emissions are likely to decrease slightly due to changes
in agriculture, waste management, and treatment of car exhaust gases by catalysts. The
possibilities to reduce the methane emissions further are also good and the assumed
reductions of on average 50 % are achievable. Emissions of N20 are caused mainly by
agriculture, combustion and industrial processes, totalling about 20 Gg in 1990 in Finland.
The future the emissions are expected grow to due increasing use of fluidized bed boilers and
increasing number of catalyst equipped cars. Restraining possibilities seem very limited as
new technology with lower specific emissions is still under development, and the 50 %
reduction as assumed in the reduction scenario is therefore optimistic (Pipatti et al. 1995).
CFCs have been used as refrigerants, blowing and insulation agents in foams, cleaning agents,

solvents and as propellants in aerosols, etc. The Finnish CFC emissions in 1990 were about
2 Gg. CFCs will be partially substituted by HCFCs and HFCs. HCFC emissions were around
0,2 Gg in 1990. HFCs are new products and their use has been minor. Both HCFC and HFC
consumption and hence the emissions are assumed to increase. HCFCs will be gradually
phased out between 1996 and 2030 because they deplete ozone. No restrictions are planned
for HFCs (Pipatti and Sinisalo 1994).
The emission scenarios for CH4, N20, and CFCs and their substitutes are given in Figure 1.
The historical emissions are calculated from statistical data using the same emissions factors
as in the estimate for the year 1990. When statistical data was not available the emissions
have been estimated proportional to population, GNP or other similar values.
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Figure 1. Scenarios for non-CO2 greenhouse gas emissions in Finland.

GREENHOUSE IMPACTS OF THE EMISSION SCENARIOS
The warming impact is estimated by the change in the Earth’s radiation flux (so called
radiative forcing) caused by the emissions (IPCC 1990; IPCC 1994). The calculation of the
radiative forcing offers means to compare the impacts of emissions that vary substantially
over relatively short time periods. The radiative forcings were calculated with the REFUGE
model developed at VTT Energy (Savolainen and Sinisalo 1994). The radiative forcings due
to emission scenarios are shown in Figure 2.
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Figure 2. Calculated radiative forcing scenarios for non-C02 greenhouse gases due to
emissions in Finland. Only direct radiative forcing is considered, except in the case of
methane, where an atmospheric adjustment time of 14 years is assumed and indirect effects
are assumed to increase the forcing by 30 %.

CH4, N20 and CFCs (+ substitutes) caused in 1990 about 40 % of the radiative forcing
(direct impact of C02 + CH4 + N20 + CFCs) of Finnish greenhouse gas emissions (Figure
3). If the reduction scenarios for CH4 and N20 can be realized and moderate C02 emission
reductions take place, a reduction of about 10 % can be expected in the total radiative
forcing.
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Figure 3. Radiative forcing due to C02 (fossil), CH4, N20, CFC and their substitute
emissions in Finland. For the future C02 emissions moderate reductions are assumed
(Savolainen and Sinisalo 1994).
The greenhouse impact of current methane and nitrous oxide emissions can be estimated in
a simpler way using so called GWP (Global Warming Potential) factors. GWP-factors give
the radiative forcing of a greenhouse gas emission relative to the radiative forcing of a unit
C02 emission, averaged over a selected period of time (IPCC 1994). Calculated in this way
the relative impact of Finnish CH4, N20 and CFC emissions is about 30 % of the impact of
the fossil C02 emissions (55 Tg) in Finland in 1990. If a shorter time period than 100 years
would be used, the importance of CH4 would increase substantially.
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ENERGY AND GREENHOUSE EMISSIONS FROM SOUTH AFRICA
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INTRODUCTION
The Republic of South Africa (RSA) is home to approximately 37 million people (1), were
the highest population density is in the central industrial area. The RSA is rich in minerals,
which are the main source of national prosperity. However, the country lacks a plentiful
supply of water and is subject to periodic droughts. The RSA can be classified as a water
stressed country, and this is the factor which has a major influence on development. The
limited and variable supply of water sensitises the RSA to changes in climate, especially
rainfall. Hence the RSA has a vested interest in climate change, particularly as the outputs
of some current theoretical models predict a lowering of rainfall over an already drought
prone central southern Africa.
The population can be broadly apportioned into two groups; a first world component with
a standard of living approaching that of Europe/USA, and a third world component whose
living standard need to be increased. The development of this latter group, many of whom
live below the poverty line, is of high priority and will require an expansion of the economy,
and consequently may result in increased greenhouse gas emissions in the medium term.
ENERGY
The RSA is blessed with abundant deposits of coal, which consequently forms the main
energy source for the country. The annual total primary energy consumption in the RSA
has risen early six-fold over four decades (2) - Figure 1.
As an example of coal’s
dominancer .of ' the
energy field, averaged
during
the
period
1991-93, coal supplied
approximately 74% of
the RSA’s primary
energy
consumption
(2). The two other
energy sources of note
are the crude oil con
tribution of 14% and
the
biomass
(eg
fire-wood) contribution
of 10% towards the
total primary energy
consumption.
The
combined contribution
of hydro and nuclear
energy
during
the
period was only 2%.
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Figure 1: Source apportionment of RSA primary energy
consumption. The five energy carriers have been normalised
to millions of tonnes of coal equivalent, that is 29.3 MG/kg.

The three main reasons for the dominance of coal in the energy arena in the RSA are; the
relatively large and the easily mined deposits of coal, the lack of alternative indigenous
energy resources and inaccessibility of international energy resources during the years of
sanctions. A large efficient and modem infrastructure to facilitate the utilisation of coal
has been established in the RSA, which embodies a considerable capital investment. Even
though international markets are now openly accessible, because of the established coal
infrastructure it is likely that coal will continue to dominate the energy field in the RSA
for the foreseeable future -although more primary energy options, especially in the southern
African region, are becoming available. It is expected to rise further with the upliftment
of the developing sector of the community.
GREENHOUSE GAS EMISSIONS
The two greenhouse gases of CO2 and CH4 will be addressed here on a macro-scale basis.
The CO2 emissions will be calculated from net coal consumption, which based on a 100%
conversion will indicate maximum limits of emissions. For a fixed amount of coal consumed,
system inefficiencies will result in reduced actual emissions.
Carbon Dioxide
The three sources of C02 addressed initially are coal, crude oil and biomass. Although the
major source of energy in the RSA is coal, there are a large number of developing rural
communities whose only source of energy is biomass eg fire-wood. Urban developing
communities mainly use coal and paraffin as their primary energy source. Even though
some of these communities are electrified, their preference is to continue to use coal for
cooking and space heating, especially during winter. Crude oil is principally used for
transport, as is a portion of the coal via the fuel-from-coal industry.
Calculations to determine the CO2 emissions are based on the total primary energy con
sumption in the RSA using bulk conversion factors. The annual CO2 emissions are based
on published energy consumption statistics (2) and the following conversion factors (3):
biomass 95 kg CO2/GJ, coal 92 kg CO2/GJ, and crude oil 73 kg CO2/GJ. An upper limit
of 365 Mt of CO2 were emitted during 1993 in the RSA from the energy sources of coal,
crude oil and biomass. The apportionment of the three sources is dominated by coal Figure 2.
Approximately 35% of the
RSA’s liquid fuel require
ments are supplied from a
large
synthetic
fuel-from-coal
industry.
The coal used in this
industry is included in the
coal portion of the graph and
excluded from the crude oil
portion. The RSA also has
a smaller fuel-from-natural
gas industry which is
excluded, as it is approxi
mately
equivalent
to
exported
liquid
fuel
products. „
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Figure 2: Apportionment of C02 emissions from energy
sources.

The other significant sources of CO2 are the manufacture of cement -and biomass burning
(4). Excluding the CO2 emitted by coal used in the process, the manufacture of cement
generates approximately 0.54t CO2 per tonne of cement. During 1991 this emission was
calculated to be 4.0 Mt of C02. Biomass burning (eg grass fires, but excluding biomass
burnt for domestic and industrial purposes) has been found to introduce large amounts of
CO2 into the atmosphere. However, except in the case of uncultivated land being cleared
13 2108'

for permanent agriculture use, the CO2 emitted by biomass burning is recaptured as the
vegetation regenerates. In the case of land use change, it has been calculated that 5.6Mt
CO2 was emitted during 1988 (4).
The previously discussed
CO2 emissions from energy
are added to emissions from
cement manufacture and
net biomass burning to yield
the source apportionment
given in Figure 3.It is readily
observed that coal remains
the dominant source con
tributing 79.8% of the CO2.
Crude oil and biomass are
secondary sources contrib
uting 9.4% and 8.0%
respectively.

LAND CHANGE
CEMENT 1.256
COAL

BIOMASS

79.856
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1.656

8.056

9.456

Figure 3. C02 emissions from energy sources, cement
manufacture and land change.

Energy sources dominate the production of CO2. The manufacture of cement and land use
change combined contribute only 2.8% of the C02.
Methane
There are a number of sources of CH4 in the RSA, of which the two principle ones are
livestock and coal mining (4). Enteric fermentation in the guts of all animals produces CH4,
in particular the ruminant digestive system of herbivores such as sheep and cattle.
Approximately 0.74 Mt CH4 per annum is produced by ruminants in the RSA.
Presently
coal is not
degassed before mining and
the liberated CH4 escapes to
the atmosphere. However, a
pilot operation to exploit
coal-bed-methane is being
undertaken. Based on coal
production,
the
CH4
released from coal mining
was approximately 0.78
Mt/y. Other major sources
of CH4 are summarised in
Figure 4 - circa 1991.

RUMINANTS
0.74 Mt/y

LANDFILLS 0.37 Mt/y

VEHICLE EXHAUSTS 0.35 Mt/y

Figure 4: Apportionment of major sources of CH4.

Ruminants and coal mining appear as the two major sources of CH4 with approximately
equal emission rates, followed by landfills and vehicle exhausts.
PROJECTED EMISSIONS
It is expected that C02 emissions will increase in the short to medium term. This is
principally due to the following four factors:
i) Because of long lead times associated with projects and the present large investment
in coal-based infrastructure, the energy mix in the RSA cannot be expected to change
significantly within a decade. Coal presently provides approximately 74% of the
RSA’s energy requirements, and it is foreseen that this will continue.
ii) Urbanisation (which is rapid at present) is accompanied with a change in domestic
fuel consumption from wood (rural) to fossil fuels (urban), and eventually to elec
tricity.

iii) The present population increase is 2.3% per annum. Moreover, the bulk of this
increase is in the developing sector which exacerbates the problem.
iv) There is a drive to increase the living standards of the developing communities,
which will lead to higher energy consumption. A large part of the developing com
ponent of the population is poorly housed and fed and suffers high unemployment.
Taking these factors into account, it has been estimated in a Draft White Paper on global
climate change (5) that COg emissions will increase by approximately 3.5% per annum in
the medium term. It is anticipated that present COg emissions willrise during a development
period, peak, then fall during a stabilisation period. This has been the route followed by
the developed first world countries to attain a high degree of development, and is the
expected route of developing countries.
DISCUSSION
Whether or not the greenhouse effect will detrimentally affect the global environment,
current efforts to minimise emissions will have a positive impact on the local environment
and standards of living. Current practical methods for the minimisation of CO2 and CH4
emissions are to increase the efficiencies by which resources are used. (The extraction of
CO2, for example, from flue gases is economically impractical.) Techniques concentrate
on obtaining more output for less input, which although aimed at minimising emissions of
effluent will have the effect of making better use of resources and contribute towards
economic growth. Apart from the greenhouse issue, current actions will have a positive
knock-on effect on national productivity. Energy efficiency is applied at both ends of the
fossil fuel chain; at the producer and the consumer.
Even though the RSA contributes only about 1.6% to the global greenhouse emissions, it
is recognised that there is a need to be globally environmentally active. As world market
pressures are applied to the environmental field, countries need to ensure that their
industries apply a less unfriendly approach to the environment. The RSA also recognises
a moral obligation to protect the environment and to leave a heritage to our children which
will sustain them and their heirs.
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INTRODUCTION
The main goal of the investigation is to answer the question of a possible concentration or
enrichment of pollutant caused products behind the soaked zone of a protected stone sample and to
compare the effects of the air pollutants on unprotected specimen with the effects on the protected
specimen (1). For this reason side on sealed samples were prepared (soaked) by the "Institut fur
Bauforschung (EBAC, Aachen)" with polymeric preservation materials and were exposured in
special weathering and fumigation chambers by the Fraunhofer-Institut fur Chemische Technologic,
ICT. For the fumigation the pollutants sulphur dioxide (5,0 mg/m3), nitrogen dioxide (5,0 mg/m3)
and ozone (2,5 mg/m3) are used. Earlier investigations on natural stones had the result, that the
deposition of air pollutants like sulphur dioxide on the stone materials are larger in the presence of
ozone compared to the single gas (2) (3). After the periods of exposure the samples will be
cleaved. On one half of the stone the penetration depth of the protection layer or the impregnation
will be tested and the other half will be investigated for the concentration of pollutants and their
products. The mineralogical investigations will be done by the Institute for Mineralogy of the
University ofKarlsruhe.
MATERIALS AND METHODS
The investigated stone samples are: .JRohrschacher Griinmolasse [RS], Rouffacher Sandstone [RF],
Krensheimer Muschelkalk [KM], Sander Schilfsandstein [SS] and the Ebenheider Sandstone [ES]
with the protection layers: polyurethane with butylacetat-solution, silicic acid ester based material
without solvent, epoxy with methylethylen ketone solvent, a commercial hydrophobition and a
unprepared sample. The samples have the dimension 5 cm x 5 cm x 10 cm and are mounted on
plastic racks in the fumigation chamber [Figure 1], The upper and the lower parts of the chamber
are sealed so only the upper part of the stone sample is exposured to the polluted air and the
sunlight. The concentration of the air pollutants being measured continuously at the inlet of the
chambers and periodically every our at the outlet of the chambers. The exchange of the chamber
volume is approximately 5 times per hour. One additional empty chamber delivers the values for the
reaction of the chamber walls and the chemistry in the air [Figure 2], The concentration of the air
pollutants at the inlet should be constant and is used as the setting value for the personal computer
controlling program, which regulates the concentrations of the different gases with the aid of mass
flow controllers for the premixed gases (nitrogen dioxide and sulphur dioxide) or oxygen for the
ozone generation [Figure 3], The air stream is humidified in a water bath so that the stones do not
dry during the exposure time. During the night and cooling of the stone samples the surfaces of
them get wet. It is possible that the condensate slides along the polymeric protection layer of the
pores in the interior of the stone to the end of the protection layer and lead at this place to
enrichment and chemical and physical reactions.
RESULTS
At the moment the reference samples, the 6 and the 12 months exposured samples were
investigated. The samples were visual and microscopically inspected, photographed and scaled.

The white crusts at the surfaces were analysed with x-ray-diffraction, XRD. After this the samples
were cleaved and cut in 2 mm thin discs parallel to the surface, analytical fine grinded and prepared
for depth profile measurements with XRD, CSA and HPLC. At one quarter of the samples the
depth profiles were determined with SEM and contact angle measurements.
The different stone varieties show after 6 and 12 months exposure time only white blooming at the
surface. The white layers are salt minerals, relatively loose at the surface and good to remove. The
stone material below it are macroscopical not deteriorated. The new mineral phases are gypsum and
for the strong carbonate containing varieties calcite. In spite of the nitrogen oxide fumigation there
is no nitrate in the mineral phase above the detectable value. The amounts of blooming materials
are strong correlated to the carbonate content ofthe variety [Table 1],
The comparison of protected and nonprotected samples depicted, that only one protection layer
delivers decreasing values of gypsum formation. The other ones promote the formation of gypsum
at the surface. The investigation of the anion concentration from eluates of stone powders from
different depth below the surface of the stone samples present that nitrates occur at larger depth
than sulphates. The amount of nitrates in the stone is reduced when the stone is protected compared
to the unprotected samples [Figure 4], The protection layer, which yields to lesser gypsum
formation gives also the best results for the lesser nitrate formation.
DISCUSSION
The aim of the investigation if there is a possible enrichment of reaction products from air pollutants
could not finally evaluated. After 6 and 12 months test duration the nonprepared and prepared
stones with protection layers present a white blooming from salt minerals but the reaction front of
the penetration of the air pollutants have not reached the end of the depth of the penetration of the
polymers. The sulphates are mainly formed at the surface region whereby the nitrates are also
formed in deeper regions. The amounts of reactions products show, that the preparations lead to a
decrease of air pollution caused products in the stone materials and the amount of reaction products
depend on the carbonate content of the variety and the used polymer.
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INTRODUCTION
La pollution sous toutes ses formes est une cause majeure de l'alteration des monuments.
Depuis le milieu des annees 1980, des experimentations intemationales (1,2,3) ou nationales
(4,5,6) visent a evaluer la vitesse, les mecanismes de degradation des materiaux et
notamment d'eprouvettes en pierre de differentes natures. Elies ne permettent cependant pas
d'evaluer ('influence de la pollution atmospherique sur les produits de protection de la pierre
souvent appliques sur les monuments historiques. Les travaux presentes ici ont debute en
1995, pour une duree de dix ans. Us se proposent d'etudier les mecanismes de degradation
d'eprouvettes de pierres calcaires traitees ou non par des produits hydrofuges et oleofuges, et
installees sur trois monuments frangais (les cathedrales de Reims, Rouen et Saint Denis).
EXPERIMENTATION
Les produits retenus sont 1 alkylalkoxysiloxane, 1 dispersion acrylique, 1 solution de resine
silicone, 1 oligomere alkylpolysiloxanique. IIs ont etc choisis sur des criteres temoignant de
leur bonne efficacite residuelle apres vieillissement accelere (gel-degel, irradiation lampe au
Xenon-pluie, (7)). Chaque produit selectionne a etc applique sur des eprouvettes par
immersion pendant 10" dans une solution preparee selon les preconisations des fabricants.
Les eprouvettes (cubes de 7 cm de cote et plaquettes de 7x7x2 cm) ont etc taillees dans quatre
pierres de nature differente puis poncees afin d'obtenir une surface reguliere. Les pierres
choisies sont les memes que celles employees pour la construction et la restauration des 3
monuments choisis. Ce sont respectivement, pour les cathedrales de Rouen, Reims et SaintDenis : la craie de Vernon, le calcaire de Courville et celui de Saint Pierre Aigle. La pierre de
Saint Maximin, couramment employee en restauration, a aussi etc retenue.
Les plaquettes de pierre traitees ou non sont installees sur des cadres, au Nord des
cathedrales, a 3 metres du sol (figure 1). Ces cadres sont abrites des pluies par un toil et les
plaquettes sont exposees sur une de leur faces aux pollutions particulaires principalement
amenees par les vents dominants de direction Quest. Les cubes de pierre trades ou non sont
quant a eux, exposes aux pluies battantes au sommet d'une tour de chaque cathedrale.
Les 3 monuments ont, outre leur materiau de construction, des caracteristiques differentes,
notamment d'un point de vue environnemental (tableau 1). Ainsi, la pollution atmospherique
est surtout d'origine industrielle a Rouen, essentiellement liee a la circulation automobile a
Saint-Denis (8). Elle est globalement plus faible a Reims.
Si les donnees concemant la pollution atmospherique sont par ailleurs foumies par les
agences de la qualite de fair locales, certaines donnees relatives a l'environnement sont

A or

directement mesurees sur site: ainsi, les temperatures, humidite relative et hauteurs de
precipitations sont relevees a cote des cubes par une station climatique "Pulsia" (Pulsonic).
Par ailleurs, les precipitations sont recueillies par une jauge d'Owen en sommet de tour
(figure 1), puis collectees chaque semaine et enfin analysees mensuellement (pH,
conductivity, chlorures, nitrates, sulfates, cations majeurs).
Tableau 1. Donnees geographiques et environnementales (8) des sites historiques
Rouen*
ville
49° 27' N
latitude
1° 47 E
longitude
0
distance lineaire par rapport a Rouen (km)
102723
importance (nombre d'habitants, 1993)
25
teneur moyenne en S02 en 1993 (pg/m3)
38
teneur moyenne en NO? en 1993 (pg/m3)
* : distance par rapport a la mer (direction W) : 52.5 km

Saint Denis
48° 56'N
2° 22' E
108

89988
10
65

Reims
49° 15'N
4° E
210
180260
20
34

Enfin, le vieillissement naturel de 4 produits sera aussi quantifie au cours du temps, par
differentes mesures qui ont ete prealablement effectuees sur les eprouvettes avant exposition,
avant et apres traitement. Ces mesures sont les suivantes :
- in situ, suivi des evolutions de la coloration, de la rugosite des eprouvettes (9,10) ;
- en laboratoire, mesures de la quantite de soufre depose (11), du changement de poids
(1,2,3,4), absorption a la pipette de Karsten (9), de la vitesse de propagation du son
(9), sur eprouvettes prelevees annuellement.

"P: temperature (°C)
HR: humidite relative
metdorolo gjqu©

P: precipitations (mm)

cubes

jougo d'Owen

X: Non)
S:Sud

plaquettec traitdec

Figure 1. Schema d'installation du systeme experimental sur 1 monument
DISCUSSION
Les parametres a mesurer ont ete choisis en fonction des resultats des etudes consacrees d’une
part a l'impact de la pollution sur les pierres et d'autres part aux produits de protection. Des
campagnes de mesures ont ensuite ete menees afin d'en definir les protocoles d'acquisition.
Bases bibliographiques
Les parametres considers comme importants d'apres la bibliographie sont, pour les zones non
abritees, les taux moyens annuels de S02 et NOx (1,2,3), les hauteurs et la composition
chimique moyenne annuelles des eaux de pluie (4). Dans le cas d'expositions abritees, le taux
moyen annuel en S02 (11) et la quantite de fumees noires atmospheriques (10) sont suivis.

Sur les sites etudies dans le cadre du programme d'exposition NAPAP (3), la vitesse d'erosion
des pierres calcaires varie de 25 a 45 pm/an. Cette erosion est causee par une dissolution par
les eaux de pluie du materiau et par une perte de pierre a l'etat granulaire. Elle est due pour
30 %, au depot humide d'ions H+, au depot sec de S02, d'acide nitrique et pour 70 %, a la
simple dissolution par les eaux de pluie "propres" (3).
Sur d'autres sites, comme ceux etudies en Grande Bretagne, l'erosion augmente avec la
concentration en S02, alors que la tendance semble inverse en presence d'oxydes d'azote (5).
Les teneurs atmospheriques en S02 et le flux de souffe sec ont permis de classer les pierres
selon leur reactivite aux polluants souffes, en calculant le parametre V (11) :
V = F/C

[1]

oil V = reactivite speciflque de la pierre (m/an), F = flux de souffe sec (g/m2-an), C =
concentration moyenne de l'atmosphere en S02 (g/m3).
Une fonction de deterioration du calcaire oolithique de Portland a par ailleurs etc proposee (4)
A = 0,08 + 0,01 [S02] - 0,00012 [NOz] + 0,000016 B + 0,0026 [H+]

[2]

ou A = Perte en poids (%), B = hauteur de la pluie (mm); [S02] et [N02] (pg/m3), [H+]
(mgH+/m2).
Ces parametres (reactivite et fonction de deterioration) seront testes dans le cadre de cette
experimentation qui met en oeuvre des pierres, traitees ou non et de natures differentes.
Campagnes de mesures
Ces 3 monuments sont de latitude proche et peu eloignes les uns des autres (tableau 1). Les
variations climatiques d'un site a 1'autre peuvent apparaitre negligeables. Cependant, les
donnees climatiques telles la temperature, Vhumidite relative, la hauteur des precipitations,
sont caracteristiques d'un lieu et de son environnement proche: ainsi, les ecarts des
temperatures moyennes mensuelles varient de 15 a 19 % sur 32 ans de mesures entre la ville
de Reims et la station regionale (station de reference), situee a 5 km au Nord de cette ville
(donnees MeteoFrance). Ces mesures, notamment influencees par des phenomenes
d'amplitude locale tels les orages, montrent la necessite d'installer des stations de mesure sur
chacun des sites. C'est pourquoi sont relevees a proximite des cubes la temperature, fhumidite
relative et les precipitations. Des donnees regionales, direction et vitesse des vents, nature et
duree des precipitations a caractere exceptionnel, non mesurables sur monument car
d'acquisition trop difficile, completent ces donnees climatiques.
Des analyses chimiques des precipitations sont effectuees mensuellement ce, afin de pouvoir
quantifier la dissolution par les eaux de pluie des pierres traitees.
Les 3 monuments ont etc choisis en milieu urbain, ce qui facilite leur comparaison,
notamment en matiere de pollution atmospherique. Afin de determiner la nature locale de
cette pollution atmospherique, des campagnes de mesures d'une duree de 15 jours a 1 mois
sont regulierement menees a proximite de chacun des sites d'exposition. Les teneurs mesurees
montrent leur dependance vis-a-vis de cedes provenant des stations perennes (tableau 2) : la
pollution de fond mesuree par les stations des reseaux de surveillance de la qualite de fair
constitue, en conditions normales (c'est-a-dire en 1'absence de facteurs polluants importants
tels des travaux a proximite des sites), l'essentiel de la pollution affectant les sites
experimentaux. II n'est done pas necessaire de mesurer le taux de polluants atmospheriques de
fagon permanente sur chacun de ces sites. Les donnees en S02, NOx, fiimees noires, des
stations des agences locales de la qualite de fair semblent etre, en regie generate, suffisantes.

------L,

. c.

Tableau 2. Degres de dependance (coefficient de correlation r2) entre les mesures foumies par
les agences de la qualite de fair et celles obtenues lors des campagnes effectuees sur chacun
des sites, calcules sur 33 points de mesures a Reims, 870 a Rouen et 164 a Saint Denis
r2
a Reims
a Rouen
a Saint Denis

pour SO,
non mesure
0,80
0,50

pour NO,
non mesure
0,83
non mesure

pour NO
non mesure
0,73
0,80

pour fumees noires
0,65
- 0,57
0,97

CONCLUSION
Les resultats, collectes des 1996, devraient permettre in fine de quantifier l'influence de la
pollution atmospherique sur des pierres traitees ou non par des produits hydrofuges et
oleofuges. Les buts pratiques de cette etude, differente des etudes precedemment menees du
fait de l'interet porte a ces produits de protection, sont, a terme, d'aider les professionnels a
choisir le meilleur produit pour une situation donnee et notamment, pour les zones abritees.
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ACCELERATION OF THE PHOTODEGRADATION OF
AUTOMOTIVE COATINGS BY ACID PRECIPITATIONS
U. Schulz, P. Trubiroha
BAM (Federal Institute for Materials Research and Testing), Berlin, Germany

INTRODUCTION
Acid rain, dew and fog are known to cause etch damage to automotive coatings observed
during the early months of exposure in practice [1], Current artificial weathering tests don’t
consider these acid precipitations. Long-term outdoor exposures in harsh environments
provide results with insufficient repeatability and reproducibility because stronger acid
precipitations occur sporadically [2], The Objective of the investigations was the development
of an accelerated artificial weathering test including the action of acid precipitations.
MATERIALS AND METHODS
16 different coatings from several German car and coating manufacturers, particularly modem
waterborne ones with low VOC emission, were studied. The investigations were carried out
using the fluorescent UV lamps weathering device ‘Global-UV-Test’ with an additional
auxiliary unit for the wetting of test specimens with acid solutions.
The 24h ‘ADF weathering cycle’ (ADF = Acid Dew and Fog) used is an approximation to the
real weathering conditions. It begins with a short wetting of the specimens with simulated acid
dew or fog (about 3 mg solution per cm2) followed by a dry period with global UV radiation
and a wet period with neutral rain. The pH-value and the chemical composition of the acid
wetting were varied. The effects were evaluated by measurement of gloss loss and by light and
electron microscopy.
RESULTS
The harshest weathering episodes in the lifetime of an automotive coating are those sunny
summer days when the sun dries acid precipitations deposited as dew or fog in the early
morning hours. One of these events causes clear surface alterations strongly influenced by the
pH-value of the acid solution, see figure 1.

Figure 1. Surfaces of solventbome lK-clearcoat on solventbome basecoat (coating C)
after one ADF-cycle figured as a function of pH-value of acidic spray containing
H2S04, HN03 and HC1

I

f

The combined action of UV radiation and acid precipitations caused deep surface fissures and
a faster loss of gloss due to a synergic effect, see figures 2 and 3.
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Figure 2. SEM- photographs of surface of three typical topcoating systems after the same
exposure stage (40 ADF-cycIes using acid mix mentioned above with pH 2)
top row:
without UV radiation
bottom row:
with UV radiation

Figure 3. Loss of gloss of seven different coatings at the same conditions as in figure 2

Both the pH-value and the chemical composition of the simulated acid precipitations
influence the rate of surface damage. The loss of gloss increases with the acidity of solutions.
The coating durability depends on the type of topcoating system, see figure 4.
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Figure 4. Loss of gloss of all coatings after 15 ADF-cycles using wettings consisting
of demineralized water (pH 7) or diluted acid mixtures with pH 1.5 and pH 2
The individual acid ingredients used show various strong effects, also depending on the type
of topcoating system, see figure 5 and 6.
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Figure 5. Mean loss of gloss of all coatings after 15 ADF-cycles as a function of
the chemical composition of the simulated acid precipitation and the
sulfuric acid concentration
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Figure 6. Surfaces of three different topcoating systems after 15 ADF-cycles figured as
a function of the individual ingredients of the acid precipitations.
(all acid solution with pH 1.5)

DISCUSSION
The synergic effect of U V radiation and acid precipitations seems to be the main cause of the
insufficient practice correlation of the current artificial weathering tests. If the relationship
between UV radiation and acid stress is compararable to reality, the ADF-test will show a
better correlation to practice than the pure stress by sulfuric acid.
Expected differences of weathering durability as a consequence of type, formulation or
application of coating systems were clearly confirmed by this test.
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EUROTRAC: A CO-ORDINATED PROJECT FOR APPLIED
TROPOSPHERIC RESEARCH
Peter Borrell
Scientific Secretary, EUROTRAC International Scientific Secretariat
Fraunhofer-Institut fur Atmospharische Umweltforschung (IFU)
D-82467 Garmisch-Partenkirchen, Germany

Introduction

It was with the realisation that the scientific problems associated with regional air
pollution could only be solved within the framework of an international inter
disciplinary approach that in 1985 EUROTRAC, the European co-ordinated research
project, was formed. Such an approach provides the scientific consensus necessary for
the acceptance of regional air-pollution abatement measures by the countries affected.
EUROTRAC is a EUREKA environmental project, studying the transport and
chemical transformation of trace substances and pollutants in the troposphere. Three
goals were specified the outset:
1.
2.
3.

to increase the basic knowledge in atmospheric science;
to promote the technological development of sensitive, specific and fast
response instruments for environmental research and development; and
to improve the scientific basis for taking future political decisions on
environmental management in the European countries.

Thus EUROTRAC was founded as a scientific project but had the specific intention
that its results should be utilised in the formulation of policy.
This paper reviews the progress made towards each of the three goals and also
indicates the proposed direction which a follow-on project is likely to take when
EUROTRAC finishes at the end of 1995.
Organisation, management and funding

Three scientific areas were chosen for study within EUROTRAC, each having a direct
bearing on pressing environmental issues associated with the presence of pollutants in
the troposphere and their deposition to European ecosystems:
-

the chemistry and transport of photo-oxidants in the troposphere;

-

identification of the processes leading to the formation of acidity;

-

biosphere-atmosphere exchange of trace substances.

The project, guided by the Scientific Steering Committee (SSC), was organised into
fourteen subprojects consisting of some 250 research groups from 24 countries in
both eastern and western Europe. The subprojects, each of which is run by a

coordinator and steering group,, are largely organised by discipline and cover field
measurements, laboratory studies, simulation modelling, the study of
biosphere/atmosphere exchange and instrument development. The aims of each were
approved initially by the SSC which also regularly reviews their scientific progress,
makes recommendations for improvement and, in one case, found it necessary to
close a subproject.
As in every EUREKA project each individual research group is supported by funds
from its own government or institute, with a few receiving fluids from the European
Commission (EC). The German government provides funds for the general co
ordination which is carried out by the International Scientific Secretariat (ISS) in
Garmisch-Partenkirchen. As the project has developed the other participating
EUREKA countries and the EC have provided, at the request of the International
Executive Committee (IEC), some additional funds for the special expenses
associated with co-ordination, such as the production of a comprehensive annual
report (1) on the work, the running of a biennial symposium, the half term review and
the Application Project.
Scientific

progress: the first goal

The project began its implementation phase in 1988, and the annual reports (1)
together with published proceedings of the biennial symposia (2) show clearly the
amount of scientific progress which is being made. At the end of 1991 a firm of
independent consultants, backed by seven distinguished American and Canadian
scientists, reviewed EUROTRAC and confirmed that the project was well under way
to achieving its first goal (3). As well as the multitude of scientific results, perhaps the
most important development in EUROTRAC has been the strengthening of the
international co-operation in this field within Europe, both between groups within the
principal research areas through the formation of the subprojects, and also between
research groups from different fields as they came to grips with the interdisciplinary
problems with which the project is concerned. Our research groups are highly
respected within the global atmospheric science community.
It was evident from the outset that the full potential of EUROTRAC would only be
realised if there was extensive work between, as well as within, the subprojects. To
supplement the inter-project work, three interdisciplinary groups, the Chemical
Mechanism Working Group (CMWG), the Cloud Group (CG) and the Aerosol Group
(AeG), have been formed to concentrate on areas of particular concern and to foster
work in these "in-between" areas.
Instrument

development: the second goal

The development and improvement of instruments and techniques, which has taken
place throughout EUROTRAC, is a necessary and continuous adjunct to scientific
work. However there is a particular need for sensitive, specific and fast response
instrumentation for research and monitoring in atmospheric chemistry and three
subprojects were set up specifically to exploit and develop three newer and promising
techniques: tunable diode laser spectroscopy, long path absorption spectroscopy and
tropospheric lidar sounding.
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The instrument development has proceeded at a more modest pace than the scientific
work, partly because of the technological difficulties and partly because of patchy
funding, which particularly affects development directed towards the commercial
development of technologically advanced equipment.
Nevertheless the three subprojects have made significant progress towards their aims
and they should leave Europe with appreciably more know-how and technique to aid
atmospheric research and monitoring in the fiiture. Furthermore several instruments
resulting from work both within the instrument development projects and in the more
scientifically oriented subprojects are now on the market.
Contributions

to environmental policy: the third goal

Although some early moves were made towards attaining the third goal it was the
EUROTRAC Review (3) which pointed out that unless specific and sufficient efforts
were made towards addressing this goal, it would certainly not be achieved. The IEC
accepted the recommendation and formed an Application Project
to assimilate the scientific results from EUROTRAC and present them in a
condensed form, together with recommendations where appropriate, so that they
are suitable for use by those responsible for environmental planning and
management in Europe.
The Application Project is addressing three themes:
-

photo-oxidants in Europe; distribution and transport on urban and regional
scales;
the acidification of soil and water, and the deposition of nutrients;
the contribution of EUROTRAC to the development of tools for the study of
tropospheric pollution.

The first two themes are directly linked to the environmental problems with which the
scientific work EUROTRAC is concerned.
The "tools" theme is a recognition that much work in EUROTRAC has been devoted
to fashioning tools for use not only in the present project but also in future work.
Thus the development of simulation models for the chemical transformation and
transport of air pollutants, the development of new or improved instrumentation for
atmospheric research and monitoring, and the laboratory measurements which provide
physical and chemical data for use in simulation models, are all seen as tools for use in
future scientific work to support policy applications.
The Application Project is now nearing completion. The report will certainly
demonstrate that the third goal has been achieved and that the work in EUROTRAC
has indeed contributed appreciably to the formulation of abatement policies in Europe.

The future: EUROTRAC-2
While EUROTRAC will finish at the end of 1995 the environmental problems remain
and, furthermore, the sophistication of the protocols to the Convention on the Long
Range Transport of Air Pollution (4) is increasing. Now, for example, reductions in
emissions are related on an almost local scale to the "critical loads to ecosystems"
concept and the interactions between major pollutants are also being considered (5).
Such developments in policy will require further improvements in the scientific
understanding and, again, this will need an interdisciplinary, international approach
that only a project like EUROTRAC can provide.
Plans are now in hand for a new project, EUROTRAC-2, to take up the challenge
after the conclusion of the present project. The principal objective of the new project
is expected to be:
to support the further development of abatement strategies within Europe by
providing a scientific basis for the quantification of source-receptor relationships
for photo-oxidants and acidifying substances.
Scientific objectives and tasks are being specified and the organisation strengthened
with the addition of an Environmental Assessment Group so as to make
EUROTRAC-2 sensitive to current environmental issues. However it is intended that
enough latitude will remain so that the creativity of the scientists is not cramped and
that they, like their predecessors in the present project, will find that the contribution
to the understanding and solution of environmental problems provides them with a
worthwhile challenge.
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MESURES DESIMMISSIONS
DANS L’ESPACE TRANSFRONTALIER
STRASBOURG / ORTENAUKREIS
Werner OBLANDER1, Alain TARGET2, Alois HANI31, Joseph KLEINPETER2
1UMEG, Gesellschaft fur Umweltmessungen und Umwelterhebungen mbh,
Karlsruhe, Allemagne
2ASPA, Association pour la surveillance et 1’etude de la pollution atmospherique en Alsace,
Strasbourg, France.

AU SERVICE D’UN PLAN TRANSFRONTALIER
DE PROTECTION ATMOSPHERIQUE
Fruit de la cooperation franco-germano-suisse dans la region encaissee (1) du Rhin superieur
relativement favorable a des situations meteorologiques a turbulence reduite (2), le premier
plan atmospherique transffontalier est en cours d'elaboration pour la conurbation comprenant
1'agglomeration de Strasbourg 423 000 habitants (France) et l’Ortenaukreis 110 000 habitants
(Allemagne).Ce plan comportera a terme les elements transffontraliers suivants : un cadastre
des emissions, un cadastre des immissions, une analyse des causes ainsi qu’un catalogue des
dispositions a prendre pour ameliorer et garantir une bonne qualite de l'air.
Pour realiser le second volet de ce plan, l'UMEG, Gesellschaft fur Umweltmessungen und
Umwelterhebungen mbH, et l'ASPA, Association pour la Surveillance et 1'Etude de la Pollution
Atmospherique en Alsace ont forme une Communaute de Travail intemationale «ASPA /
UMEG ». Decrivant les methodes de mesures et les polluants selectionnes, le cadastre des
immissions (3) contient principalement une description geographique, climatologique et meteorologique de la zone examinee, une mise en commun, au regard des normes nationales et Inter
nationales, des donnees existantes provenant des deux reseaux de mesures et une analyse des
resultats obtenus a l’aide de camions laboratoires lors d'une campagne de mesures specifiques
sur huit points de mesures alignes sur un transect transffontalier (Illustration l).Cet expose se
limite a la presentation et discussion des resultats de cette campagne de mesures specifiques
qui ont porte sur 24 polluants dont la plupart mesures pour la premiere fois a Strasbourg.
METHODES MISES EN OEUVRE
Les huit points de mesures selectionnes sont situes sur un transect d'environ 18 km oriente
nord-ouest / sud-est (Illustration 1) perpendiculairement a 1'axe des vents dominants de la
plaine orientes sud-ouest ou nord-est (vents canalises par le couloir rhenan horde a Vest par le
massif de la Foret Noire et a l’ouest par le massif des Vosges). Cote frangais, les points de me
sures numerates de 1 a 4 correspondent respectivement (4) a un site en peripherie de ('agglo
meration strasbourgeoise, un site residentiel a l’ouest, un site a circulation intense et un site
residentiel du centre ville. Le site numero 5 est sur la ffontiere au Pont de l’Europe sous le vent
d’une zone industrielle. Cote allemand, les sites numerates de 6 a 8 correspondent respective
ment a un site residentiel au sud-est de la ville allemande de Kehl, un site en peripherie de Kehl
a proximite d’une bretelle d'acces a une autoroute et un site eloigne d'environ 5 km de la zone
d'activite intense de Strasbourg-Kehl.
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Illustration 1:
Campagne transversale de mesure 1993/94 realisee dans le cadre du
plan transfrontalier de protection atmospherique Strasbourg / Ortenaukreis

Pour caracteriser les concentrations de dioxyde de soufre, de poussieres, de monoxyde de carbone, de monoxyde et dioxyde d'azote ainsi que d’ozone, un camion laboratoire (altemativement allemand ou frangais) equipe d’analyseurs en continu a parcouru (4) du ler avril 1993
au 31 mars 1994 les huit points de mesure deux fois par semaine de part et d’autres de la frontiere (104 mesures demi-horaires par site au total reparties sur la semaine y compris le week
end et ceci a l'interieur de la tranche horaire 6h-22h).
De plus des prelevements d’echantillon (4) d’une demi-heure effectues au meme moment ont
ete par la suite analyses en laboratoire afin de caracteriser les concentrations en fluorure et
chlorure d'hydrogene ainsi qu’en benzene, toluene, xylene, styrene, trichloroethylene, tetrachloroethylene, 1,3,5 trimethylbenzene, ethylbenzene, chlorobenzene, cyclohexane.
Des systemes programmables de prelevements sur filtre ont ete installes en permanence (4) sur
ces memes 8 points de mesure afin d’obtenir par site, apres analyse en laboratoire, 183
moyennes joumalieres (une tous les deux jours) pour les concentrations en poussieres et pour
leurs constituants en plomb, cadmium, arsenic, chrome, nickel et benzo(a)pyrene.
KESULTATS DE LA CAMPAGNE DE MESURE
Pour les polluants gazeux, les resultats de mesure de la campagne transfrontaliere qui pretent a
discussion (3) sont regroupes par site dans le tableau 1.
Tableau 1. Polluants gazeux (periode du 1 avril 93 au 31 mars 94)
Gran
Point de mesure
deur
2
3
1
4
5
6
7
m.a
15
37
26
165
42
14
9
177
P98
79
456
164
154
55
68
N02
pg/m3
m.a
25
38
38
75
40
26
22
82
P98
59
146
99
67
55
84
S02
pg/m3 m.a
18
11
37
17
8
24
11
P98
54
58
55
100
98
44
32
m.a
03
pg/m3
47
42
23
43
52
40
47
P98
215
195
108
188
206
185
179
mg/m3 m.a
CO
0,5
0,8
3,8
0,9
0,5
0,4
1,2
P98
2
24,8
2,7
5,3
4,7
0,9
1,2
Benzene
pg/m3
m.a
2,6
8,2
20,5
4,8
3,4
6,1
1,6
8
P98
50,2
14,9
18,1
28,8
23
5,4
Toluene
pg/m3
m.a
28,2
17,3
12,6
58,2
8,2
7,4
3,9
P98
28,4 146,1 151,6 63,6
38,2 39,9
12,6
Trimethylpg/m3 m.a
0,5
4,4
0,8
0,5
0,2
2,1
1,1
benzene
9,6
P98
4,3
2,9
2,5
0,9
1,7
11,9
Trichloropg/m3 m.a
0,6
0,7
0,6
0,6
0,5
1,3
1,4
ethylene
P98
7,9
7,4
2,3
1,5
1,2
1,9
1,6
Tetrachloro- pg/m3 m.a
1
2
0,8
0,4
0,5
0,2
1,5
ethylene
P98
10
9,7
2,6
4,6
2,9
11,9
1,5
m.a = moyenne armuelle
P98=Percenlile 98 (base sur des valeurs l/2horaires)
Compose
NO

Unite
pg/m3

8
10
53
22
54
8
25
48
176
0,3
0,7
1,8
5,4
5,1
19,8
0,3
1,5
0,6
1,4
0,4
2,6

Les polluants gazeux mesures mais absents du tableau 1, presentent suit des resultats insignifiants et sans variations spatiales significatives (3) comme pour le chlorobenzene (Moyenne annuelle la plus elevee : 0,lpg/m3, percentile 98 le plus eleve: 0,4pg/m3) soit des resultats redondants mettant en evidence au point 3 l’impact du trafic automobile et de l’activite du centre
ville. C’est le cas pour les polluants dont les resultats du point de mesure 3 sont presentes dans
le tableau 2.

Tableau 2. Polluants gazeux au point de mesure 3 (periode du 1 avril 93 au 31 mars 94)

Grandeur
Moyenne annuelle
Percentile 98

Unite
pg/m3
pg/m3

Compose
m/p-xylene 0-xylene Ethylbenzene Styrene Cyclohexane
3,2
0,8
38,8
13,6
10,5
35,4
25,9
13,1
2,3
106

Les resultats (3) pour les poussieres et leurs constituants (moyennes annuelles et valeurs jour
nalises maximales) sont presentes par site dans le tableau 3.

Tableau 3. Poussieres et leurs constituants (periode du 1 avril 93 au 31 mars 94)

Compose

Unite

Grandeurs

m.a
max.
m.a
Cadmium
ng/m3
max.
m.a
Plomb
ng/m3
max.
m.a
Chrome
ng/m3
max.
m.a
Arsenic
ng/m3
max.
m.a
Benzong/m3
max.
(a)pyrene
m.a = moyenne annuelle
Poussieres

gg/m3

1

2

3

Points de mesure
4
5

54
45
47
89
44
113
109
120
114
169
0,6
1
0,9
1,6
1,4
31,2 77,2
29,7
4,2
8,4
56
35
68
184
54
184
198
300
464
247
5
2
11
11
3,4
17
74
186
69
91
2
2
2
3
3
21
24
31
129
12
0,12
0,98
0,18
0,36
0,19
0,74
2,04
3,56
1,25
1,3
max. - moyenne 1/2 horaire maximale

6

7

8

39
109
0,8
6,9
26
217
4
35
2
46
0,13
0,53

36
96
0,8
7,3
22
61
6
314
2
26
0,07
0,37

38
92
0,9
11,9
26
156
2
13
1
12
0,08
0,44

ENSEIGNEMENTS DE LA CAMPAGNE DE MESURE TRANSFRONTALIERE
C’est le point de mesure 3 soumis a un trafic automobile intense, au centre ville de Vagglo
meration et a proximite de la zone d’activite de la gare centrale de Strasbourg, qui presente la
moyenne annuelle la plus elevee pour l’ensemble des polluants du tableau 1, excepte pour
1’ozone qui, piege par des composes comme NO et CO, obtient a cet endroit la moyenne an
nuelle la plus basse de l’ensemble des huit points de mesure. Pour le percentile 98, grandeur en
rapport avec la frequence et l’intensite des episodes de pollution les plus marques, le meme
constat peut etre dresse sauf pour le S02au point 5 (situe sur la frontiere et sous le panache oc-

casionnel d’un emetteur industriel) et le tri- et tetrachloroethylene au point 2 (a proximite d’un
centre hospitaller) dont les percentiles 98 sont du meme ordre que celui du point 3.
En peripherie de V agglomeration, la chute tranche des niveaux de polluants gazeux (autre que
Pozone qui augmente significativement) est a mettre en relation avec Porientation du transect
(nord-ouest / sud-est) mettant ces sites hors d’influence des transports de pollution urbaine de
fond par vent dominant etabli oriente sud-ouest ou nord-est (illustration 1). Pour les polluants
indicateurs de pollution automobile comme les oxydes d’azote, le plomb, le benzene et le to
luene, les valeurs legerement plus elevees du point de mesure 8 (zone rurale) par rapport au
point 7 (peripherie de la ville de Kehl) pourraient s’expliquer par des transports de pollution en
provenance de Pautoroute allemande eloignee d’environ quatre kilometres.
Pour les poussieres et leurs constituants (Tableau 3.), c’est aussi le point 3, au centre de Pag
glomeration et sounds a un trafic intense, qui presente les valeurs moyennes voire maximales
les plus elevees. Pour le chrome et le cadmium se distingue egalement le point 5 en zone industrielle.
Contribuant pour leur part a Pelaboration du cadastre des immissions (3) realise dans le cadre
du plan transffontalier de protection atmospherique Strasbourg / Ortenaukreis, ces enseignements ont conforte les resultats des stations permanentes et des campagnes a maillage kilometrique dense (5) realisees cote allemand et qui:
- mettent en evidence Pimpact d’une agglomeration industrialist de grande taille sur
la pollution atmospherique locale,
- revelent le passage d’une problematique industrielle de pollution en SOa a une problematique de pollution automobile en oxydes d’azote et C.O.V.,
- exigent la repetition et Pextension d’une telle campagne de mesure pour un large
spectre de composes.
CADRE DE REALISATION DE LA CAMPAGNE
Cette campagne de mesure transfrontaliere tout comme P ensemble du plan de protection atmo
spherique a beneficie d'un soutien financier de la CEE dans le cadre europeen communautaire
du programme INTERKEG « Rhin superieur centre-sud ». Le financement a par ailleurs ete
reparti dans le cadre de conventions generates et particulieres entre les partenaires suivants :
Ministere de l'Environnement du Baden-Wurttemberg, Communaute Urbaine de Strasbourg,
Villes de Kehl et d'Offenbourg, Ortenaukreis, Etat frangais et Region Alsace.
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SUMMARY
The availability of objective, reliable and comparable information on the state of the
environment is crucial for responding to complex policy questions and for facing relevant
investment choices at the local, national and international levels. A framework for a European
environmental monitoring and assessment system is developed around three main dimensions:
theJargets of environmental monitoring; the scales of environmental issues and the levels of
appropriate institutional response. Five levels of activities are identified: (a) harmonization and
standardization, (b) data collection, (c) analysis and modelling, (d) assessment and
management, and (e) information dissemination. Drawing on the experience of Europe’s
Environment: The Dobris Assessment (EEA 1995), we advance that sharing environmental
information across European countries is decisive to increase their institutional capacity to face
environmental problems.
IMPROVING ENVIRONMENTAL INFORMATION
The importance of making objective, accurate and comparable environmental information
available at the European scale is clearly stated in the conclusion of the EEA’s Report
Europe’s Environment: The Dobris Assessment:
"Improving the state of environmental information is a high priority to ensure that
action and decisions being taken by policy makers, the public and all sectors in
society respond to the actual needs. "(EEA 1995, p. 600).
Policy makers in Europe are increasingly challenged by complex and controversial
environmental problems and the need to make scientifically sound decisions. Major gaps in
environmental data availability and discrepancies in data quality across countries undermine the
capacity of countries and European institutions to take action and to face relevant
environmental problems. Improving environmental information through a systematic approach
is crucial for the following purposes:•
•
•
•
•
•
•

systematic monitoring and assessment of environmental changes;
early warning of, and increased ability to prevent, environmental problems;
integrated environmental management and pollution control;
better understanding of environmental and socio-economic trends;
performance reviews of environmental policies and programs;
public information and communication.

THE FRAMEWORK
The information required to serve these purposes can be effectively collected and processed
through a strategic framework whose main elements are the targets of environmental
monitoring and assessment; the scales of environmental issues and the levels of appropriate
institutional response. Five levels of activities can be identified: (a) harmonization and
standardization, (b) data collection, (c) analysis and modelling, (d) assessment and
management, and (e) information dissemination (Figure 1). A wide range of tools are required
for supporting these activities: environmental data specifications, indicators and indices,
predictive models and assessment procedures. Methods and techniques to address the inherent
uncertainty of monitoring and assessment results is also necessary to ensure a correct use of
such information.
Targets
Environmental monitoring activities aim at identifying precise relationships between human
activities and the environment. Targets of environmental monitoring are: the sources of
pollution; the environmental media and the environmental effects. A monitoring system should
be organized around these three environmental dimensions. Monitoring the source of pollution
includes building integrated emissions inventories. Since pollutants emitted into one medium
can be transferred via physical, chemical or biological processes to another medium, multimedia monitoring is also crucial to identify pollutant transfers between media. Environmental
effects can be monitored through multi-media modelling and the use of environmental
indicators. Flow-charts can be used to illustrate how the targets (sources, media and effects)
are linked through data, models and information (Figure 2) (Joffre and Alberti, 1994).
Scales
Spatial and temporal scales are essential keys for understanding and mitigating environmental
problems. The design of monitoring and assessment activities should match the need to identify
appropriate solutions at the different scales. Environmental issues range from local to regional,
continental and global. Local issues (range of a few kilometres) include, i.a., urban
environmental issues (e.g., local air pollution, noise nuisance, contamination from point
sources). Regional and continental issues (from tens to hundreds of kilometres) include impacts
on characteristic processes in soil, water and air and their effects on natural resources (e.g.,
landuse changes, eutrophication, pollution of water basins, acidification of soil, forests and
lakes). Global issues (over thousands of kilometres) include the alteration of radiative fields,
atmospheric composition and large-scale energy flows, resulting in climatic changes and
depletion of the ozone layer.
In addition, environmental pollution has different effects and implications on the short, medium
and long term. The environmental impact of human activities may have already exceeded the
restoring capacity of environmental systems. However, certain impacts such as the result of the
accumulation of small doses take a long time before they become apparent. These impacts
require early warning systems to detect the built up of polluting substances in environmental
media and ecosystems and their adverse effects. On the other hand, some other effects may
appear already after a few high episodic exposures exceeding given threshold values. Such
short duration high concentration episodes require high temporal resolution in order to be
identified.

Institutional perspectives
Monitoring and assessment activities are carried out at different institutional levels and in
different sectors with generally little coordination. The extent of these activities do not
generally match the scale of the issues. Monitoring activities require horizontal (e.g. across
institutions dealing with a common target) and vertical coordination (e.g. through the different
stages of data sampling, analysis and aggregation) across several institutional levels and actors.
A European monitoring system should also aim at reducing the overlap and fragmentation of
activities and improve their harmonization, compatibility and cost-effectiveness.
INFORMATION SHARING AND INSTITUTIONAL CAPACITY
Information processes work as feedback mechanisms. They succeed when the users modifies
its behavior in light of the new information available. The preparation process of the Report
Europe’s Environmenf.TheDobris Assessment has been as important as its final results. It has
shown that individual countries and European institutions can improve their capacity to deal
with controversial environmental issues by sharing information and knowledge and working
towards common goals. The Report has explicitly stated and given importance to the existence
of urgent problems of European relevance. These include:
•
•
•
•
•
•
•
•
•
•
•

- climate change
- stratospheric ozone depletion
-loss of biodiversity
- major accident
- tropospheric ozone
- management of freshwater
- forest degradation
- coastal zone threats
- waste production
- urban stress
- chemical risk

The regional and global dimensions of these problems require increased cooperation among
European countries sharing the same concerns. Cross-countries cooperation in Europe is also
crucial to strengthen the European partnership in international efforts to face global environmental
changes. The European Environment Agency (EEA) established by the European Union may play
an important role for achieving these objectives. The enlargement of the European Environment
Agency to all European countries could be crucial to.address the current discrepancies in the
capability of eastern and western countries to face environmental problems. A pan-European
Environment Agency could meet three major challenges: (a) developing a common European
framework for environmental monitoring and assessment; (b) sharing information and
knowledge; (c) building comparable institutional capacity.
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INTRODUCTION
Estonia, Latvia, and Lithuania (the Baltic countries) and the Republic State of Carelia, Russia
belong to the so-called nearby areas of Finland. All being part of the former Soviet Union,
they are now undergoing the establishment of their own environment-managing systems.
Finland has shown a great amount of interest in supporting the efforts of these areas to solve
their environmental problems.
In 1993 VTT started, at the request of the East European Project of the Finnish Ministry of the
Environment, a four year project aiming at the establishment of national atmospheric emission
measurement systems in the Baltic countries and the Republic state of Carelia (later: the
counterpart countries). Proper national emission measurement systems were regarded
important in order to provide reliable data on the emission situation for national and
international use.
The main target of the work is to raise the level of the emission measurements in the
counterpart countries to the international level. Two aspects were considered to be required to
achieve this goal:
- delivery of proper emission measurement equipment
- training of the emission measurement personnel.
It was estimated that within three to four years these counterpart countries could join the
Finnish quality assurance system in emission measurements if desired.
METHODS
The prevailing official strategy for monitoring and supervising the emissions in each
counterpart country was studied. Through the negotiations with the ministries, suitable
partners for the project in these countries were selected. The laboratory to receive the
equipment was chosen according to two principles:
- its administrative and professional suitability to become a national reference laboratory
- its potential for transferring the education received within the country
As a principle, the selected partner is a central laboratory, very close to the ministry of the
environment.
It was decided to structure the work in modules. Each counterpart country was planned to
progress in the programme independently, depending on their own capacities. The modules of
the project are presented in Table 1. Latvia and the Republic State of Carelia were the first

ones to start the project in 1993, in Estonia the project started in 1994 and in Lithuania it is
programmed to start this year.
Table 1. The modules of the project
No
1 Inventory

Module
-

2

Purchase A

-

3

Delivery of the measurement
equipment
Emission measurement course I
in Finland
Maintenance A

-

4
5

—
-

6
7
8
9
10
11

Purchase and delivery B
Emission measurement course 11
in Finland
Maintenance B
Advanced emission measurement
course in Finland
Auditing
Follow-up

-

Description
Official strategy for air pollution protection in
the counterpart country
The capacity and needs of the national
laboratory
Equipment designing, manufacturing and
purchasing the equipment to be delivered
Delivery and short guidance in the counterpart
country
Introduction to performance of basic emission
measurements with the delivered equipment
Independent emission measurements in the
counterpart country, Finnish experts follow
Inventory of the necessary complementary
equipment
Delivery of the complementary equipment
Complements the basic course

- Independent emission measurements in the
counterpart country, Finnish experts follow
— Measurement of special components
- Quality assurance test
- Continuous contact

Inventory and delivery of the measurement equipment (modules 1,2,3 and 6)
In the beginning, the professional status and the needs for basic measurement equipment of
the target laboratory were evaluated. All the laboratories had equipment and experience of
their own, but urgent need for additional equipment was observed. The main deficiency in the
laboratories was found to be in the basic sampling systems and flue gas analysers.
The delivering of the emission measurement equipment aimed to raise the measuring facilities
of the laboratory to the level at which emission measurements can be performed*according to
international standards. Instead of delivering state-of-the-art instruments, reliable and proven
equipment was chosen. This strategy was used for practical as well as financial constraints in
order to make the deliver of the total range of devices for basic emission measurement
possible. The measurement of particulates, oxygen, carbon monoxide and dioxide, sulphur
dioxide, nitrogen oxides, velocity, humidity, pressure and temperature were regarded as basic
objects of emission measurement. The target laboratories were given equipment to perform
the measurements of these substances/characteristics. Additionally, equipment for the

measurement infrastructure such as, a plotter for data collection, electricity generator,
compressor, calibration gases etc. was included in the list of delivered equipment.
Measurement courses (modules 4,7,9)
Training is a very important part of the project, since mastering the use of new equipment and
performing the emission measurement in real process conditions is demanding. By arranging
measurement courses and guidance for the target laboratories it has been assured that the
delivered equipment has been taken into proper use. The first training was given as a quick
course in connection with the delivery of the measurement equipment.
The courses held in Finland are divided into three sections:
1. Emission measurement course I, soon after the delivery of the equipment
- Introduction to the performance of the basic emission measurement by lectures,
demonstrations and practice
- Target group: personnel of the national laboratory and other relevant institutions
2. Emission measurement course II, one year later
- Complement to the basic course basically by problem solving
- Introduction to sampling from the solid streams of the process and elementary
analysis of the samples
3. Advanced emission measurement course, one year later
- Focus on measurement of special compounds, like organic compounds, heavy
metals, halogens and fractionated particles.
Maintenance (modules 5,8)
The skills and knowledge adopted during the courses are maintained arid verified by arranging
measurements in real process conditions in the counterpart country in-between the courses.
Finnish experts follow the performance of the measurement group and give guidance in
practical as well as in theoretical matters. Special attention is paid to the ability of the group
to take into account process conditions during the measurement. This is important when
emission data is used for reporting emission factors, annual emissions etc. During the visit,
Finnish experts determine the need for complementary equipment by observing the
performance of the measurements and discussing with the measurement group.
Auditing, follow-up (modules 10,11)
At the end of the project, its achievements will be evaluated. Finnish experts will carry out a
test to audit the performance of the field measurements performed by the national laboratory
in the counterpart country. The audit concerns preparation, field measurement, process
follow-up, calculation and reporting. According to the results of the audit, conclusions will be
drawn on the ability of the national laboratory to perform emission measurements and future
plans are made.
CONCLUSION
From the start of the project in 1993 up to early 1995, great progression has been made
towards its target - the establishment of national emission measurement activity in

neighbouring areas of Finland. Good co-operation with the national laboratories in Latvia, the
Republic State of Carelia and Estonia has guaranteed that the training and problem solving
could have been focused most efficiently. In Lithuania the co-operation partners have been
found and the project is set to start there.
Because environmental legislation in the counterpart countries is deficient, the obligations for
emission measurements have been scarce up to now. Hence, the lack of experience in field
measurement has been the emphasised problem in the project. This problem will, however, be
reduced in time.
The prognosis is very good for the national measurement laboratories of Estonia, Latvia, and
Lithuania and the Republic State of Carelia to reach the level producing internationally
comparable emission data. An extensive amount of work and practise are still programmed
before the project achieves its goal.
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ENVIRONMENTAL PROTECTION AS A QUALITY CRITERIA
FOR SUCCESSFUL ENVIRONMENTAL MANAGEMENT
Hubert Peter Johann
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INTRODUCTION
Whoever has the say within a company must have an idea about environmental
protection, in other words, the latter is a management affair. Such demands have
been put forward by relevant speeches and publications which point out that
environmental protection must be a concern of management. This statement is
often supplemented by the observation that the greatest environmental problem of
the company could be the company management itself if it maintains that it has no
problems in the environmental field.
In many cases, a great deal of work remains to be done within the company
concerning the acceptance of ecological measures which are often considered
onerous and cost-intensive. For many companies, cost-efficiency is still the highest
goal, simultaneously promising personal and business advantages. This attitude is
however increasingly losing prominence. The inclusion of ecology into
management can no longer be prevented because new findings, an increased
awareness of environmental factors and public opinion expressly demand this
inclusion. In the private sphere too, people's attitudes to environmental protection
have changed; attitudes and reactions to environmental pollution caused by
industry, as well as to the hazards for both people and environment as a result of
this pollution, can only be judged today as being very sensitive.
Nevertheless, it is said that managers in industry mostly take their company
decisions without considering ecological factors but predominantly on the basis of
opportunism based according to the structures of the economy. In addition,
incorrect estimates of the company's risk potentials as well as a lack of knowledge
as regards the consequences of managerial decisions have frequently led to
incalculable results for the environment. The high number of preliminary enquiries
against managers due to offences against the environment seems to support this
statement; for example more than 21000 such violations were registered in
Germany in the course of the year 1989.
These figures and their evaluation by the media are - with great certainty - also
decisive for the significant amount of skepticism and the general prevailing
attitude in our society of rejecting new industrial developments. Furthermore,
industry's poor profile in environmental matters is constantly being enhanced by
news of environmental scandals triggered by human failure, incorrect conduct and,
most frequently, by the ignorance about the consequences of a decision.
Credibility, reliability, seriousness and the company's image are however
15 21081

important components of the company's capital and determining factors for its
economic success. These will then be especially taken into account when the
ecological balance, now in its structural and trial phases, will in future be just as
important for the judgement of the company and its managers as the economical
balance.

ECONOMIC EVALUATION OF ECOLOGICALLY ORIENTATED
PRODUCTION PROCESSES
It is already clear today how important the positive attitude of a company towards
environmental protection can be. This applies both for the general acceptance of
an industry and its products by society as well as for the tendency of competent
future managers to be active in this field.
The entrance of an industry into an environmentally orientated maket economy
cannot only be achieved by the mere acknowledgement of having met the
structural conditions stipulated by the given guidelines. In order to match the
growing ecological reality and the operational plan for company decisions, new
signals must be set in society. In political spheres a 'new orientation' or an
ecological restructuring of society are already under discussion. As concerns
industry, it is a question of meeting new structural conditions for production
determined by ecological quality goals. These structural conditions must guarantee
that an ecologically correct decision also offers economic advantages.
Environmentally justified behaviour should not only favour a good conscience but
also prove advantageous for the economic conditions of the company.
There lacks a concept for the application of evaluation criteria for the use of
environmental goods such as air or water. The avant-garde thinking and decision
making structures such as environmental auditing - i.e. environmental check-lists or special eco-controlling instruments which should be prepared by each company,
could in future determine the daily environmental business within companies.
Environmentally orientated management in company structures is required on a
large scale. The conversion of these goals into operational company decisions and
measures is to be specified by the structure of the company: environmental
protection must become an integral part of successful management in future.

STRUCTURAL CONDITIONS OF THE LEGISLATION FOR
ENVIRONMENT ORIENTATED COMPANY MANAGEMENT
Germany's Federal law for the Protection against Emissions in the 3rd version of
the amending law which came into force on 01/09/1990, requires the operators of
authorized plants to present company decisions relevant to the environment, for
instance by presenting the organisation structure of the company and by explaining
the hierarchical structure within the latter relative to responsibility (§ 52a Federal
Law of the Protection against Emissions).
The responsible operator must explain to the authorities "how it has been ensured
that regulations and orders serving to protect against harmful effects upon the
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environment and against other dangers have been taken into consideration by those
responsible for the company".

THE ECOLOGICALLY ORIENTATED ORGANISATION STRUCTURE OF
THE COMPANY
In order to ensure profit a company must, while it secures minimal and justifiable
levels of environmental pollution, conceive a new company organisation. Such
organisation is to be designed according to the principle of the entrepreneur's own
responsibility for the environment. This means that the company decision-making
process will be primarily determined by criteria generally originating from the field
of environmental protection.
Wherever industrial processes lead to undesirable side effects for the environment
via air, water and soil, a check is required; it must be determined whether those
decisions taken were 'pro-environmental1 or whether they could have been
amended in line with the pertinent legally specified environmental. This means
that, for all company decisions, the decision-makers require some basic knowledge
about the solutions and demands prescribed by environmental protection. The need
for these qualifications is new and must be satisfied by the introduction of suitable
training measures supplementary to conventional training or by further in-house
training measures.
Environmental protection and pollution control within the company have to begin
prior to the release of emissions. If we assume that only that which has previously
been purchased can be emitted, environmental knowledge points to the fact that
the purchase of auxiliary materials, fuel and energy must also be taken into
account. It is at this point that the success of a company's "avoidance strategy" will
be decided, establishing the future strategy of the company's activities in the field
of environmental protection. Almost all transformations, conversions, linkages or
splittings which a material used in production can be subjected to, are
environmentally relevant and must not merely be judged on the basis of purely
economic criteria.
The purchase of materials in its broadest sense is as important from the
environmental point of view as the environmentally relevant procedures of the
manufacturing processes. This applies especially to the disposal of materials which
is constantly becoming more expensive and more problematic.
Beyond the involvement of the specialist for the protection against emissions,
environmental knowledge has to be a must for future decision-makers in the
company at all levels and in all specialist areas as a basis for important
environmentally orientated decisions. The substitution of the secondary
environmental strategy which has so far been practiced in most cases (and is, at
the end of the day, only a strategy of energy and cost-intensive "repairs") by an
avoidance-strategy can only succeed if the conditions under which emissions arise
are known. Recognition, evaluation and avoidance are those stages of such a
future environmental strategy which promises success.

ENVIRONMENTAL PROTECTION AS A COMPANY STAFF FUNCTION
TO STRENGTHEN SELF-CONTROL
Those persons whose duties contribute to the fulfilment of the ultimate goals of
the company and are in the position to take decisions for their specific sector must
therefore bear the responsibility for the decisions taken in this sector. This
decision-making structure should aim to secure the optimum cost-efficient
fulfilment of the company's targets. The decision-making structures extend from
top to bottom in linear form i.e. from plant manager via works manager, head of
department and foreman to controller or group leader, all of which are authorized
to initiate the execution of a decision.
Decisions are mainly made on the basis of current information. In connection with
knowledge, experience or with statistical statements which are drafted by staff
units for a decision recommendation, the decision will gain in accuracy. These
drafts serve the decision-maker within the line function as quality or safety criteria
for correlations which are often very complex and have to be borne in mind when
taking decisions. Individual members of staff themselves have no decision
competence and only advise the decision-makers within the aforementioned linear
function.
The assurance that their decisions will be accurate and reliable can be increased by
incorporating additional know-how relevant to the decision into the decision
making process. Those individuals "standing in the line" within the line functions
usually do not possess a high degree of specialised knowledge concerning such
matters as safety, environmental protection or marketing etc. These spheres
however play an important role as cross-sectional function influx for almost all
company decisions.
This fact has also been recognised by the legislator and indeed the necessary legal
steps have already been taken. Such legal steps ensure, for instance, that the
awareness of environmental issues and of the need to adhere to specifications and
legal regulations can be incorporated into company decisions with the assistance
of competent members of staff. The latter are in fact those specialists for the
protection against emissions (Immissionsschutzbeauftragte).
The duty to listen to the latter and the privilege to report to the operator ensure
that the tasks specified by the law can be fulfilled. At present there appear to be
two main reasons for the limited success as regards the carrying out of those lawdefined protective measures against emissions:
1/ The operator's ignorance about his duty to involve the specialist for the
protection against emissions in all company-related decisions;
2/ An insufficient qualification of the specialist for emissions and the inability to
present his/her knowledge.
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INTRODUCTION
Generally speaking, Ecology is still confined to the scientific universe, and most people
ignore its real and deep meaning. At the same time, one has to bear in mind that such
science is greatly important, not only to the wellfare and health of human being, but also the
prosperity of any society, country, or culture. It is necessary therein, to re-appraise the
forms of development and the prospects for our Planet's future. Above all, it is important to
link such development to quality of life.
Next century's social structure will inevitably incorporate the sustainable development; and
accomplishing it in Brazil, a country of deep contrasts, shall only be possible as long as we
find the link between the empirical knowledge about nature and the technological
knowledge, on a First-World basis.
How to spread that knowledge and those cultural values through all active sectors in
society, so that actions for environmental preservation be developed, is the major concern.
THE SUPER ECO PROJECT
The Super Eco Project was developed in order to propose this search for knowledge. To
remind that we do not know everything. The purpose is to awaken, to knowing better the
world we live in and what is hapenning to it; and, above all, the purpose is to educate. And
educate children at a present time with a future prospect at least gloomy is the main
challenge of the Super Eco Project.
As for that, we tried to create a NATIONAL CAMPAIGN FOR ENVIRONMENTAL
EDUCATION using the visual and playful! stimulus of media to create some pedagogical
material wich is scarce today’s market.
Besides information and enterteinment, Super Eco allows a cultural interchange between
children from the whole world, thus developing the consciousness of a common
environmental wealth. There was also an efford to create a Brazilian project valuing our
cultural dissimilarities and one wich could justify, at the same time, the support, the
dissemination, and the investment of foreign capital
It was also taken into account that the marketing of products related to children's leisure
induces to the consumption of products wich are agressive to the environment, creating,
therefore, the risk of breading inconsequent future consumers. On account of that aspect,
the project has guided the execution of all its products according to an environmental
ethics, wich made of it an ideal medium for the diffusion of integrated marketing or of
merchandising projects related to the environmental question.
LETTER OF PRINCIPLES
In order to make sure that the contents will be correctly approached and that its products
do really correspond to the “environmental correct”, Super Eco Project’s creators
elaborated a Letter of Principles. Such letter defines the Campaign’s interests and its
different exploits.
The authors of the Super Eco Project undertake the responsability of:

a) Organizing a Consulting Council, formed by scientists, researchers, technicians,
educators and communication professionals, with acknowledged activity in their respective
professional fields. This Council will be in charge of appraising the different applications of
the Super Eco Project, as well as the consistency between these and the sponsors
connected with them, forms of commercialization, etc.
b) The Consulting Council's already established areas are the following:
* Air, Water, Soil and Desertification
* Garbage and Recycling Programs
* Biodiversity and Sustainable Development
* Environmental Education
* Alternative Energies
* Nutrition and Pacifism
* Technology and Diffusion
c) Suggesting a re-appraisal concerning the use of the children's characters,
considering:
* their importance in the formation of children's playful universe,
* the stimulus to the consumption of products without a previous knowledge about
the effects on the environment.
d) Diffusing the view that the progress and environmental preservation can live
together and in harmony. The authors are willing, therein, to give room to the diffusion of
undertakings - on part of business companies - actually aimed at environmental
preservation, and to the develoment of institucional campaigns.
e) Consigning a percentage of the profits obtained through merchandising to
supporting environmental projects sanctioned by the Consulting Council.
f) Following the evolution of the knowledge and publishing information and concepts
in tune with the dynamics of ideas and of scientific research.
g) Reinforcing among its collaborators, in all levels, the principles above stated,
making them the groundwork also of the creative process and of any kind of decision
making.
"SUPER ECO PRODUCTS"
Such products, concerning marketing for children, were designed at different media, and
offer, on account of their characteristics, a significant material and pedagogic support for
environmental education. Some of them were already fully developed, while others are
being developed know.
* The page, monthly issued and printed in four issues of the "Folha do Meio Ambiente"
newspaper, where the reader followed Dr. Bidder's journeys and researches in pursuit of
Super Eco.
* The pilot-video, developed for the project's participation in the Conference on
Environment - RIO'92.
* The magazine, monthly issued, is being developed to congregate comics, pastimes and
educational games.
* The documentary of Yandu, one of the project's characters, the author of wich recently
received a subvention from Fundapao Vitae for the development of a project aimed at the
development of a story for children wich undertakes the return to the underground roots of
Brasilian culture. Encompassing several social-ecological aspects, this documentary will
also uncover the riches of the region with the greatest biodiversity over the earth: the Moa
Mountain, in state of Acre,Brazil.
* The video animated cartoon series shows the adventuries of Super Eco and of a group of
children facing the villains (bad guys) who intend to turn Planet Earth into a desert.

* The toy figure, is" related with one of the project's products for the consumption by
children, wich meets the principles of he so-called "ecologic economy". The researches
concerning this product are being held with the view of creating the basis of the sustainable
development of a destitute community in the Amazonian Forest.
THE CHARACTERS
Super Eco Project’s chief resource is the use of characters who, through their action and
their natural identification with the juvenile public, convey the necessary concepts and
information. The universe of those characters falls into three major groups:
THE SUPER ECO GROUP: it comprises the project’s main character, a highly sensitive
and developed animal being, originated from the first "living cell". Adapted to all types of
environment, including its adverse conditions, Super Eco is endowed with extraordinary
physical qualities. His major advantage, however, lies in his feeding sistem: He lives on the
feeling of love toward nature. He is focus from wich the conflict with the villains
representatives of different forms of agression toward the environment is constructed.
THE ANA BANANA GROUP: Ana Banana is a little girl, who grew up all alone in an
unpeopled island, only inhabited by animals. Through high-spirited stories, situations are
created discussing human behaviour on the point of view of prejudice, the war and peace
dilemma.
THE YANDU DE MAMAMBUGE GROUP: Yandu is a magic bird from Mamambuge
forest who loses his powers and is forced to knowing the world in order to regain them.
The goal here is the reader’s inner involvement with the search of an identity wich is
recovered through Nature.
SUPER ECO CAMPAIGN’S BENEFICIARIES
The Campaign’s scope is a very wide one,touching several segments of Brazilian society:
* Public and Private Educational Networks: Realization simultaneous with the distribution
of material for conferences and courses among teachers, to give them directions concerning
the multidisciplinary use of the material offered;
* Inlitutional and Private Sectors: A survey of the companies and institutions with really
significant works in the environmental field and that wish to publish them through
promotional pieces;
* Institutional work with Forest dwellers: Realization of an environmental education work
together with a comunity formed by the inhabitants of Novo Encanto Rubber Tree
Plantation, near by the city of Rio Branco, in state of Acre, Brazil.
* Work with groups of destitute children: By 1994, the SUPER ECO SOCIETY FOR
CHILDREN ENVIRONMENTAL INTEGRATION AND DEVELOPMENT was created,
with the purpose of implementing projects dealing with destitute children in environmental
conservation areas. It was defined, at the first stage, the creation of occupational
workshops, in a region of the Atlantic forest, focused on workmanship, painting,
agroecology, and other activities which are regardful of and promote the sustainable use of
that place.
THE TESTING PUBLIC
The products are being tested with children from 3 to 13 years -old, in the cities of Sao
Paulo and Curitiba at TEMPO VERDE - Center of Environmental Education wich carries
out educational activities since 1991.

SUPER ECO PROMOTERS
The Super Eco Project originated in Sao Paulo, bringing together the experiences of
biologist and environmental educator Andree de Ridder Vieira and designer and animated
cartoon movie-maker Ceu DTElia.
ABEPPOLAR (Associate Brasileira de Ecologia e de Prevenpao a Poluipao do Ar),
through its Department of Environmental Education, is disusing and promoting the actions
of the Super Eco Project in all events and lectures held by the institution. ABEPPOLAR
was responsible for the touching of Super Eco in the Conference on Environment Rio'92, as
well as in the parallel events in other places.
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VALUATION OF THE IMPACTS FROM ROAD TRAFFIC FUELS
EMISSIONS

Tomas Otterstrom
Ekono Energy Ltd, Espoo, Finland

INTRODUCTION
Ekono Energy Ltd. participated in 1993 in the MOBILE research programme of the Ministry
of Trade and Industry (MIT) by carrying out the project "Valuation of the impacts of road
traffic fuels emissions" (1). The project was financed by the MTI, Ekono Energy Ltd and
Neste Oy. Ekono Energy wishes to express its thanks to the members of the follow-up group
and those about 20 researchers from different organizations who gave valuable comments
during the work.
The aim of the project was to assess the external costs of Finnish road traffic, which are
incurred by the environmental effects of fuel related emissions (motor petrol and diesel fuel).
To this end, the survey studied the environmental impacts of emissions on people and the
environment locally, nationally and globally. The main target was to develop a method for
calculating the economic value of these effects. The method has been applied to road traffic
emissions in 1990 and emission forecasts for 2000.
The valuation calculations made should be regarded as indicative examples. The paper presents
a possible way of assessing the cost of effects. This kind of review indicates the cost of impacts
compared with the cost of reducing emissions. It also indicates the way in which environmental
taxes could be developed and reveals those impacts which should be researched and the
impacts and emissions components the restricting of which should be enhanced.
METHODS
During the work, the main emphasis was put on developing and applying indirect monetarization methods. Indirect methods proceed through dose-response Sanctions, whereas direct
methods value the environmental impact directly based on people's behaviour or their
otherwise expressed willingness to pay (WIT). The dose-response function links a certain
emission quantity, deposition or concentration to the extent of the effect. When quantitative
data on effects is available, it is possible to carry out monetary valuation for instance by means
of market prices or people's WTP.
The starting point of the study was to examine the emissions formed during the life cycles of
the road traffic fuels, including also emissions caused by operations abroad which are part of
the fuel cycle. Monetary valuation, however, concentrates on emissions in Finland, and the uni
damages (FIM/kg) arrived at will be applied to valuating emissions from the road traffic fuel
cycles emerging abroad.

Monetary valuation in Finland proceeds chiefly in the following way:
Finland is divided into two areas: the urban area (population centres) and the rural area.
The urban effects to be studied are damage to materials and health impacts. The rural
effects (ecological effects) are damage to forests and cultivated plants.
The measurements made earlier in population centres and at background stations are
used to assess the concentrations of the emission components in population centres
(averages) and depositions in the countryside. Research reports in this field will be
studied to find connections between concentrations (or depositions) and environmental
effects.
The most important global impact is the greenhouse effect. This impact is valued in
money based on the data presented in literature.
As soon as the damages have been quantified, market prices will be used as far as
possible to indicate environmental effects in monetary terms. Values based on WTPstudies can also be utilized (eg value of statistical life).
The unit values (FIM/kg) of emission components arrived at by means of the effects in
Finland will be applied to emissions emerged abroad at the beginning of the fuel cycles
and to Finnish traffic emissions dispersed abroad.
By estimating the proportion of traffic emissions among total concentrations and
depositions and by using the traffic emissions calculations made by the Technical
Research Centre of Finland, it is possible to express the damage per kilometre in the
form of p/km. There is data on both emissions quantities originated from petrol and
diesel traffic, so that the previous step can be taken separately for these fuels.
RESULTS
Table 1. shows a summary of the estimated damage of Finnish traffic fuel emissions in Finland
and for traffic fuel related greenhouse gases globally at the 1990 emissions level. Included is
also an estimate of the damage abroad caused by emissions from the Finnish road traffic fuel
cycles. The figures are results of calculation examples. The assessment shows the order of
magnitude of the damage and the impacts of road traffic emissions which are of potential
significance. However, it has not been possible to assess all arising impacts in this study.
Ecological effects in the urban area (ie parks) and health effects in the rural area were not
estimated. The damage on buildings and constructions of considerable culture historical
significance have not been assessed. The visual value of forests and the value of biological
diversity were not estimated. Effects of traffic emissions on the aquatic environment were not
assessed, but the contribution to total damage is probably not be significant. The road traffic
emissions damaging the ozone layer are also minor.
Adding the results together contains a risk of overestimation, since the values are based on
different WTP-studies, which take into account only the WTP to avoid a certain effect at the
time. In that case a possible (simultaneous) WTP to avoid other effects and the impact of this
on available funds (budget) would not be taken into consideration. In this study it has not been
possible to take this aspect into account, but it has been assumed that the WTP to avoid all
impacts is the same as a sum of the expressed WTP to avoid individual impacts. In general it
can be said that on the scale of "very uncertain", "uncertain", "moderate", "good", none of the
valuations is better than "moderate" in reliability.

Table 1. Division into damages in population centres (health effects and material damage), in
rural areas (effects on natural environment) and globally (climate change) and the damage
abroad of traffic emissions from the fuel cycles, FIM mill./a (1990) (*) included on line "Global
effects")
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The dashes in the above table indicate that the component in question is likely to cause
damage, but the value of this damage has not been assessed. Of these, at least the effects of
ozone on forests and the health effects due to nitrogen oxides emissions are potentially
important.
The estimated effects of diesel traffic emissions per vehicle mileage will grow higher (on
average approx. 17 p/km) (effects in Finland and abroad) than those of petrol traffic emissions
(on average approx. 7 p/km). Correspondingly, the effects of heavy traffic per vehicle mileage
are higher (on average approx. 31 p/km) than those of light traffic (approx. 8 p/km).
When the same valuation methods were applied to the predicted emission level of the year
2000, the damages were, as expected, smaller than in 1990. This is due to the increase in the
proportion of cars equipped with catalytic converters, launching of new low-emission fuels on
the market and exhaust gas tests to be performed during motor vehicle inspections.The cut in
the total damages by a third from the 1990 level roughly corresponds to the predicted fall in
road traffic emissions. Only carbon dioxide emissions are expected to rise.
DISCUSSION
The work done shows that it is possible to estimate the external costs of road traffic
caused by the environmental effects of fuel emissions. Environmental economics including
monetary valuation of environmental effects is now the focus of vigorous research in the
United States in particular, where the valuation of environmental effects is carried out to an
increasing extent as part of the cost-benefit analysis of large-scale projects or to assess the
value of environmental damage caused by accidents. Examples are the Toxic Substances
Control Act and part of the Clean Air Act, which require that benefits and damages should be
compared when setting new standards. In Europe the valuation of environmental commodities
and changes in the environment has proceeded in e.g. the Nordic countries. All the Nordic
institutions in charge of road planning have developed methods for the pricing of traffic
exhausts and noise, in Finland (2) and (3).

External costs should be estimated when studying different traffic solutions. Transport
causes several environmental effects, the costs of which are not fully included in the market
prices of transport. The producer or consumer of transport services does not pay these costs,
but they will be covered by a third party, often society. Since the external costs cannot be seen
in the production costs of transport services, they are not taken into account when comparing
the social or economic profitability of different fbels, traffic modes and separate traffic
solutions. Omitting the external costs is thus, in fact, a benefit to such transport services which
cause the externality.
Taking into account the external costs in future investment decisions and other traffic
policy choices would be desirable. External effects are not necessarily environmental impacts
but can also be related to maintenance security, employment, region development, etc. In general,
environmental impacts are difficult to determine. In Finland there are fuel and environmental
taxes, which affect the competitiveness of fuels and thus steer consumption. Generally speaking,
the fees in question improve the market position of environmentally safer fuels (and domestic
fuels). The dimensioning of fees has, however, not been determined based on external
environmental or other effects, which this report assesses. Taking into account uncertainty
factors, it is clear that it is not possible to apply this kind of assessment directly, but it would be
desirable that when determining limits for emissions, emissions taxes and environmental
fees, the estimates of external costs would be one input factor in the decision making.
Related to the above it would be important to develop methods and rules of the game for
carrying out valuations and applications. On the one hand, input into research on the
effects, on which there is not enough data for.making reliable assessments (forest damage,
several health effects), should be increased and on the other hand, new methods should be
developed and common principles should be agreed on to assess the damages caused by
emissions. In addition, the situations in which valuation techniques can be used should be
defined. Besides environmental taxation, potential application areas are cost-benefit analyses to
be made during governments' programmes and large projects and the life cycle analyses of
certain products, with regard to which, transport is one of the factors the environmental effects
of which can be significant.
The results of this work differ from those of the study (3) which Ekono carried out for the
Finnish National Road Administration. This study produces considerably higher values for
health effects, and considerably lower values for ecological effects than in the previous study.
Since the damages caused by road traffic emissions are most obviously significant when valued in
money, it is justified to continue the research and valuation. Results and valuation methods should
be checked whenever emission levels change or more accurate research results are available.
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REQUIREMENTS AND IMPLEMENTATION OF THE EC REGULATION ON AN
ENVIRONMENTAL MANAGEMENT AND AUDIT SCHEME (JUNE 1993)

Paul Schmitz
Verband der Technischen Uberwachungs-Vereine e. V. (VdTUV), Essen, Germany

INTRODUCTION
Environmental protection is one element in the strategy of "sustainable development" aimed
at ensuring that the capability of existing and future generations to meet their own needs is
not jeopardized by exhaustion of the resources or environmental degradation (including
eradication of animal and plant habitats and spoiling of the landscape). Any foresighted
method of environmental protection (i.e. one that includes the future as a parameter in
current thinking) will require the specification and realization of an environmental
management system (EMS) within an organization. An audited and certificated EMS serves
to instil confidence in the customer and/or the public at large as to the environmental
capability of the enterprise.
In substantiating the need for this approach, the EC Council refers to a "Community
Programme of Policy and Action in Relation to the Environment and Sustainable
Development" (February 1, 1993). This programme underlines the role and responsibilities
of companies both with regard to reinforcing the economy and to protecting the
environment throughout the Community by integrated and preventive measures.
THE EC REGULATION
Since April 1995 the ascertainment whether of a European company is taking account of
environmental issues is put on a standardized basis. On 13 July 1993, the EC introduced a
Regulation providing for "voluntary partifcipation by companies in the industrial sector in a
Community eco-management and audit scheme". With this system the assessment and
improvement of the environmental performance in European enterprises are be made
possible.
By April 1995 the Member States had to take two essential measures towards
implementation: One was to establish a system for the "accreditation of independent
environmental verifiers", and the other was to designate a "competent body" in their own
country which will, above all, be responsible for registering validated sites.
The idea behind this system is that companies should adopt a company concept which
outlines environmental guidelines, proposed actions and a managerial strategy for their
implementation. The EMS and the results of the company eco-audit will be reviewed at
least every three years by the accredited independent verifiers. If companies make an
additional commitment to comply with all relevant regulatory environmental requirements

and to apply best available technologies (BAT) not entailing excessive costs they will be
awarded an environment certificate.
Aside from the following essential substantive requirements and elements of the regulation
site related environmental policy, programs and EMS,
continuous environmental performance improvement,
environmental audit conducted by either auditors belonging to the company or external
persons or organizations,
environmental statement and its validation by accredited independent environmental
verifiers,
qualification criteria for auditors,
chances of auditing distributive trades and public service as well,
the regulation follows the fundamentals
-

realization of the principles "prevention" and "polluter pays",
introduction of an "organizational environmental protection" besides the "technical"
environmental protection,
reinforcement of industrial self-responsibility,
internally (eg EMS) and externally (eg environmental statement) effective tools.

ENVIRONMENTAL MANAGEMENT IN COMPANIES
It is now an undoubted fact that in the future a management integrated environmental
protection will be more important - at least of equal rank - than a technical environmental
protection, especially the end-of-the-pipe systems. It has become a permanent factor of the
companies' consolidation for the next decades because EMS can react to the ever greater
emphasis being placed on environment-related quality characteristics of products and
production as well. EMS must increasingly be applied to preserve competitiveness and to
sustain a satisfactory economic capability and as an instrument of internal and external
documentation and communication. An EMS is, morover, a classic tool of provision with
all the advantages of effective and economic environmental protection.
The audit as an internal and external evaluation system plays a central role within an EMS
and it attests the organization itself and externally as well the plausibility, the
documentation, and effectiveness of the scheme, and the functioning of all environmental
protection measures. The "continuous improvement of environmental performance" as
called for in the EC Regulation can only be certified by recurrent audits.
Though participation in the scheme is voluntary it can already be foreseen that market
forces (competition situations, demands of producers to subcontractors) will mean an
influence not to be underestimated on the preparedness of companies to participate in the
scheme. Hence it follows that auditors and accredited environmental verifiers and their
qualifications will play an important part in the structure, and in the operation of an EMS
and its auditing. But to date there is still a need for procedure instructions for an EMS
certification such as have been standardized in the field of quality assurance for some time.
The discussion on feasibility of differentiation or nexus of the different management

systems, eg for plant safety, quality, environmental or occupational safety has also not yet
been concluded, as these approaches depend on several factors (see below).
It is also of particular importance in environmental policy that small and medium - sized
enterprises .(SME) which in total may contribute to the environmental impact to a great
extent can participate in the Community scheme. If an upper limit of 500 employees is
taken as a basis, as a result of an EC survey in 1992 about 99 % of the 13 million
enterprises within the Community are SME's.
In spite of the comprehensive nature of the requirements the regulation provides
comparatively few instructions on the implementation in the member states, and so national
lawmakers and national/intemational standardization bodies as well will have to do a lot of
work to ensure transposition and interpretation of the regulation in the member states.
TRANSPOSITION AND ENFORCEMENT IN GERMANY
Politics, trade and industry, and the general public in principle are positively disposed
towards the basic ideas of the regulation. This is attested especially by the results of a poll
carried out by the German Federal Environmental Agency as early as 1989. Businessmen
emphasize the following advantages:

-

Enhanced acceptance in the public through presentation of the advanced state of
German environmental protection measures (environmental statement!)
Better communication with the public
Detection of risk potentials and hazards
Detection of potential savings (raw materials, energy, waste)
Lower insurance premiums.

Regardless of its direct effect in principle, the EC Regulation comprises several
specifications which are aimed at a transposition to the member states. These requirements
are:
Establishing a system for the accreditation of independent environmental verifiers
(Art. 6)
Designating the competent bodies for the registration of certified sites (Art. 18)
Informing the public on objectives and principal provisions of the regulation (Art. 15).
Because of the legal relevance of the regulation to the German constitution there is
requirement for a national legislation procedure within the context of "accreditation of
verifiers" and "registration of sites". At the time this paper was being prepared a decision
had not been taken on organization, competences, and personal structure of the
accreditation and registration bodies, because the different recommendations of trade and
industry (BDI) on the one hand and federal authorities (BMU/UBA) on the other differed in
conception and methodology. It is of great importance that the transposition is
practice - based and also enjoys public confidence.
Even before the EC Regulation came into force and into effect, in Germany various
activities had been developed which were characterized by the installation and certification

of EMS and the preparation of environmental manuals and reports (to date in Germany
about 40 enterprises have submitted an environmental report.). Some of these pilot projects
have been supported by the Federal Government.
Various external expert organizations, eg the German Technical Inspection Boards (TUV)
and their certification branch TUV CERT, already before the legal force of the regulation
advised the enterprises in the installation of EMS and their certification. The advantage of
these bodies is based on the experience in the assessment and operation of technical
environmental protection systems and in the methodology of evaluation and auditing of
management systems as well, especially in quality assurance.
A thorough discussion is in progress on the question of whether and in which way the
various management systems (safety, environment, quality) can be integrated and installed,
operated and certified. At first sight all systems contain certain analogies as far as their
structure and methodology are concerned . There are, however, major differences between
EMS as defined by the EC regulation and quality assurance systems. Primarily they stem
from the fact that the performance requirements of the ISO 9000 series relate to ensuring
that "product conforms to specified requirements". In other words, the customer specifies,
the quality level. In the case of EMS there is no direct customer so that the models for the
management systems have themselves to introduce the fundamental performance
requirements: compliance with all relevant legislative and regulatory requirements and a
commitment to continuous improvement in line with a company policy based on an
evaluation of its environmental effects. Ensuring that these specific performance
requirements are met puts a responsibility on certification bodies which is broader than that
arising from quality system certification. Accreditation with respect to the EC Regulation
cannot be regarded as an extension of scope added on to the quality management system
approach. Moreover a decision on an integrated system depends, among other things, on the
scale of operations, on the type of an existing system and on legal regulations in force.

PROSPECTS
Even now before the EC Regulation has come into force, it is evident that, in spite of the
voluntary character of the regulation, market forces and public are urging companies to
install, document and regulary audit an EMS. It must be added that compliance with the
substantive and organizational requirements of the regulation is to some extent already
covered by specifications of the relevant national environmental law. Hence participation in
the regulation scheme can be of interest to the companies on account of the fact, too, that a
lot of its requirements are statutory anyway.
Elements of the European way forward are:
Economic and effective environmental protection
Harmonized criteria, requirements and audits
Reduction of governmental intervention without substantive losses of environmental
protection.
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DEVELOPING EFFECTIVE URBAN AIR QUALITY MANAGEMENT
SYSTEMS IN THE UNITED KINGDOM: CASE STUDIES

Derek M. Elsom and Helen Crabbe
Geography Unit, Oxford Brookes University, Oxford, 0X3 OBP, United Kingdom

INTRODUCTION
During the past few years an increasing number of local authorities have expressed concern
about the ambient levels of nitrogen dioxide, carbon monoxide, benzene and fine particulates
that residents may be experiencing in traffic-congested parts of towns and cities. Although
recent legislation is intended to reduce vehicle emissions (e.g. stricter exhaust emission
standards requiring new cars to be equipped with catalytic converters), the growth in the
number of motor vehicles, their frequency of use and the congestion they are causing in urban
centres have resulted in little or no improvement in air quality. Although total vehicle
emissions of nitrogen oxides, carbon monoxide and volatile organic compounds (VOCs) are
expected to fall significantly during the next ten years, air quality will still remain a problem
in some urban areas. Clearly, not all local air quality problems can be eliminated by the use
of national legislation. For several years, local authorities and environmental organisations
(e.g. National Society for Clean Air and Environmental Protection) have argued for local
authorities to be given a statutory duty, together with appropriate funding from central
government, to produce local air quality management plans which assess the seriousness of
any air quality problems and which, if necessary, set out how poor air quality can be
improved. This paper examines the progress towards urban air quality management in the UK.
GOVERNMENT INITIATIVES
In January 1995, following earlier consultation documents (1,2), the UK Department of
Environment outlined a framework for improving air quality (3). This framework sets out
broad policies which will provide the direction for a detailed strategy to be finalised by the
end of 1995 for assessing and managing urban air quality. The policies deal with three main
areas, namely a new set of national air quality standards and targets for nine pollutants, new
systems for local air quality management based on Air Quality Management Areas, and
effective control of emissions, particularly from vehicles. The government intends that ‘air
quality targets should be realised everywhere in the UK by the year 2005’ (3). Local
authorities are promised new powers and duties to enable them to devise plans for delivering
these new targets wherever air quality is at risk. Of particular note is the proposal that local
authorities may be given the power to close down city centres, and even nearby motorways,
on particularly poor air quality days. In a recent survey undertaken by the authors, threequarters of local authorities believe they should be given such power. It is assumed that this
power would be used only if it can be demonstrated that such action does not simply displace
the poor air quality from the city centre to the suburbs and that adequate edge-of-city parking
places and public transport (e.g. park-and-ride schemes) are available to cope with the
disruption that commuters who normally travel by car would face.
Government proposals to reduce total vehicle emissions include new standards for technology,

emissions and fuels together with tighter enforcement of regulations. Local authorities are
likely to be given the power to stop vehicles for roadside exhaust emission tests which could
lead to fines for polluting vehicles. Such local authority enforcement powers over vehicles
would complement their existing powers over industry and the domestic sector. Central
government, in a marked change of policy direction, intends to encourage the use of planning
policies and local transport strategies to reduce growth in the length and number of motorised
journeys and to encourage the use of less polluting modes of transport (4,5). For example,
local authorities are urged to use planning approval powers to resist proposals for out-of-town
shopping developments and instead to locate them in existing urban and suburban centres
which are highly accessible by means other than the private car. Previously the government’s
response to the problems posed by the projected growth in traffic (e.g. up to 142 per cent of
its 1988 level by 2025) was simply (and ineffectively) to build more roads. The current
initiative to cut back on the road building programme and to reduce dependence on the
private car will require improvements in the capacity, convenience, reliability and
attractiveness of public transport. Major government investment in new public transport
systems (e.g. light rapid transport) will be needed together with improvements in current
systems (6). For example, attention needs to be given to greater use of priority measures for
buses (e.g. bus lanes) and to providing situations which encourage walking and cycling. Such
policies can be linked with the government’s commitment to increase the cost of private road
use by increasing the real level of fuel duty by on average at least 5 per cent per year as well
as its encouragement of local authorities to charge car parking fees in city centres which
reflect more closely the environmental costs of using private cars.
LOCAL AUTHORITY PROGRESS TOWARDS AIR QUALITY MANAGEMENT
For local authorities to be able to manage urban air quality in both the short-time (hours or
days of very poor air) and the long-term (attaining and maintaining health-based air quality
standards) they require a management toolkit This consists of a network of on-line automatic
sites monitoring air quality; a set of air quality guidelines and standards; the means of
disseminating air quality information and advice to the public when air quality is poor;
numerical models to predict short-term and long-term air quality changes using detailed
emission inventories, local topography and meteorological conditions; and a wide range of
potentially effective emission control measures together with the powers to implement them.
Four case studies illustrate the progress towards developing effective management systems:
Greater London (population 6,393,568 in the 1991 census): In 1993, the 33 London Borough
Councils, coordinated by the South East Institute of Public Health, combined to foim the
London Air Quality Network (7). Since then significant progress has been made in the
creation of a quality assurance standard for siting, validation and interpretation of monitoring
data. The network increased its access to real-time air quality data from 11 to 19 monitoring
sites through 1994, and a point, background and mobile source emission inventory has been
compiled for six pollutants. In addition to the need to expand its monitoring network, London
needs a suite of numerical prediction models to enable short-term and long-term prediction
of concentrations of primary and secondary pollutants at the local scale (i.e. street canyon)
through to complete urban scale including all major sources: traffic, industrial and domestic.
At present in the UK, the Indie Airviro model is the only commercially available system to
provide such modelling capabilities (but only Sheffield has installed the full system in the
UK). Currently, London has installed the data collection part of the system but is intending
to use prediction models being developed from the UK Atmospheric Dispersion Modelling

System (UK-ADMS) (8). UK-ADMS2, a multiple source model with point, line, area and
volume sources, will be ready in September 1995 and a full urban model available in 1996.
Although its purchase price may be much less than the Indie system, its cost (around
£20,000), together with annual operation and maintenance costs, may still be beyond the
budget of many individual local authorities. Unless neighbouring authorities can combine to
form regional Air Quality Management Areas - but the geographical position of some local
authorities makes the creation of such ‘airshed’ areas difficult - then simpler and less
expensive models will still be needed. With regard to emission control measures, London
authorities have been leading a campaign to be given the powers to target the high-emitting
vehicles. They have used remote sensing technology to show that high emitters (the dirtiest
10 per cent of vehicles) produce 57 per cent of total vehicle CO emissions and 66 per cent
of total VOC emissions (9). Given the size and national importance of London much attention
has been directed towards developing long-term transport strategies that tackle air pollution
(10) including investment in cleaner transport systems (e.g. Croydon Tramlink in 1997).
Birmingham (population 937,763): Birmingham operates a network of on-line automatic
analyzers including five analyzers for measuring N02, three for 03, five for S02, three for
CO, four for PM10, one for PM^5 and one for VOCs. Some of these are located in two
Enhanced Urban Network (EUN) stations funded by central government and in a mobile
station. Birmingham has joined with neighbouring local authorities to form the West Midlands
Monitoring Network and it is benefiting from a government funded initiative to compile a
lxl km emission inventory for nine pollutants for the West Midlands region. It is intended
that this exercise will develop a methodology that can then be used as a template for
compiling inventories in other urban areas. Birmingham issues simple daily forecasts of air
quality based on weather forecasts and local experience. Improvement in the accuracy of such
short-term forecasts will be essential should local authorities be granted powers to ban all but
public transport vehicles from the city centre during periods of poor air quality. This points
to a need to employ numerical prediction models based on emission inventories. In an attempt
to assess the air quality impacts of its transport strategies, Birmingham has undertaken some
before-and-after monitoring in connection with the effects of new bus lanes and traffic
calming measures along one route leading into the city. Elsewhere, monitoring has shown that
pedestrianisation led to N02 levels falling by 38% in the vicinity. However, very few other
local authorities have conducted before-and-after monitoring to assess the effectiveness of
their transport and planning strategies. This indicates a need for central government to initiate
and coordinate much more research into quantifying the spatial and temporal air quality
impacts which result from land use and transport changes together with guidelines to suggest
how to interpret locally the results from one location or situation to another.
Bristol (population 372,088). Bristol has EUN Phase I (monitoring CO, N02,03, PM10, SO%)
and Phase II (VOCs) stations together with a mobile monitoring laboratory. The authority
communicates air quality information to the public via local television reports and press
releases. This extends to asking the public not to use their cars or to delay journeys unless
essential when air quality is poor. Recognising the need to improve the accuracy of its local
air quality forecasts, Bristol is working with the UK Meteorological Office to develop a
meteorology-based prediction model (to be used until it has a detailed emission inventory for
use in more sophisticated models). This forecast model is currently being tested. Some beforeand-after air quality monitoring of the impact of a recently introduced park-and-ride scheme
is being undertaken whilst long-term air quality changes that may result from alternative
transport policies have been undertaken including an assessment of introducing road pricing

(with cars paying a fixed fee for entry into the city).
Oxford (population 124,058). By 1997, the government intends to have 24 EUN Phase I sites
operational (plus 12 or more co-located Phase II stations) such that all urban areas with a
population exceeding 200,000 will have one such station. This means that relatively small but
traffic-congested cities like Oxford, where serious air quality problems may be present, are
excluded. Without central government funding, few small local authorities have been able to
find the resources for real-time monitoring. In a recent survey undertaken by the authors, 41
out of 84 local authorities with populations exceeding 80,000 did not know whether they
experienced days when air quality was ‘very poor’ (as described by national bands). In 1992,
using sponsorship from local business, Oxford set up an automatic monitoring site in the city
centre (for CO, N02,03, SO%). Results from this kerbside monitoring site showed that WHO
air quality guidelines for N02 were being breached. This prompted increased concern for air
quality throughout the city and so the local authority are seeking sponsorship for additional
analyzers (e.g. for PM10) and monitoring sites. It is inevitable that limited resources for
monitoring, let alone other components of an air quality management system, will impede
local authorities the size of Oxford from managing air quality effectively, especially in the
short-term (e.g. being able to justify temporary bans of cars in the city centre during poor air
quality). Such authorities may be forced to accept the continuation of short-term episodes of
poor air quality as they concentrate resources on achieving air quality improvements in the
long-term using transport planning measures (e.g. Oxford expanding its park-and-ride
scheme).
CONCLUSION
Following several years of local authority and public concern about urban air quality, central
government has now outlined its framework policies for addressing local air quality issues.
Although government funds are being invested in a national network of monitoring stations,
local authorities have to bear most, and in some cases all of, the costs of establishing air
quality management systems. Consequently, progress is uneven. A few authorities are
developing the necessary components of an effective air quality management system but there
are many authorities that have yet to assess fully the seriousness and extent of their air quality
problems, let alone begin to manage those problems.
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ESTIMATION OF AIR QUALITY IMPROVEMENT
AT ROAD AND STREET INTERSECTIONS
Paul G Hoglund
Traffic and Transport Planning, Royal Institute of Technology, S-10044 Stockholm, Sweden

INTRODUCTION
There has always been a very great problem to quantify the detrimental exhaust air pollution
related to the traffic flow, especially at road and street intersections. Until now model
calculations have been developed mainly for the links between the intersections. In an attempt to
remedy this situation the author has developed a method of estimating emissions on the micro
level from motor vehicles at intersections as a help for infrastructural design related to improved
environmental conditions.
Very parsimonious knowledge exists regarding the deceleration and acceleration patterns at roadand strreet intersections. Not many surveys are done neither in Sweden nor within other
countries. Evidently, the need for knowledge regarding deceleration and acceleration behaviour
on the micro level has until now not been given priority.
In traffic safety related research studies have been done describing the drivers’ deceleration and
acceleration behaviour and the the vehicles’ braking performance. Those results give deceleration
data for extreme situations and are not useful for describing normal decelerations and
accelerations at road- and street intersections.
Environment related problems within the traffic flow analysis are now accentuating the need for
the studying of special deceleration and aceleration behaviours in combination with an alternative
design of the road and street infrastructure. There is a big difference in different vehicles’
amount of emitted exhaust pollutions during the passing of intersections depending on the
vehicles’ speed levels related to their deceleration and acceleration levels.
METHOD
Driving patterns for singular vehicles through intersections can be simulated or alternatively
measured with the help of a video technique, previously developed by the author, combined with
a computerized evaluation process and descriptive presentation of data. Continuous emission
profiles as well as the total emission of a certain substance can then be calculated from the
driving patterns by means of specific emission factors from emission matrixes for constant
driving speed, deceleration, idling and acceleration. Those instant emission calculations are
facilitated by the use of our specially developed computer support.
It is also possible to make mathematical calculations of speed by means of kinematic methods,

acceleration and acceleration changes etc from the basic relation between road legth, speed and
time. Microscopic calculation comparisons can then be done for the emission levels caused by
the traffic flows. Singular vehicles’ driving behaviour can thus also be estimated by means of
theoretically calculated driving patterns derived from kinematic methods. This way we could
estimate totally emitted amount of CO, NOx and fuel consumption related to various
infrastructural design parameters. The method is suitable for before-after studies and
comparisons between different intersections as well as different traffic signal systems. See
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Figure 1. Simulated (or calculated) speed, deceleration, acceleration and emission profiles for a
single vehicle at a signalized intersection.
In the continuation of the research the method should be validated by field measurements of
different vehicles’ speed- and acceleration behaviour at different types of intersections. The final
aim of this project is to create a possibility of making accurate micro level environmental impact
assessments of emitted amount of detrimental exhaust pollutions related to the vehicle traffic
flow within the road and street infrastructure.
CASE STUDIES
Calculation example 1
An interesting example can be given, which shows that it is quite a substantial difference
between the totally emitted amount of detrimental exhaust pollutions depending on the intensity
of the vehicle’s different deceleration and acceleration behaviour. If during a distance of 106 m
before an intersection stop line a certain vehicle with catalyst decelerates with a constant
deceleration of 1.5 m/s2 the total emission of CO will be 69.1 mg, but if the same vehicle will
peacefully decelerate with only 0.5 m/s2 the total emission will only be 5.8 mg. The same values
for a non catalyst car will be 1605 mg compared to 736 mg. If we look on the acceleration from
the stop line after the intersection the catalyst car with 1.5 m/s2 acceleration will emit totally
115.7 mg CO for the first 106 m and a car with 0.5 m/s2 will only emit 50.0 mg. The emission
values during acceleration for a non catalyst car will be 4625 mg compared to 2667 mg.

Calculation example 2
A comparison of the total emissions at a specific intersection with different alternative design will
be given here. We will calculate the total amounts of CO, NOx and fuel consumption for one
peak hour when it is designed as a traffic signal and compare the result with an alternative design
as a roundabout. The following assumptions are made: The traffic flow and other traffic
conditions are the same. The major streem traffic flow is 1000 veh/h and the minor is 500 veh/h
in each direction. The total emissions will be calculated for a distance of 300 m covering the
intersection for the major and minor flow. The distribution between A10 (non catalyst) and A12
(catalyst) cars are 40% and 60%. The traffic signal has a turn around time of 60 sec, 60% green
and 40% red time for the major streem and 40% green and 60% red time for the minor streem.
As an average the stopping time for vehicles in the major streem is 20 sec and in the minor
streem 32 sec. The constant speed levels before and after the intersection are 50 km/h and
vehicles drive through the traffic signal intersection during green time with 50 km/h. The
roundabout has a diameter of 40 m and thus the driving extention for the vehicles will be 22.8 m
in the circle. For the traffic signal we assume a driving pattern of constant speed of 50 km/h,
deceleration and acceleration of - +1.5 m/s2 when stopping. For the roundabout we assume a
deceleration of -1.0 m/s2 to the constant speed of 20 km/h through the circle and then an
acceleration of +0.8 m/s2 up to the constant speed of 50 km/h.
Singular vehicles’ driving patterns are calculated based on the above assumptions. Then a
continous emission profile is calculated for each vehicle and driving pattern. Also the total
emission and fuel consumption for the driven distance are calculated for vehicles passing
through the two types of intersections. The results are given below in Table 1.
RESULTS
The different total emissions and fuel consumption for the traffic signal intersection and the
roundabout are given in Table 1. The calculations are done for one assumed peak hour. The total
amounts of GO (carbon mono oxide) and NOx (nitrogene oxide) are given in g and kg and the
fuel consumption in g, kg and in 1. The differences in the total emissions for the two alternative
intersection designs are also given in %.
Table 1. Comparisons of total emissions of CO, NOx and fuel consumption at a traffic signal
and a roundabout for one peak hour.
Emitted substance
CO
CO
NOx
NOx
Fuel consumption
Fuel consumption
Fuel consumption

Traffic signal
7599 g
7.6 kg
718 g
0.7 kg
112401g
112 kg
1541

Roudabout
6936 g
6.9 kg
805 g
0.8 kg
115285 g
115 kg
1581

Difference
-9.2%
-9.2%
+ 11.0 %
+ 11.0%
+ 2.7 %
+ 2.7 %
+ 2.7 %

DISCUSSION AND CONCLUSIONS
The above example and calculations are done for showing the possibilities of doing an
environmental impact assessment on the micro level for different infrastructural design cases.
Such methods can thus be used for optimizing traffic signal settings and other design elements at
intersections as well as for other road and street links, in order to find the most suitable design
with reference to reduced environmental disturbances. In order to minimize the detrimental
exhaust pollutions from the vehicles in the infrastructural system, more research has to be done
regarding real driving patterns and the potential influence a changing in driving patterns (driving
behaviour) can have on the reduction of traffic related exhaust emissions. The goal should be to
have a homogenious traffic flow with few low vehicle decelerations and accelerations and also
shortest possible stopping times (idling). As the level of emissions also are very dependent on
the different engines and the gear levels, the exact calculations are very complex. Lower constant
speed levels could thus give higher emission levels. It is therefore more important to reduce the
deceleration and the acceleration than the speed level. As an example of this influence the result
obtained in our calculations above could be given. If e.g. the accelerations after the stop at the
traffic signal are done on a low gear, which certainly is the case, the emissions would be higher
than at the roundabout if the speed changes will be done on a higher gear, and thus with a
smoother driving performance. The values within our emission matrixes are average values from
average gear situations, and it is unfortunately not possible to do more detailed calculations from
these data.
In the calculation example above we did not get less amounts of NOx (+11%) and fuel
consumtion (+3%) at the roundabout for the given assumed levels of deceleration and
acceleration. But on the other hand the CO reduction (about -10%) show the complexibility in
these kind of situations. Different parameters (substances) give different results. It is thus
necessary to determine what effects are the most suitable for a certain situation. For the exposure
effects on human beeings within or beside the specific part of the studied infrastructure, it is
important to decide what results are the best to obtain.
As a summary conclusion one example could be given: In one particular intersection with a
normal city traffic flow of 10.000 vehicles per day in each direction consisting of 50 % catalyst
cars, the different driving behaviour of 1.5 m/s2 and 0.5 m/s2 will give an approximative
difference of 59.1 kg emitted CO for one day only.
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AIR QUALITY MANAGEMENT IN RIGA AREA
Andris Leitass
Air Monitoring Department, Riga City Council, Latvia

INTRODUCTION
The present Air Quality Management System was started in 1992 as a result of co-operation
between two cities - Riga and Norrkoping (Sweden) supported by BITS (The Swedish Agency
for International Technical and Economic Co-operation). Lots of Swedish companies were
involved in different parts of this project. The strategy is designed by INDIC company
developing the AIRVIRO which is a computer based system for all aspects of air quality
management.
Air pollution in Riga is a serious problem affecting health and damaging valuable buildings of
historic value. The majority of the city's air pollution is the result of emission sources inside the
city. The traffic is the predominant source of pollution now. The fossil fuel power stations in
the country are not considered to affect the air quality situation in Riga.
MAIN PARTS OF SYSTEM
The system is run by workstation HP 9000 series in real time regime. A digital map scale
1:10 000 as a part of software covers an area of 20A20 km and is used both for accurate
wind field calculations and the visualisation of results. Special meteorological equipment is onlined via modem in order to evaluate atmospheric stability and to measure different parameters
necessary for dispersion models.
One part of system is supposed to run a local measurement network. The number of stations
and their type is not limited. Also manual input of measured data is available. In Riga with its
deep canyon streets in the centre long path measurement station produced by OPSIS company
is successfully tested. This station moved from place to place following a special plan
continuously measures concentrations of S02, NO, N02, 03, formaldehyde, benzene and
toluene on a street level.
The second part of the system is intended for data analyses. Special statistical software
package gives a possibility to analyse all measured data in many different ways and to
understand the air pollution as a consequence of social behaviour and meteorological
conditions at the same time.
The third part - Emission Data Base (EDB) contains data about pollution sources. All sources
are divided in three groups - point, line and area sources. For point sources like chimneys it is
necessary to be able to get static data (height, diameter, outlet gas temperature etc.), dynamic
data about gas flow and variations of flow during a day, week, month, year and a couple of
years. All sources must be described as carefully as possible in order to get a good validation
when these data are used for dispersion calculations.

All information concerning the point sources is available due to the legislative acts and
regulations which states the order of inventory and supervision. Normally the data are
renovated once a year.
Line sources - streets are mainly specified by traffic intensity in one hour level and variation
during a day, week and season. Counting series were organised to get these data about all
important streets within a city. There are no regulations like for point source inventory.
Main part of system - dispersion calculations. This part is used for two purposes - city
planning and forecast of pollution levels when weather is changed. For both it is possible to
take into account all sources. That is the reason why powerful workstation is used.
APPLICATIONS
The main idea of using the system is not only to monitor the present air pollution levels but to
support city authorities and help them produce cost effective decisions. All consequences
aimed to improve environment are economical in the end.
Air Quality Management System in Riga is used by authorities to work out many different
solution. The main groups of problems are as follows:
- where are the most polluted areas within the city. Which kind of sources causes the most
impact on those areas;
- how to change the traffic flows in different streets to decrease their impact on parts of the
city with cultural and historical importance;
- how pollution levels will be changed when new residential areas are built;
- what is the optimal way of ring road to decrease air pollution in the centre of the city;
- what is the optimal number and location of gasoline stations;
- what will the consequences be when type of fuel is changed in regional and district heating
plants;
- what should the consequences be in case of an accident with leakage of chemicals in
stationary based tanks or during a transportation through the city.
Dispersion calculations in combination with measurements and meteodata are used to identify a
pollution source. Therefore measurement strategy is of importance as well.

MEASUREMENTS ON STREET LEVEL
At present one DOAS (Differential Optical Absorption Spectroscopy) long path measurement
station OPSIS is used in the system described. Station is supposed to show adequate pollution
levels in street canyons where another type of equipment is at a disadvantage.

Table 1. Concentrations on street levels in canyons centre of Riga (micrograms/kub.m)

Level

S02

N02

Mean

12.6

50.1

100.2

68.5

8.8

10.7

95.1

Max

172

179

354

112

30.1

53.8

385

NO

03

Formaldehyde Benzene Toluene

The figures are to focus on exact levels and variations particularly. In order to compare with
the guidelines it's necessary to compare figures within some fixed time intervals. It is easy to
access as the measurements are continues.
In order to investigate mean concentrations in a larger area Passive Sampler tests were used.
Samplers for SO2 and N02 were placed in 100 places in green areas, close to streets and on
roof level to see also the difference in summer and winter seasons.
DISCUSSIONS
The recently completed project was of vital importance to the City. By using a systematic
approach to ambient air monitoring and evaluation Riga has been able to initiate environmental
improvements and follow international developments.
New air protection legislation is currently being prepared in order to find the project
implementation in Riga. Its aim is to expand similar systems into the areas of the Baltic.
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AIR QUALITY MANAGEMENT ON THE AREAS OF NORTH-EAST
ESTONIA
Valdo Liblik, Helmut Kundeland AavoRatsep
North-East Estonian Department, Institute of Ecology, Estonian Academy of Sciences, Tallinn,
Estonia

INTRODUCTION
Most biggest polluters of atmospheric air among Estonian enterprises are located in the north
eastern part of republic. Volatile gases, vapours and fly ash from Thermal Power Plants,
chemical and other industries form a considerable aerotechnogenic load upon landscapes and
dwelling regions (1-3), reaching also the areas of Gulf of Finland, and even the neighbouring
states. Complicated pollution situation needs serious attention and systematic air quality control,
assessing, forecasting and management, which is now organized on local, regional and state
levels (4). It is well-known that for studies of various pollution situations the atmospheric dis
persion models will be used (5). This present paper deals with the special imitation system for
maintenance of information about polluters and air contamination state in North-East (NE) Es
tonia , also for estimation of pollutants spreading and overground concentration fields by com
puter-based modelling. The system consists of regional Data Banks, mutation model for calcu
lation of pollutants dispersion, common and application programs.
METHODS
For examining, estimating and prognosing the concentrations of pollutants in the overground air
layer the semi-empirical modelling method OND-86 (6), founded on Gaussian theory and
elaborated by Main Geophysical Observatory (St. Petersburg, Russia) as basis method, has
been used. The model is applicable for territories sized up to 100x100 km (the area of NE Es
tonian main industrial region is about 70x30 km) and for substances with relatively long life
time. The obtained, concentration fields characterize a short-time maximum pollution level that
may be formed by critical wind direction and wind speed. For calculation of mean concentration
fields this model was modified for longer time period as month, quarter, year, season or another
period. In case of uniform distribution the wind within wind rhumbs (N, NO, O, SO, S, SW, W,
NW), the mean concentration Qp in the given point of landscape at concrete wind speed and the
mean concentration C*r/for given wind rhumb may be calculated by the following formulas:
R

(1)

Ctr/ = (100(7*+c* /y (ioo+Fkyl

(2)

(3)
where Ca = concentration of pollutant in the given point caused by individual pollution source
at concrete wind direction and average value of emission intensity per observable period; / = the

number of individual pollution sources affecting the given point; m = the number of accounting
wind directions within wind rhumb ( if after each 5 degrees then D=9); Sr = repetition of the
wind rhumb per given period, %; q = the number of wind rhumbs (R=8); Fk = coefficient tak
ing into consideration so-called “local background level” which forms in the result of unstable
character of wind direction and non-linear spreading and dispersion of pollutants on the distance
from source to given point, %.
Factually, Fk shows this part of the calculated Qp value which must be redivided between dif
ferent wind directions in calculation of mean concentration for concrete wind rhumb (Ckr).
Coefficient Fk is specific for regional air pollution situation and determined by comparison of
calculatings on the bases of DB APS concentration fields with automatic air monitoring data
(factual pollution level) obtained during 3-4 years using factor- and multiregression analyses. Fk
depends on height and type of pollution source: in NE Estonia in the region of power plants and
boiler houses - for higher sources Fk=20% approximately, for lower sources (reservoirs, tanks
etc.) Fk=60-80%.
At present the actual pollution level of atmosphere is controlled by means of automatic gaseous
components monitoring system “Opsis” (Swedish Corporation) in Kohtla-Jarve town, everyday
laboratory analyses of air samples gathered periodically (3 times a day) in air observing station
ary points locating in industrial centers and towns (Narva, Kohtla-Jarve, Johvi, Kividli) and im
mediate control of pollutants' concentrations in air under plumes of more powerful chemistry
plants (1,4).
SYSTEM OF AIR QUALITY CONTROL AND ASSESSMENT
The monitoring system does not register a large number of pollutants (aliphatic hydrocarbons,
hydrogen sulphide, ethylbenzene, oil shale fly ash etc.) fixed in the atmosphere of NE Estonia.
For more detailed analysis, expert opinions and prognostication of the air contamination the
imitation system were worked out. This system consists of next main functional parts connected
between themselves:
(1) DATA BANKS OF ENVIRONMENTAL PROTECTION. This complex of regional data
bases consists of all initial data for calculation of pollutants dispersion and structure of polycomponential overground air pollution levels, for analysis of environmental dangerousness of
individual sources, accomplish ecological experts, composing scenarios of pollution in case of
instant and emergency incidents, getting statistical and dynamical data etc. The following data
bases were composed:
- Data Bank ofNE Estonian Air Pollution Sources (DB APS) (7). In the DB APS the charac
teristics of the sources and emissions are systematised. It consists of two databases: the first
includes the air pollution sources technical (type, height, out-let diametre etc.) and location
(X,Y- co-ordinates on the regional geographical map, owner of the source, source name and
their code-number, time of emission etc.) parameters, and the second - emission characteristics
of pollutants as flow-out velocity, temperature and chemical composition of gaseous mixture,
maximum and average intensity of emission ingredients per time unit (g s'1), total quantity per
year, season etc. All these data are obtained and continuously would be corrected by detailed
inventory of stationary pollution sources in the period of 1990-1994. Really, in the DB APS the
pollutants emission values correspond to the Maximum Permissible Discharge (MPD), i.e. en
vironmental protection standard limiting the maximum emission intensity and quantity for
every source of discharges.

- Database ofActual Emission. The data about pollutants factual discharges reported annually
by possessors (company, enterprise) of pollution sources are collected.
- Database ofActual Pollution Level. This database consists of the air monitoring data for pro
longed periods about factual concentrations of sulphur and nitrogen dioxides, benzene, toluene,
styrene, formaldehyde and oxybenzene dependent on wind direction, wind speed, time, season
etc. One part of this database represents the data registered by “Opsis” system (1990-1994).
- Databases of Additional Data for calculation. These databases consist of the known data
about meteorological characteristics in NE Estonia (wind direction distribution by compass
points, wind speed, air temperature etc.), background concentrations and pollutants limit normatives. For every pollutant the Maximum Permissible Limit Concentration (MPLC, measuring
per 30 min.) value and similar normative for daily average concentration for dwelling areas at
mosphere are given, also categories of their harmful effect and code-number by state register.
(2) CORRECTION BLOCK. This block enables operative correction of emission data from DB
APS for different calculation variants during selection of necessary initial data.
(3) SELECTION OF VARIANT AND INITIAL DATA . Parameters for various variants of
calculation may be selected: co-ordinates of concrete point on the landscape or area for which
the calculations would be carried up, values of the background concentrations from long
distance transportation or local sources, the type of concentration field - general or at concrete
wind direction and speed etc. For selection of initial data the abovementioned databases are
used.
(4) BLOCK OF CALCULATION. The method described above will be used for calculation of
pollution level., also the programs for calculation of discharges from liquid product storage,
reservoirs, filling and pump operations etc. are worked up.
(5) BLOCK OF OUTPUT INFORMATION. The results of calculations are obtained in the
forms of tables, 3D-graphics and overground concentration maps, showing the isoconcentration
lines of maximum concentrations (MC) at critical wind parameters in every point of observable
area at which the MC values might be formed, likewise of mean concentrations at given distri
bution of wind direction and speed.
RESULTS AND DISCUSSION
In consequence of detailed inventory air pollution sources in 1991-1992 in NE Estonia more
than 1400 stationary sources in the DB APS were registered. From these about 75-80% of all
air pollutants emit into atmosphere in Estonia and all together 55 different gaseous chemical
compounds and aerosols, for which the PLC values for the atmospheric air of dwelling areas are
established on the national level.
First the complex study of structure and dynamics of formation of pollutants concentration
fields in the NE Estonian oil shale basin is carried out, especially on surroundings of main pol
luters as oil shale processing and power plants. The results of calculations obtained on the basis
of DB APS and imitation system show that atmospheric air pollution fields on the most indus
trial, dwelling and natural areas are characterized by multicomponential composition as normal,
primarily near oil shale processing plants where the organic substances from industrial processes
have 25-28% of all pollutants (1,3). In some cases the ingredients of those fields have synergetic
toxic effect what is important factor in assessment the state of ecosystems. The influence of oil
shale processing and chemical plants in Kohtla-Jarve and Kivioli upon air quality is considerable
at a distance of 5-6 km and more from sources. On the areas situated in the prevail leeward di
rection from Kohtla-Jarve Oil Shale Processing Plant (RAS “Kiviter”) continuously high air
pollution level is fixed, which has been caused simultaneous effect of sulphur dioxide, nitrogen

oxides, hydrogen sulphide, aliphatic and aromatic (benzene and toluene first of all) hydrocar
bons, oxybenzene, formaldehyde, ammonia etc. By “Opsis” data the highest maximum and mean
concentrations of aromatic substances and oxybenzene were registered by west and south
western winds (45%). More dangerous situations in Kohtla-Jarve and surroundings will be no
ticed in the conditions of very light (0.5 m s"1 and below) winds, at which the concentrations of
contaminants in air will rise up to 60-100% and more compared with normal atmospheric con
ditions. By calculation of dispersion of fly ash from power plants, the territory of NE Estonia
was divided into 3 classes by the maximum pollution level (high, moderate, low) (1).
The maximum concentration fields of pollutants in the overground air layer exceed mean values
10-30 times and are more depending on wind direction, speed, type of source etc. So the calcu
lated MPLC values of SO2 would be in the ranges 25-450 pg m"3 all over the NE Estonian ar
eas dependent on emission intensity. The annual mean concentrations are below 25 pg m"3 on
the main territory, but may be up to 50-75 pg m'3 near power plants in case of riskiness wind
direction, especially for periods of east and north-east winds (18%). The calculating and moni
toring data give reasonable agreement and confidence to model results, foremost in the case of
high point sources: divergency in the ranges of 15-25% for SO2 monthly, yearly and wind
rhumbs mean concentrations at the distance of 3-50 km from stacks of power plants (the Baltic,
Estonian, Ahtme, Kohtla-Jarve) was obtained.
In future the factual emission intensity for low area type sources must be corrected as discrep
ancy between data in some cases shows that unknown and unregarded sources in DB APS
sources may be founded. The influence of such air pollution sources as the coke-ash dumps
massif (H is more 100m) in vicinity of RAS ‘Kiviter” to pollution level and spreading of pollut
ants is also interesting and needs further study.
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INTRODUCTION
As well known, air quality control by a system of monitoring station is indispensable for
the environmental protection. Moreover, a monitoring network have not to be only a
mere data collection : a good air quality control is possible only if the network
management allows to prevent unacceptable pollutants level. In other terms, elaboration
and interpretation data are fundamental in order to make monitoring system really able
for regulations of corrective measures as, for example, the reduction of local emissions.
The case of monitoring network run from the Industrial Society CIPA of Siracusa (Italy)
is discussed. The management of the data obtained from a continuous survey allows to
keep pollutants level below the current limits set down by the Italian law. Furthermore,
elaboration of the data allows useful evaluations about atmospheric dispersion
phenomena.
HISTORICAL NOTES
In 1972 the Syracuse Provincial Industries decided to play an active role in
environmental protection, with special reference to air pollution: a commission of experts
and technicians was set up to deal with environmental problems. In 1973 the
Commission purchased a mobile laboratoiy equipped for monitoring the air quality and
drew up a plan for the installation and management of a network of permanent
monitoring stations.
C.I.P.A. (the League of Industries for the Protection of the Environment) was formed in
Syracuse on September 1974. It commissioned a network of monitoring stations
covering an area of about 150 km2 which could be affected by industrial activities. The
network became operational in 1975.
In 1984 a group of experts was charged with carrying out a study to optimize the
network. Its aims were:
- to keep the whole monitored area under control;
- to eliminate redundant stations keeping in mind the presence ot the network handled by
Syracuse Provincial Administration and Enel (National Electric Board) and not
eliminating any stations near inhabitated areas, no matter the levels recorded;
- to upgrade the station with analysers capable of monitoring other chemical products so
conforming the network to the law in force;
- to install equipment for monitoring meteorological phenomena, with special reference
to thermal inversion.
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Now that the network has been developed and upgraded as advised by the study, it is
able to:
- monitor the air quality in accordance with the current limits set down by the Italian
law;
- prevent deterioration of the air quality by activating automonitoring sulphur dioxide
emissions (S02) procedures which regulate corrective measures;
- evaluate ambient data based on findings obtained.

THE MONITORING NETWORK
Figure 1 shows the area covered by monitoring stations; industrial plants are indicated
too. The monitoring network is composed by twelve stations and one mobile laboratory.
The monitoring stations furnish 65 continous ground concentration measurements of
various pollutants and principle meteorological parameters (see Table 1). Every stations
is equipped with advanced technological instruments capable of measuring pollutant
traces (range 1-1000 ppm). These instruments must be extremely reliable since they are
located in isolated and unmanned stations. Each station is run by a microprocessor which
autonomously controls instruments calibration and retrieval and storing of data. These
data are then transmitted to the central computer by telephone or radio relay systems.
There are four meteorological stations in the network. Three measure "conventional "
meteorological parameters (wind and speed direction, temperature and air humidity).
Besides the above parameters, the fourth station, located at the Dial Retrieval Centre, is
also equipped with a rain-gauge, a solarimeter, a barometer and a SODAR for
determining vertical wind profile. In order to optimize the network's air pollution
prevention systems, a new radio acoustic system (Radio Acoustic Sounding System) has
been installed for remote monitoring of the vertical temperature profile in the low
atmosphere.

THE CIPA ROLE
The CIPA can furnish : instant value figures- daily figures of half hourly average valuesmonthly figures of daily average values- ecological year figures of daily average values.
Data is retrieved not only for statistical purpose but, mainly, for regulation of corrective
measures to limit emissions within the range according to the law in force. Every hour,
to the CIPA head office data from Provincial Administration and ENEL networks are
addressed. A several procedure has been established in order to avoid S02 ground
concentration imposed by Italian law overcoming. In particular, as soon as S02 exceed.
a settled value (lesser than air quality standard ) CIPA warn every industrial activities.
Then, these ones must reduce own productions, until S02 ground concentration
decreases to the reasured value. On the contrary, if pollutant one keep at elevated value
the stop of production is provided.
The same procedure is performed when particular meteorological conditions ("critical
conditions") are observed, mainly a persistent wind below 1 m/s speed or thermal
inversion located under 400 m height (corresponding to the hill height present at west of
the area covered by network).
The effectiveness of the above behaviour rules is clearly showed in Table 2, where
statistical S02 immission values are reported. Figure 2 shows the 98 percentile map of

S02 ground concentration through data measured interpolation over the global area
covered by monitoring network.
Elaboration data are very useful in order to developed some important aspects about
atmospheric dispersion phenomena. In fact, by integration between ambient data
(meteorological conditions and pollutant ground concentration) and emission sources
data, it is possible to create a model for real time study of pollutant atmospheric
dispersion. Availability of meteorological data allows studies about climatology of the
area for evaluating the frequency of meteorological conditions able to cause "dangerous"
situations. Especially, it can be evaluate, in a sistematic way, the connection between the
above meteorological conditions and the effectiveness consequence in terms of pollutant
levels. By RASS and SODAR measures formation of the so-called "internal boundary
layer" (in presence of sea wind) or its detaching while wind is blowing from the west. In
the first case, atmospheric flow goes from a zone with very small roughness (about
0. 0001.m) to a zone with roughness much greater than one. Then, the lower
stratification is affected by land, while, at the upper height, the influence of the sea is
prevalent. In the second case, near the hill large eddies can be established, so
determining drastic change in wind direction with height that can be evaluated byt
SODAR.
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Figure 1. The C.I.P.A. monitoring network
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Figure 2. P98 map of 80%ground concentration over the area covered by C.I.P.A. network

Stations

O
O
©
O
©
0
O
O
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Site

Parameters measured

SAN FOCA

so2,

BRUCOLI

so2

BELVEDERE

S02, NHC, CH4, 0}, NO, N02,

h2s, particulates

NO,

FLORIDIA
h2s, particulates

FARO DROMO

so2,

OGLIASTRO

so2

VILLASMUNDO

S02, NHC, CH4, O,, NO, N02,

NO,

MELILLI

S02, H2s, NHC, CH4, NO, N02,

NO,, DV, W, UR, T

SYRACUSE

S02, DV, VV, UR, T

0

BONDIFE

S02

O

AUGUSTA

S02, PARTICULATES

0

DRC (*)

DV, W, UR, T, PH PRECIPITATION,
ATMOSPHERIC PRESSURE, R.A.S.S.

MOBILE LABORATORY

S02, H2S,

totals,

NO, N02,

NO,, NHC, CH4, 0Jt DV,

VV, T, PARTICULATES

H DCC = Data Retrieval Centre

Table 1. Parameters measured by network stations.

so2 (ug/m3) MEDIAL AND P98 VALUES
ECOLOGICAL YEARS*

STATIONS
1
2
3
4
5
6
7
8
9
10
11

SAN FOCA'
BRUCOLI
BELVEDERE
FLORIDIA
FAROOROHO
OGLIASTRO
VILLASMUNDO
MELILLI
SIRACUSA
BONDIFE'
AUGUSTA

1987

1988

1989

1990

1991

1992

1993

P50 P98 P50 P98 P50 P98 P50 P98 P50 P98 P50 P98 P50 P98
26
5
10
34
34
5
8
5
5
49
5

130
88
109
161
179
130
161
109
70
239
29

18
6
25
15
23
18
13
5
3
38
6

98
46
140
96
119
109
96
101
55
229
42

10 55
8 53
15 79
8 46
21 113
12 86
5 73
5 50
4 31
29 154
7 43

10 84
3 58
7 73
10 93
11 86
11 107
10 94
20 178
6 80
22 118
6 35

20
2
4
4
38
6
5
7
6
37
4

106
30
48
27
165
107
77
64
51
123
37

18 65
3 52
9 70
10 61
27 145
12 82
5 94
27 100
5 40
12 117
3 34

6 54
7 57
6 48
3 26
20 164
5 74
11 94
13 81
1 20
10 109
4 31

* the term "ecological" is referred to the Italian Law (provided period
1 April - 31 March; limits: medial 80 ug/m3, P98 250 ug/m3 )

Table 2. SO2 immission values.
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CHANGES IN AIR QUALITY CAUSED BY REDUCED EMISSION
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INTRODUCTION
Specific features and main fields of construction of a telemetric immission measuring system in
the East German federal state of Saxony-Anhalt are shown as a result of a very rapid
development in the last three years. Immission levels and resultant enormous changes in the
recent years in conjunction with the drastically changed emission situation are analysed.
MAIN FIELDS AND EXPERIENCES IN CONSTRUCTION OF MEASURING SYS
TEMS
Before the reunification of Germany in 1990, the territory of Saxony-Anhalt was among
Europe's areas with the highest degree of atmospheric pollution. This situation was due to the
concentration of chemical and lignite-processing industries, numerous large-scale fuel firing
plants and the fact that sulphureous lignite from Central Germany's mining area was always
exclusively used as energy carrier, plus the absence of efficient waste-gas cleaning equipment.
Moreover, large-scale use of indigenous lignite in small-size fireplaces, such as in households
and trade, furthermore attributed to the extremely high regional immission levels in densely
populated areas.
Since 1990 the pollution control legislation of the Federal Republic of Germany has made
available many legal instruments for development and implementation of strategies to enforce
air pollution control.
In parallel to measures aiming at minimization of pollution, rapid construction of an efficient
and most modern telemetric air pollutant measuring system was required for two reasons: On
the one hand, it was necessary to analyse state and trend of atmospheric pollution, and on the
other hand the problem had a political background. Before Germany's reunification, problems
of environment pollution were officially ignored and measuring results kept secret. Therefore,
former GDR citizens got very sensitized by such problems.
In 1991/1992 the first construction phase of the telemetric immision measuring system took
place very rapidly. Priority was given to stations for measuring of classical anorganic pollutants
in densely populated industrial areas, such as sulphur dioxide (SO2), dust, nitrogen oxides and
carbon monoxide, in order to examine the very high smog levels which we continuously
experienced in the early nineties in ten fixed smog zones of Saxony-Anhalt, and in order to
make the results available to the public. In 1993/1994 the second phase of construction of the
state's measuring system was completed but with some modified targets. Although SO2 and
dust emissions in Saxony-Anhalt are reduced, problems of long-distance travel of those
pollutants, ozone loading and pollutions caused by the enormous increase in traffic density in
the cities are now in the limelight.
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To meet these requirements, background measuring stations were arranged to measure the
large-area transboundary transport of pollutants (e.g. flow of SO2 imported from southeastern directions). On the other hand, these stations permit complex recording of ozone
loading by investigations into formation and transport processes under the lee of the industrial
sources of basic substances. The measuring station erected in an exposed position on North
Germany's highest mountain (Brocken, 1142 m above sea level) plays a vital role. In parallel
with these tasks that are more representative for a larger territory, the installed traffic
measuring stations are used to record immission levels in locally confined urban districts
(nitrogen oxides, VOC, PAH, soot). Moreover, these pollutant components are measured in
densely populated residential areas as well since the high number of single fireplaces using
lignite as fuel results in a level of organic immissions that is specific for East Germany.
Because of the politically decreed lack for environment information in the period before 1990,
today's overall strategy of Saxony-Anhalt's measuring system is to maintain a measuring and
information system. The latter may be implemented by intensive use of printed publications,
radio and TV but also by erection of public display panels for information of the population.

•

RESULTS AND CHANGES OF IMMISSION LEVELS
i

In 1989, the total SO2 emission in Saxony-Anhalt amounted to 1.2 million tons per year. This
figure stands for a peak position with regard to the specific SO2 discharge (per inhabitant and
square kilometer) and reached the total emission level of the Federal Republic before
Germany's reunification (1). Up to 1993, the total SO2 emission decreased by approximately
60% in only four years. The emission development in large-scale firing plants shows a similar.
drastic decrease.
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Fig 1: Emission development in large-scale firing plants
The shown drastic emission decrease is mainly due to economic changes and resultant closingdowns or production cutbacks. Another result was a pronounced decrease in the SO2
immission level in Saxony-Anhalt's industrial regions from the eightfold of the West German
Rhine-Ruhr area in 1989 to the threefold in 1994.
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Fig. 2: Comparison of annual mean values for SO2
Despite the enormous concentration decrease in annual mean values for SO2, load peaks in the
heating seasons are still caused by the classical pollutants SO2 and dust. The pronounced
annual development is a- clear indication of the causes. Load peaks are mainly the result of
combustion of indigenous lignite in domestic fireplaces with low outlet heights. In case of
inversion weather conditions the threshold values of smog ordinance are exceeded. Even
pollutants coming from far sources in south-eastern directions are gaining importance. Since
the share of lignite-fired single fireplaces in towns is still relatively high (approx. 40 - 75% at
the end of 1993 (2)) and replacement by modem systems takes much time, mainly in densely
populated cities, load peaks in Saxony-Anhalt are still to be expected in the coming years. The
SO2 concentration curve as an example for such a smog situation is shown below (3):
2500
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Fig. 3: Saxony-Anhalt's smog situation in February 1993
Maximum half-hour values of more than 2000 pg SC^/m^ were achieved. Although these
values are clearly below the peak values of 3000 - 4000 pg/m^ from the end of the eighties,
the need to take further reduction measures is evident.

For carcinogenic organic pollutants such as benzene, toluene and xylene (BTX) as well as
polycyclic aromatic hydrocarbons (PAH) measuring series are available now since the middle
of 1994. Measurements in high-traffic areas revealed the expected high immission levels, but
unexpectedly high immission levels were recorded in areas without traffic influence but where
lignite is used in domestic fireplaces.
The analysis of mean values in the heating season demonstrates that the benzene loading in
areas with negligible traffic influences but where lignite is used as fuel amounts to some 50%
of the loading in areas with dense traffic. Moreover, the levels are almost the same in cases of
inversion weather conditions.

18.12.1994 19.12.1994 20.12.1994 21.12.1994
----------- traffic measuring station -------------house heating area

Fig. 4: Benzene concentrations recorded by different measuring stations in Magdeburg
The characteristics for benzene in areas where lignite is fired is in a pronounced correlation
with the SC>2 characteristics (heating season points!). In addition, the toluene-benzene relation
of some 1.1 in the areas where lignite is used (2.3 in traffic measuring stations) is a clear
indication for coal combustion as the original source. This statement is underlined by the
results of emission examinations of domestic fireplaces where lignite from Central German
mining areas is used (3).
In general, the pollutant concentrations measured in traffic measuring stations reach the same
levels known from West Germany. This meets the expectations since the number of passenger
cars in Saxony-Anhalt has almost doubled from 1989 to 1994 (195%), thereby reaching a
vehicle density that approaches the level of West Germany (85%).
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SUMMARY
Important changes in the quality of urban air have occurred in Europe during the last 20 years.
Urban air quality trends are clearly correlated to changes in production and consumption processes
which have occurred in European cities during the last decades. However, the way these trends
are linked with the changes in the urban structure is not yet fully appreciated. A set of indicators is
proposed to examine the relationships between air quality, energy consumption and transportation
trends. On this basis is argued that the current decentralization of the urban structure and
specialization of land use are major driving forces in current urban air pollution. The range of
actions and tools to improve urban air quality should include: i) land use planning; ii) efficient
urban management; and iii) measures directed to protecting the quality of the urban environment.
INTRODUCTION
The changes in the quality of urban air in Europe occurred during the last decades have been
characterized by a number of important trends described in Europe’s Environment: The Dobris
Assessment (EEA, 1995):
•
•
•

dramatic reduction in long-term exposure to SO% and particulate matter concentrations as well
as in lead concentrations in the majority of cities;
short-term exceedances of SO2 and particulate matter or black smoke levels in 70 to 80 per
cent of the cities;
increased importance of NOx emissions particularly from mobile sources and exceedances of
ozone during summer smog.

These changes are clearly correlated with changes in production and consumption patterns.
The S02 decline, for example, is explained by the fuel switch in domestic heating and results
achieved in energy efficiency. The increased importance of NO* in urban air pollution is linked to
the increase in urban traffic and car ownership. However, the way these patterns are linked
together with the changes in the urban structure is often not fully appreciated.
We examine the changes in urban air quality occurred in Europe during the last two decades and
show the linkages between these trends and the changes in the urban patterns. We argue that the
decentralization of the urban structure and specialization of land use are major driving forces in
current urban air pollution. Future air quality in European cities will depend on the ability of local

authorities to address energy saving and mobility considerations into land use planning and urban
management.
SELECTED INDICATORS
We identify some key variables able to describe the linkages between air quality and urban
management. These are specifyied in Table 1 and classified according to three categories of
indicators: a) environmental changes; b) use of resources; and c) urban patterns.
Table 1. Selected indicators
ENVIRONMENTAL
CHANGE

USE OF RESOURCES

Air pollution
concentrations

Energy consumption

S02
PM
NOx
03

Transport and land use

<------

<-----•
•
•
•

URBAN PATTERNS

•
•
•
•

per capita
by sector
by fuel
by area

• density
• land use
• mobility
• modal split

Air quality
Changes in urban air quality described in Europe’s Environment: The Dobris Assessment were
investigated in about 100 European cities with more than 500 000 inhabitants (RTVMZNILU,
1994; EEA, 1995). The EEA’s Report shows that annual mean concentrations of SO% detected at
individual sites are less than 50 gg/m3 in the majority of the surveyed cities. However, there are
still a large number of cities where WHO Air Quality Guidelines (AQG) for short term exposure to
SOa concentrations or particulate are exceeded. NOx and CO concentrations are stable or
increasing in all European cities. Photochemical smog occurs in the majority of the cities. It is also
estimated that more than 80 per cent of the people living in the surveyed cities (120 million
people) are exposed to high ozone concentrations.
Local high-level air pollution episodes caused by stationary emission sources have been reduced by
fuel switching and implementing air quality standards. The substitution of natural gas for domestic
heating from coal and oil, and relocation of industries out of city centers have reduced
dramatically the concentration of sulfur dioxide and particulate matter in the majority of cities.
New air pollution problems have emerged particularly due to road transport. Road transport in
European cities accounts for most of the summer smog and exceedences of WHO-AQGs for
ozone, as well as for nitrogen oxides and carbon monoxide (EEA 1995).
Energy consumption
Major sources of air pollution are the processes involving the combustion of fossil fuels and
therefore the production and consumption of energy. Important changes have occurred in the
energy patterns in European cities as a result of de-industrialization and decentralization of the

urban structure. Urban energy consumption by sector in a number of cities including Berlin,
Bologna, Brussels, Copenhagen, Hannover, Helsinki and London show that the domestic sector is
the largest consumer of energy with more than one third of total energy use. Transport is the
second major sector up to 30 per cent. Commercial and industrial uses vary considerably
according to the economic structure of cities (Table 2). A recent study on London’s energy by the
London Research Center shows a clear trend: between 1965 and 1990 energy consumption by the
industrial sector declined by 15 points, while during the same period, energy consumption by
transport increased by 11 points (LRC 1993).

Table 2. Enduse energy consumption in selected European cities
(Source: EEA 1995; Source of data: ICLEI, 1993; LRC, 1993; IBGE, 1993)
City

Residential

Commercial

Industrial

Transport

Total
(GJ/capita)

Berlin

33%

29%

15%

23%

78.1

Bologna

36%

21%

11%

32%

67.30

Brussels

43%

29%

5%

23%

94.7

Copenhagen

48%

26%

6%

20%

78.16

Hannover

28%

25%

26%

21%

112.43

Helsinki

34%

23%

9%

34%

89.5

London

36%

24%

11%

29%

89.1

Transport and landuse
It is increasingly recognized that the urban structure and its spatial organization affect cities’
environmental quality and performance (Alberti et al 1994; Gilbert 1992; Lowe 1991; Newman
and Kenworthy 1989; White 1994). Dense urban patterns together with mixed land uses are
generally considered the most energy efficient (OECD 1993). Density and location of urban
activities influence mobility. Public transportation infrastructure affects people’s choice of mode of
transport. Transport mode influence energy consumption and the rate of air pollutant emissions
into the environment. Compact cities reduce travel demand and provide greater opportunities for
public transport. However, European cities are moving in the opposite direction. A recent
OECD/ECMT report indicates that despite if cities are growing or declining in population size,
they are experiencing decentralization of population and jobs out of inner areas (OECD/ECMT
1993). This trend together with the increasing specialization of landuse affects mobility patterns
and increases car use.
Traffic has increased in European cities in terms of the number and length of trips. This trend
paralleled the increase in car ownership over the last two decades (Table 3). The car's share of
mechanized transport has reached over 80 per cent, while public transport has fallen to about 20
per cent. As a consequence of increased urban traffic, traffic speed has declined. This trend is

expected to continue. In the European Union, the number of trips per vehicle is expected to
increase by 45 per cent and the number of cars to reach one for every two people by the year 2010
(CEC 1992). The consequences will be increasing traffic-related emissions, noise and congestion.
Table 3. Distribution of cities according to car ownership (Source: OECD/ECMT, 1993)
Cars/inhabitants

1970(%)

1980(%)

1990 (%)

<0.20

57

12

3

0.20 - 0.29

23

31

19

0.30 - 0.39

10

39

33

0.40 - 0.49

6

13

26

0.50 - 0.59

3

3

15

0.60 +

-

1

4

POLICY QUESTIONS AND RESEARCH NEEDS
The analysis of data currently available suggest that there are important linkages between the
changes in urban air quality and trends in land use patterns in Europe. There is increasing evidence
that urban mobility patterns are a major source of urban energy consumption and a major cause of
urban-related air pollution problems. On the other hand, it is also evident that mobility patterns are
influenced by land use changes. These linkages suggest that landuse planning and transport
management are powerful tool to achieve relevant improvements in urban air quality in European
cities.
Data available are clearly not sufficient to provide quantitative measures of these linkages. The
analysis indicates that the study of the relationship between air quality, transportation trends and
land use patterns in Europe requires increased attention to answer relevant urban policy questions.
Research efforts in this direction will be decisive to increase the capacity of local authorities in
implementing urban air quality standards and protecting the health of European citizens.
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OPPORTUNITIES TO REDUCE METHANE EMISSIONS IN THE
NATURAL GAS INDUSTRY

R. Michael Cowgill
Radian Corporation, 8501 Mopac Blvd., P.O. Box 201088, Austin, TX 78720-1088

INTRODUCTION
The U.S. Environmental Protection Agency (EPA) and the Gas Research Institute (GRI)
cofunded a project to quantify methane (CH,) emissions from the U.S. natural gas industry.
Methane, the major constituent of natural gas, is a potent greenhouse gas that is believed to
increase the effect of global warming when released to the atmosphere. Reducing emissions
from natural gas systems would lessen the greenhouse gas effect attributable to atmospheric
CEL,. Further, mitigation methods to reduce emissions of natural gas, a marketable resource,
could save money and increase energy efficiency.
This paper summarizes the major sources and quantity of methane being emitted to the
atmosphere for all segments of the U.S. gas industry: production; processing; storage;
transmission; and distribution. A description of how those emissions were determined is
included here, as well as a discussion of which sources are potential candidates for reducing
emissions.
GRI/EPA METHANE EMISSION STUDY
During the scoping phase of the program, methane emissions from each identified source in the
gas industry were estimated on the basis of available data and engineering judgment. These
initial estimates were used to set priorities for collecting data according to a source's relative
importance in contributing to emissions, or to uncertainty about a source's emissions.
In the second phase of the program, methods were developed to measure the emissions from
some sources in the gas industry and to calculate emissions from the remaining sources. These
methods were validated by tests designed to quantify the accuracy of the measurement
approach (i.e., proof of concept tests), and by industry review of the calculation approaches.
However, because emissions could not be measured or calculated from every source (e.g.,
every glycol dehydrator, or every compressor engine) in the natural gas industry, part of the
Phase 2 program focused on developing defensible techniques for extrapolating the
conclusions drawn from the limited data collected for a specific source in the gas industry to
similar sources nationwide.
Phase 3, therefore, focused on collecting the data needed to define emissions from all sources
and on extrapolating from these data to estimate natural gas industry methane emissions
nationwide. Additional data collected in the third phase of the program concentrated on highpriority sources.

An advisory committee consisting of industry representatives, project sponsors, and other
interested parties from both government and private sectors provided guidance and peer
review for all phases of the program.
Industry Characterization
In general, the first step to estimating methane emissions from the U.S. natural gas industry
was to recognize, delineate, and characterize each emission source within the industry. The
industry was divided into its principal market segments: production, processing, storage,
transmission, and distribution. Within each segment, the process facilities were identified, and
within each facility, the individual pieces of equipment and components contributing to
emissions (the source categories) were identified. This method, which ensured that no sources
were overlooked or double counted, produced a manageable framework within which the
study was conducted. Table 1 shows industry market segments, major facilities within those
segments, and major equipment within the facilities.
Table 1. Industry Characterizations
Segment

Facilities

Equipment at the Facility

Production

Well sites, Central Gathering Facilities

Well heads, Separators, Pneumatic Devices, Chemical Injection
Pumps, Dehydrators, Compressors, Meters, Pipelines

Processing

Gas Plants

Vessels, Dehydrators, Compressors, Acid Gas Removal (AGR) units

Transmission

Transmission Pipelines, Compressor Stations,
Meter and Reg. Stations

Vessels, Compressors, Pipelines, M&R Stations, Pneumatic Devices

Storage

Underground Injection/Withdrawal Facilities, and
Liquefied Natural Gas (LNG) facilities

Well heads. Vessels, Compressors, Dehydrators, Pneumatic Devices

Distribution

Mains (pipelines). Services (pipelines), Meter and
Pressure Reg. Stations

Pipelines, M&R Stations, Pneumatic Devices

After the major equipment (source categories) in each industry market segment was identified,
all possible emissions from each source were identified by examining the operating modes of
the equipment that could produce emissions and by associating one of three possible types of
emissions with the source: fugitive emissions, vented emissions, or combusted emissions.
Table 2 shows examples of emission sources characterized by operating mode and emission
type.
Table 2. Emission Characterizations
Emission Type

Specific Source Examples

Operating Mode

Steady or Unsteady

Fugitive

Packed or Sealed Surfaces, Leaks (holes in gathering
& distribution pipes), Leaks (holes in transmission
pipes)

Normal Operations, Normal
Operations, Upsets

Steady, Steady, Unsteady

Vented

Dehydrator Vents, Pipeline Purge, Pneumatic Devices,
Compressor Starts, Equipment Blowdown, Chemical
Injection Pump Vents, Pressure Relief Valve Lift

Normal Operations,
Maintenance, Normal
Operations, Normal
Operations, Maintenance,
Normal Operations, Upsets

Steady, Unsteady, Unsteady,
Unsteady, Unsteady, Unsteady,
Unsteady

Combusted

Compressor Exhaust, Flaring, Burners

Normal Operations, Up
sets/Maintenance, Normal
Operations

Unsteady, Unsteady, Unsteady

Emission Estimation Techniques

After all potential sources of methane emissions in the industry were identified and
characterized, the emissions were quantified. The quantification technique depended on the
variability of the emission rate with time. Some emissions from natural gas industry sources
are continuous and steady and can be more easily measured. For this study, an annual value of
methane emissions was needed. Because it was not practical to measure emissions all year for
every source, it was important that a single measurement be representative of the annual
emissions.
General Extrapolation Methodology
Data for the project were collected from a limited number of sources and then extrapolated to
obtain nationwide estimates for similar sources throughout the industry. The extrapolation
techniques were developed so that the emissions from each source could be estimated with a
relatively high level of precision and negligible bias. The extrapolation approach uses emission
and activity factors (EF and AF) to estimate emissions on the basis of a limited number of
samples. These factors are defined in such a way that their product equals the total emissions
from a source.
EF * AF = National Emissions
Typically, the emission factor for a source represents the average emissions for that source; the
activity factor represents the total industry population of the source. The sampling approach
used affects the accuracy of the extrapolation method.
Results
Table 3. Summarizes the emissions from the largest U.S. methane emissions sources
(approximately 86% of the total).
Table 3. U.S. Natural Gas Industry Largest Methane Emissions Sources
Annual CH* Emissions
Source

% of Total
Million M’

(Bsd)

Compressor Fugitive Emissions

3000

(106)

27.0

Compressor Exhaust

818

(28.9)

7.4

Other Fugitive Emissions (non-compressor) Prod, Proc, Trans, Dist Cust Mtrs

951

(33.6)

8.6

Pneumatics [Includes all M&R distr. (city gate) emissions]

1388

(49.0)

12.5

Blowdowns

1076

(38)

9.8

Underground P/L Leaks

1937

(68.4)

17.4

Dehydrator Vents

377

(13.3)

3.3

TOTAL

18 21081

86.0

EMISSION REDUCTION OPTIONS
The following possible steps for reducing emissions from each major source were identified in
the GRI/EPA study.
Compressor Fugitive Emissions
• Change practices for idle compressors to reduce leakage from vent line valves.
• Establish a routine fugitive inspection and maintenance program for the compressor
components, especially the suction/discharge and blowdown valves.
Other Fugitive Emissions
• Establish routine fugitive inspection and maintenance program for the components,
especially the site blowdown, control, and pressure relief valves.
Compressor Exhaust
• Switch to turbines when new facilities are installed or when reciprocating compressors are
retired.
• At facilities with turbines and reciprocating engines, preferentially run the gas turbines to
satisfy base load.
Pneumatic Devices
• Switch to no-bleed, self-contained pressure reducing valves.
• Switch to no-bleed pilots on throttling valves that use supply gas.
• Switch to compressed air as the power gas for throttling valves.
Blowdowns
• Install and use a gas recovery system for compressor blowdowns that captures the
blowdown into the fuel gas system at the site.
• Switch compressors to compressed air starts (easier to do for reciprocating engines, since
the gas volume required to start is lower).
• Use pipeline gas recovery techniques, including portable gas recovery compressors that
evacuate the isolated segment and pump the gas into a pressurized segment.
Underground Pipeline Leaks
• Rehabilitate leaky pipe by internal or external repairs.
• Replace cast iron pipe segments with new pipe made of modem materials.
• Use a more rigorous leak detection program in the distribution and production gathering
pipeline areas.
Dehydrator Vents
• Install flash tanks that recover gas to a fuel system.
• Eliminate the gas consumption of gas-driven glycol pumps by modifying pumps or replacing
them with electrical pumps.

v
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MANAGEMENT OF POWER INSTALLATIONS LIFE CYCLE FOR
REDUCTION OF IMPACTS ON THE ATMOSPHERIC AIR
Ilia Z. Kopp, Vitaly B. Milyaev
SRI Atmosphere, St.Petersburg, Russia

INTRODUCTION
Power production installations at modem power plants and at many large enterprises can be
considered as the most complex and multiunit technical systems imposing various negative
impacts on all the components of the environment and especially on the atmospheric air. The
experience of investigations of conditions and factors of interaction of compelx technical
systems [1-3] with environmental components convincingly demonstrate, that it is most
expedient to use systems - structural approach as the basis for the methodology of such
analysis [4-5].The main feature of our approach is to analyse of all the stages of life cycle of
technical systems and determine ecological risk as a criterion of the efficiency of the analysis.
OBJECTS OF ANALYSIS
Interaction between technical systems - TS and environmental components are generally
characterized by consumption of resources: atmospheric air Ra, water Rh, the interior of
lithosphere (fyel, raw materials) Rl; production output Pg and emissions: into the
atmosphere la, into water basins Ih , and formation of solid wastes II. Sets of TS located in a
particular environmental region RE, is considered as an integral hierarchical structure, which
properties within the framework of systems analysis, is interpreted as a big system of technical
systems - BSTS, having common links with the environment in the form of total number of
interactions. Environmental regions within the framwork of systems approach for different
range levels are presented in the form of big blocks, wich include all the components of the
environment (atmosphere - A, hydrosphere - H, lithosphere - L) within the given boundaries,
through which the interaction with all other boundary blocks of the environment is carried out.
Models of such environmental blocks, as well as sets of technical systems, hierarchical
structure, variety of processes and parameters, special and general objectives, alternative
change options, and all other symptoms, typical for big systems - objects of systems analysis.
Methodology of systems analysis assumes that big systems interact, in our case big system of
technical systems - BSTS and big system - region of the environment - BSRE. They many be
considered as subsystems of one big system uniting BSTS and BSRE. Here the united big
system forms new common aim. The aim of the synthesized big natural and technical system BNTS - is provision of such regions, functioning of BSTS incorporated in ENTS, excluding
unacceptble changes in BSRE.
We use approved notions of ecological resources - quantitative indexes of any specific
parameters of all the environmental components - as the elements of sets in BSRE. Ecological
resource is defined depending on the geosphere it belongs to (atmosphere, hydrosphere,
lithosphere), or to their parts, on processes of stationary or non-stationary interaction between

them of natural or anthropogenic origin. For instance, ecological resources of atmospheric air
are all the components of its quantitative and qualitative composition, structure, stratification,
physical, thermodynamical and metheorological parameters, pollution (for every individual
substance with due account for its isotopic, fractional, chromatographic and dispercial
composition). Sign of impact on an ecological resource determines direction in which it
changes: consumption of the resource (for instance, irreversible), consumption of atmospheric
oxygen in organic fuel combustion processes), or destruction of the resource because of
anthropogenic emissions (e.g. changes in properties, structure and composition of air in the
given volume due to its pollution with gaseous, aerosol or solid particles). But in all cases
when changes in equilibrium characteristics of ecological resources take place we deal with
their negative impacts, i.e. with consumption of resources.
ESTIMATION CRITERIA
In concrete conditions of BSRE it is recommended to use the probability of occurrence of risk
of ecological danger Ke as a criterion for estimation of ecological quality of TS. By risk of
ecological troubles we understand qualitative or quantitative change of single or several
resources dR , when at least one of the set changes so that may cause harm to people or
damage to TS, which in its turn will do harm to people.
Among multiple well known definitions of risk (economical resk, technical risk, the threat to
safety of people etc.) the notion of "ecological risk" is most fully described by its formalized
understanding as the probability of occurrence of ecologically unfavourable situations. There
we use general definition of theoretical probability approach in accordance with which
ecological risk is quantitatively estimated by the product of the probability of occurrence of the
situation We and its consequences Se
Ke = We * Se
is estimated by the number of cases of probable damage to people or damage to TS as a result
of consumption of ecological resource to the level of We within definite period of time, e.g.
10E-5 1/pers.year. By consequence Se we call such change of one or several ecological
resources, which can be determined. If changes of several resources are probable, then it is
expedient to express risk as a set of all possible ecologically unfavourable events.
In accordance with conceptional principles of systems analysis, quantitative indexes of risk in
every concrete model of power installation or other TS are adjusted in the course of obtaining
experimental data and expansion of theoretical investigations. As an example of very birst
approximation to achieving risk level of air, water or soil pollution we can suggest application
of such approved risk indexes as a change is pollutant concentration to the level of MFC maximum permissible concentration in a unit of volume or is a unit of mass.
In the same way are used MPL - maximum permissible levels, MPD - maximum permissible
doses and other derivatives of MFC, characteristics of changes in ecological resources
established on the basis of medico-sanitary requirements. Requirements concerning MFC were
established from the estimated probable safe impact on people outside industrial premises and
industrial sites with no time limits. But the excess of MFC, MPL and MPD leads to increase of
risk of impacts on people or other ecosystems.

METHODOLOGY OF ANALYSIS
Analysis of conditions of BNTS functioning with the aim of ecological examination and
menagement must reveal the possibility to select such ways for development of a set of systems
of power installations in the given region of the environment, which exclude destruction of all
types of the set of ecological resources of BSRE above the MPL. Thats why interactions
between BSTS and BSRE at all stages of life cycle of the set of TS are the subjeers to be
examined.
In a general case power installations and other big TS life cycle comprises 7 main stages: 1.
Formation of TS conception (Preparation of technical goal), 2. TS realization options (design
work), 3. Technological preparation of TS realization (development of technological
production processes), 4. Manufacture transporation, assembly and adjustment of TS, 5.
Operation of TS, d.Disassembly of TS and waste transportation to the places of their
liquidation, V.Liquidation of TS waste and recultivation of landscapes.
Methodology of ecological menagement of power installation as a tipical BSTS is based on the
assessments made by experts, whose aim is to estimate both qualitative and quantitative
indexes. For experts assessments at each stage of ecological expertise one may use, for
instance, four-layer approach approved in national and international systems [3,4].
1 - (++) - probability of occurrence of ecological risk is absent;
2 - (+) - certain apprehension of the possibility of ecological risk take place;
3 - (-) - objections of ecological origin - violation of ecological normatives;
4 - (—) ecologically faulty decision.
Under assessments of the levels 1 and 2 at any stage of life cycle the natural and technical
system continues to exist and develop according to the designed socio-economical scenario.
Necessary measures should be taken to eliminate the danger of ecological risk occurrence of
the 2 level.
Under assessments of the 3 level the recommended decisions should be adjusted before their
practical realization (installing additional control devices, reducing the intensity of impacts on
the resources and technological improvements).
Under assessments of the 4 level, suggested decisions are not illegitimate and must be revised
until acceptable alternative decisions are suggested at any stage of life cycle of TS and BSTS.
REFERENCES
1. System Engineering Handbook/Ed.R.Machol. N.-Y.:McGraw-Hill book Co.,1967, pp.688
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MISE EN PLACE D'UN PROGRAMME D'ASSURANCE QUALITE
SUR LE DISPOSITIF DE SURVEILLANCE DE LA QUALITE DE L AIR
DE PARIS ILE-DE-FRANCE
Helene MARFAING1, Michel MONTAMAT2, Frangoise PETIT-COVIAUX3,
Rene ALARY4, Philippe LAMELOISE1
1 AIRPARIF Surveillance de la qualite de Pair
2 LNE
Laboratoire National d'Essais
3 LHVP
Laboratoire d'Hygiene de la Ville de Paris
4 LCPP
Laboratoire Central de la Prefecture de Police

INTRODUCTION
AIRPARIF a pour mission la surveillance de la qualite de fair en Ile-de-France. Pour cela, il
met en oeuvre environ 65 stations de mesure et 120 analyseurs automatiques (dioxyde de
soufre, oxydes d'azote, ozone, monoxyde de carbone, hydrocarbures, particules en
suspension). L'exploitation du quart de ces stations est effectuee par le Laboratoire d'Hygiene
de la Ville de Paris (LHVP) et le Laboratoire Central de la Prefecture de Police (LCPP).
Le travail de trois entites distinctes sur le meme outil de surveillance impose un effort tout
particular d'assurance-qualite.
En eflfet, les objectifs d'Assurance-Qualite que nous nous sommes fixes sont de deux ordres :
- etablir des regies de maintenance (de routine ou preventive) et de calibrage afin que ces
parametres de maintenance influent un minimum sur la qualite des donnees finales,
- connaitre nos incertitudes de mesure par polluants (dioxyde de soufre, oxydes d'azote et
ozone essentiellement).
MAINTENANCE DE ROUTINE ET PREVENTIVE
Pour assurer la bonne marche des analyseurs, le technicien de maintenance intervient sur
chaque site tous les 15 jours afin d'effectuer une maintenance de routine (calibrage,
changement du fibre echantillon, verification des debits, des parametres electriques...). A cette
occasion, il peut etre amene a effectuer une maintenance preventive s'il se rend compte qu'un
des parametres devant etre controles systematiquement est proche des limites codifiees.
INCERTITUDE DE MESURE (Seal le cas du dioxyde de soufre est trade dans ce document)
Description de la procedure de maintenance et calibrage
- Tous les deux mois, la concentration de l'etalon de transfer! est determinee a partir de 1'etalon
de reference.
- Tous les deux mois les analyseurs sont calibres a l’aide de l’etalon de transfer! et la
concentration generee par l’etalon interne de l’analyseur est evalue.
- Dans cet intervalle de deux mois, tous les quinze jours lors de l’operation de maintenance de
routine, l’analyseur est a nouveau calibre a l’aide de l’etalon interne.

Determination de la concentration de 1'etalon de transfer! a partir de l'etalon de
reference
Tons les deux mois, avant et apres les operations de maintenance, la valeur de la concentration
delivree par l’etalon de transfer! est determinee au Laboratoire National d’Essais (LNE).
• Procedure:
Le gaz delivre par l’etalon de transfer! est envoye dans un analyseur de dioxyde de souffe
(SO2) base sur le principe de la fluorescence U.V.: la concentration lue sur l’affichage de cet
analyseur est relevee et est consideree comme une valeur de calage.
Un melange dynamique (SO2 dans 1’air) est ensuite genere a partir du banc de permeation du
LNE; ce melange est obtenu en balayant un tube a permeation de S02 par de Pair synthetique
contenu dans une bouteille positionnee sur une balance (voir schema 1). Le debit du tube a
permeation etant fixe, on regie le debit d’air synthetique de fa?on a obtenir la meme
concentration lue que celle du gaz genere par l’etalon de transfer!.
Voie I

silicagel

melange genere

Vole 2

tube a
permeation
S02
balance

schema 1
• Evaluation de P incertitude
Selon le principe de propagation des incertitudes defini par le guide ISO « guide to expression
of incertainty of measurement» et en tenant compte des incertitudes dues :
- au debit du tube a permeation de l’etalon de reference,
- au debit d’air de l’etalon de reference,
- aux fractions d’oxygene et d’azote de Pair synthetique,
- aux lectures de l’appareil utilise pour la determination de la concentration de l'etalon de
transfer!,
l’incertitude sur la concentration en SO2 generee par l’etalon de transfer! regie a 100 ppb est
de 2,5 ppb
_______ Ui = + 2,5 ppb_______
Evaluation de Pincertitude de mesurage apres calibrage avec l’etalon de transfer!
Cette incertitude a ete calculee par application du paragraphe 9.3 de la norine NFX 06 - 045 en
tenant compte:
- des caracteristiques des analyseurs, c’est-a-dire leur repetabilite et leur reproductibilite,
- des concentrations des gaz de calibrage (gaz de concentration nulle et melange gazeux
genere par l’etalon de transfer!).

Pour determiner la repetabilite et la reproductible des appareils, cinq stations reparties sur
toute la region ont ete choisies, appareils pour lesquels on a verifie la linearite de la reponse en
fonction de la concentration (regression lineaire).
Les calculs ont donne les resultats resumes dans le tableau suivant:
concentration en SO2
10 ppb
50 ppb
100 ppb
150 ppb
Tableau 1

Variance
12,407
9,718
13,919
26,522

Incertitude U2
±7 ppb
±6 ppb
±7 ppb
±10 ppb

Evaluation de P incertitude de mesurage apres calibrage avec les etalons internes
En faisant appel a la norme utilisee dans le paragraphe precedent et en tenant compte des
variances liees:
- aux caracteristiques des analyseurs
- aux concentrations des gaz de calibrage
Les calculs ont donne les resultats figurant dans le tableau suivant:
concentration en SO2
10 ppb
50 ppb
100 ppb
150 ppb
Tableau 2

Variance
12,573
13,877
30,553
63,949

Incertitude U3
±7 ppb
±7 ppb
±11 ppb
+16 ppb

Un traitement identique a ete realise apres chaque calibrage par les etalons internes. Les
resultats sont resumes dans le tableau suivant:
Concentration en
S02
10 ppb
50 ppb
100 ppb
150 ppb
Tableau 3

Variance
2 e calibrage
12,739
18,035
47,187
101,375

Incertitude U4
±7 ppb
±8 ppb
±14 ppb
±20 ppb

Variance
3e calibrage
12,906
22,194
63,821
138,802

Incertitude U5
±7 ppb
±9 ppb
±16 ppb
±24 ppb

CONCLUSION
L’analyse des resultats figurant dans les tableaux 2 et 3 montre que les calibrages successifs par
utilisation des etalons internes conduisent a une augmentation significative des incertitudes sur
les mesurages.
Pour tenir compte de cette information, une nouvelle procedure (actuellement a T etude) a ete
mise en place ; elle repose sur la valeur de l’incertitude U2 calculee.
La concentration de l’etalon interne apres calibrage par l’etalon de transfer! est appelee
Concentration de Reference (Cref).
Lors des utilisations ulterieures de l'etalon interne, on determine l'ecart entre la valeur lue et
Cref.

Concentration lue sur l'analyseur
cas 3

+ seuil d'intervention (+2U2)

cas 2

+ seuil de surveillance (+U2)

__ cas 1
Concentration

- seuil de surveillance (-U2)

Cref

- seuil d'intervention (-2U2)

cas 2

mesuree

cas 3

schema 2
Cas 1: Aucune intervention n’a lieu.
Cas 2 : Le technicien doit revenir en station dans le delai d'une semaine avec l'etalon de
transfers
II recalera alors avec cet etalon, l’etalon interne. Celui-ci aura une nouvelle valeur qui sera la
reference pour les interventions futures. Ce calibrage a lieu environ toutes les 6 semaines.
Cas 3 : Le calibrage doit avoir lieu dans les 24 heures.
Le rattachement a l’etalon de reference est effectue suivant le modele suivant:
STATION DE MESURE '
1

LABORATOIRE ASSURANCE QUALITE
AIRPARIF

1

I ANALYSEUR

!

LABORATOIRE NATIONAL
D'ESSAIS

1

----- 1 ETALON DEREFERENCE |

| ETALONDETRANSEERX |--------1

1

1
1

1
1
ETALON
INTERNE

'
!

l

1
1

1
1

I

Schema 3
A chaque maintenance (15 jours) le technicien verifie la validite des valeurs foumies par
l'analyseur pour un gaz de concentration nulle et un etalon interne situe dans la gamme de
mesure. II a toutefois la possibility de verifier ces 2 points a distance: il peut declencher a
partir du poste central informatique l'entree du gaz de concentration nulle ou de 100 ppb (par
ex.). II ne recalera pas ses valeurs, c'est a dire qu'il ne modifiera pas les coefficients a distance.
Ce sera seulement une verification. Si les valeurs se trouvent en dehors de la plage de
surveillance, il interviendra avec les memes regies que decrites precedemment.
En moyenne, l'etalon de transfer! passe toutes les 6 semaines en station pour recaler l'etalon
interne. Tous les 4 mois, l'etalon de transfer! sera recale par rapport a l'etalon de reference au
Laboratoire National d'Essais.
Il faut maintenant s'interroger, par polluant, sur les incertitudes de mesure souhaitees. Si cellesci son! inferieures a celle obtenues aujourd'hui, il faudra envisager de changer de materiel
d'etalonnage et de methodes de travail. Ceci est a etudier dans le cadre de la strategic nationale
de surveillance de la qualite de l'air.
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INTRODUCTION
Air quality in urban and industrial environments has been investigated at the Finnish
Meteorological Institute since the early 1970’s. The studies have included emission surveys, air
quality measurements, dispersion model computations and bioindicator surveys. A substantial
fraction of these studies has been done as commissioned work for communities, public
institutions, industrial establishments and private enterprises. Major resources have also been
committed to the development of methods and expertise.
The studies in the 1970’s were mainly dispersion model computations and air pollution
measurements. In the 1980’s research activities increased rapidly due to the national Clean Air
Act (coming into force in 1982) and the adoption of national ambient air quality standards
(1984). Since the year 1980, we have conducted about 90 separate air pollution assessments,
and model computations have been made for most Finnish cities and major communities.
In many of the surveys in the 1980’s and the 1990’s, we have conducted integrated studies of
local air quality, which contain the results obtained with emission surveys, dispersion model
computations, air quality measurements and bioindicator methods. This integrated approach
provides more versatile and reliable results on the state of the environment. For instance, the
reliability and accuracy of computations can be directly analysed using simultaneous air quality
measurements.
We present here an overview of the experimental and computational methods used in the air
quality surveys. To illustrate the application of the methods, we discuss some selected results
from an air quality investigation conducted in a major city in central Finland.
METHODS
Emissions surveys
A typical emission survey may contain a wide variety of sources: energy production plants,
industrial sources, domestic heating units, waste combustion plants, vehicular sources and
agricultural sources. For point sources at least the following factors have to be taken into
account: the nature of the industrial processes, the content and consumption rate of the fuel,
the height of the stack, the mass flow rate and the temperature of the effluents, and the
location and physical dimensions of the neighbouring buildings and other structures.
Vehicular emissions are estimated based on data of traffic densities and emission factors
(Harkonen et al., 1995).

Air quality measurements
Two specially-designed measurement vans are usually employed when conducting air quality
measurements. These vans contain concentration measurement devices and meteorological
instrumentation, together with the appropriate data-processing personal computer facilities.
The concentrations of several pollutants can be simultaneously measured, including sulphur
dioxide, nitrogen oxides, carbon monoxide, ozone, total reduced sulphur (for instance
hydrogen sulphide and mercaptans) and particulate matter. The particle measurements include
total suspended particles, PM10 and PM2.5, and are made using high-volume samplers, twophase impactors and several continuously-operating monitors (TEOM and p-gauge). The
samples of various organic compounds (for instance VOC and PAH) are collected in steel
canisters and adsorption tubes. These samples are subsequently analysed in the laboratory by
gas chromatography and mass spectrometry. The relevant meteorological parameters (wind
speed and direction, ambient temperature, relative humidity and solar radiation) can be
measured simultaneously with the concentration measurements.
Mathematical models
The following atmospheric dispersion models are available for local-scale assessments: the
urban multiple source dispersion model, vehicular pollution dispersion models, dispersion
models of hazardous materials, the dispersion model for odorous compounds and statistical
regression models for predicting the evolution of air quality in time.
The urban dispersion model is a Gaussian plume model. It describes dispersion from a number
of point, line, area and volume sources, and includes a treatment of the plume rise, downwash
phenomena, chemical transformation and deposition (Nordlund et al., 1995). The model
predicts hourly time series of the concentrations of sulphur dioxide, nitrogen oxides and
carbon monoxide, and can be run on a Cray X-MP supercomputer.
The dispersion of vehicular pollution in a street canyon is evaluated by a modified version of
the Canyon Plume Box model by Yamartino and Wiegand (1986). A Gaussian finite-line
source model is also available (Harkonen et al., 1995). Both the urban dispersion model and
the vehicular dispersion models are connected to a meteorological pre-processing model,
which is based on Monin-Obukhov type boundary-layer scaling.
Biological methods
The most frequently-applied biological methods include a chemical analysis of pine (JPitius
sylvestris L.) needle material and a visual pine damage classification method (Jokinen et al.,
1993). The content of sulphur and chlorine in needles has been analyzed by x-ray
spectrometry, total nitrogen by the Kjeldahl method, and certain other elements by ICPspectrometry. We have also applied infrared photography (Heikkila, 1991), the mapping of
epiphytic lichens and the analysis of heavy metals from mosses (Pleurozium schcreberi).
We have also developed semi-quantitative and quantitative physico-biological methods.
These methods include the leaf area index (LAI), chlorophyll fluorescence and spectrometry.
The biological results are subsequently analysed using statistical techniques.

RESULTS
To illustrate the application of the methods, we will here discuss some selected results from an
air quality assessment conducted in the city of Tampere (Pesonen et al., 1992). Tampere is an
industrialised city in Central Finland with a population of 170 000. The main objectives were to
analyse air quality and to study the environmental impacts of air pollution.
We have estimated the emissions of the compounds SO2, NOx and CO, originating from
stationary point and area sources and from mobile sources. The urban dispersion model was
applied for computing the concentrations and the deposition. The concentrations of the abovementioned compounds were also measured, together with particulates, during a period of
several months inside three street canyons and in the vicinity of one major road. Forest
damages were visually estimated and the concentrations of sulphur, nitrogen and chlorine in
the pine needles were analyzed. Figures 1 and 2 show some example results of the model
computations and the biological surveys.
DISCUSSION
Air quality assessments in urban and industrial environments have been conducted at the
Finnish Meteorological Institute since the early 1970’s, for a period of almost 25 years. During
this time research methods have continuously improved resulting in more reliable and more
versatile assessments.
In the more recent surveys, we have often conducted integrated studies of local air quality,
which contain the results obtained with emission surveys, dispersion model computations, air
quality measurements and bioindicator methods. This approach has many advantages, e.g. the
reliability and accuracy of model computations can be directly analysed using simultaneous air
quality measurements. The comparison of model predictions and bioindicator surveys makes it
possible to evaluate the influence of air pollutants on the vegetation.
REFERENCES
1. Jari Harkonen, Esko Valkonen, Jaakko Kukkonen, Erkki Rantakrans, Liisa Jalkanen, Kimmo Lahtinen and
Seppo Haarala, 1995. Modelling of the dispersion of vehicular pollution from a road. These proceedings.
2. Nordlund, G., Rantakrans, E., Karppinen, A. and Valkama, I., 1995. The urban dispersion modelling
system FMI-UM. Finnish Meteorological Institute, report. Helsinki, 25 p.
3. Yamartino, R., J., and Wiegand, G., 1986, Development and evaluation of simple models for the flow,
turbulence and pollutant concentration fields within an urban street canyon. Atmos. Environ. 20:11, 21372156.
4. Jokinen, J., Laine, E. and Meinander, 0.1993. Estimating of two different kinds of forest damage
mechanisms in southeastern Finland. Part II: The spatial distribution of damages. Forstw. Cbl. 112 (1993),
35-40.
5. Heikkila, O., 1991. IR-photography for conifer forest damage assessment. Method study in traffic
environment. Finnish Meteorological Institute, Publications on Air Quality 10. Helsinki, 76 p.
6. Pesonen, R., Rantakrans, E., Hiltunen, V., Jokinen, J., Valkonen. E., Pohjola, V. and KartastenpSa, R.
1992. Air quality assessment in the city of Tampere (in Finnish). Finnish Meteorological Institute, report.
Helsinki. 146 p. + 47 p. App.

V o

Figure 1. Model predictions for the maximum of the second highest daily concentrations of
nitrogen dioxide (pg/m3) in each month during the year 1990, in the city of Tampere. The
values are clearly below the corresponding national air quality standard, which is 150 pg/m3
(Pesonen et al, 1992).

Figure 2. The forest damage classes in Tampere in 1989 (Pesonen et al., 1992). The classes
are defined in Jokinen et al. (1993): class number one corresponds to undamaged trees and the
class number five to almost dead trees. The distribution of the forest damage shows a clearly
similar pattern to the nitrogen dioxide concentrations.

519

THEORETICAL
AND
EXPERIMENTAL
APPROACH
DETERMINE POLLUTANT LEVELS IN AN URBAN AREA.

TO

C.Solisio1,1.De Cecco1, R.Ruaro2 and G.Ferraiolo1.
* Institute of Chemical Engineering Science and Technology, Genoa University, Italy
2 Expert in the Physics of the Atmosphere
INTRODUCTION
Simulative techniques, carried out by means of scale physical models, prove to be
particularly useful because they allow to optimize those prevention and protection
measures aimed at the undesired effect reduction.
Among the various scale models, the wind tunnel is one of the most common physical
models used to simulate real environmental conditions, reproduced in suitable reduced
scale by dimensional analysis.
Physical modeling, mainly wind tunnel, is typically employed to study plants in complex
terrain or to determine how building turbulence can affect dispersion from stales.
Moreover, simulative techniques set-up is not simple and it needs particular careful
regarding to define its capable to simulate real environmental conditions.
The present paper deals with the scale simulative technique through wind tunnel, applied
to the study about dispersion atmospheric phenomenon. Set-up procedures are
discussed, then preliminary results about pollutant dispersion in a street of Genoa (Italy)
characterized by great traffic vehicular traffic are showed too.
CONCEPTUAL ASPECTS
The adoption of physical model appears to be even more interesting if it is considered
the remarkable costs of the prevention and the protective measures.
Moreover, the uncertainties connected with the most common mathematical forecasting
models are not negligible.
The equations of momentum, energy and mass transport with appropriate boundaiy
conditions are the basis to determine the atmospheric dispersion of pollutant and thus to
attain the dimensionless numbers which have to be significantly duplicated in the physical
model.
The first dimensionless parameter is the Froude number, the square of which represents
the ratio of inertial to buoyancy forces. Therefore, the Froude analogy becomes
necessary in any case when a considerable effect has to be simulated.
The Reynold number represents the ratio between inertial and viscous forces. It is the
most peculiar one for determining a fluid-dynamical regime, but it's also the most difficult
to reproduce exactly.
In practice, dynamic similarity cannot be achieved in a wind tunnel because the
simultaneous reproduction of Froude and Reynolds number is not possible. It has been
concluded that scaling parameters are best based on equality of the densimetric Froude
number, but ensuring that the Reynolds number is maintained sufficiently high in the
wind tunnel to make negligible the difference of the simulated turbolence from the real
one.

Other dimensionless parameters for the atmospheric dispersion simulation are the Prandtl
and the Schmidt numbers, concerning momentum, thermal and mass difiusivity. They do
not much from prototype when air is used as the medium, then they can be neglegted.
The ratio between local and Coriolis acceleration is represented by Rossby number :
within the space limits usually reproduced in the model, the Coriolis acceleration is small,
so that Rossby number can be neglegted.
EXPERIMENTAL APPARATUS.
A circular cross section wind tunnel, 0.5 m diameter and 3.5 m length, as shown in
Picture 1, was been utilized by the Authors to simulate several pollutant atmospheric
dispersions.
In order to study the phenomenon of dispersion of pollutant substances in a significant
street of Genoa, a model was been designed. Picture in Figure 2 shows the model (the
length scale used was 1/1000).
Vehicular emissions plumes were simulated by using a stream of a mixture of helium and
argon at various concentrations. This stream was discharged from little holes placed on a
metallic bar, parallel to the street and located under this one . Some bars at difference
number of holes were prepared for observing the difference by changing traffic vehicular
intensity. The model was rotated to show the effect of different wind directions.
Wind speed in the tunnel were measured by hot film anemometer. An air exhauster, with
speed adjustment, provided to cause air mition in the wind tunnel.
EXPERIMENTAL SET-UP
The first stage of experimentation concerned the wind tunnel set-up. Then, in order to
verify if the tunnel was able to simulate real atmospheric motion several tests were
carried out.
Particularly, the aim was to define the working portion of cross section area. That does
mean to evaluate at which distance from the wall this one begins to affect the air flow.
Wind speed measures, by varying air inlet, were carried out in corresponding to a pointgrid (mesh dimension : 5 x 5 cm ). Measures were repeated every 5 s, for 5 minutes, for
ensuring the data repeatability. Then, media values and standard deviations were
calculated.
Following the first set-up, wind profile in tunnel was checked.
Then, "environmental conditions" were checked by introducing in the tunnels some
circular platforms at different roughness, in order to evaluate change in wind profile as a
result of the chaotic motion created near the surface when air flows over or irregular
surface. Within mechanical turbolence, the size of the eddies and the height to which they
extend above the surface is governed, in large parte, by the surface roughness. Then, the
above platforms were made in such a way as to simulate different surface types (from flat
ground as far as irregular terrain).
For taking into account meteorological conditions variability, different speed values
were imposed by air exhauster. In some cases, the inlet air tunnel had to be modified by
different grid, in order to mitigate the air motion.
So that, it was possible to create combinations between surface type and wind speed.
For every of these combinations, wind speed at different height was measured.
An approximation to the increase of wind speed with height above the ground was used :
as known, the wind at height, z, above the ground can be estimated from the wind
measurement at the height, z^, by

Uz = Uh(z/Zf/
where u^ is the measurement wind speed at the height, h, and the exponent or power, p,
is related to the roughness and stability at the atmosphere.
As third stage, the model of the street was introduced in the tunnel in order to observe
pollutant dispersion evolution, by varying both traffic vehicular intensity and
environmental conditions, as shown by picture in Figure 3 .
DISCUSSION
Within the limits of the preliminary tests that were carried out it is possible to develop
the following considerations:
- Referring to the global cross section area of the tunnel the working portion is a
concentric circle about 22 cm radius. Beyond this zone, the wall affects the regular air
flow. Obviously, for the length scale here adopted,that does means limiting the
atmospheric layer for observing dispersion phenomena at about 220 m height.
- Data elaboration showed that in the tunnel wind profile increases in similar way to the
above law-power. Moreover, the results obtained from the initial set of experimental
tests lead to limit the simulations at neutral or near neutral atmospheric conditions, at
which greater data repeatibility was observed and the exponent p from wind profile
data was much in good agreement with the one corrent values from literatury.
- Regarding to atmospheric dispersion case here studied, it is possible to observe
that lower wind speed is a "preferable situations" as mitigation of pollutant levels,
although taking place a slower air motion at the upper layer than higher wind speed,
because traffic emissions rise is faster and incidence over the building at the street is
lesser. In any case, from strictly qualitative point of view, pollutant levels at the
building are strongly dependent by wind speed directions that may create different
environmental conditions along the street.
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Figure 3. View of a test.
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With the financial support of the parafiscal tax on air pollution (11 may 1990 decree) and with a
view to better appraise both the nationwide traffic exhausts and the photochemical air pollution,
the national ambient air monitoring equipment is in the process of being renewed.
Some networks have been recently created (Artois, Nice, Peage de Roussillon, Auvergne),
other networks have been thoroughly modernized (He de France, Lyon and Reims).
The commissioning of new equipments, supplemented by the measurement quality-assurance
programme implemented by the National Central Network Laboratory, lead to both a better
coverage of the nationwide surveillance and more reliable data.
The monitoring programme still has to be enlarged as numerous airborne substances
(aromatics, organic micropollutants, heavy metals..) aren't still systematically measured
nowadays.
The average concentrations of pollutants in 1992 (figure 2) are similar to the levels recorded in
1991, although the peak levels are slighly lower in 1992.
The meteorological conditions (temperatures in particular), which were very close to the normal
ones, have not exhibited winter or summer excess liable to bring about large air pollution
episodes.
The decrease in S02 concentrations, originating mainly from combustion, is noticeable in 1992
(figure 4). The concentrations dropped by 12% between 1991 and 1992. The S02 releases
(figure 3) reached back the 1988 emission level (the lowest amount ever recorded).
No general noticeable decrease of all traffic pollutants is recorded, despite the still slightly
declining lead concentrations.
For the first time in many years, NOx and CO emissions are levelling off (figure 3).
The peak N02 and CO concentrations are lower in 1992 compared to 1991, in particular in
burdened sites, probably because of the aforementioned meteorological conditions.
Partly due to short measurement data sets, it is not possible to identify any clear-cut trend
pattern of ozone concentrations. In fact, most of the ozone monitoring stations are in the
process of being relocalized and the density of the measurement sites is being strengthened.
The exceedances of the EEC and WHO guideline values are numerous. Some urban and
suburban areas of the South-East, lie de France and North-East (figure 2), have recorded
photochemical episodes in may and august 1992.
REFERENCES :
1. "La qualite de l’air en 1992 en zones urbaines, industrielles et rurales", ADEME, 1994.
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air pollutant concentration trends in urban areas (figure 1)
(evolution des concentrations de polluants en zones urbaines)
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- urban traffic conditions (cold start distances
...)
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Modeling studies are being carried out.

SULFUR DIOXIDE (S02), NITROGEN DIOXIDE (N02) and OZONE (03)
concentrations in conurbations and industrial areas in 1992 (figure 2)
(concentrations de SQ2, NQ2 et 03 en agglomerations et zones industrielles)

key:
44/181 "\ 802: annual average / 98 percentile (of 24-hr averages)
29/108 IN02: 50 percentile / 98 percentile (of 1-hr averages)
03 : annual average / highest 1-hr average

* networks under creation or transformation
( ) unvalidated value
unit: microg/m3

These data derive either from only one station (in case there is only one station in the
area) or from the most burdened station when several stations are in operation in the area.
It is worth recalling that the number of stations is liable to vary widely from area to area.

S02, NOx, CO total emissions (figure 3)
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Source: CITEPA

provisional figures

S02, N02, CO, Particules (black smoke) and lead concentrations in urban areas (figure 4)

(moyennos annuellos de S02, N02, CO, particules etplomb en zones urbaines)

S02, N02. Black Smoke : in microg/m3_________________
CO : In 0.1 mg/m3________ Pb : in 0,1 microg/m3
These data (annual averages) have only been tentatively computed. They cannot be strictly considered as national averages.
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INTRODUCTION
L’agglomeration parisienne (9,3 millions d’habitants sur les 10,7 millions que compte l'He-deFrance) beneficie d’une situation geographique (plaine) et d’un climat (oceanique) qui
contribuent la plupart du temps a une bonne dispersion de la pollution atmospherique.
Les emissions de polluants des installations de chauffage et de production d’energie ont
considerablement diminue au cours des dix demieres annees a la suite des progres
technologiques et d’actions reglementaires vigoureuses. Cependant, malgre les progres realises
sur les emissions unitaires des vehicules, les emissions du trafic sont en legere croissance.
Certains phenomenes de pollution sont egalement mieux connus et mieux observes (pollution
photochimique).
Certaines conditions meteorologiques defavorables, peuvent conduire a des episodes de
pollution peu frequents (10 jours par an) mais pendant lesquels certains seuils de reference de
qualite de fair definis par l’Union Europeenne et a valeur reglementaire en France peuvent etre
depasses. Ainsi en application du decret national du 25 octobre 1991 les autorites
administratives representant 1'Etat dans la region ont mis en place, par arrete du 25 avril 1994,
une procedure d'information du public et d'alerte en cas d'episode de pollution atmospherique.
AIRPARIF, structure pluraliste en charge de la surveillance de la qualite de Fair en Ile-deFrance qui regroupe l’Etat, les Collectivites Locales et les Industriels doit detecter les
depassements des differents seuils de gravite progressive definis et informer le public. Si le
seuil d’alerte est depasse, le Prefet de Police peut prendre des mesures pour limiter les
emissions des sources de pollution ainsi que F exposition des personnes.
1. CHOIX DES CONDITIONS DE DECLENCHEMENT
1.1 Les indicateurs de pollution pris en compte
Les indicateurs reglementes dans Fenvironnement par FUnion Europeenne sont le plomb
particulaire (PB), le dioxyde de soufre (SO2) et les particules en suspension (PS), le dioxyde
d’azote (NO2) et Fozone (O3). Mais le declenchement de la procedure doit etre effectue des
Fapparition de F episode de pollution. Aussi seuls les polluants pour lesquels on dispose de
techniques de mesure automatiques et rapides qui permettent de foumir les mesures, presque
sans differe ont ete prises en compte. II s’agit du dioxyde de soufre (SO2), principalement emis

par les combustibles fossiles, du dioxyde d’azote (NO2) et de l’ozone (O3) polluants
secondaires provenant a 75 % des emissions du trafic automobile.
1.2 Les zones geographiques concernees
1.2.1 La zone d‘observation des niveaux de pollution : L’agglomeration parisienne constitue
un ensemble relativement homogene tant du point de vue geographique que pour la
repartitions, des activites, des grands axes de circulation ou de la densite de population. Sur
l'ensemble de la region le trafic automobile augmente en moyenne de 2,4 % par an alors qu'il
est stable a PARIS intra-muros.
1.2.2 Zone de reglementation de la procedure d’information et d’alerte: Les mouvements
pendulaires du trafic concement non seulement la zone centrale mais l’ensemble de la region, la
plupart des habitants de la region vient travailler dans V agglomeration ou ils se trouvent
exposes aux niveaux de pollution qui y regnent. Ainsi avec 18 % de la population seulement, la
ville de Paris offre a elle seule 36 % des emplois de la region.
C'est pourquoi l’arrete reglementaire de la procedure d’information d’alerte vise l’ensemble de
la region Ile-de-France.
1.3 Les seuils et les conditions de declenchement
Ces seuils ont ete determines sur la base des valeurs guides et des valeurs limites des directives
europeennes en matiere de qualite de l’air et les valeurs guides de l’OMS qui definissent les
niveaux d’exposition au-dessous desquels il n’avait pas ete observe d’effets sur la sante en
1985, epoque de leurs etablissements.
Si la directive relative a l’ozone (1992) definit des niveaux d’exposition horaires directement
operationnels, il n’en est pas de meme des directives relatives au dioxyde de soufre et aux
particules en suspension (1980) et au dioxyde d’azote (1985) qui sont des directives de bilan
dont les valeurs limites sont basees sur des functions statistiques necessitant une annee
complete d’observation.
Un travail statistique qui s’appuie sur la distribution des donnees horaires sur 1’agglomeration
parisienne au cours des trois demieres annees a permis de determiner les seuils d’expositions
horaires correspondants aux criteres de qualite de Fair.
Trois seuils d’exposition horaire de gravite croissante valables pour 1’agglomeration ont ete
fixes pour chacun des trois indicateurs de pollution. Les deux premiers seuils: mise en eveil de
services techniques et information du public, sont bases sur les valeurs guides, obiectifs de
qualite de l’OMS et de l’Union Europeenne. Les seuils d’alerte sont bases sur les valeurs
limites de l’Union Europeenne. Le tableau ci-dessous definit les seuils retenus pour les trois
differents niveaux d’action, ils sont exprimes en concentration de polluant (pg/m3) pour une
exposition d’une heure.

Niveau 1 Mise en eveil des Services Techniques
Niveau 2 Information des autorites et du public
Niveau 3 Alerte

N02
200
300
400

POLLUANTS
o3
130
180
360

S02
200
350
600

Les niveaux d’expositions horaires pour chaque point de mesure sont etablis en moyenne
glissante sur la base des moyennes.de chaque quart d’heure. Le declenchement d’un niveau est
effectue si un large secteur geographique est expose a un niveau superieur au seuil
correspondant; ce qui correspond a une part notable de la population de ragglomeration
exposee a ce niveau. 11 faut done que deux stations geographiquement representatives (sur une
trentaine) distantes de plus d’un kilometre depassent le seuil considere avec un differe
d’apparition du depassement inferieur a trois heures et par une vitesse de vent inferieure a
3m/s.
2. LES ACTIONS EN CAS DE DECLENCHEMENT DES DIFFERENTS NIVEAUX
Le declenchement du premier niveau de la procedure (seuil de prealerte) implique une
information par AIRPARIF des services techniques impliques : tant ceux de l’Etat que ceux
des principals collectivites.
Le declenchement du deuxieme seuil conduit a l’information des autorites politiques et
administratives et a la transmission d’un communique de presse aux differents medias. Cette
information effectuee par AIRPARIF par delegation des autorites caracterise 1’episode de
pollution: « causes, polluants impliques, niveaux atteints ».
Le declenchement du troisieme niveau correspond a l’alerte elle-meme. AIRPARIF informe
immediatement le Prefet de Police qui recommande a la population de:
- limiter l’usage des vehicules au strict minimum
- limiter la temperature des locaux a 18°C (lorsque cela est pertinant)
- respecter les consignes donnees pour limiter l’exposition des personnes a la pollution
atmospherique
- par ailleurs il peut imposer la limitation ou Tarret du fonctionnement d’une vingtaine de
grosses installations de combustion.
AIRPARIF est charge de detecter dans les meilleurs delais les conditions de depassement des
differents niveaux et de transmettre cette information aux differents acteurs interesses. A cette
fin des modifications ont ete realisees sur l’informatique du reseau automatique afin de le
fiabiliser et de raccourcir les delais de detection des depassements du premier seuil. La
personne de permanence est immediatement informee par systeme de teletexte portable du
depassement des seuils de l’alerte. Cette organisation a permis de transmettre les premiers
messages d’informations dans le delai moyen de 45 minutes apres l’apparition des conditions
d’alerte. Ceci repond largement a l’objectif initial d'un delai maximal de deux heures.

3 . BILAN DBS SITUATIONS DE DECLENCHEMENT AU COURS DBS
DERNIERES ANNEES
Sur la periode 1991-1994, le niveau de mise en eveil des services techniques aurait ete atteint
83 fois, celui d’information 24 fois et celui d’alerte une fois, le 31 juillet 1992. Du fait de la
diversite des situation meteorologiques, les annees apparaissent tres contrastees.
Les indicateurs de pollution responsables des conditions de declenchement sur les quatre
demieres annees sont par ordre decroissant le dioxyde d’azote (44), l'ozone (39), le dioxyde de
souffe (27).
CAS DE DEPASSEMENTS DES SEUILS DE 1991 A 1994
Par annee

Par polluant

jours 20

4. PERSPECTIVES
L’efficacite des mesures prises pour limiter l’intensite d’un episode de pollution ou V exposition
des personnes au cours de celui-ci ne peut etre optimale que si les actions sont entreprises
avant que le phenomene ne se soit totalement developpe. La limitation des emissions doit etre
entreprise avant que les conditions meteorologiques ne soient defavorables. Ceci necessite une
prevision de la veille pour le lendemain. La diffusion de messages sanitaires peut-etre effectuee
seulement quelques heures avant rapparition de 1’episode.
Deux type de modelisation predictives sont done en cours de test. L'une en collaboration avec
METRO FRANCE est basee sur la prevision des conditions meteorologiques defavorables,
l'autre s’appuie sur un traitement statistique permettant de prevoir mathematiquement les
niveaux atteints 2 a 3 heures a l’avance a partir des seules mesures effectuees par AIRPARIF.
L’aboutissement de ces travaux de prevision permettra de mettre en place dans les meilleures
conditions d’efficacite de nouvelles mesures telles que la deviation du trafic transitaire, et de
diffuser suffisamment a l’avance les messages sanitaires en cours d’elaboration au niveau
national.
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INTRODUCTION
Greater public awareness, trade dependent on the optimum use of the world’s resources,
increased market pressures, stronger environmental legislation, tougher regulatory bodies,
diminishing insurance cover, financial environmental accountability. Industry not only has
to achieve but also demonstrate and deliver sound environmental performance. Advice,
guidance, technical and financial support are all available to steer industry to environmentally
and economically sustainable goals. To help identify these goals there are standards,
voluntary initiatives and regulations.
This paper demonstrates that there are a range of compatible interlocking forces all working
to reduce the environmental impact of industry.
OBJECTIVES
In 1992 the United Nations Conference on Environment and Development in Rio de Janeiro
laid down the principles of a global partnership for sustainable development.
"... development that meets the needs of the present without compromising the ability
offuture generations to meet their own needs" (The Brundtland Report).
The new World Trade Organisation which succeeded the General Agreement on Tariffs and
Trade (GATT) on 1 January 1995 has the objective of sustainable development written into
its constitution. It recognises that trade should be expanded in a way that ensures the optimal
use oLthe world’s resources and protects the environment.
REGULATION
In the UK environmentally and economically sustainable goals are delivered by a variety of
devices and agencies: local government, the work of Her Majesty’s Inspectorate of Pollution
(HMIP), the National Rivers Authority (NRA), other regulators, the public and industry,
each providing part of a total approach. However, these players are changing position, shape
and role as the strategy develops.

UK Government support for environmental research and development includes the new EU
Fourth Framework Programme, which for 1994-1998, has a total budget of 12.3 billion Ecu
(approximately £9.3 billion).
Its overall aim is to strengthen the international
competitiveness of European industry in high-technology sectors. With the shift in DTI
support towards best practice activities it will become the prime source of external R&D
funding for industry in environmental technologies.
The Technology Partnership Initiative (TPI) meets the UK’s commitment at the Rio Earth
Summit to promote more direct access for companies in developing countries to information
on affordable UK environmental technologies and services which are appropriate to their
needs and which contribute to sustainable development. The TPI provides advice and
information through publications, seminars and through the TPI Network of UK and
overseas-based organisations.
ENVIRONMENTAL MANAGEMENT
The progressive development of environmental awareness has now reached a further stage.
Continued environmental commitment is now at the heart of the company strategy and
culture. Using the principles of regulatory control, industry is gaining benefits and kudos
from complementary voluntary controls.
Organisations of all kinds now acknowledge the importance of environmental matters, and
accept that their environmental performance will be scrutinised by a wide range of interested
parties. Their responses to environmental pressures and increasing scrutiny have included:
•
•
•
•

Development and publication of Environmental Policies.
Implementation of environmental improvement measures.
Application of "Environmental Auditing".
Publication of environmental reports.

As a total commitment to the environment, not just for compliance with legal or regulatory
requirements, many companies have recognised the benefits of implementing an effective
Environmental management system. Companies are aiming at the new Environmental
Management Standard BS 7750 and registration under the EC Eco-Management and Audit
Regulation.
Companies and organisations with real foresight are looking over the horizon to the pending
international standards. General guidelines on principles, systems and supporting techniques
for environmental management systems and a specification are currently being prepared.
Debate is well under-way on international standards on environmental auditing and
environmental performance evaluation. In two years time the question regulators, customers
and the public will be asking is does the company meet ISO 14000 series standards?
Achievement of the requirements and/or certification to standards will bring substantial
business benefits. Management will have confidence in the ability of the organisation to
handle its environmental affairs effectively, to cope with the changing environmental
pressures that time will bring, and to obtain business advantage from that ability.

Integrated Pollution Control (IPC), introduced into Great Britain 1990, marked an important
milestone in the development of the legislative philosophy and framework. It has provided
a mechanism and a legal basis for looking at the impact which a process as a whole has on
the environment as a whole. For balancing the imperative of protecting the environment
against the reality that this protection has a financial cost. It delivers a far wider approach
than just assessing environmental impact while building on past regulatory experience:
•

IPC takes a holistic approach, ensuring that substances which are unavoidably
released to the environment are released to the medium in which they will cause least
damage. The ability of the receiving environment to absorb the pollution is assessed.
The best practicable environmental option (BPEO).

•

IPC embodies the precautionary principle: prevention is better than cure. The tontine
goes: prevent, minimise, render harmless. The use of the best available techniques
not entailing excessive cost (BATNEEC).

•

The regulatory process, from application, through authorisation, to regular returns of
the results of monitoring releases to the environment, and, where appropriate, to the
enforcement action taken by HMIP, is open to public scrutiny and comment.

HMIP has prepared proposals for a formal assessment procedure to identify the BPEO. It
includes a method for combining the effects of releases to all environmental media in a single
integrated environmental index. By comparison with statutory environmental quality levels
or environmental assessment levels defined by HMIP and combining the results the preferred
option can be identified. This is then considered on economic grounds. Currently HMIP
is working on a tool-kit to deliver environmental analysis.. This is a product of the ongoing
partnership between the regulator, industry and other interest groups.
This comprehensive environmental assessment has become the corner stone of the assessment
of the application by HMIP and, as part of the permission application, is available to all on
the public register. The public should then have confidence in the system.
The chemical release inventory published by HMIP in September 1994 identifies the
quantities of substances released and authorised for release by the processes coming under
IPC. This will become a major source of environmental information and year on year
demonstrate the effectiveness of IPC. Both HMIP and industry are constantly re-evaluating
the standards and the techniques relevant to any process. It is this dynamic feature of IPC
which will enable sustained and sustainable environmental improvements to be achieved.
INCENTIVES
On 29 June 1994 the UK Department of Trade and Industry and the Department of the
Environment launched the new Environmental Technology Best Practice Programme. It aims
to promote better environmental performance in UK industry and commerce and in so doing
increase competitiveness. The regulators are actively involved in the direction and
management of the programme which has as its main themes waste minimisation and costeffective cleaner production.

To have real value, companies must assess their achievements and failings against clear
targets and performance indicators. These indicators are a management tool which can bring
direct benefit to industry. Regulators, investors, insurers and the public can have confidence
in them.
The financial institutions have a clear responsibility to ensure compliance as they become
increasingly liable for the companies that they have an interest in. By achievement of
environmental standards and the institution of assessment and auditing, the regulator may be
provided with an indication of the commitment of the company and its management to
continuous improvement, and to the achievement of, and progress beyond, compliance with
the legislative requirements.
There are important initiatives by individual industries. For example the commitment to
"Responsible care" by the Chemical Industry. Similarly, the Public Environmental Reporting
Initiative. They are to be encouraged, and regulators should look forward to the success of
these initiatives as they deliver improvements. Good public relations must be accompanied
by specific public commitments and deliveries against targets.
CONCLUSIONS
Companies must be fully aware of their impact on the environment. Companies should
establish a data base of all the information required by, and for, effective environmental
management. The quality environmental management system should ensure that the data base
is up to date, reliable and accessible. Continual progress is required on a comprehensive
integrated approach by companies to environmental protection. Companies should address
the primary production process, the materials used, the products and wastes produced, their
impact on the environment and planning for the future.
A wide range of forces, incentives and regulations are working together to reduce the
environmental impact of industry. The UK integrated pollution control approach sets a clear
regulatory framework within which industry must operate. The obligation on the operator
to justify his process against the impact on the environment. The obligation on the regulator
to enforce the regulations to prevent pollution to protect the environment. Public
accountability and transparency which generates public confidence. There is a need for more
research and resources to improve the quality and technical assessment of environmental
impact, and action taken in response.
An integrated approach to pollution control is being adopted across Europe in the form of
the proposed Integrated Pollution Prevention and Control Directive. Further integration is
proposed in England and Wales with the creation of an Environment Agency combining the
functions of HMIP, the NRA and the waste regulatory authorities. It will help to promote
sustainable development through high quality, integrated environmental protection,
management and enhancement.
There is a move from a formal regulatory framework, through the flexible but sophisticated
approach of integrated pollution control. This is complemented by voluntary integrated
environmental management as companies appreciate the benefits of environmental standards
and commitment.
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INTRODUCTION
The Russia Air Management Program is in the second year of a four-year cooperative
program between the Russian Ministry of Environmental Protection and Natural Resources
(MEPNR) and the U.S. Environmental Protection Agency (EPA) to improve national
institutions, policies, and practices for air quality management in Russia. This program is
part of the Environmental Policy and Technology project being conducted by the U.S.
Agency for International Development.
The Russia Air Management Program will pilot the application of potential air program
improvements in the important industrial City of Volgograd which will enable the
development, practical demonstration and evaluation of alternative approaches for improving
AQM policies and practices in Russia. Volgograd has a progressive and environmentally
enlightened local government, a diverse industrial base and a relatively healthy economy. It
is located south of Moscow on the Volga River and was proposed by the Ministry of
Environmental Protection and Natural Resources. It was selected after a site visit and a
series of discussions with the Ministry, Volgograd officials, the World Bank and the EPA.
Following the pilot, RAMP will work to facilitate implementation of selected parts of the
pilot in other areas of Russia using training, technology transfer, and public awareness.

SPECIFIC COMPONENTS OF RAMP
The RAMP began in June, 1993. Components will begin to be completed, beginning
in late 1995 and the last activities will end in early 1997. During that time, reports will be
produced describing important findings:
Identification of priority pollutants and enterprises of concern in Volgograd and
recommendations for streamlining Russia’s approach to regulating pollutants;
Identify low cost measures to obtain immediate reductions in emissions affecting
public health, and guidance to help other cities in Russia focus initially on simple,
inexpensive emission reduction measures;

Through a multimedia environmental legal task force in Moscow, identification of
legal and regulatory changes needed to implement specific RAMP projects;
Establishment of a certification program for inspectors for VEE and, following a pilot
evaluation of a VEE program in Volgograd, develop a plan for adopting this
important source surveillance tool throughout Russia;
Assist in the installation and operation of new air monitoring and laboratory
equipment, assist in conducting and reporting on a summer air quality characteristics
study and recommend changes in current air monitoring programs throughout Russia;
Assist in the specification, setup and operation of new source emission testing and
associated laboratory equipment and recommend changes in the current source testing
program;
Recommend improved procedures and assist in conducting an emission inventory for
selected key point and area sources in Volgograd and assist in preparation of
improved emission factors for use in the Russian Federation;
Document environmental and economic improvements accrued to a furniture factory
in Volgograd that undertook a major modernization and emission reduction program;
Assist in establishment of a Regional Training Center in Volgograd and training of
Volgograd and other Russian Federation personnel in the following program areas:
general environmental issues, air quality management, air monitoring, emission
measurements, emission inventory, receptor modeling, visible emissions evaluations,
air quality indicators, compliance and enforcement methods, public participation in
regulatory decisionmaking and control strategy development;
Review the use of technology-based emission standards in other countries and the
applicability of such an approach in Russia for reducing emissions of new and
modified sources in the Russian Federation;
Support implementation of an improved public participation program for regulatory
decisionmaking, focusing on the visible emissions evaluation and air monitoring
programs and assist in establishing use of air quality indicators such as the Pollutant
Standards Index (PSI) for improved communication with the public;
Advise Russian planners on options for improving public health-related air pollution
problems in Volgograd and support them as they recommend changes to the current
health-based air quality management system and changes to the laws and regulations
necessary to implement the system changes;
Develop a plan to incorporate the successful elements of the Volgograd Pilot
Russiawide.

INTERIM RESULTS
Three achievements of this program are described below: the award of a grant to install air
measurement equipment in Volgograd; the establishment of a program to visually evaluate
the opacity of emissions from industrial sources; and the development of reports identifying
pollution prevention measures and low cost options for reducing air emissions.
Volgograd Visible Emissions Pilot Program
Inspectors trained under this program will be able to visually evaluate the opacity of
emissions from industrial sources and immediately determine whether a source is complying
with its ecological passport. This evaluation can be done without special equipment and has
been proven as an effective and legally defensible enforcement tool.
The visible emissions program will be incorporated into the city’s existing stationary source
inspection program. Implementation of this program will result in improved operation and
maintenance of equipment at stationary emission sources and will lower visible smoke. It
will also result in a reduction in the mass of particulate matter and associated hazardous trace
compounds being emitted.

Air Pollution Measurement Equipment Awarded by Commodities Import Program
The Volgograd Environmental Services Administration (VESA) was recently awarded a grant
of $2.6 million for the purchase of U.S. made equipment for air quality monitoring and
emissions measurement. The grant was made possible by the joint efforts of VESA, EPA,
and the MEPNR. The successful grant was awarded under the Commodity Import Program
(CIP) sponsored by the U.S. Agency for International Development.
The ambient air monitoring equipment includes various particulate samplers, gaseous
pollutant analyzers, quality assurance equipment, and laboratory equipment. The source
emissions measurement equipment includes three mobile testing labs, as well as three smoke
generators to be used for the new visible emissions evaluation (VEE) certification and
compliance program in Volgograd.
This equipment will make it possible for the city of Volgograd to improve air quality through
more accurate assessment of pollution levels and more effective approaches to attaining
compliance with environmental regulations. Beginning in the summer of 1995, VESA will
use the ambient monitoring equipment to conduct a short-term, intensive characterization of
Volgograd’s air quality. VESA will use the source emissions equipment to strengthen the
permitting, enforcement, and compliance system for industrial facilities in Volgograd. Both
kinds of equipment will help environmental planners evaluate risks to human health from air
pollution, set environmental priorities, and develop an air quality strategy for the city.

JOS

Source Evaluations on Nine Significant Stationary Sources
Baseline engineering evaluations of current production processes and emission controls have
been completed for nine major sources of air pollution in Volgograd. The nine sources were
chosen based on their contribution to air pollution in Volgograd and on their representation
of industrial sources throughout Russia. The objective of the evaluations was to identify no
cost or low cost air pollution control measures (control technologies, work practices and/or
operational practices) that could be implemented expeditiously and result in significant
reductions in air emissions in Volgograd.
A source from each of the following source categories was evaluated: refinery oil, primary
aluminum, specialty steel, caustics, furniture, silica building materials, concrete block,
foundry, and tractor engines. Comprehensive reports for all nine sources have been
completed. These reports include documentation of major industrial processes, associated
emission points and control equipment/procedures (where possible); throughput, emissions,
and modeling data (stack height, temperature, pressure, etc); and recommendations of no cost
or low cost pollution control and pollution prevention measures that could be implemented to
reduce emissions. The information needed to complete the reports was obtained from the
VESA and the Institute Agroproject and from on-site inspections. The inspections were
conducted jointly by experts from VESA, EPA, and SAIC (a U.S. firm).
The institute Agroproject will work with SAIC to complete a review of the reports and
analysis of the costs (if any) associated with implementing the control recommendations made
for each source. VESA inspectors will use the reports as a supplement to their ongoing
source inspection program. These reports will also serve as the basis for other components
of the Russian Air Management Program, such as emission inventory development and
emission reduction strategy development.
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INTRODUCTION
The Hong Kong Environmental Protection Department (EPD) is currently operating an air
quality monitoring network in the territory. There are nine monitoring stations, each with air
quality monitoring equipment, meteorological instruments and a data logger. Five minute
averaged data are transmitted through telephone lines to the central computer at the EPD Air
Laboratory and are also stored in the data logger on site, as backup.
At present, the EPD releases its air quality measurements to the public via monthly and special
press releases, and annual reports. However, as public awareness of air pollution problems has
increased, there has been an urgent need for timely and simpler information about air pollution
levels. The development and operation of an Air Pollution Index (API) system has addressed
that need.
This paper discusses the API computation, the information and advice released to the general
public and how they can access the API information. Some API results are also presented.
API CALCULATION
The API adopted in Hong Kong is similar to the Pollutant Standard Index (PSI) used in the
United States (1). The API is based on the measurements of six air pollutants for which Hong
Kong Air Quality Objectives (HKAQO) have been established. These pollutants are nitrogen
dioxide, sulphur dioxide, ozone, carbon monoxide, total suspended particulates and respirable
suspended particulates.
The computation of API values comprises several steps. First, for each station, a subindex is
calculated for each pollutant A segmented linear function is employed to transform the
pollutant concentration into a subindex ranging from 0 to 500. Secondly, the maximum of all
subindices is selected as the overall index for the site. Thirdly, the highest site index within
each of the three major land use types in the territory, urban, industrial and new development
is chosen to represent air quality in that area. (Each of the areas tends to have different and
distinct air quality.)
An index below 100 represents good to moderate air quality and in this range, no individual
short term HKAQOs are exceeded on that day. An index value greater than 100 indicates a
violation of the HKAQO at one, or more, of the stations.

API FORECAST
Forecast algorithms using a statistical approach have been developed and predict the next day's
API information (2). The forecast algorithm for NO2 at Kwun Tong, an industrial area, is
shown in Figure 1 as an example.
Input data for the model consist of forecast meteorological data from Hong Kong Royal
Observatory and the measurements from the air quality monitoring stations.

C(+l) = 0.640(0) + 0.19CC-1) - 0.12TC0) + 0.44V(0) + 35.77
EQfcr

Fall
C(+l) = 0.56C(0) + 0.27C(-1)
- 0.25DT - 0.12T(0) + 0.21S(0) + 36.16

C(+i) = 0.680(0) - 029DT+0.12 C(-l) +1421

No

C(+l): Forcast tomorrow’s concentration
0(0) : Today’s concentration
C(-l) : Yesterday’s concentration
T(0) : Todays maximum temperature
V(0) : Toda/s wind speed
DT

: Temperature change between yesterday and today
(X+l) = 0.680(0) - 0.18DT+ 0.130(4) + 028V(0) - 0.04T(0) + 0.07S(0) + 13.59

S(0) ; Today solar radiation

Figure 1. Forecast algorithm for the 24-hour average concentration at one of the stations
(Kwun Tong).
API INFORMATION TO THE PUBLIC
Today’s API and the forecast for the following day are released at 16:00. This information is
provided to the newspapers, radio, and television. The public may obtain the most current
announcement of API information by telephoning a recorded message or accessing an
electronic bulletin board through the use of a modem and common communication software.
When the API exceeds 100, the public are advised to consider taking the precautionary actions
shown in Table 1.

Condition

API
500

Advice to Public

Very
Unhealthy

The general public are advised to reduce physical exertion
and outdoor activities.
200
Susceptible individuals with existing heart or respiratory
illnesses are advised to reduce physical exertion and outdoor
activities

-

Unhealthy

100
Moderate
50
No response action is required
Good
0
Table 1.

Advice to the public for API readings.

STATISTICS OF API EXCEEDING 100
Historical trends of API values have been examined. Figure 2 shows the frequency of API
values greater 100 for the years 1988 to 1993. Prior to the implementation of the Air Pollution
Control (Fuel Restriction) Regulations in 1989 and 1990, the majority of the days with API
values exceeding 100 were caused by high concentrations of SOz. With the success of the
sulphur limiting regulations, the pollutant responsible for the maximum API values has changed
from SO2, to NO2 and particulates.
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Figure 2. Frequency of API values greater than 100 for the three land use types.
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API RESULTS IN 1993
It is observed that in 1993 API values at industrial and urban areas were higher than those at
new development areas. Also, monthly APIs, as shown in Figure 3, had similar seasonal
variations to those of particulate levels at urban and new development areas, suggesting that
particulates were the dominating pollutants. Since motor vehicles are the main emitters of
particulates in those areas, they are the major parameters controlling the API values. In
industrial areas, there are other air pollutants affecting the API in addition to particulates.
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Figure 3.

Monthly API in 1993 for the three land use types.

BENEFIT OF THE API TO HONG KONG
The API is an effective tool for concise presentation of air quality information which is easily
understood by the general public. It provides a simple and uniform way to report daily air
pollution concentrations and allows warnings to be issued to the public before the onset of air
pollution episodes. This enables everyone, particularly susceptible groups, such as people with
heart or respiratory illnesses, to consider taking precautionary measures. Furthermore, the API
focuses public attention on pollution matters in a very real and immediate sense. As such, in
Hong Kong, it is expected to stimulate environmental awareness and a demand for initiatives
to improve air quality.
REFERENCES
1. United States Environmental Protection Agency, 1992. Code of Federal Regulations, Pt. 58, App. G.
2. Lee, F.YJ?., Wong, S.K.F. and AschroftB.C. 1994. Development of the Air Pollutant Index and Forecast
System in Hong Kong, Proceeding of Clean Air’94, the Clean Air Society of Australia and New Zealand,
Perth, Western Australia, 23 - 28 October, 1994.
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INTRODUCTION
Method based on using the pollutant transport equation and the adjoint technique is
described here for estimating the pollutant concentration level in ecologically important zones.
The method directly relates the pollution level in such zones with the power of the pollution
sources and the initial pollution field.
Assuming that the wind or current velocities are known (from climatic data or dynamic
model), the main and adjoint pollutant transport equations can be considered in a limited area to
solve such theoretically and practically important problems as:
1) optimal location of new industries in a given region with the aim to minimize the
pollution concentration in certain ecologically important zones (1),(2);
2) optimization of emissions from operating industries (1),(3);
3) detection of the plants violating sanitary regulations (4);
4) analysis of the emissions coming from the vehicle traffic (such emissions can be
included in the model by means of the linear pollution sources located along the main roadways).
5) estimation of the oil pollution in various ecologically important oceanic (sea) zones in
case of accident with the oil tanker (5);
6) evaluation of the sea water desalination level in estuary regions, and others.
These equations considered in a spherical shell domain (6) can also be applied to the problems
of transporting the pollutants from a huge industrial complex, or from the zone of an ecological
catastrophe similar to the Chernobyl one.
The well posed main and adjoint pollutant transport problems in the three-dimensional
limited area and spherical shell are set in (6)-(8). As it is known, a problem is called the well
posed (in the sense of Hadamard) if each its particular solution is unique and stable to initial
perturbations. Then the adjoint sensitivity study of such solutions to perturbations in the pollutant
sources is more simple. To get the well posed transport problem in a limited area when there is
a pollutant flux through the domain boundary, attention was focused on setting mathematically
and physically appropriate boundary conditions .
As it is pointed out by many authors (see, for example, the references in (8),(9)), the most
desirable transport scheme should be stable, balanced, transportive, monotonic, computationally
affordable and of high order approximation. Balanced and absolutely stable finite difference
schemes of the second order approximation in space and time are given in (8) to solve the main
and adjoint pollutant transport equations numerically. Application of the splitting-up method
reduces the three-dimensional problem to solving a few simple one-dimensional problems. As
a result, the main and adjoint implicit numerical algorithms obtained in (8) are computationally
affordable, besides, despite of using the splitting method, all split difference operators of the main
and adjoint problems also satisfy the Lagrange identity. To justify the application of the splitting
method, it is shown in (8) that each of the split operators is non-negative.

THE POLLUTANT TRANSPORT PROBLEM
Let us consider a 3-dim domain D with the boundary Q = SwS0wSfl being the union of the
lateral surface S, the base S0 at z=0, and top cover SH at z=H. The transport diffusion equation
(j)+V-pV<j) +£ Q.(t) S(r-rt.)

A (j>+E7-V(j) +a<j) =
ut

OZ

(i)

/=i

OZ

for the pollutant ty(r,t) in the domain D and time interval (0,7) is the common basis for most air
quality models. Here r=(x,y,z); v and p are the diffusion coefficients;Vis the (x,y)-plane
gradient; c characterizes decreasing of pollutants due to chemical processes; Q,{t) is the emission
power of the ith pollution source located at the point rf (1 < i < TV); 8(r) is the Dirac mass at r;
and U(r,t) = { u,v,w } is the wind (or current) velocity vector satisfying the continuity equation

dx

dy

dz

(2)

Let Un be the orthogonal projection of the wind velocity V on the outward normal n to the
boundary Q, besides, UIt = 0 (or w=0) on S0. Let us divide the lateral boundary S into two parts:
the part S * where Un> 0 and the pollutants are blown out by the wind from the inside of
the domain D, and the part S ~ where Un< 0 and the wind (or the current) is directed from the
outside to the inside of D. Similarly, let S„ and
denote the parts of SH where Un = w > 0
and U„ = w < 0 respectively. Assume that the boundary S consists only of parts of the surfaces
x = Const or y = Const.
As the boundary conditions for Eq.(l) in the time interval (0,7) and domain D we take

(3)

dz

(4)

(5)
where a(r) > 0 is a known function describing the pollutant settlement velocity.
The first conditions in Eqs.(3),(5) mean that there is no pollutant influx from the outside
of the domain D, whereas the second conditions suppose that the turbulent pollutant outflux from
D is negligible as compared to the advective pollutant outflux by the wind U. It is shown in (8)
that each solution of the problem (l)-(5) is unique and stable to initial perturbations, and the
pollution concentration level within the domain D is increased due to' the sources Q,, and
decreased by chemical processes in D, by the pollutant settlement and by the pollutant outflow
from D through the boundary.

THE ADJOINT TRANSPORT PROBLEM
Using the Lagrange identity we can consider in the domain D and in the time interval (0,T)
the adjoint transport pollutant problem
- -^-8-U-Vg +ag = JLviLg+'V-pVg +P(r,t)
dt
dz dz

(6)

with the boundary conditions
0

on S' ,

p——g+C/ g = 0
an

vAg=ag
dz
vJLg=0
dz

onSl

on S*

on S0

V—g + Ung=0

(7)

(8)

on Sh

(9)

The adjoint problem (2),(6)-(9) is well posed only if solved backward in time: from t-T to t=0.
We take <j>(r,0) = <b(VJ and g(r,T) = 0 as the initial conditions for the main and adjoint
problems respectively.
RESULTS
Combination of the main and adjoint problems described in (8) leads to the principal
formula for the adjoint sensitivity study:

4(*) = E
1=1

r
J g(rrt)Qi(t)dt + j g(r,o)<$(r)dr

(10)

D

o

where
T

7P(<t>) = J jp(r,t)^(r,t)drdt

(11)

0 D

Thus the pollutant characteristic (11) defined by the adjoint problem forcing P(r,t) can be
determined from Eq.(ll) using the solution §(r,t) of the main problem (l)-(5), or from Eq.(10)
using the solution g(r,t) of the adjoint problem (2),(6)-(9).
LetDe. be an ecologically important zone in D, and let G be the intersection of De with
time subinterval (T-x,T) where 0 <x < T. Assume that P(r,t) is zero outside the set G, and equal
to the reciprocal of the G volume inside G. Then the average concentration of the pollutant (j)(r,t)
in the zone De is determined by the right-hand side of Eq.(10) in which the adjoint solution g(r,t)
is found under the forcing P(r,t) mentioned above.

DISCUSSION
The dual formulas (10) and (11) provide two ways for estimating the pollution level in
ecologically important zones. Unlike Eq.(ll), Eq.(10) explicitly demonstrates the role of the
pollution sources Qt(t) and initial pollution field <$>(>) in forming the average value Jp(§) of
pollution in the zone De. This formula is especially efficient (economical) when many
experiments should be conducted to estimate the sensitivity (variability) of the characteristic
Jp(§) to variations in Q/t) and $(r). Indeed, using the direct approach (Eq.(ll)) one need to
calculate solution to the main problem (l)-(5) repeatedly for each specific choice of Q/t) and
5>fr). Contrary to this way, the adjoint approach does not require to solve the main problem, and
allows to use repeatedly Eq.(10) for different values <2/1) and <J>(r) with the same (the sole)
solution g(r,t) of the adjoint problem (2),(6)-(9). The formulas of the type (10) can be used to
get (optimal) solutions of the problems listed in Introduction.
As an example we now consider the 2-dim problem on the oil tanker accident (see the
work (5) for details). Then Eq.(10) let us to estimate rapidly the oil concentration level
JP(S10 =? 2] g(r0,tn)Q(tn)
n-i

(12)

in an ecologically important zone if we know the geographic coordinates r0 of the accident and
the average oil outputs Q(tJ from the tanker during each of N small time subintervals (of the
length t) counted in the opposite time direction from the accident initial moment t=T to a
moment t=0 (note that 5>(r)=0 here). If the oil propagation vector U takes into account only
climatic sea surface currents then the average values
of the adjoint problem (2),(6)-(9)
solution for all time subintervals (n<N) can be calculated in advance and kept in the computer.
Such adjoint solutions can be kept for each grid point r„ located at the main ship way. In an
emergency, to get a preliminary estimate, one need merely to choose the adjoint solution
corresponding to the oil tanker accident point r0, and calculate the integral (12). Besides, the
maximal number N for which the oil concentration (12) still is zero, determines the time Nt the
people have to take precautions against polluting this zone.
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EDUCATION IN ENVIRONMENTAL PROTECTION AT A DISTANCE
Rod Barratt
Faculty of Technology, The Open University, Walton' Hall, Milton Keynes, MK7 6AA, UK

INTRODUCTION
Most of the scientific paths in this World Congress are concerned with technical issues such
as emissions, control options and environmental impacts. However, on analysing the
BATNEEC concept, in UK legislation, the T stands for "techniques" and not merely
"technology" as used in early European air pollution legislation. "Techniques" embraces both
the process and how it is operated. In practice it is taken to mean the concept and design of
the process, the components of which it is composed and the manner in which they are
connected. It also includes matters such as numbers and qualifications of staff, working
methods, training and supervision, and the design, construction, layout and maintenance of
buildings. Despite technological advances improving the environmental integrity and
reliability of equipment and plant, people continue to play a critical role in the design,
operation, maintenance and management of systems, and also in their failures. One has only
to look at many pollution incidents to appreciate the role of people in causing environmental
harm. Table 1 illustrates this through some recent examples from the UK.
Table 1: Examples of environmental offences linked to inadequate training
Date of
legal case
August
1993
February
1994

May 1994

June 1994

August
1994

Summary of problem
Penally
(£)
3 000
Wastes declared to contain sodium hydroxide in fact contained
sodium metal. Responsibility for safe disposal had been delegated to
inadequately trained staff.
2 000
During a start-up operation, the feed rate of acid was considerably
less that the normal rate to react with ammonia. As a result,
unreacted ammonia was released causing eye irritation of workers at
a nearby factory. The regulator argued that written instructions to the
plant operator did not require periodic checks on a chart recorder
which would have revealed the low feed-rate of acid..
10 000 A process producing acetylene gas for filling gas bottles was
designed and installed as a turnkey project by the Scandinavian
parent company, which appeared to lack understanding of the legal
requirements for an authorisation to operate a prescribed process.
1 000
Cleaning contractors used high pressure water jets to clear deposits
from a bund surrounding a storage tank, but were unaware that the
base of the bund included two surface water drains leading to a
nearby canal. The site owners were also fined.
15 000 Spillage of copper cyanide solution into surface drains during tank
removal. Staff were ignorant of the drainage system and there was no
training programme to alert staff to environmental hazards.

In
ENVIRONMENTAL PROTECTION - AN EDUCATION AND TRAINING PROBLEM
The root cause of non-compliance with environmental laws or of non-conformance identified
in an environmental audit can often be linked to lack of training or awareness at any level in
an organisation. Training is a key to maintaining good environmental performance. Selecting
the right people, training them to do the right things, and motivating them to maintain
performance are critical factors. Employees are also ambassadors for communication to the
public, but equally will betray poor performance.
The increasing legal responsibility to provide environmental education and training
originates from the T in BATNEEC. The role of training is reflected not only in its link in
preventing legal offences, but also in the developing standards for environmental
management systems such as Environmental Management Systems of BS 7750 and ISO
14000, and the European Eco-Management & Audit System.
A wide-ranging examination of education and training in environmental protection identified
several levels of training need, but at the graduate level people should be enabled to evolve
into 'leading problem solvers' *. It was also noted that too often the needs of employers were
not met in terms of the abilities of the products of educational establishments, especially
from broad-based environmental science courses. Industry needs professionals in their own
disciplines, with an understanding of environmental aspects and a knowledge of "soft" issues,
since environmental problems are not merely technological.2. An ability to balance value
judgements and address human factors, which play such an important part in environmental
problems are important features.
A DISTANCE LEARNING SOLUTION
Noting Royal Commission on Environmental Pollution recommendations5 that
environmental control specialists are best produced by conversion of graduates in science and
engineering disciplines, distance learning has the attraction of allowing learning while
working and provides the opportunity for professional up-dating and re-training for new
professional challenges. Clearly practical experience in dealing with practical problems is
essential, but much can be done by the distance learning route, especially in delivering basic
knowledge, while the use of multiple media is very powerful indeed.
The Open University
A unique institution in the British higher education system, the Open University (OU) offers
the opportunity of part-time higher education to all adults. It serves the needs of those who,
for whatever reason, could not or did not enter higher education on leaving school; it also
gives people the chance to continue education throughout their lives, whether for continuing
professional development or for personal satisfaction.
The OU, founded 26 years ago, has unrivalled experience in the development and delivery of
supported distance learning packages.The combination of high quality, multi-media teaching
and materials, a commitment to innovation and an emphasis on the needs of individual
students has been proven to be effective and has enabled very large numbers of people to
realise their potential. Over two million people have studied with the OU. Over 75% of OU
students are in employment, and half are women. Company training using open learning has
been shown to be 40% cheaper than by conventional training.
Currently over 200 000 people study OU courses each year, with around 6 000 being
residents of countries outside the UK, in western and eastern Europe, as well as further
afield. In 1994, Enterprise & the Environment, a course in the Faculty of Technology's

Masters Programme in Manufacturing Management, was studied in Australia, Denmark,
France, Germany,. Japan, Oman, Switzerland, Turkey, Ireland, and Greece.
The flexibility of the OU approach allows a student to mix and match courses. This is a key
feature which allows integration of environmental education into a variety of undergraduate,
postgraduate or updating profiles such as through the undergraduate Diploma in Pollution
Control, or the postgraduate Diploma in Environmental & Energy Management offered
jointly with the GEC Management College. By combining core environmental courses with
other options, it is possible to focus on environmental engineering, environmental science,
human factors (social science) or management, and thereby integrate the softer issues with
hard engineering aspects to produce true "environmental problem solvers".
In the beginning: study at foundation level
It cannot be assumed that students automatically possess distance learning skills. Foundation
courses offer one route for gaining these learning skills, and the Technology Foundation
Course, Living with Technology, is particularly relevant in introducing value judgements. In
addition, the block entitled Health introduces decision making skills, with examples from
major pollution issues such as lead pollution or cryptosporidiosis.
Developing environmental knowledge and skills at second and third level
Preventing or solving environmental problems require an adequate knowledge base
developed from a preliminary learning phase. In one scheme from the Faculty undergraduate
programme (Figure 1), a second level course {Environmental Control & Public Health)
teaches background knowledge which is extended and applied in a third level course
{Environmental Monitoring & Control).
Figure 1: Two interlinking components of an OU environmental education profile
Learning phase
e.g. 2nd level course:
"Environmental Control & Public
Health"
Study course units
Self-assessment questions
Home experiment kit activities
Summative assignments
Feedback from tutor
Examination

Challenge phase
e.g. 3rd level course:
"Environmental Monitoring &
Control"

C>C=>C>l=>C>C>

Examination
Feedback from tutor
Practical project
Formative & summative assignments
Practical calculations & questions
Study course units

Practical problems are introduced in the third level course, and quantitative skills developed
in predicting environmental impact, permissible releases and specifying control options.
Applications of these skills are developed in extensive case studies reflecting true-life
problems such as the specification of abatement system for particulate arrestment on a
discharge to atmosphere, or assessing the air quality impact of an incinerator or new road.
Other environmental issues are equally well covered, and include acoustic environmental
considerations in transport, the selection and design of waste disposal facilities and the
setting of discharge limits to a river.
Bearing in mind the absence of a single best answer to many pollution problems, open-ended
challenges are appropriate. The scope of these, usually real-life, problems should be
sufficiently broad to give a variety of options for approaching them and for potential

<J ) ~t

solutions. They should also be of interest and relevance to ensure motivation, but not so
demanding that the best students cannot make reasonable progress within a prescribed time
period. Clearly, it is impracticable to require extensive instrumentation for environmental
investigations, but it is reasonable to provide a surfeit of data from such investigations and to
expect students to separate 'the wheat from the chaff, as they would need to do in practice.
Quantitative skills should also be applied, and increasingly the application of computing
skills is an essential component. Computer models are obvious inclusions, but so is computer
conferencing. Environmental pollution problem solving is a multi-disciplinary activity and
this co-operation can be developed through the medium of computer conferencing. In both
distance teaching and in conversion courses we are often dealing with adults with
considerable and varied experience and knowledge. Computer mediated conferencing is the
first way of tapping this vast resource and feeding it back to other students. Moreover, the
technique also offers the potential for feedback on project solutions from several tutors, each
with their own expertise. This demonstrates further the multi-disciplinary approach. Distance
learning with computer conferencing also offers a solution to the problem of catering for the
environmental education needs in distant countries.
Postgraduate provision
Progressing further, students may acquire environmental management skills through courses
in the postgraduate MSc in Manufacturing Management and the MBA (Technology)
programmes, with the latter being linked to the European Masters of Technology initiative.
An option in the suite of courses available is Enterprise and the Environment, which aims to
provide the skills for managers to sieze the opportunities of good environmental
management. Following an outline of national and international pressures to address
environmental issues and sustainable development, the course details technical steps for
minimising waste of energy and materials, and concludes with a review of how these may be
implemented in organisations through a variety of management techniques. Environmental
auditing and life cycle analysis are just two of the tools introduced to students in this course,
which uses text, video and computer software to teach good environmental practice.
CONCLUSION
Environmental problems are "soft" systems problems and involve interactions of people with
"hard" technology. Engineering solutions are important, but alone they are unlikely to
succeed. Education and training provides a key to maintaining good environmental
performance. Selection of the right people, training them-and maintaining motivation are
critical factors. An organisation's staff are some of its greatest ambassadors for
communication to the public, but equally will betray poor performance
Environmental education and training serves to raise the level of awareness in both the
general public and the people at work. Distance learning offers an efficient and cost effective
means of providing this education to ensure that we all play our part in working towards
sustainable development.
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A NEW METHOD FOR CALCULATION OF AN AIR QUALITY INDEX

Pekko Ilvessalo
Air Quality Department, Finnish Meteorological Institute, Finland

INTRODUCTION
Air quality measurement programs in Finnish towns have expanded during the last few years. As a
result of this it is more and more difficult to make use of all the measured concentration data. Citi
zens of Finnish towns are nowadays taking more of an interest in the air quality of their surroun
dings. The need to describe air quality in a simplified form has increased. Air quality indices permit
the presentation of air quality data in such a way that prevailing conditions are more easily unders
tandable than when using concentration data as such. Using an air quality index always means that
some of the information about concentrations of contaminants in the air will be lost. How much in
formation is possible to extract from a single index number depends on the calculation method.
A new method for the calculation of an air quality index has been developed [1]. This index always
indicates the overstepping of an air quality guideline level. The calculation of this air quality index is
performed using the concentrations of all the contaminants measured. The index gives information
both about the prevailing air quality and also the short-term trend. It can also warn about the expec
ted exceeding of guidelines due to one or several contaminants.
The new index is especially suitable for the real-time monitoring and notification of air quality va
lues. The behaviour of the index was studied using material from a measurement period in the spring
of 1994 in Kapyla, Helsinki. Material from a pre-operational period in the town of Oulu was also
available.
METHODS
The air quality index is calculated from sub-indices. Sub-indices are calculated from segmented linear
functions [2]. The endpoints of the linear segments are chosen so that a certain average concentrati
on of a contaminant, usually an hourly or daily average, is connected with a certain index value. One
of the endpoints can be fixed to the background level, one to the long-term average level and one to
the guideline level, so that there will be three endpoints and four linear segments. The endpoint fixed
to the "background level can also be omitted, as it is practically meaningless in most cases. At the
long-term average level, the sub-indices of hourly and daily averages of a certain contaminant are
fixed to the same concentration value. In this way short-term deviations from the long-term average
level will also have a noticeable effect on the index value. The long-term average level can also be
considered as a target level below which values should remain, as a long term goal. If we consider
sulphur dioxide, values below this level have already been achieved in Finnish towns.
The new index calculation method is based on a power equation, in which the power changes, de
pending on the levels of the sub-indices and their mutual interrelations. If all the sub-indices are equ
al, the power is equal to one. The power increases as the differences in the sizes of the sub-indices
increase. The power also depends on the level of the maximum sub-index. The power is at its grea

test when the maximum sub-index is just above the guideline level and other sub-indices are very
small.
Let us assume that the guideline level has an index value of 1 and that the number of sub-indices is
m. The sub-indices are Ii, h
from the greatest to the smallest. First we set Ia = Im. We then
calculate the power p and the index I for all the values of i=l,...,m-l from the following two equa
tions:
Im->=VLi+hP)q'p ! 2»".
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In equation (1) q=p, when max{Ij, j=l,...,m}>l, otherwise q=l/p. Next we set Ia equal to the value
of I calculated from equation (2) and calculate a new value for the power p and the index I from
equations (1) ja (2), until i=m-l.
The index I is always smaller than or equal to the maximum sub-index. However this index is scaled
so that it will always be equal to or greater than the maximum sub-index. The scaling of the index is
carried out so that the air quality is classified at frequent enough intervals and the greatest value of
every class is fixed to a certain index value. This index value is calculated from equations (l)-(2), the
greatest value of a class being the maximum sub-index, the other sub-indices being zero. Every index
calculated from equations (l)-(2) can be classified with the help of these index values. The greatest
value of a class will be used as the final index. If we prefer the index to be an integer, we can mul
tiply the index by one hundred.
It is very laborious to calculate the index manually. In practice the only way is to use a computer
program especially written for calculation of the index.
The behaviour of the air quality index was studied using material collected during a measurement
period in Kapyla, Helsinki in the spring of 1994. Concentrations of sulphur dioxide, nitrogen dioxide,
carbon monoxide, aerosols smaller than 10 gm (PM10) and ozone were measured during a fourmonth period. Sub-indices were calculated from moving hourly averages of these contaminants
(except aerosol) and also from moving daily averages of sulphur dioxide, nitrogen dioxide and aero
sol and moving 8-hour averages of carbon monoxide. The number of sub-indices was thus eight. For
the calculation of the index a microcomputer program was developed. The index and sub-indices
were calculated for all hours for which the values of all the sub-indices were available. The index was
also tested in the town of Oulu in January 1995. The sub-indices in Oulu were almost the same as
those in Kapyla. Only the sub-index of ozone was lacking. In Oulu total reduced sulphur (TRS) is
included in the measurement program. The hourly average of TRS concentration had a sub-index
which was formed by fixing the concentration value 2 gg/m3 to the index value 50 and the value 20
gg/m3 to the index value 100. The hourly average of aerosol also had its own sub-index, though it
lacks a guideline value. The concentration value of 140 gg/m3 was fixed to the index value 100. This
concentration is twice the proposed guideline level of the daily average for aerosol [3].
RESULTS
The behaviour of the index calculated using the new method is shown in Figure 1, in which can be
seen the index and sub-indices for the period 19.-23.2.1994 in Kapyla, Helsinki. It will be noted that

the index does not exceed a value of 100, which equals the guideline level, in any hour during the
period. Guideline levels have been adopted from the new proposal for guidelines. The index is always
greater than the maximum sub-index, for several sub-indices are near the level of the maximum sub
index. In this case only the sub-indices calculated from the hourly and daily averages of nitrogen
dioxide take turns as the maximum sub-index. The sub-indices calculated from the hourly average of
sulphur dioxide and daily average of aerosol are from time to time also quite close to the maximum
sub-index. The variations in index values can be seen to mainly follow the variations of those sub
indices which are greatest. In the middle of the period it can be seen that the sub-index calculated
from the hourly average of nitrogen dioxide varies around the long-term average level, which cor
responds to an index value of 50. In this period the index mostly follows variations in this sub-index
and the sub-index of the respective daily average. At the beginning and at the end of the period we
can see that the sub-index calculated from the daily average of nitrogen dioxide is clearly the greatest
of the sub-indices, and then the index almost exclusively follows the variations of this sub-index.
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Air quality index

Figure 1. The index and sub-indices in Kapyla, Helsinki 19. - 23.2.1994.
The new calculation method was tested in the town of Oulu in January 1995. In Figure 2 can be seen
an example of the behaviour of the index in a situation in which a guideline value is exceeded by one
or two sub-indices. In this case the excesses are in the hourly and daily averages of nitrogen dioxide.
We notice that, when only one sub-index exceeds the guideline value, the index and the maximum
sub-index lie close to each other. When two sub-indices exceed this level the index becomes clearly
greater than the maximum sub-index. As one or another of these sub-indices decreases and falls be
low the guideline level, the index and the maximum sub-index again approach each other.
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Figure 2. The index and sub-indices in the centre of Oulu 13.1.1995.

DISCUSSION
The new index calculation method can be used in warning the public not only about harmful concent
rations of a single contaminant but also about simultaneously-occurring harmful concentrations of
several contaminants. The new index can thus warn about conditions in which the probability for the
appearance of the synergistic effects of contaminants is increased. The index follows more the varia
tion of any given sub-index the greater that sub-index is compared to the maximum sub-index. Thus
the changes of the index represent well the essential changes in air quality, which makes the index
suitable for real-time air quality monitoring and notification.
Although the long-term effects of the daily averages of contaminants should be included in the index
system, the use of the respective sub-indices causes one problem in the notification of real-time air
quality. When the daily average of the concentration of even one contaminant is higher than its gui
deline level, this sub-index can still be above the guideline level the following morning. This means
that the index too is at least as high, and the rise of hourly concentrations caused by increasing traffic
in the morning will not be reflected in the index value. This problem could be solved by artificially
changing the value of the daily sub-index to the value of respective hourly index when it has dec
reased to below the guideline level of the daily average.
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ELABORATION ET UTILISATION D’UN INDICE JOURNALISE DE
QUALITE DE L’AIR POUR L’AGGLOMERATION PARISIENNE
Ch. RENAUDOT1, Ph. LAMELOISE1
1 AIRPARIF Surveillance de la Qualite de l’Air en Ile-de-France

La qualite de Fair est-elle bonne ou mauvaise aujourd’hui ? Cette question qui apparait
elementaire au public et aux medias induit souvent une reponse complexe de la part des
specialistes de la surveillance de la qualite de Fair. En effet, cela necessite d’exprimer les
teneurs de differents indicateurs de la pollution atmospherique avec des unites de concentration
peu habituelles pour le public (pg/m3 ou ppm). II s’agit egalement de foumir des comparaisons
a des normes d’exposition portant sur des durees variables. Ces differents elements foumis au
public sans travail de synthese sont trop drus pour apporter une veritable information.
Pour cette raison, plusieurs villes du monde ont elabore des indices de qualite de Fair
permettant d’exprimer pour le grand public en un seul qualification situation de la qualite de
Fair vis a vis de ses effets potentiels sur la sante publique. En France, AIRPARIF, puis un
groupe de travail reuni a Finstigation du Ministere de l’Environnement ffangais et regroupant
des experts des reseaux de surveillance de la qualite de Fair en France, ont travaille pour
aboutir a Findice de qualite de Fair ATMO.
L’objectif d’un tel indice est de quantifier la qualite de Fair d’une zone geographique donnee
par un seul chiffre adimensionnel issu de donnees de pollution diverses relatives a plusieurs
polluants mesures sous forme de concentrations (en pg/m3) sur plusieurs points de mesures.
DEVELOPPEMENT D’UN INDICE POUR L’AGGLOMERATION PARISIENNE :
De 1989 a 1991, AIRPARIF, organisme charge de la surveillance de la qualite de Fair en
region parisienne, a teste differentes methodes de calcul d’indice de qualite de Fair. Des tests
successifs utilisant les mesures du reseau de surveillance de 1986 a 1990 ont permis de definir
les seuils de reference les plus pertinents et de determiner avec precision les criteres du choix
du mode de calcul de Findice.
Criteres de definition de Findice :
- etre facilement compris du public et disposer d’une echelle de classification a laquelle
s’associe un court qualificatif de l’etat de la qualite de Fair.
- inclure tout polluant couramment mesure pour lequel il existe des donnees sur les effets et
pour lequel des normes existent et etre modulable a d’autres polluants, dont les effets sont peu
connus ou dont les normes n’existent pas aujourd’hui;
- pouvoir etre calcule avec un faible pas de temps (1 joumee au plus).
Compte tenu des resultats peu discriminants de la methode par sommation ou moyenne et des
experiences rencontrees en Amerique du Nord, la methode « americaine » de Findice a seuils a
ete retenue et adaptee au cas de la region parisienne. H s’agit de ratios niveaux de
pollution/valeurs de reference.

PRINCDPES DE CALCUL DE L’INDICE :
Pour chaque polluant pris en compte, on calcule un sous-indice a partir de fonctions lineaires
par segments. A chaque segment correspond une fonction en ratio permettant de calculer la
valeur du sous-indice du polluant p (Sip) a partir de la concentration en pg/m3 (Cp). L’indice
est une valeur adimensionnelle avec dix classes. La figure 1 indique les valeurs (arbitraires)
d’indice correspondant aux concentrations en pg/m3 des 4 polluants pris en compte
(N02,03,S02,PS). Le calcul du sous-indice du polluant p (Sip) est donne par la formule
suivante:
Sip = (Kn - Kn-11 x (Cp - Cpn-1) + Kn-1
(Cpn - Cpn-1)
ou Cp : concentration du polluant p en pg/m3, Cp est comprise entre Cpn et Cpn-1
ou Kn et Kn-1 sont les seuils d’indice correspondant aux seuils de concentration Cn.
La figure 1 represente schematiquement le principe de 1’indice a seuils pour le polluant N02.
Les neuf premieres classes d’indice ont etc fixees arbitrairement jusqu’a une valeur de 300, la
dixieme classe est superieure a 300, l’indice pouvant prendre theoriquement une valeur infinie.
Les intervalles d’indice sont de 25 ou 50 unites, intervalles plus courts dans les basses classes
correspondant aux situations les plus courantes de qualite de l’air observee. La plus grande
etroitesse des basses classes permet de ce fait a l’indice de changer plus facilement de classe et
d’eviter le « monotonie » de l’information. Le choix de 10 classes repose egalement sur cette
volonte de delivrer une information qui puisse changer d’unjour a 1’autre, tout en presentant
un nombre acceptable de classes et done de qualificatifs. L’echelle est une echelle de gravite,
plus 1’indice s’eleve plus la qualite de Pair se degrade.
On calcule un sous-indice par polluant, en P occurence quatre pour Pagglomeration paiisienne,
l’indice final caracterisant la qualite de Pair globale est le sous-indice maximal.
PRINCIPE DE L’INDICE DE QUALITE DE L’AIR A SEUILS UTILISE PAR AIRPARIF
EXEMPLE POUR LE DIOXYDE D’AZOTE (N02)
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Figure 1
PAS DE TEMPS DE L’INDICE, SITES ET POLLUANTS PRIS EN COMPTE :
L’indice est calcule au pas de temps quotidien, plus grande periode pertinente du point de vue
des conditions meteorologiques, sur une aire homogene de pollution correspondant a la zone
agglomeree de la region parisienne. 15 sites repartis dans cette zone de surveillance sont
utilises. II s’agit de sites de « fond » qualifiant un niveau de pollution d’ambiance generate.
Sont exlus les sites a proximite immediate des sources de pollution, notamment du trafic, ne
permettant pas de qualifier un niveau general moyen mais un risque maximum d’exposition
ponctuel.

Les polluants retenus dans l’indice sont ceux qui disposent de valeurs reglementaires des
directives europeennes : N02, S02, PS et 03.
DONNEES DE POLLUTION PRISES EN COMPTE POUR LE CALCUL DES SOUSINDICES
Le calcul des sous-indices S02 et PS est base sur la moyenne spatiale des expositions
joumalieres des 15 sites mesurant le S02 et des 5 sites mesurant les poussieres.
Le calcul des sous-indices N02 et 03 est base sur la moyenne des maxima horaires de la
joumee consideree observes sur les 14 sites mesurant le N02 et sur les 6 sites mesurant
l’ozone.
CORRESPONDANCES CLASSES D’INDICE ET QUALIFICATIFS AVEC LES
NIVEAUX D’EXPOSITION
A chacune des dix classes d’indice est associe un nombre (1 a 10) et un qualificatif (excellent-1
a execrable-10) (cf. tableau 1).
Les correspondances indice-concentrations ont ete calees de sorte que les valeurs guides CEE
ou OMS se situent entre les classes 4 et 5 (qualite de Pair assez bonne a moyenne) et les
valeurs limites CEE entre les classes 7 et 8 (qualite de Pair tres mediocre a mauvaise).
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Tableau 1
L’EXPERIENCE DE COMMUNICATION PAR AIRPARIF D’UN INDICE DE
QUALITE DE L AIR
AIRPARIF communique un indice quotidien de la qualite de Pair de Pagglomeration parisienne
depuis Janvier 1992. Le support d’information utilise est essentiellement le serveur minitel
3614 AIRPARIF, reactualise avec Pindice de la veille chaque matin. Les donnees sont
prealablement validees. De 1992 a 1993, le quotidien regional «Le Parisiem> a public Pindice
AIRPARIF, accompagne de tendances d’evolution previsible (hausse, baisse, stationnaire)
foumies par AIRPARIF et basees sur les previsions de METEO-FRANCE.
Depuis mars 1993, la chaine de television regionale France 3 diffuse un bulletin quotidien de
qualite de Pair a 19h20 et accompagnant le bulletin meteo. Les memes tendance sont
indiquees. Plus recemment, le quotidien national «Le Monde» indique chaque jour Pindice
foumi par AIRPARIF pour Pagglomeration parisienne. La chaine de television «La
Cinquieme» diffuse un bulletin hebdomadaire de qualite de Pair concemant une demi-douzaine
de grandes agglomerations frangaises, dont Paris.
LES DEFAUTS ET LES DANGERS DE L’INDICE
Comme toute information vulgarisee, un indice est tres reducteur. La methode de constitution
peut etre contestee. Mais quelques certitudes ressortent de notre experience.

Tout d’abord l’indice doit etre dynamique et presenter des variations frequentes d’unjour a
1’autre, sinon c’est un non-evenement. Un nombre suffisant de sites doit etre pris en compte
pour limiter les effets des defauts de fonctionnement ou le comportement particulier d’un site,
qui ne saurait a lui seul caracteriser la qualite de l’air de la plus grande partie des citadins. Les
variations de l’indice doivent rester dans la" gamme de lecture" ou doivent eviter les
" butees" a 1 ou a 10.
L’indice ne peut avoir une representative superieure a celle des stations ou la mesure est
effectuee. Le choix des stations, de leur emplacement et de leur representative est
fondamental! La definition d’une strategic de surveillance de la qualite de l’air est done un
prealable a la constitution d’un indice. L’indice ne prend pas en compte les synergies entre
polluants mais cedes ci sont mal connues et aucune regie de ponderation ne nous apparait
legitime.
La demande mediatique sur l’indice est telle que certaines tentations doivent etre eVees. II ne
faut pas s’en servir pour autre chose que ce pourquoi il est fait: pas de traitement scientifique
ni d’utilisation abusive des tendances, pas de comparaison entre indices de lieux difierents si les
strategies de surveillance ont des objectifs difierents. II ne faut utiliser un indice que sur des
zones ou la pollution est homogene : plus le secteur de pollution homogene se restraint, plus la
representative des stations doit etre grande.
BILAN DES INDICES RELEVES DE 1992 A 1994
La figure 2 indique que sur 3 ans (1992 a 1994) que les classes 1 et 10 n’ont jamais etc
observees. Les indices de 7 ou plus sont observes en moyenne une quinzaine de jours par an,
soit 5 % du temps. En 3 ans on a releve 20 fois un indice de 8 et 2 fois un indice de 9.

Figure 2
CONCLUSION
Depuis la mise en oeuvre par AIRPARIF d’un indice de qualite de l’air, un groupe de travail
reunissant des experts de chacun des organismes de surveillance de la qualite de l’air en France
a ete cree. Celui ci a adopte les grands principes de l’indice AIRPARIF, en afimant les grilles
de calcul et en indiquant des criteres precis pour la selection des sites de mesures (densite de
population autour des sites, qualification des sites de fonds par les rapports des concentrations
N0/N02,...). Ainsi l’indice peut etre calcule par differentes agglomerations sur les memes
bases. II s’agit, comme pour l’indice AIRPARIF utilise depuis 1992 d’un indice multipolluants
(N02,03,S02,PS) comprenant 10 classes et etabli a partir du sous-indice majorant. H est
calcule quotidiennement. Get indice baptise ATMO a ete presente a la presse par le Ministre
de l’Environnement frangais en septembre 1994, sous la forme d’une mascotte en forme de
girafe au long cou.
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CLIMATE CHANGE POLICY INSTRUMENTS IN A LEAST REGRETS
CONTEXT
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1.

CONTEXT OF CLIMATE CHANGE POLICY IN THE NETHERLANDS

The Dutch C02 target - which was set down in the National Environmental Policy Plan
Plus (NMP-plus) and sent to Parliament in 1990 - is to reduce emissions by 3 to 5 % in
2000 relative to 1989/1990. The second National Environmental Policy Plan (NMP-2),
issued in December 1993, confirmed this target but also concluded that policies will have
to be enhanced and additional measures taken in order to achieve it.
The measures developed in NMP-plus assumed that real energy prices would rise
substantially during the 1990's. However, we now find ourselves with prices at their
lowest level since the early 1970's and official projections now assume that real energy
prices will remain more or less constant between 1990 and 2000. Under these conditions,
application of existing policy instruments will have to be intensifed and additional policy
instruments will have to be deployed in order to attain even the 3% emission reduction
target for C02. We find ourselves moving beyond No Regrets measures into the realm of
Least Regrets measures.
In December 1993 the Government's second National Environmental Policy Plan and
second Memorandum on Energy Conservation indicated how policy efforts in the area of
climate change will be enhanced. Targets were set for improving energy efficiency in
different sectors in the period 1989-2000: 23% for households, 23% for non-residential
buildings, 19% for industry, 26% for agriculture, 10% for transport and 26% for power
stations. The overall efficiency improvement (including renewables) will lead to energy
consumption of 2865 PJ in 2000 (550 PJ less than what it would have been without the
policy measures; slightly more than what it was in 1990). Energy efficiency (including
renewables) will be responsible for roughly two thirds of the C02 reduction needed, with
the remainder coming from transport, recycling, reduced coal use, afforestation and
structural changes.
2.

THE TARGET GROUPS OF POLICY

The target groups of policy being explored in this paper are the non-transport users of
energy: households, small businesses and other non-residential buildings, and (light and
heavy) industry. (Transport and the waste sector will not be dealt with.) Their numbers
and shares in energy consumption are presented in the following table:

Table 1. Target groups of energy conservation policy
number

households
small businesses and
non-residential buildings
light industry
heavy industry

6,000,000
595,000
45,000
65

share in enerev
consumption*
28%
31%
21%
20%

^transport and feedstocks excluded
3.

THE THEORY BEHIND THE INSTRUMENT CHOICE

An effective policy approach to the climate change problem in a No Regrets or Least
Regrets context requires that a variety of policy instruments be applied. Voluntary
agreements, taxes and regulations all have their own individual strengths and weaknesses.
By using them in combination it is possible to compensate their individual weaknesses and
enhance their individual strengths. In elaborating a package of measures, two general
precepts should be followed: First, policy instruments must be tailor made for the
situations in which they are applied. Differences in the nature and size of the target groups
being addressed have to be taken into account and instruments must be fine tuned for
situation-specific circumstances. And second, the package of policy instruments should be
a cohesive whole, containing individual elements which reinforce and complement one
another in such a way that the effect of the whole is more than the sum of the parts.
A multi-instrument, cohesive and mutually reinforcing policy mix - referred to hereafter as
the "mixed bag" - has been adopted in the Netherlands. It consists of three major types of
instruments: voluntary agreements, standards and regulations and fiscal/financial
instruments. These are supported by the provision of public information and technology
R&D. These instruments are described more fully in the following section.
4.

THE MIXED BAG

a.

Voluntary agreements

The Netherlands has a tradition of developing voluntary agreements between various
economic sectors and the ministries responsible. This approach secures the acceptance of
the measures at issue by all relevant participants. The agreements resemble contracts in
which the signatories commit themselves to various obligations. In the case of the long
term agreements on energy conservation, the companies commit themselves to taking
certain measures to achieve a given improvement in energy efficiency. The implementation
of the agreements is monitored by the Netherlands Agency for Energy and Environment
(NOVEM).
Voluntary agreements form the comerstore of Dutch energy conservation policy as it
applies to industry. To date 20 long term agreements have been signed, covering more
than 80% of energy use in the manufacturing sector.
Another important voluntary program is the Environmental Action Plan of the gas and
electricity distribution sector, which aims at reducing C02 emissions by 18 Mtonnes

through cleaner and more efficient generation (12 Mtonnes) and energy saving by
households and small businesses (6 Mtonnes).
b.

Standards and regulations

The Netherlands applies regulatory measures in the area of energy conservation, including
insulation and appliance standards, as well as permit requirements. Major legislative
frameworks include the Housing Act, which provides general regulations for energy
savings in new residential and non-residential buildings, the Energy Savings Appliances
Act which provides the basis for general regulations for energy efficiency and labelling of
appliances and the Environmental Protection Act which among other things requires that
permits for installations fulfill all the requirements needed in the interests of protecting the
environment, which is defined to include the economical use of energy. The Act not only
empowers the permitting authorities to attach requirements relating to energy use to
environmental permits; it also empowers central government to set rules for categories of
establishments in general administrative orders.
c.

Fiscal/financial instruments

A range of economic and fiscal instruments are applied to encourage environmentally
friendly behavior. Besides excise duties on oil products the Netherlands has a special
environmental tax on fuels with a carbon/energy rate base. The funds raised by this tax
are not dedicated but become part of the general revenues. The government has also
decided to introduce a regulatory charge on energy use as of 1 January 1996, preferably
on the European level but if that proves impossible, then unilaterally on a smaller scale.
The enabling legislation currently being prepared provides for tax rates which would raise
natural gas and electricity prices for households and non-energy intensive commercial
energy users by 20 to 25%. The revenues raised by the tax will be recycled to tax-payers
through relief in other taxes.
The electricity and gas distributors also play an important role in administering and
financing subsidies and other financial incentives aimed at energy conservation. Their
environmental action plan is financed in part by a surcharge which they collect on the gas
and electricity price (the surcharge amounts on average to 0.6 cent per m3 and 0.4 cent
per kWh). The surcharge raises about HFL 310 million annually.
5.

SYNERGY AMONG THE POLICY INSTRUMENTS

Taxes are not an appropriate instrument for (energy-intensive) industry unless accompanied
by trade policy measures or introduced worldwide. Energy use is inherent to their
operations and accounts for a large share of production costs. Because they operate on a
world market, they are unable to pass along the costs of taxes in prices. They therefore
suffer erosion in profit margins without generating any additional environmental benefit.
Over the longer term these companies will will either cease operations or they will
relocate to areas where they are not subject to tax - neither of which is a politically
acceptable possibility.
Voluntary agreements provide a better approach to energy conservation in industry. The
numbers are small, so negotiations do not become unmanageable. (About 65 companies
account for 20% of total non-feedstock, non-transport energy use in the Netherlands.)
Agreements allow for flexibility and enable companies to determine the best solution in
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their own particular situation. The fact that permits and general administrative orders are
available to governmental authorities as an instrument of policy makes it impossible for
companies to "free ride" on the voluntary agreements. The existence of the regulatory
instrument ensures that all companies are dealt with on equal terms and prevents
companies from refusing to participate out of fear that their competitors will refuse to
participate.
On the other hand, permits and general administrative orders cannot be used to regulate
every topic that can be addressed in voluntary agreements. The agreements can go beyond
purely technical measures and also detail good housekeeping measures and energy
management as means of achieving the target. Both of these things require behavioral
changes which could theoretically be specified as permit requirements, but which would be
difficult to enforce. Enforceability is an extremely important criterion for credible rules. It
is for precisely this reason that general administrative orders are limited to purely
technical, relatively self-evident measures. Compared to such regulations, a voluntary
agreement executed in good faith will generate a better result. The bottom line
is that companies which sign and fully execute a voluntary agreement will often do more
in terms of conserving energy than they could have been required to do had they been
subjected to regulations.
Voluntary agreements and individual permits are not a viable option for households, small
businesses and other non-residential buildings, however. The numbers involved (more than
7 million in the Netherlands) preclude negotiating agreements and make it impractical to
grant permit applications or enforce individual regulations. Taxation offers more potential
for these target groups. Taxation of smaller scale energy consumers also has the advantage
that it increases demand for the energy conservation expertise present in the energy
distribution sector, providing this sector with greater opportunities to finish energy
conservation services and thereby contribute to lessening the impact of the tax on energy
consumers.
6.

THE ROLE OF PUBLIC INFORMATION

The role of consciousness raising and public information is becoming increasingly
important in climate change policy. Due to low energy prices and the fact that there are no
shortages of fossil fuels, neither individuals nor businesses are really motivated to invest in
energy conservation or in energy systems based on renewable sources. It is crucial for the
success of our policy efforts that there be a constituency for the measures to be taken,
regardless of the instruments to be deployed. The public at large as well as the specific
target groups of policy must be convinced that the issue of climate change is not just a
"storm in a teacup", but a real risk deserving serious attention. The policy world needs
support from the scientific world in estimating the probabilities that certain effects will
occur. Industry in particular is accustomed to developing strategies and taking decisions on
the basis of information about probabilities and risk. The presentation of the climate
change problem in terms of "uncertainty" as such does not provide a sufficient basis for a
risk assessment in a company. Without more information about probabilities companies are
likely to be very reluctant to go beyond the "No Regret" measures to which they have
already committed themselves. There is clearly a task here for the international scientific
community in developing the necessary information. Making sure that that information
reaches the general public and the target groups of policy remains the responsibility of
national governments.
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INTRODUCTION
The concept of integral environmental protection has been growing in importance within We
stern Europe in recent years (1,2). Increasingly, it has come to be recognized that no one part
of the environment is separate from any other, it functions as a whole. Yet, pollution control
was until recently, usually based on an approach which considers emissions to air, water, and
land separately. That has begun to change, particularly since the 1987 report by the World
Commission on Environment and Development. This can be recognized, for example, within
the proposal for a Directive of the Council of the European Union on Integrated Pollution Pre
vention and Control (2). By this, the environmental media are placed on an equal legislative
footing so that the final result will be that the way in which an installation is operated will be
better for the whole environment. In other words, less emission production systems are ob
tained (3).
Realization of an integral concept or of less emission production systems initially requires
technical measures for the avoidance and the minimization of emissions, as well as recovery
and recycling of materials and substances. An appropriate operations management plan is also
necessary. Not only the technology itself but the way in which it is operated is important. For
example, significant environmental gains can be made by improving the methods of operation
of installations. This is reflected within the Environmental Management System Regulation of
the European Union (4).
In this context it is the responsibility of an environmental management team on a company
level to identify, to describe and to analyse relationships between traditional factors of pro
duction and the newly recognized production factor "environment" (3,5). Moreover methodo
logical tools for decision support must be provided and applied. For this, methods of Operati
ons Research can be used. However, these have to ensure an appropriate representation of
resources (coming from the environment) and of emissions (going to the environment). For
example, one general problem which has to be solved is the time-dependent allocation of pro
duction measures as well as emission reduction measures so that both a defined production
rate, and a defined emission rate, can be guaranteed on a strategical, and on an operational
decision level.

SUPPORTS FOR ENVIRONMENTAL MANAGEMENT DECISIONS BY
USING METHODS OF OPERATIONS RESEARCH
It is the aim of Operations Research to develop and to apply quantitative methods supporting
optimal decision making. Usually the goals are improved organizational efficiency and profi
tability. Practioners of Operations Research use an analytical approach to solve a wide range of
organizational problems. These same methods can now be used for supporting, for example,
not only decisions regarding logistics, allocation of resources, and the manufacturing of goods,
but also environmental management problems in industries. However, for modelling, an inter
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disciplinary approach should be choosen, which is imphed by the various disciplines connected
with environmental management, e.g. production management, chemical and/or mechanical
engineering, operations research, informatics, biology, psychology, sociology and political
science.
When modelling environmental management problems, the following aspects must especially
be considered:
• definition of the boundaries of the system which should be analysed (e.g. downstream and
up-stream production processes, boundaries based on emissions vs. those based on deposi
tions/impacts),
• representation of all measurable flows of materials, energy forms and emissions (as well as
their composition and characteristics),
• representation of all stages of production within the system and of all emission sources,
• representation of optional production processes and of emission reduction measures,
• identification and allocation of emission reduction costs or internalized environmental costs.
• representation of already known cause-effect-relationships, e.g. the transmission of selected
substances in the atmosphere or in water over time.
Although the consideration of these elements of modelling on their own cannot guarantee the
success of the applied method, they help to understand, to structure and to quantify the relati
onships of the range of action.

SELECTED APPLICATIONS OF PPC OF LESS EMISSION PRO
DUCTION SYSTEMS
Environmental management decisions on a company level can be classified by those of a stra
tegic nature and those of an operational nature. Strategic decisions are traditionally concerned,
among other things, with investment planning, facilities location and product development.
Operational management decisions mainly focus on production planning and control problems.
In the context of an integral environmental protection concept it is their extended or additional
objective to come to socalled less emission production systems. In this connexion, for decision
support computer integrated environmental management systems are proposed, which are
based on conventional PPC systems (6).
Production planning and control tasks are grouped into inventory management, product-mix
planning, scheduling and production control. These main tasks can first be extended to envi
ronmental aspects and objectives. Second, they can be shifted to emissions control (3). For
example, this means among other things:
• for inventory management:
• to use methods of eco-balancing for commodities sourcing,
• to consider environmental objectives when determining orders,
• for product mix planning:
• to optimize the product mix with respect to environmental standards,
• for scheduling:
• to use environmental oriented production rules, e.g. an allocation according to mi
nimal set-up emissions,
• for production control:
• to consider variations in input and output flows of suceeding and proceeding pro
duction units throughout the production chain.
On the following four examples are given for the application of PPC to less emission producti
on systems. Examples for environmental management on a strategical level can be found in (5).

Product mix planning at process industries
Usually the material and energy flow for product mix planning in process industries is represen
ted in simulation or optimization models (e.g. in a linear programming model). This represen
tation can also be seen as a starting point for optimization of an integral environmental pro
tection approach. However, the conventional models must be extended by the additional inclu
sion of emissions to air, water and soil, their standards, and their environmental costs, as well
as the integration of optional flows, production processes and units, and emissions reduction
measures. As a result of this extension energy and material demands, production amounts and
capacity allocations of both production and emission reduction units can be obtained. Moreo
ver, environmentally influenced shifts in production flows can be identified.
Inventory management of commodities sourcing
Objectives for environmentally oriented inventory management of commodities are, among
other things, cost relationships and public relations improvements as a result of emissions re
duction, given environmental standards and/or political and social pressure. Complementary
effects of both economic and environmental goals are often obtained with substitution measu
res (if secondary emission reduction units can be disposed of) or if appropriate cost relations
hips occur between primary and secondary resources. For the evaluation of environmental ef
fects of commodities it is necessary to analyse their effects along the whole product chain. For
this, methods of eco-balancing or life cycle assessment are presently being discussed not only
in Europe. Using these methods, both products, as well as production systems, e.g. companies,
can be compared according to their environmental friendliness.
Ecological balancing can usually be seen as a typical multiple attribute decision problem Va
rious alternatives or objects can be compared in relation to different evaluation criteria. Howe
ver, these methods up to now are not taken into account when discussing the application of
eco-balancing. For example, dominance based approaches or lexicographical concepts could be
used. Moreover, methods developped within the numerical taxonomy could be used, e.g. for
the representation of the objects and their classification.
Scheduling in manufacturing industries
Scheduling in manufacturing industries means the planning of the time and capacity related
termination ofjobs for the production process. In line with these tasks, environmental oriented
planning of production systems can be realized by the priority use of production units with
greater efficiencies and less consumption and emission factors, by avoiding unforced waiting
times, by harmonizing capacity utilization, and/or by avoiding high emission set-up measures.
Environmentally driven impacts or restrictions on scheduling can be readily recognized, for
example, when during a smog episode selected firing plants are allowed to be operated with
half load or "clean" fuels. For an environmental oriented allocation of aggregates additional
information is necessary for each job on specific material and energy consumption patterns and
emission factors. By this, conventional priority rules for the allocation ofjobs can be extended
by environmental oriented rules, e.g. an allocation according to maximum waiting-time related
emissions or to minimal set-up emissions.
Production control within a production chain
Due to the fact that production units and processes are interconnected to energy and material
flows, it is of special interest to develop production control mechanisms which control these
flows in a way that utilise available resources most efficiently and reduces emissions (7). These

mechanisms have to consider variations in the input and output flows of suceeding and
proceeding production units. Moreover, process related restrictions within the overall pro
duction chain must be considered, e.g. standards for emissions to air, water and soil, timedependent smog restrictions, available capacities over time, chronological and/or process dri
ven orders ofjobs, maximum waiting times between two production units, energy and material
supply limits over time, changing loads.
The development of production control mechanisms depends mainly on the restrictions and the
structures of integral production systems. As far as it is possible to influence the energy and
material flows by the selection of special production processes and an adequate allocation of
jobs and aggregates, the construction of production control mechanisms is reduced to a com
bined scheduling and technology selection problem. For this problem, methods are available
which are based on optimal algorithms (e.g. dynamic programming), heuristics (e.g. rule based
approaches), and methods of machine learning (e.g. neural networks). Owing to the structure
of the decision making problem (e.g. number of serial and parallel production processes, dy
namic behaviour of the material flows, fuzzyness of production knowledge) especially fuzzy
expert systems can be implemented to perform the planning decisions described. In any plan
ning situation this system is evoked and calculates a priority number for each combination of
job and process. As far as it is not possible to formulate explicit rules, implicit knowledge can
be used, which usually is included in selected production examples. One way to operationalize
implicit knowledge is to use neural networks. For this, the formulation of controlling tasks is
required in such a way that can be processed by an adequate network architecture, acquisition
of representative training examples, selection, teaching, and testing of appropriate network
architectures. Then the described scheduling and technology selection problem can be formula
ted as a forecasting problem. Additionally, in order to combine the advantages of both approa
ches a neuro-fuzzy approach can be applied.

CONCLUSIONS
Although legislation in nearly all European countries is mainly still based on a concept which
considers industrial emissions to air, water and soil separately, more and more concepts of an
integral approach of environmental protection are going to be realized or are under discussion.
Industrial companies also recognize this new concept, step by step, as the most effective and
least costly approach for emission reduction. For the realization of an integral approach, and by
this, for the realization of less emission production systems, in addition to technical measures,
management concepts are not only essential but are readily available and can be applied. In this
context, Operations Research methods and tools can be applied for decision support.

REFERENCES
1. Goldsmith, P. 1993. Europe Plans Integrated-Approach to Pollution Control, Environ. Sci. Technology,
27/12.
2. Proposal for a Council Directive on Integrated Pollution Prevention and Control, Brussels, 1993.
3. Haasis, H.-D. 1994. Planung und Steuemng emissionsarm zu betreibender industrieller Produktionssysteme,
Physica, Heidelberg.
4. EU Council Regulation No. 1836/93 on an Environmental Management System. June 26, 1993.
5. Wicke, L., Haasis, H.-D., Schafhausen, F., and Schulz, W. 1992. Betriebliche Umweltokonomie, Vahlen,
Miinchen.
6. Haasis, H.-D. and Rentz, O. 1992. "Umwelt-PPS" - Ein weiterer Baustein einer CIM-Architektur?. In: Gorke, W., Rininsland, H. and Syrbe, M. (eds.) Information als Produktionsfaktor, Springer, Berlin et al., pp.
235-241.
7. Tuma, A., Haasis, H.-D. and Rentz, O. 1993. Entwicklung emissionsorientierter Produktionsabstimmungsmechanismen auf der Basis fuzzyfizierter Expertensysteme und Neuronaler Netze. In: Jaeschke, A. et al.
(eds.) Informatik fur den Umweltschutz, Springer, Berlin, pp. 178-189.

531

TECHNOLOGICAL ASPECTS OF IMPLEMENTATION OF THE
CONVENTION ON LONG-RANGE TRANSBOUNDARY AIR
POLLUTION
Vitaly B.Milyaev, Nikolai LOrlov, Vladimir V.Tsibulski
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SRI Atmosphere, St.Petersburg„Russia

This paper deals with the review of technologies intended for reduction of toxicant emissions
from enterprises in Russia.The problem of dust collection is not considered in the paper.
Conventionally one can subdivide emission reduction technologies according to stages at
which they are applied:
a) Production and preparation of raw materials;
b) Use/processing of raw materials when manufacturing goods;
c) Use of goods and waste disposal. This paper deals only with item b).
In Russia power production, metallurgy, chemical production, and in particular, pulp
production and transport are the sources of the most significant emissions. Russia has
assumed obligations of the USSR under Convention on Long-Range Transboundary Air
Pollution and Protocols to the Convention. Currently Russia participates in implementation
of Protocols on reduction of S02 and NOX emissions. The Protocol on reduction of
VOC emissions has not been signed by Russia mainly because anthropogenic VOC emissions
in Russia are comparable to natural VOC emissions. ECE has prepared lists of pollutants
contained in emissions and discharges,and lists of the most dangerous industries being the
sources of these emissions and discharges. In Russia the above industries are also
classified as the most dangerous. The list of the substances of paramount importance is
prepared in Russia in accordance with the acting system of emission regulation, only
emission values, maximum permissible concentrations, i.e. impacts on individual homo
sapiens, and meteorological conditions of emission diffusion being taken into consideration. It
would be more correct to take into account also life time of a substance in the atmosphere,
distance from the sources to large populated areas and from the state border, efficiency of
emission control technologies and factors of toxicant impacts on the biota. Currently
Ministry for Environmental Protection and Natural Resources is developing the conception of
transition to a more comprehensive account for the factors. From the point of view of
emission reduction the state of affairs is not satisfactory in chemical industry (as concerns
S02 emissions), fuel industry (CO, NOX, hydrocarbons and VOC emissions) and power
production (NOX emissions). In the last years total emissions in mln.t in Russia amounted to:
Years
Industry
Industry and transport

1981
41
61

1985
40
58

1987
39
58

1990
35
56

1991
32
49

1992
29
45

1993
26
44

In the end of 1993 S02 emissions were reduced to 51.7% from the emissions in 1980, while
obligation under the Convention is 30%. S02 emissions in thous.t for the period from 1980 to
1992 on the European territory of Russia from stationary sources were amounted to:

Years
1980
Emissions....7161

1987 1988 1989 1990 1991 1992
5622... 5145...4677... 4460... 4392...3839

1993
3456

NOX emissions were reduced to 4% from the emissions in 1987. NOX emissions in thous.t
from stationary sources on the European territory of Russia in the period from 1987 to
1993 amounted to:
Years
Emissions

1987
1603

1988
1598

1989
1629

1990
1701

1991
1726

1992
1512

1993
1452

NOX and VOC emissions on the ETR due to motor transport for the same period were
amounted to:
Years
Emissions
NOX
VOC

1987

1988

1989

1990

1991

1992

1993

750
1250

760
1290

924
2212

974
1978

844
1797

786
1595

817
1593

If a distance from a source to the border of no more than 500 km is assuumed as a formal
criterion, and if it is taken into consideration that concentrations of not more than 100
substances are permanently registered,it will be obvious that maximum attention in Russia
should be paid to power production, chemical industry, metallurgy and transport in the cities of
Novokuznetsk, Magnitogorsk, Omsk, Angarsk, ’ Ufa. Special attention should be paid to
emissions of S02, NH3, CS2, Mn, V, VOC, and in particular, emissions of phenol,
formaldehyde, xylene, benzene, styrene in chemical production; to emissions of CO, H2S,
NOX, NH3, CS2, Mn, Zn, Cr, V, cyanides, fluorides, VOC, phenol, formaldehyde, styrene in
metallurgy; to emissions of S02, NOX, V, in power production; to transport emissions of
NOX, CO, hydrocarbons.
Corresponding source sample among those located on ETR shows that special attention
should be paid to the cities of Lipetsk, Moskow, Monchegorsk, Suvorov, Kirishi, St.
Petersburg, Novomoskovsk, Segezhi, Dzerginsk. When assessing the situation it should be
also taken into consideration that those Russian cities which pollute the air most of all are
located in the regions where the density of population is less than in the Europian territory
of Russia. The environment in these regions is less affected by human activities. All the
above-said makes requirements to reduction of pollutant emissions on ETR even more
sringent.
Lets consider emission reduction technologies in use in Russia. Lets emphasize
peculiarities.

certain

Old metallurgical production in Russia is ecologically dangerous. Since long we have been
confronted with the problem of disastrous situation in the cities of Magnitogorsk, Norilsk,
Cherepovets. In metallurgy it is very promissing to eliminate aglomeration processes, melting
in blast furnaces and coking from production technologies. One of the possible ways is
recovery of iron-ore raw materials and further melting in electric arc furnaces. In this case
there are no phenols, cyanides and benz(a)pyrene in emissions. Effluent gas is purified in
scrubbers, converted and used as fuel.

Seventy per cent of power production plants in Russia are small boiler houses and small
thermal power plants, applied equipment is outdated. For them balance calculation methods
based on outdated and abolished methods intended for large power plants are used.The fact
that a number of boiler houses were instructed to use liquid and gaseous fuel, was
obviously a progressive decision. When gaseous fuel is used, emissions of solid particles
are eliminated and emissions of CO, NOX and hydrocarbons are reduced. Changes in S02
emissions depend on sulfur content of the fuel. Technical Annexes to the Protocols on sulphur
and nitrogen indicate the recommended technoloies for reduction of emissions from fuel
combustion, and normative emission factors. In Russia only recirculation is used (from
those indicated in the Annexes), nevertheless the rest of the suggested normatives are
acceptable for Russia. As to fuel modification, it is in Russia in embryonic state. The efforts
are aimed at screening fuel dust and noncombustible components, careful storing fuel,
adding other types of fuel to mazut.As to optimization of fuel combustion, it consists in better
distribution of fuel in furnace, its better mixing with the air. The difficulty lies in the necessity
to account for interdependence of emission values; e.g. reduction of CO and soot
emissions causes increase of NOX emissions. Works devoted to optimization of fuel
combustion are also difficult because of economical and organizational reasons. At large
power plants flue gas is purified by means of filters and scrubbers. At boiler houses sometimes
cyclones are used. In chemical industries emission control technologies are very specific. In
Russia production of organic compounds has diminished considerably, since the major part
of enterprises is located on the territory of other CIS countries, and due to economical
reasons. Besides, output of goods intended for military-industrial complex has been
reduced. As to inorganic substances, like acids, alkalis, chlorides, pigments, fertilizers,
they are produced in large quantities. The assortment of goods being manufactured is not
properly co-ordinated. Less than any other has changed wood-chemical industry, but its
enterprises are, as a rule very old and environmentally faulty. Pulp production is to be
mentionned specially. Emissions from this production contain S02, C102, HC1, H2S, 503,
C02, mercaptans, turpentine, aerosols, methanol in high quantities and concentrations.
Cleaning is most often carried out by means of scrubbers. Afterburning of gases is not
always used.
Motor transport emission consist to 78% of CO, 7% - NOX, 15% - hydrocarbons.
Maximum emissions and contribution to total emissions belong to Moskow, Novosibirsk,
St. Petersburg, Krasnodar, Omsk, Tumen, Samara, Kurgan, Ufa, Voronezh,
Yekaterinburg, Irkutsk, Nizhny Novgorod. Total motor transport emissions in these cities
amount to 100 - 600 thous. t/year, their contribution to total emission equals to 45 - 90 %.
For 1980 - 1982 NOX emissions increased from 315 t/year to 786 t/year and hydrocarbon
emissions increased from 760 to 1595 t/year as a consequence of the increase in motor
vehicle fleet.
Limited use of lead petrol additives and catalytic afterburning of exhaust gases could be the
main means to control emissions, but these measures are introduced very slowly. For
instance, St. Petersburg municipal organisations have bought 40 neutralizers for public
motor vehicles. This is sufficient to equip motor vehicles driving abroad,and diesel coaches,
but even these quantities of neutralizers do not find their consumers. Private cars are not
equipped with neutralizers either. Some of the cars produced and purchased are
equipped with turbo-supercharging which decrease emissions.The use of ethylated petrol is
not officially prohibited. There is only a warning that petrol of reddish colour is toxic.
There is no institutions responsible for toxicant content in exhaust gases.

U -i T

In a whole emissions of certain pollutants on the territory of Russia in the last years
reduced. Since 1990 emissions of solid substances, S02, CO, NOX, hydrocarbons, VOC,
Pb, H2S04, HF, fluorides, CS2, H2S, xylene diminished in average by 10-12%. At the
same time emissions of phenols, formaldehyde, chlorine, NEB, benz(a)pyrene increased in
average by about 25%. Obligations under the Protocol on reduction of NOX emissions
are fulfilled mainly not as a result of special measures or improvement of technologies
aimed at reducing NOX emissions, but as a result of sharp cutback of production under
conditions of economic crisis. Before 1990 such assessments could not be quite
comprehensive because there were no available data for many substances. The method for
calculation of total emission values has changed with the change in political structure.
Formely Ministries presented accumulated total data on emissions from enterprises
subordinated to the Ministries. Nowerdays values of emissions from enterprises of one
and the same branch of industry are summed up independently of their belonging to this or
that Ministry.
Russia has no list of branches of industry identical to that which is available in European
countries. Because of these reasons and also because of incompleteness of initial data,
relative error of total estimates of emission values is considerable (up to 20%). To some extent
the error is due to uncertainty in dividing the territory of Russia into European and Asian parts.
Sometime this is done by EMEP grid squares of 150x 150 km, and sometime this is done
following conventional geographical division of the territory. By virtue of circumstances
attention of environmental protection departments in Russia is paid to "traditional"
substances. Attention to carcinogenic substances, heavy metals and particularly to dioxines,
is obviously insufficient. More often "traditional" stock of devices - cyclones and scrubbers
- are used. Modernization of technologies for manufacturing half-products is used rather
rarely.
ECE recommended different procedures of technology transfer, in Russia the most widely
used is co-operation in the form of joint enterprises. Control over fulfilment in Russia of
obligations under the Convention and Protocols to it exercised by the international community
is based on presented reports on the basis of which the Executive body accept
recommendations. So far there is no fixed and clear procedure for working out sanctions to
be imposed on the countries whish do not satisfactory fulfil the clauses of the abovementioned agreements.
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INTRODUCTION
Twenty-five years ago, the United States embarked on a quest to attain clean air. President
Nixon, in signing the Clean Air Act of 1970, defined clean air as the objective for the ’70s.
Although enormous progress has been made, much remains to be done. Newly constructed
industry is quite clean, but many older facilities continue to operate with antiquated controls.
Significant advances have been made in cleaning up the emissions from new automobiles, but
two factors have impaired progress. First, cars last longer than they did in 1970, so the average
age of the fleet has increased. Second, travel has increased as people have moved to the suburbs.
Thus, the emission decreases from clean cars have not been as great as expected. This paper will
address some of the lessons learned from the efforts in the United States to implement clean air
programs.
In my experience, many countries have implemented study programs to assess air quality and
quantify the magnitude of problems. In a large number of countries, excessively elaborate studies
have been substituted for action programs. Since much is now known about air quality, fairly
brief studies can define programs that should be undertaken. What may take longer is developing
public support and enthusiasm for improved air quality. In most cases, it is desirable to reduce
spending on studies and increase spending on devising and implementing plans, as well as
effectively communicating the necessary changes to the public. Balanced spending on studies
and action programs is essential to a sound air quality control program.
MOBILE SOURCES
Mobile source emissions are generally divided into three categories: emissions from on-road
vehicles, emissions from off-road vehicles and motorcycles, and emissions associated with
fueling and fuel evaporation.
On-Road: Wisely, the U. S. government defined automobile, truck, and bus emission standards
for the entire country, except one state. California had, and still has, somewhat stricter standards,
and that state is often a laboratory for evaluating improved controls. There is a general global
congruence on emission standards today so that vehicle manufacturers have a minimum of
standards and testing protocols with which to comply. For the most part, the European Union,
North America, and Japan all having similar or identical standards.
Off-Road: Off-road vehicles also need regulation. This includes lawn mowers, recreational
motor boats, diesel-powered construction machinery, farm machinery, railroads, and aircraft. For

the most part, national and international regulations need to simplify the burden on
manufacturers, and keep compliance costs low. Motorcycles will also require regulation,
especially in tropical countries. In general, regulation of mobile sources will have its greatest
impact in urban areas.
Fuel: In addition to tailpipe emissions, volatile organic emissions also take place from fueling
and from evaporation. Major reductions in emissions can occur by limiting the content of highly
volatile substances in fuel. Regulation of the content of fuels is best done by a national
government or an international body.
STATIONARY SOURCES
The most important issues affecting stationary sources include establishing guidelines for
treatment of existing and new sources, defining methods for permitting sources, developing
efficiency in enforcement of permits and rules, organizing emissions inventories, structuring stack
height rules, utilizing dispersion modeling, and encouraging the development of a consulting
industry.
New and Old Sources: Most nations treat new sources differently than existing sources. In the
U. S., existing sources are allowed to continue operating as they have in the past, as long as the
source does not increase emissions and does not contribute to a violation of ambient air standards.
If modeled violations of ambient air standards are found, then modifications at existing facilities
are required. New sources, on the other hand, must generally apply “Best Available Control
Technology,” which is determined on a case-by-case basis. An applicant determines the best
controlled source of its type in the world, and then has to justify why this technology is too
expensive or inappropriate. The next most stringently controlled source is then evaluated until
an appropriate measure of control is defined. This process has had the effect of requiring ever
more stringent controls, which has driven industry to develop processes that are inherently less
polluting. The contrast between older sources (those built before 1971) and newer ones is
dramatic. The 1990 Clean Air Act seeks to correct this imbalance for coal-fired power plants.
Existing plants must reduce their sulphur dioxide emissions from the 1980 emission levels by 10
million tons annually by 2000. One unintended consequence of stringent controls on new
facilities is extension of the economic life of older facilities. Some sound aspects of the U. S.
program are the requirements that permits be issued prior to the start of construction and that
public notice be posted prior to issuing a permit. More rapid progress on controlling emissions
would be made if somewhat less stringent controls were required on new sources, coupled with
gradual decreases in permitted emissions from older sources.
Permits: A weakness of the U. S. program has recently been remedied. Title V of the 1990
Clean Air Act requires that all major sources obtain an operating permit every five years.
Renewals are predicated, like permits for modification, on an opportunity for public comment.
The Title V permit contains a list of all rules and permitted emission rates for each unit at a site,
facilitating inspections by enforcement personnel. Such a “directory permit” is essential in any
sound air pollution control program.
Inventories: In many countries, industry has opposed the requirement to furnish emissions
inventories, citing the need to protect corporate secrets. In contrast, our country has had an
emissions inventory system that has been open for public inspection for over 20 years in all states.

I have yet to hear of the compromise of secrets. Emissions inventories enable a regulatory
agency to estimate the concentrations of pollutants in the atmosphere, and thus assure local
residents on the quality of the air they breathe. The only alternative to modeling is an extensive
and expensive program of field measurement. Inventories can be based on measurements,
process calculations, or on estimates, but their submission and public availability is essential to
a cost-effective air pollution control program.
Stack Heights: During the early 1970s certain industries in the U. S., primarily coal-fired
electric power plants and copper smelters, built very tall stacks to avoid the need for controls at
the source. Some of the stacks were over 300 meters tall. Although this solved localized air
pollution, it exacerbated the acidic deposition (acid rain) problem. A well-designed program will
limit the height of a stack that can be considered in determining a permitted emission rate. The
development of stack height rules has been unusually controversial in the United States.
Consultants: Over the past 25 years, the administration of the U. S. program has spawned a vast
array of consultants. In addition to working for industry, much of the analysis required by the
U. S. Environmental Protection Agency is actually performed under contract. In other countries,
designated organizations do much of the analysis that is done in the U. S. by consultants. I
believe that the proliferation of consultants in the U. S. is very healthy, and it should be
encouraged. Not only does competition drive out poorer performers, but consultants perform a
valuable role by helping regulatory agencies communicate their requirements, and by bringing
to industry a perspective from experience on a variety of projects. Since consultants prosper on
the basis of their reputations, there is little need to certify their business.
Dispersion Modeling: Finally, dispersion modeling has proven to be a very useful tool in
administering an air pollution program. Modeling can be used to quickly assess the needs for
added stack height to avoid building downwash, to determine the effects of various control
systems, and to evaluate the air quality in an area based on publicly available emissions
inventories. Modeling offers an enormous cost advantage over monitoring. It also offers an
advantage in timeliness: Modeling can be used to assess a situation in a few days; monitoring
often takes six to 12 months. One danger with models is that a single model will be specified and
then used for a decade or more without change. New information is continuously being
developed, and it important that a procedure be specified to allow models to be updated at least
every three years using the latest scientific information. Otherwise modeling loses its relevance
to reality, and it becomes merely a mathematical game.
MANAGEMENT OF AN AIR QUALITY PROGRAM
A number of management techniques are very useful in developing a program, including
openness, electronic bulletin boards, federal/state partnerships, publicity, and lessons from
experience.
Openness: One of the principal elements in the success of a program is the perception by the
public that all sources of air pollution are treated even-handedly. No favoritism or corruption is
allowed. To achieve this end, open meetings, open records, open decision making, and publicly
available records of decisions will all assist in making a program acceptable to the public. A
program will become ineffective if only selected laws are enforced and others are ignored, if only
certain violators are penalized and others overlooked.

Bulletin Boards: Openness can be promoted through the use of electronic bulletin boards. One
of the most successful innovations by the U. S. Environmental Protection Agency in the late
1980s was establishing a bulletin board, which thousands of people now access from all over the
world. A regulatory agency can publish emission factors, regulations and interpretations of
regulations, source codes for models, meteorological data to be used when modeling, lists of
decisions made concerning control devices, and general guidance for the public. The ease and
efficiency with which information can be made available is superior to printed publications.
Partnership: Experience seems to suggest that if a regulatory agency has too small a
jurisdiction, then there may not be enough experience with any one type of facility to properly
analyze each situation. If the area is too large, there is a risk of insensitivity to local issues. Thus,
permitting should probably be centralized for areas having populations of between 5 and 20
million. In some cases, it may even be desirable to form a trans-national organization to assure
relative uniformity in granting permits to similar sources. On the other hand, enforcement can
and should be delegated to local offices that are closest to the people. Such issues are better
handled by jurisdictions where the population ranges from 250,000 to about 5 million. In the
United States, the federal government enacts laws and publishes regulations. The states are
delegated the responsibility of developing their own set of regulations that conform to the federal
law. In most states, permits are issued by a central agency, but enforcement is handled by cities
and field offices of the states. The federal government also provides about half the funds for each
state's program. Audits are performed by the U. S. Environmental Protection Agency to ensure
a degree of uniformity in the application of programs nationwide.
Public Information: No program will be effective unless there is widespread and effective
public information communicating the importance and benefits of the program. Recently, the
U. S. Environmental Protection Agency backed down from a program that would have required
automobiles in major cities to be tested on a dynamometer every two years to assess tailpipe
emissions. The reversal was a direct outgrowth of the lack of communication to the public, which
led to a rebellion by local governments against agency mandates.
Information Exchange: There is a great deal to be learned from experience. In my country,
we rarely ask questions to learn of the experiences of other countries, and I know that this is true
in other countries as well. The foundation for efficiently and effectively building an organization
will rest more on learning from the mistakes and success of others than from inventiveness and
experimentation. In fact, one of the great values of this IUAPPA meeting is to allow for
information transfer and to provide a forum for the exchange of ideas. Although inventions
remain important in our society, communication has become even more important as we try to
learn from the experience of others.
CONCLUSION
Developing a sound air quality control program is a very complicated task that consists of many
elements. Policies and procedures need to be established, and comprehensive and complicated
programs are required to regulate both mobile and stationary sources. Although inventiveness
and creativity are required, a careful study of the successes, failures, and experiences of nations
with well established regulatory programs will help to quickly and efficiently develop sound
policies and regulations to improve air quality.
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1 Introduction

La pollution atmospherique est un phenomene d'ampleur mondiale, n’epargnant rien,
ni personne, a la ville comme a la campagne.. Dans certains pays, comme les pays de Test de
l'Europe ou ceux du tiers Monde, l'air est devenu un facteur d'accroissement des maladies
respiratoires et autres cancers L A 1'echelle planetaire, la pollution atmospherique perturbe les
grands equilibres naturels a travers l'alteration de la couche d'ozone et l'augmentation de l'effet
de serre. Les modifications climatiques deja amorcees constituent un risque croissant pour les
conditions de vie sur le Terre.
Ces phenomenes sont la consequence des augmentations de la concentration dans
l'atmosphere de gaz presents a l'etat de traces : le dioxyde de soufre (SO2), deux oxydes
d'azote (NO et NO2), plusieurs chlorofluorocarbures, le gaz carbonique (CO2), le methane
(CH4), l'ozone tropospherique. Quant au radical hydroxyde (OH), qui participe activement au
"nettoyage" de l'atmosphere, sa concentration semble a l'inverse diminuer.
Meme si des activites industrielles comme la siderurgie ou meme l'agriculture
contribuent a encrasser toujours plus notre environnement, c'est la production d'energie a
partir des combustibles fossiles qui en degageant des quantites considerables de dioxyde de
soufre, d'oxydes d'azote, de dioxyde de carbone, de methane et de particules et impuretes
diverses, qui est le principal responsable d'une pollution toujours accrue. 66,4% des emissions
de carbone (CO2), 56,3 % des emissions d'azote (NOx) et 46,5 % des emissions de soufre
(SO2), sont directement liees aux consommations d'energie.
2 Le rechauffement de la planete, un phenomene desormais ineluctable

7,4 milliards de tonnes de carbone s'accumulent actuellement tous les ans dans notre
atmosphere^. La teneur en gaz carbonique est ainsi passee de 280 ppmv a la fin du 18° siecle
a 354 en 1990, l'augmentation actuelle etant de 1,8 ppmv/an. Cette augmentation est pour
75% due a 1'usage des combustibles fossiles, charbon, petrole, gaz et bois pour la production
d'energie. Sur la base d'une extrapolation des tendances actuelles, c'est a dire en ne remettant
pas en cause les formes d'energie actuelles fondees pour une tres large part sur la combustions
de combustibles fossiles, petrole, charbon gaz naturel et bois, la concentration en CO2 serait
multipliee par 5 d'ici 2100, pour atteindre environ 1400 ppmv.
Le passage de la precedente ere glaciaire a l'ere chaude suivante avait correspondu a
une augmentation de la teneur en CO2 de 190 ppmv a 280 ppmv, soit une variation de 2Wm"
2, pour un ecart moyen de temperature de 4 a 5°C. Les effets de 1'evolution actuelle sont
d'une telle ampleur, qu'il est a l'heure actuelle impossible de les apprecier.

Ce dont on est certain, c'est que les changements climatiques a venir sont ineluctables.
Seules leurs intensites et leur vitesse d'installation sont encore a determiner, et plus encore
leurs intensites regionales.
Mais ce qui va caracteriser le plus le changement climatique en cours est sa
soudainete. "Jamais l'humanite n'a connu un rechauffement aussi rapide : il egalerait celui qui
a eu lieu depuis l'apogee de la demiere glaciation, il y a 18000 ans, mais apparaitrait 10 a 100
fois plus vite^." Cette rapidite va rendre tres precaire la capacite de la Nature a s'adapter a une
evolution aussi brutale. Il y aura acceleration des disparitions des ecotypes et des especes,
appauvrissant d'autant les ecosystemes et les firagilisant davantage, face a des evenements
climatiques exceptionnels, face aux degradations humaines et aux risques divers tels les
incendie, les ouragans, les inondations, etc. "L'evolution attendue du climat mondial ou
regional laissera peu de marge de manoeuvre pour entreprendre des mesures correctrices
efficaces ou lancer les programmes d'adaptation necessaries^".
Mais ce changement est paradoxalement trop lent pour faire naitre un sentiment
d'urgence. Or il y a bel et bien urgence.
L'avenir peut paraitre sombre. Toutes les formes d'energie susceptibles de reduire les
emissions de gaz polluants et de contenir celles de gaz a eflets de serre, sans effet negatif sur
le developpement economique, devraient etre mises en oeuvre des que possible, compte tenu
des longs delais qu'impose toute modification en profondeur du systeme energetique. L'usage
generalise de formes d'energie telle l'energie hydraulique et l'energie nucleaire qui comme
chacun le sait ne rejettent aucun gaz a effet de serre, ne rejettent ni gaz carbonique, ni methane
ni NOx, ni SO%, apparaissent comme la seule veritable reponse au grave danger qui menace
toute l'humanite.

3 Les consequences du programme electronucleaire franqais

Les centrales nucleaires ne produisent et ne rejettent ni CO2, CH4, SO2, ou NOx, ou
autres gaz a effet de serre, ou a l'origine des pluies acides. Elies ne rejettent aucune poussiere
dans l'atmosphere. En Europe occidentale, la totalite des dechets generes par le
fonctionnement d'une centrale nucleaire est completement maitrisee, controlee, le moindre
ecart faisant immediatement l'objet des procedures correctives necessaries.
De ce fait, comparee a une centrale nucleaire de 1300MWe qui ne rejette rien, une
centrale thermique au charbon de puissance equivalente, rejette annuellement dans
l'atmosphere 4600 t de particules, 8,5 Mt de CO2, 12000t de SO2 et 6000 t de NOx, ces
chiffres etant ceux applicables pour des centrales modemes, dites propres, utilisant des
charbons de qualite.
Ces memes centrales thermiques conventionnelles rejettent de plus dans l'atmosphere,
sans aucun controle ni aucune limite, des impuretes dont la toxicite est parfois tres forte, tels
par exemple des elements radioactifs comme l'uranium, le thorium, le polonium ou le radium.
Le tableau ci-apres donne la valeur moyenne des impuretes rejetees dans l'atmosphere
par une centrale thermique conventionnelle dite "propre" par MWe et par an, fonctionnant
dans un cadre legislatif relativement severe, preoccupe de la protection de l'environnement.
Dans le cas de centrales fonctionnant dans des pays pour lesquels la preoccupation d'une
sauvegarde de l'environnement est moins pressante, ne maitrisant pas des technologies dites
propres et fonctionnant avec des combustibles de qualite mediocre, ces valeurs peuvent dans,
certains cas, etre multipliees par un facteur allant jusqu'a 100.

Impurete

g/t

kg/a/MW

Impurete

g/t

kg/a/MW

Arsenic

30

75

Radium

2,7 10-7

6,8 10-7

Cadmium
Cuivre
Plomb
Mercure

1
12
12
0,1

2,5
30
30
0,3

Thorium
Uranium
Zinc

1,7
0,78
86

4,3
2
215

La plupart de ces impuretes sont constitutes par des metaux "lourds" qui ont pour
propriete de demeurer toxique pour 1'etemite des lors qu'ils sont rejetes tels quels dans la
Nature. Ces metaux ont egalement tous la propriete de pouvoir se retrouver dans la chame
alimentaire, leur concentration augmentant au fur et a mesure que l'on passe des vegetaux aux
especes superieures, puis et finalement a l'homme, lorsque cette concentration aura atteint son
maximum.
S'il convient de noter que les dechets radioactifs provenant du fonctionnement des
centrales nucleaires restent, il est vrai, dangereux pendant des periodes de temps parfois fort
longues, leurs toxicite decroit exponentiellement avec le temps. II n'en est rien avec les
metaux lourds toxiques tels l'arsenic, le cadmium, le plomb, le mercure, etc., provenant de la
combustion du charbon et du petrole, qui resteront dangereux a jamais.
Ce volume de dechets des metaux lourds toxiques resultant de la production d'une
quantite donnee d'electricite par la combustion du charbon est 50 fois plus important que le
volume des dechets de haute radioactivite resultant de la production de la meme quantite
d'electricite par une centrale nucleaire. Mais a l'inverse de ce qui se passe pour les dechets
radioactifs en provenance des centrales nucleaires qui sont, eux, completement maftrises,
controles, confines et stockes, les dechets issus de la combustion du charbon ou du petrole
sont rejetes dans la nature, sans aucun controle.
Avec 56 unites installees et une capacite de 57 733 MWe nets (1992), la France est le
pays au monde qui a le plus fait appel a l'energie nucleaire pour sa production d'electricite, la
part de l'electricite representant 41,3% du bilan energetique total. Consequence directe de ce
programme electronucleaire^, la France est le seul pays industrialise au monde a respecter les
recommandations Internationales limitant les emissions de CO2, NOx et de SO2. Alors que
devant le danger d'une pollution atmospherique accrue, toutes les instances intemationales
recommandent a tous les pays de la planete d'essayer de ralentir leurs augmentations de rejets
de gaz a effet de serre, de gaz a 1'origine des pluies acides, et autres gaz toxiques, de particules
et d'impuretes dans l'atmosphere, la France est le seul pays qui ait reussi a diminuer en valeur
absolue toutes ses emissions de gaz a effet de serre, de gaz a 1'origine des pluies acides et ses
rejets dans l'atmosphere de particules et d'impuretes.
Entre 1980 et 1992, les emissions de CO2 ont diminue de 30%. Elies sont passees de
503 455 kT en 1980 a 387 838 kT en 1992. Elies se situent maintenant au dessous du seuil
limite de 2 tonnes de carbone par habitant, seuil limite que la France est le seul pays
industrialise a respecter, et qui permettrait s'il etait respecte par tous de circonscrire l'effet de
serre a son niveau actuel.
Entre 1980 et 1992, les emissions de SO2 ont ete reduites de 177%, passant de 3348
kT a 1210 kT. Avec un ratio de 2,2 tonne par km^, la France est encore le seul pays
industrialise a se situer au dessous du seuil limite recommande par les instances
intemationales responsables de la protection de l'environnement.
Les emissions de NOx provenant majoritairement du secteur des transports, les
resultats relatif a ces emissions sont un peu moins spectaculaires. On est passe en 1980 de

1646 kT a 1519 kT en 1992 soil une reduction de 8%. Cette reduction est cependant a mettre
principalement a 1'actif du secteur energie, les emissions de NOx de ce secteur etant tombees
de 287 kT a 11 lkT, soil une reduction de 160%.
En 1992, le programme electronucleaire frangais a permis de ne pas rejeter dans
l'atmosphere:
237 000 kT de CO2 (a comparer avec pour emission de CO2 en 1992 : 387 838 kT)
1230 kT de SO2 (a comparer avec pour emission de SO2 en 1992 :1206 kT)
460 kT de NOx (a comparer avec pour emission de NOx en 1992 :1742 kT)
206 kT de particules et impuretes diverses
Alors que partout dans le monde les emissions de CO2, de SO2, et de NOx
augmentent, ou sont au mieux a peu pres stabilises dans quelques rares pays, du fait de son
programme nucleaire, la France a pu reduire en 1992 de 38% ses emissions de CO2, de 50%
ses emissions de SO2 et de 19% ses emissions de NOx.
Aujourd'hui 17% de l'electricite produite dans le monde est d'origine nucleaire.
L'utilisation du charbon pour produire cette meme quantite d'energie aurait entraine remission
par an dans l'atmosphere de quelques 2,1 milliards de tonnes supplementaires de CO2 , de 6,7
millions de tonne de NOx supplementaires, de 11,5 millions de tonnes de SO2
supplementaires et de 3,3 millions de tonnes de particules supplementaires.

4 Conclusion

Si l'Union Europeenne adoptait le modele suedois d'un large recours a l'electricite pour
satisfaire ses besoins en energie, tous secteurs confondus (51,5% d'electricite primaire dans la
consommation totale d'energie), et si l'Union Europeenne adoptait le modele frangais de
production d'electricite en faisant largement appel a l'electronucleaire, en 1992, l'Union
Europeenne aurait DIMINUE ses rejets de 1,7 milliards de tonnes de CO2, 8,9 millions de
tonne de SO2 , 3,3 millions de tonnes de NOx , 1,5 millions de tonne de particules et
d'impuretes diverses. A peu pres la moitie de l'objectif de reduction des emissions des gaz a
effet de serre demande par la Conference de Toronto (4 a 5 milliards de tonne de CO2) aurait
ainsi deja ete atteint. Avec un effort identique de la part des Etats Unis cet objectif serait
atteint. Et la Terre serait sauvee.
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VEGETATION AS A POLLUTION AND DUST ABSORBER
VIPP® CALCULATES THE EFFECT AND PROVIDES IMPORTANT
ENVIRONMENTAL INFORMATION
Sven Erik Henriksson
TAGGEN MARKKONSULT AB, Virebergsvagen 7, S-171 40 Solna, Sweden

INTRODUCTION
How much pollution from roads, railways and industrial areas can be absorbed by different
types ofvegetation?
What type ofvegetation is the most effective?
What is an optimal green area for combatting dust and pollution?
What is the cost of building and maintaining green areas along roads, railways and in industrial
areas?
VIPP can give you the the answer to all these questions. It is a computerized method which
calculates suitable vegetation levels in relation to dust and pollution from traffic and industrial
areas.
VIPP stands for: Vegetation-Inventory-Planning-Planting. The method gives planners cost
estimates for the reduction ofpollution and dust by planting vegetation along roads and
railways.
The method will also give you a cost estimate for building and maintaining green areas in
different locations. Will costs increase or perhaps even decrease when more vegetation is
planted?
With the aid of this new method, planners can also simulate future scenarios and the effect of
different situations. The cost of areas which are planned or under construction can be
computed on the basis ofthe information available, the figures can then be supplemented by
using the computer to simulate the effect of more vegetation.

BACKGROUND
The method is based on a number of studies carried out in Europe and the US concerning the
amount of pollution and dust which different types ofvegetation can absorb. Pollution and dust
are defined as particulates > 30 micrometer.
The input figures for different types of costs are related to private and public companies in
Sweden.

METHOD
VIPP is based on information from areas which are currently being inventoried, either in the
actual areas using aerial photographs or with the help of other types of maps showing the
current situation, the existing vegetation; trees, bushes, grass, etc, is noted in fixed locations.
The area studied stretches about 100 m along each side ofthe road. In the next stage, the
egffects of new planting are computed taking local conditions, such as soil quality, etc, into
account.

SITUATIONS WHERE VIPP CAN BE USED
A VIPP calculation is an extremely useful tool for planning areas round roads and railways for
maximum effect with regard to the reduction of dust and pollution. Vegetation is an important
environmental factor in the vicinity of industrial areas too, and the VIPP-method provides
valuable information with regard to such places.

PRESENTATION OF THE RESULTS
The results are presented in a report with clear, illustrative diagrams.
1. Expected reduction in current situation
The expected dust and pollution reduction is presented as a percentage to the left. The
different figures from along the road are shown from the starting point ofthe inventory to the
end ofthe roadside area, left and right. The total reduction is represented by the upper curve.
In this example the expected reduction is on average 15%.

■total
g right side of road
□left side of road

Stretch of road in meters

2. Expected reduction - the result of more planting fully grown
This application shows how pollution can be reduced still further by planting new vegetation.
The expected reduction has now increased from the original 15% to an average of 25%.

o
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■ total
H right side of road
E left side of road
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a>
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Stretch of road in meters

Drawings showing new planting areas are also presented together with lists ofthe
recommended plant assortment. The reduction of particulates in relation to the traffic volume
is also presented and discussed in each report.

3. Effects on building and maintenance cost
The result ofthe cost analysis might be as follows:

Current situation
Building costs
Maintenance costs

200 000 SEK/year

Alternative
1,0 million SEK
175 000 SEK/year

REFERENCES
The method has been used for new roads in the Stockholm area since 1993 at the request of
the local authority. During 1994, has also been used in Mahno, in southern Sweden. In 1995
the method will be applied in some more towns in Sweden where new roads are planned. The
method is particularly valuable where housing and industrail areas are located 200-300 meters
from relation to traffic volume. The customer also receives investment and maintenance cost
estimates for a 10-20 year-period.
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AIR POLLUTION CONTROL POLICY IN SWITZERLAND
Gerhard Leutert
Federal Office of Environment, Forests and Landscape
CH-3003 Berne, Switzerland

LEGAL BASIS
The legal basis of the Swiss air pollution control policy is set by the Federal Law on the
Protection of the Environment, which came into force in 1985. It aims to protect human
beings, animals and plants, their biological communities and habitats against harmful effects or
nuisances and to maintain the fertility of the soil. The law is source-oriented (by emission
standards) as well as effect-oriented (by ambient air quality standards). To link both elements a
two-stage approach is applied.
In the first stage preventive measures are taken at the emitting sources, irrespective of existing
air pollution levels. Emissions have to be limited by early preventive measures as much as
technical and operational conditions allow and as far as economically acceptable (prevention
principle). By this, air pollution shall be kept as low as possible as a matter of principle,
without the environment having to be in danger first
In a second stage the measures are strengthened or backed up by additional measures if
ambient air quality standards laid down in the Ordinance on Air Pollution Control (Table 1) are
exceeded. At this second stage, protection of man and his environment has priority over
economic considerations.
Table 1. Some ambient air quality standards laid down in the Swiss Ordinance on Air Pollution
Control
Pollutant

Ambient air Statistical definition
quality standard

Sulphur dioxide (SO2)

30 pg/m3
100 pg/m3

Annual average (arithmetical average)
24-hr average; may be exceeded only once per year

Nitrogen dioxide (NO2)

30 pg/m3
80 pg/m3

Annual average (arithmetical average)
24-hr average; may be exceeded only once per year

Ozone (O3)

120 pg/m3

1-hr average; may be exceeded only once per year

ENFORCEMENT BY THE CANTONS
The enforcement of air pollution control measures is mainly a task of the cantons. Important
duties of the cantons include:

•
•
•

setting up emission inventories
measuring the air quality within the canton
enforcing preventive emission limit values

New stationary sources must be equipped and operated in such a way that they meet the
preventive emission limits laid down in the Ordinance on Air Pollution Control. Existing
sources must be inspected. If preventive emission limits or ambient air quality standards are
exceeded, the installation must be retrofitted.
Often the exceedance of the ambient air quality standards is caused by emissions from more
than one installation. In these cases the cantons have to work out action plans where possible
measures to reduce the impact are suggested. The granted time period to establish these plans
is three years. The plans have to be realized within another five years.
FEDERAL MEASURES: NATIONAL AIR POLLUTION CONTROL STRATEGY
In the period from 1950 to the mid-eighties, pollutant emissions in Switzerland increased
enormously. SO2 emissions (main sources: industrial and domestic heating installations) rose
by a factor of 2.5, NOx emissions (main source: traffic) by a factor of 7 and VOC emissions
(main sources: industry, trade and motor traffic) by a factor of 4.
In order to reduce air pollution to a level compatible with the environment, the Swiss
government established in 1986 its Air Pollution Control Strategy. The goals of the strategy
are:
• SO2 emissions:
Reduction to the level of 1950
• NOx emissions: Reduction to the level of 1960
« VOC emissions: Reduction to the level of 1960
In relation to the maximum emission level reached between 1950 and 1990, this means a
reduction of 60,69 and 57 % for SO2, NOx and VOC, respectively. The idea of the strategy is
based on estimates that by reaching these emission goals in most places no more exceedances
of ambient air quality standards will occur.
Since 1986, a number of measures to reduce air pollution came into force. Some examples of
the realized measures are given in Table 2.
Table 2. Some examples of realized measures and their effect on the emission of major air
pollutants: high (|), medium (§§) or low (Q) reduction
Realized measures

SO2

Combustion installations: Fuel quality, Retrofitting

■

Retrofitting of industrial installations

1

NOx VOC

0

Inspection and maintenance of motor vehicles

■
□

Reduction of national speed limits

0

Emission standards for motor vehicles

'

0
0
0
□

EMISSION TRENDS FROM 1950 TO 2000
Figure 1 shows the trends of the total SO2, NO% and VOC emissons in Switzerland in tons per
year. It also shows the gap to fulfill the goals of the Air Pollution Control Strategy. The
emissions of all major air pollutants decreased markedly after the entry into force of the
Ordinance on Air Pollution Control in 1986. Compared to the highest levels in the mid
eighties, reductions of 57, 30 and 23 % of the emissions of SOg, NO% and VOC, respectively,
have been achieved by now. The emissions of SO2 meet the strategy goal, i.e. they are back at
the level of 1950. However the emissions of NO% and VOC still need to be reduced
substantially.
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Figure 1. Emission
trends of major pollu
tants and remaining gap
to fulfill the goals of the
Swiss Air Pollution
Control Strategy

ADDITIONAL EFFORTS
Up to now reducing air pollutants meant setting and implementing tight emission standards for
all classes of sources. However, it turned out that technical measures alone will not be
sufficient The steady increase of road traffic, industrial production and consumption of goods
partly offsets the effect of technical measures. Therefore additional action will have to include
economic instruments, traffic management and energy saving. The Swiss government pro
nounced its intention to realize the measures given in Table 3.
Table 3. Measures in preparation and expected effect on the emission of major air pollutants:
high (|), medium (() or low (Q) reduction
Measures in preparation
Mileage dependent tax on heavy duty vehicles

S02

NOx VOC

□

m □
0 □
1

Tax on CO2 emission
Incentive tax on volatile organic compounds (VOC)
Incentive tax on the sulphur content of gas oil
More stringent exhaust gas limits for motor vehicles

a
1

Emission limits for agricultural vehicles and
construction machines
Local reduction and more stringent enforcement
of speed limits

0
□

■

CONCLUSIONS
The air pollution situation in Switzerland has improved in recent years. The realized air
pollution control measures in Switzerland provided a marked decrease in SOg, NO% and VOC
emissions. Today the emissions of SO% are cut back to the strategy goal, i.e. the level of 1950.
However the other goals of the Swiss Air Pollution Control Strategy - to curb the emissions of
NOx and VOC back to the levels of 1960 - are not yet achieved.
Main problems in Switzerland come from NO% and VOC emissions, which create not only
excessive NO% concentrations in towns, agglomerations and along busy roads but also
excessive concentrations of tropospheric ozone in wide areas.
Further action has to be taken with regard to nitrogen oxides, ground-level ozone, car
cinogenic air pollutants and the deposition of acids and nitrogen in sensitive ecosystems.
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THE IMPLEMENTATION CHALLENGE OF URBAN AIR
QUALITY

Robert J.T. van Lint. Sebe Buitenkamp and Maijan Zebregs
Ministry of Housing, Spatial Planning and the Environment
Air Quality and Acidification Abatement Division
P.O. Box 30945, 2500 GX The Hague, The Netherlands

INTRODUCTION
In recent years, the policy followed has booked some significant successes in the structural
reduction of the emissions by a number of air polluting substances (e.g. sulphur dioxide and
lead). However, the Third Environmental Outlook 1993-20151 has determined that the poli
cy goals for a number of other air polluting substances will not be achieved, particularly in
urban areas. This concerns fine dust (PM-10) and polycyclic aromatic hydrocarbons
(PAHs), nitrogen dioxide, benzene and black smoke.
The policy goals for the above priority substances have been set so as to protect the
population against the negative effects on health from too high concentrations of these sub
stances. Forty-six per cent of the Dutch population live in cities of more than 100,000
inhabitants, and, hence, many people are exposed to (too) high concentrations. For this
reason, the Netherlands' Second National Environmental Policy Plan2 lays down that
government, provinces and municipalities will together develop a plan of action to reduce
urban air pollution to acceptable levels. The formulated strategy is presented in the docu
ment here.
To that end, the problem analysis and current policy related to the issue are considered in
more detail below. On the basis of this, the additional policy strategy is formulated.
PROBLEM ANALYSIS
Until the end of the sixties, industry and space heating were the major sources of urban air
pollution. In the past decades the contribution from these sources was significantly reduced.
At the same time, the part played by traffic has grown significantly. Traffic is responsible
for high emissions of carbon monoxide, nitrogen dioxide, black smoke, benzene, PAHs and
fine dust. This pollution can have a large number of negative effects on the health and
well-being of the population, on the vitality of urban greenery and on the quality of the
cultural heritage. By way of illustration, recent scientific conclusions indicate a possible
extra mortality of approx. 3000 lives per year in Holland, as a result of too high concentra
tions of fine dust.
With a view to safeguarding health, maximum levels have been set for the substances men
tioned above. These are given in table 1.

*

Table 1.
i
i
|
I
!
1
j
t

Maximum concentration levels of air pollutants (limiting values)
Maximum concentration level (pg/m3)

Substance
Carbon monoxide
Nitrogen dioxide
Black smoke
Benzene
Benzo(a)pyrene (PAH indicator)
Fine dust (PM-10)

(98P, 8 hour average)
(98P, hourly average)
(98P, 24 hour average)
(98P, 24 hour average)
(yearly average)
(yearly average)

6000
135
90
2
0.001
40

On the basis of measurements and (mathematical) model calculations, the extent and degree
of breaches of levels have been determined for five of these air quality norms in large
cities. The results are shown in figure 1.
Km of road with breaches

15

1 75

2

2

Number of times the norm

Figure 1.

Extent and degree of breaches of air quality norms along busy traffic arteries
in large cities.

The total length of road along which a breach of one or more of these norms occurs is
approx. 340 km.
In table 2 the values for breaches in 1993 are compared with those for 1990 and with the
expected values for 2000.
Table 2.

Calculated kilometres of road with breaches of norms in 1990, 1993 and
2000. The figures are taken from Year Report Air quality 19933
1993

Carbon monoxide
Nitrogen dioxide
Black smoke
Benzene
Benzo(a)pyrene
Fine dust

i

80
220
235
125
95
-

1990

130
450
410
150
200
3200

2000
European Renaissance
-

165
85
40
95
180-310

Global Shift
-

145
70
40
75
-

From the table, it appears that, at the beginning of the next century, widespread breaches of
air quality norms will still occur, with all the associated negative effects on health.
CURRENT POLICY

Dutch environmental policy embodies two approaches: the effect focused and the source
focused. In the effect focused approach, risk thresholds are set, based on the effects of
environmental pollution on the population and/or the ecosystem. These thresholds are con
centrations above which the risks are unacceptable, and concentrations below which no
(appreciable) effects occur. The risk thresholds are then used to formulate environmental
quality goals and requirements, both to be met within a defined time limit. These policy
goals can be translated into required emission reductions, and hence determine the direction
of the source focused approach, which is aimed at suppressing unnecessary environmental
pollution. Defining precautionary measures is also part of the source focused approach.
The environmental quality requirements serve, moreover, to compare actual with desired
environmental quality, and, based on this, to take appropriate measures (or have them
taken), something that can certainly be done for local pollution. But to do this, a direct
relationship must be established between a source of emission and its effect on the environ
ment.
In recent years, the policy followed has booked significant successes in the structural reduc
tion of the emissions by a number of air polluting substances, for example, sulphur dioxide
and lead. To this end, the following policy instruments were employed:
Source requirements (for air pollution as well as odours) in the context of permit
granting. The Dutch Emission Guidelines cover industrial emissions into the air, where
by harmonisation with the granting of permits is the goal.
Source requirements based on general legislation. The Emission Requirements for Com
bustion Plants, for example, that apply to industry, power plants and refineries.
Requirements placed on vehicles and the fuels they use. In general, these requirements
are laid down at the EU level.
Measures aimed to reduce vehicle use (amongst others, by fiscal policy and by in
fluencing behaviour).
Requirements placed on wood-burning stoves, and providing information on the use of
wood-burning stoves and open fireplaces.
Environmental quality requirements for sulphur dioxide and black smoke, nitrogen
dioxide, carbon monoxide, lead and benzene. These need to be implemented through
measures taken by provinces and municipalities. A number of these environmental
quality requirements are based on EC directives.
ADDITIONAL POLICY STRATEGIES

The above makes clear that the existing policy is inadequate for achieving the policy goals.
A more detailed analysis has led to the identification of the following important points:
1. The awareness of the air quality problem in cities needs to be increased. Despite the
serious effects of some substances on health, this problem appears to receive insufficient
public attention and insufficient political attention.
2. Improvement is needed in the conditions under which the environmental quality policy
instruments are used. In particular, a strengthening of the contribution to spatial and

traffic planning is needed for solving dilemmas which accompany the development of
the 'compact city'.
3. The amount of urban air pollution caused by long-distance lorries from abroad needs to
be reduced. This applies in particular to fine dust, of which 80% is of foreign origin.
Based on these points, the following additional policy strategies have been formulated:
1. Increasing the public and political/executive attention to the urban air quality problem,
by
- intensifying the flow of information about the effects of urban air pollution on health
- demonstrating both the air quality problem and possible ways of solving it, by set
ting up a project in a (medium-to-)large city
- using a Top Fifty list of the most affected streets in Holland, to increase involve
ment with the air quality problem.
These policy actions will also involve other environmental issues. In particular, by gaining
the attention of social groupings and local-government officers, a link will be established
with actions by the Climate Alliance. This organisation, whose goal is to see carbon dioxide
emissions drastically reduced, in fact demands to a large extent the same measures needed
to improve urban air quality.
2. Improving the conditions under which the environmental quality policy instruments are
used, by
- formulating policy stances concerning how legal air quality requirements should be
applied to complex situations (for example, applying the benzene threshold in the
planning approval for parking garages)
- developing ways of helping municipal governments that offer real possibilities for
introducing traffic measures to eliminate violations of air quality requirements
- intensifying the flow of information to, and the discussions with, both municipal and
provincial governments on the subject of implementing legal air quality requirements
- strengthening the part played by air quality issues in the development of spatial and
traffic plans.
3. Contributing to international agreements on the reduction of substance emissions, by
- bringing into effect the EC framework directive for air quality, and, based on these,
the directives for individual substances
- making vehicle and fuel requirements more stringent, this to be based as well on
additional research into new technologies
- effecting bilateral agreements with other countries, as well as protocols in the frame
work of the United Nations Economic Commission for Europe (UN/ECE) Treaty
concerning excessive air pollution over long distances.
With this collection of additional policy strategies, the challenge of meeting the goals for
urban air quality is taken up.
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INTRODUCTION

The Canadian Environmental Protection Act (CEPA) proclaimed in 1988 requires the
Canadian Ministers of the Environment and of National Health and Welfare to assess the
toxicity of different substances. A Priority Substances List containing 44 substances was
developped and their assessments had to determine if they were "toxic", according to the
CEPA definition. This definition states that "... a substance is toxic if it is entering or may
enter the environment in a quantity or concentration or under conditions (a) having or that
may have an immediate or long-term harmful effect on the environment, (b) constituting or
that may constitute a danger to the environment on which human life depends; or
(c) constituting or that may constitute a danger in Canada to human life or health."
This paper use the assessment of the polycyclic aromatic hydrocarbons (PAHs) as an exemple
of this procedure.
METHODS

A Task Force composed of members from the Departments of the Environment and of Health
was created to realize the assessment. The environmental aspect was carried out using a
3 "Es" approach, namely Entry, Exposure and Effect. To determine the entry of PAHs into
the Canadian environment for the year 1990, we did an inventory of natural and
anthropogenic sources and developped emission factors when emission data were not available
(1). To estimate the exposure to PAHs, a survey of the available data for the different
compartments of the environment was done and sectors with high PAHs content were
identified (2). We were able to evaluate the effects of PAHs only for nine compounds,
restricted to the aquatic environment (Table 1). Effects were estimated using laboratory
experimental data or by reporting observed field evidences of their impact (3). The human
health aspect of the assessment considered five PAHs classified as "probably carcinogenic to
humans" (4) and for which available data were considered sufficient to estimate exposure.
RESULTS

More than 6300 t of PAHs were released from both natural and anthropogenic sources in the
Canadian environment in 1990, mostly to the atmosphere (4300 t; Table 2)(1). Forest fires
are the most important natural source of PAHs in Canada. Anthropogenic sources are

Table 1

Polycyclic aromatic hydrocarbon compounds retained for the assessment
Environmental assessment

Human health assessment

acenaphthene, anthracene,
benz[a]anthracene, benzo[a]pyrene,
fluoranthene, fluorene, naphthalene,
phenanthrene, pyrene

benzo[a]pyrene, benzo[6]fluoranthene,
benzo[/"]fluorantheixe, benzo [ft]fluoranthene,
indeno [i, 2, J-crijpyrene

numerous and emit PAHs into all environmental compartments. Aluminum smelters are the
greatest anthropogenic sources of PAHs to the atmosphere, with most of their emissions being
released by smelters using the Horizontal Stud Soderberg process (HSS). Major sources of
PAHs to the aquatic and soil environments include creosote-treated products (up to 2000 t/yr),
spills of petroleum products (76 t/yr), metallurgical and coking plants (4 t/yr). Deposition of
atmospheric PAHs following long-range transportation may be important but the amount
involved is unknown.
Except for low molecular weight compounds, PAHs are relatively non-volatile and of low
solubility in water. They are found in all the environmental compartments, with the highest
levels near the sources. In air and water, they are mostly found absorbed to particule matter,
on which they are transported and can be degraded slowly. Since degradation is slow in
sediments, this compartment is the major environmental sink for PAHs (5). In ambient air,
PAHs were measured up to 16 000 ng/m3 near the HSS aluminum smelters. Areas subject to
residential wood heating had lower value than areas near major industrial source of emissions
(maximum of 1000 ng/m3 ). Urban areas affected by emissions from road vehicules presented
lower levels of PAHs (maximum of 300 ng/m3 ). Levels of PAH in Canadian surface water
are below concentrations that cause harmful effects to aquatic biota. Based on limited data,
water collected from railway and utility ditches had PAHs concentrations higher than those
recognized to cause harmful effects to biota under laboratory conditions (5).
Sediments of many harbours or close to industrial sites were contaminated by different levels
of PAHs (1-2000 pg/g dry weight) and effects were observed at several sites in Canada.
Population of benthic organisms have been adversely affected in tidal flats of Muggah Creek
near the tar ponds in Sydney Harbour, in Nova Scotia (6), and in Kettle Creek, Port Stanley
(7), in Ontario, near a former gasification plant. Also, PAHs present in sediment of Hamilton
Harbour have been associated with mortality of sensitive aquatic invertebrates, under
laboratory exposure (8,9).
Laboratory tests showed that PAHs are bioavailable and testing, mainly done for aquatic
media, have demonstrated different effects to biota, both acute and subacute (3). Field
evidences also supports this association. Papillomas were observed in 30% of the white
suckers Catostomus commersoni (10) and hepatic neoplasms were observed in 8.9% of
rainbow trout Onchoiynchus mikiss (11) captured in areas of Hamilton Harbour with high
PAHs levels; fishes taken at reference sites did not have those problems. Up to 75% of
English sole Parophrys vetulus captured in Port Moody Arm of Vancouver Harbour, British
Columbia, presented hepatic tumours (12); these findings were similar to those obtained at
Puget Sound, Washington (13) in the United States of America, where hepatic tumours in fish

Table 2.

Annual atmospheric emissions of Polycyclic Aromatic Hydrocarbons in Canada
during 1990 (Adapted from 1)

Sources

PAH releases
tonnes

%

Aluminum plants

925

21

Metallurgical (including ferro-alloy)

19.5

0.4

Coke production

12.8

0.3

Residential wood heating

474

11.0

Open air fires/agricultural burning

358

8.3

Incineration; sawmill residue (Teepee burners)

249

5.8

Transportation; diesel

155

3.6

Transportation; gasoline

45

1

11.3

0.3

2010

47

4314

100

Anthropogenic Sources
Industrial Processes

Combustion sources

Thermal power plants

-

Natural Sources
Forest Fires
Total (including sources not cited but inventoried)
were correlated to PAHs levels in sediment.
The human health assessment considered only five compounds classified as "probably
carcinogenic to Humans". Exposure to PAHs in food did not permit to develop estimates of
carcinogenic potency of PAHs in the gastrointestinal tract following ingestion. PAHs in
drinking water were considered to contribute negligeably to total intake in Canada (5).
Estimated exposure to ambient air level of these substances were compared to quantitative
estimates of cancer potency to characterize risk. The cancer potency of B[a]P, expressed as
the dose or concentration that induce a 5% increase in the incidence of relevant tumours
(TD0 05), was estimated to be 1.57 mg/m3. The resulting risk to the Canadians was considered
to be moderate to high (5).
CONCLUSION

The assessment of PAHs done under the CEPA concluded that PAHs are entering the
environment in quantity or concentration or under conditions that may have harmful effects on

the environment and that the five (5) PAHs considered in the human health aspect of the
assessment may constitute a danger in Canada to human life or health. This approach
(3 "Es") used by the Canadian govemement to evaluate the toxicity of different substances
permitted to conclude that 25 of the 44 substances of the Priority Substance List are "toxic",
19 were not found "toxic" and there were insufficient information to conclude for 5 of the
substances.
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INTRODUCTION
Air quality and its effects on the environment and human health have received considerable
attention during the last three decades in Alberta, Canada. Among the issues receiving a high
priority are acid deposition, smog and global warming. There are various sources of emissions
to Alberta's atmosphere, many of which relate to the extraction, processing, and burning of
fossil fuels; pulp and paper manufacture; and transportation. There are also natural sources of
contaminants, such as particulates from forest fires and methane from bogs. The extraction,
processing and combustion of fossil fuels play an important role in Alberta's economy. The
province produces over 80 percent of the oil and natural gas in Canada, and nearly half the
coal. Low sulphur coal is used in power plants to supply more than 90% of the electricity used
in this province by nearly three million people. As a result, Alberta is responsible for about 27
percent of the C02,23 percent of the nitrogen oxides, and 16 percent of the S02 emissions
generated in Canada. Alberta's air quality is monitored by the Government of Alberta at nine
continuous, eight intermittent, over 250 static, and 12 precipitation monitoring stations.
Parameters such as carbon monoxide, oxides of nitrogen, sulphur dioxide, particulates, and
ion-content of precipitation are measured. Industry operates a large number of ambient and
static S02 and H2S monitoring stations across Alberta, with monitoring costs estimated at $5680 million annually. The unique features of the Clean Air Strategy for Alberta (CASA) have
already been published elsewhere (1,2,3). This paper discusses the mechanism and progress on
its implementation.
THE ALLIANCE
The Clean Air Strategic Alliance is a non-profit organization incorporated under the Societies
Act of Alberta. The Alliance was established in March 1994, with members drawn from three
distinct stakeholder categories: industry, government, and non-government organizations
(NGO's) representing environmental, health, and consumer interests. The perspectives and
priorities of these sectors are varied; nevertheless, all have come together in a bold and
innovative partnership because they sought a better way of managing air quality in Alberta.
Each stakeholder contributes on an ongoing basis to the work of the Alliance; these
contributions include direct financial support, staff resources, and other in-kind donations, such
as meeting space, publication support, and so on.
The original stakeholders were self-selected through a collaborative process within their
respective sectors. Each stakeholder group then appointed one director and one alternate to

the Alliance Board of Directors. Directors and alternates communicate regularly with their
stakeholder organizations, both to ensure that stakeholders are aware of the Alliance's work
and to bring stakeholder concerns and issues to the Alliance. The Alliance Board includes
stakeholder groups representing interests of oil and gas, alternate energy, agriculture, mining,
forestry, local government, Alberta Energy, Canadian Petroleum Products Institute, Alberta
Health, Alberta Environmental Protection, Environment Canada, NGO Wilderness,
NGO Pollution, NGO Health, Alberta motorists, Chemical Manufacturers and Utilities.
VISION AND MISSION

i

In 1991 the Advisory Group on a Clean Air Strategy for Alberta recommended the
establishment of an organization to implement a comprehensive air quality management system
for identifying problems, setting priorities, and taking action in a multistakeholder setting in
Alberta (1,2). This would take place within the overall strategic framework starting with the
vision that was developed through extensive public consultation and subsequently endorsed by
the Government of Alberta (3) and the Alliance: "The air will be odourless, tasteless, look
clear and have no measurable short- or long-tem adverse effects on people, animals or the
environment."
The mission of the Alliance is to conduct strategic air quality planning for Alberta through
shared responsibility and the use of a formal consensus decision-making collaborative
approach. Planning includes: clear identification of issues; prioritization of specific problems;
allocation and coordination of resources; development of action plans, and evaluation of
results.
The Alliance also sees the sharing of information as a fundamental part of its mission. This
includes facilitating the exchange of technical and scientific information among Alliance project
teams and others who need it, as well as producing and presenting material for lay and
professional audiences. It's members realize they are breaking new ground, both in terms of
their mandate for addressing air quality management and the processes they use to make
decisions and manage their affairs. As experience is gained in these areas and perhaps some
new approaches emerge, the Alliance will continue to share the information with those who are
interested.

<

COMPREHENSIVE AIR QUALITY MANAGEMENT
The steps required to make decisions affecting air quality and to integrate issues relating to
health, environment, energy, and the economy into these decisions are clearly defined (1). It
enables the Board to apply finite natural, human, financial and technical resources in the most
economically efficient and environmentally effective manner. When faced with complex and
possibly controversial issues, the Alliance members can be assured that issues will be assessed
objectively and with consistent criteria. The mechanism provides an opportunity for the public
to bring to the Alliance concerns about air quality by filing a statement'of concern. The
concerns will be screened to determine the appropriate management response, and if the
Alliance is the most suitable agency to address the concern, it then assesses the priority of the
concern using agreed-upon criteria. For issues considered to be of high priority, terms of
reference and other direction are provided to and accepted by a multi-stakeholder project team.
This team develops a proposal for dealing with the issues and brings it back to the Board.
Once this proposal is endorsed by the board and resources allocated, the project team is
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empowered to design a plan for action and implementation, which will also come back to the
Board for review. Approval of the plan involves support of stakeholders and allocation of
resources for implementation. Responsibility for implementation will usually rest with a
designated implementation team or an existing mandated agency, which will keep the Alliance
informed of its progress. When implementation is complete, the Alliance formally assesses the
process and actions taken as to their success in resolving the initial problem. The major steps
in addressing high priority issues are shown in Figure 1.
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Figure 1. Major steps for addressing high priority issues
Essential to the success of this system is the smooth functioning and empowerment of the
project teams. These teams comprise individuals from various agencies and sectors and, while
they are accountable to the Board, they have considerable expertise and experience of their
own on which to draw. Each team has a project leader chosen by the team and the Alliance.
As well, each team has a "champion", a Board member or alternate who liaises between the
team and the Board, and speaks for the team at Board meetings. The Government of Alberta
sanctions and implements Alliance decisions when consensus is reached among the
stakeholders, and the decisions are based on that consensus. This represents a shift away from
confrontational decisions about air quality and is a major commitment on the part of all
stakeholders.
ALLIANCE ACTIVITIES
Efforts to maintain and improve air quality in Alberta in the context of the Clean Air Strategy
have been ongoing since the CASA report to the Ministers in 1991. Recommendations were
very broad in scope and encouraged action by diverse agencies and organizations. Seventeen
priority task groups subsequently formed in response to tire recommendations in this report.
Their task was to identify what needed to be done to fulfil the original CASA
recommendations. The groups took different approaches but all worked towards having a
report and recommendations for further action that could be submitted to the Alliance Board.
Several priority task groups completed their work in, or prior to, 1994.

In March 1994, the Alliance became responsible and accountable for these priority tasks. By
the end of 1994, most task groups had fulfilled their commitments by submitting their reports
and recommendations for action to the Board. The Board acknowledged the substantial
amount of time and energy that went into the preparation of these reports. The Alliance's
challenge is to integrate the different pieces of work into a coordinated plan for air quality
management in Alberta. This is the focus of the Alliance in 1995. Total cost and in-kind
support to CASA from stakeholders was over 1.5 million Canadian dollars. At this time four
projects are being implemented: building codes for energy efficiency, energy efficient appliance
codes, energy efficient government buildings and government fleet fuel efficiency. A
consensus report on action to address the climate change issue was prepared by the Alliance
and adopted by the provincial government in 1994. Terms of reference for other projects,
including sulphur dioxide management, human health, ecosystem health and ambient
monitoring, have been approved by the Alliance. Other projects are in the formative stages
(4). Because Alberta is large and varied, the management system allows for the establishment
of zones to address issues with a geographical focus", providing greater flexibility to tailor
solutions for local and regional conditions. The first zone is already operating as an "airshed"
monitoring initiative.
A clause in the Alliance's constitution will trigger an automatic assessment of CASA in 1997.
The members will review the success of the "shared responsibility" and comprehensive air
quality management approach and decide the future role of the Alliance.
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CANADA’S EVOLVING APPROACH TO ENVIRONMENTAL
PROTECTION
G. Steve Hart
The Canadian Environment Industry Association

Canadians have a long and strong continuing commitment to environmental protection.
Canada’s government is also committed to sustainable development and the greening of
Canada. In terms of environmental protection, I think we will continue to see Canada’s
commitment to economic growth that is sustainable from an environmental point of view.
In recent article by A.M. Gillies, an Executive Fellow at the International Institute for
Sustainable Development, in Winnipeg, Manitoba, Canada, he said:
“Marrying economy and ecology will increasingly become the new win-win agenda for a
Nation’s success. In the future, the choice for Nations will not be between ecology and
economy, it is likely to be between eco-nomic prosperity and no prosperity at all”.
Similarly Lester Brown, President of the Worldwatch Institute in Washington D.C. stated the
requirements for establishing a win-win harmony between the economy and the environment
are “straight forward”. They include reestablishing climate stability, protecting the
stratospheric ozone layer, restoring the earth’s tree cover, stabilizing soils, safeguarding the
earth’s remaining biological diversity, and restoring the traditional balance between births and
deaths. Endowed with a certain permanence, this new (economy) will be far more satisfying
than the ephemeral, throw away (economy) we now live in.
To a large extent these two quotes sum up Canada’s commitment and new approach to the
environment, even in a period of deep economic restructuring. Indeed a high percentage of
Canadians believe that clean-up and protection of the environment will contribute significantly
to the economic growth of our country.
As we all know, this has not always been the case as until quite recently, people in Canada and
indeed globally, thought that environmental protection meant lost jobs. However, we have
very rapidly developed the understanding, that the costs of not protecting the environment, are
far greater. Indeed it is now widely recognized that pollution prevention can be a springboard
to new economic opportunities.
The economic figures bear me out. The environmental industries sector in Canada already
comprises over 4,500 enterprises, which directly employ in the order of 150,000 people. This
industrial sector also generates about ten billion dollars of national revenue and a further one
billion dollars of export revenues. In fact, according to a recent study, Canada’s environmental
industries are now in the top five sectoral employers and represent one of the fastest growing
sectors of the Canadian economy. This is indeed an example of the marriage between
environment and the economy.

I find this trend and these figures extremely encouraging. They tell me that Canada’s approach
to environmental protection is based upon genuine partnership, and that the traditional business
community is a vital and active participant in that partnership — not necessarily because of
regulatory coercion, but because it increasingly sees environmental protection as an economic
opportunity. Indeed, more and more, it is becoming a reality that those companies that behave
in an environmentally responsible manner are much more competitive in their home
marketplace, as well as in the international marketplace.
Canada is moving very rapidly from the traditional end-of-the-pipe, after the fact, approach to
environmental protection. More and more, it is recognized that the only way to address the
issue of environmentally sustainable economic development is through pollution prevention.
Indeed pollution prevention is the future.
In order to achieve pollution prevention there is a need not only for industrial partnerships, but
partnerships at the local, national and international levels. At the local level, it is essential to
devise systems and information programs that allow individuals to plug in and do their part.
Because, in the long-term it is the collectivity of individual actions that will decide our future.
At the local level there have to be a partnership between those with the technical knowledge,
those who can communicate it, and those who can use it. In other words we have to use our
scientific knowledge and information technology to enfranchise individuals to take action.
That then is the challenge we all face as Canadians, and indeed as members of the world
community, whether we work for government, represent private industry, the academic
community, or as individual citizens. We must retool or redesign our way of doing things.
The role of environmental science and technology, in the shaping of our future production
industries, is going to be vital. The environment industry, as an “enabling industry” will have a
vital role to play in this process. By an enabling industry we mean that the environment
industry works with its clients, the more traditional industrial sectors, in order to help them
modernize and meet the challenges and opportunities, on our progress towards sustainable
development.
The Canadian Government is now in the process of reviewing its primary piece of
environmental legislation, the Canadian Environmental Protection Act, or CERA as it is called.
CERA was enacted in 1988 with a provision that required it to be reviewed five years after its
promulgation.
When CERA was first enacted, is was aimed at dealing in a logical, managed way, with the
introduction to, and the presence of toxic substances into the environment. The act also gave
equal importance to human health and the environment. Indeed it is jointly administered by the
Ministers of Environment Canada and Health Canada.
In testimony to the Canadian Parliamentary “Standing Committee on Environment and
Sustainable Development” on June 16th, 1994, the Canadian Environment Industry
Association (CEIA) presented its views on the review of CERA. This testimony is pertinent, in
that it not only lays out our industry’s views, but it is generally indicative of the direction in
which Canada is going. Below are some pertinent excerpts from this testimony.

“—Since 1988 our understanding of environmental processes concerning toxic substances has
advanced considerably. The consideration of the life cycle management of chemical products
has come to the forefront. This has been acknowledged and responded to positively by
industry groups, such as the Canadian Chemical Producers Association with their Responsible
Care Program. CEAI feels that the life cycle analysis and stewardship approach to the
management of products entering the environment, need to be given further emphasis in a
revised CEPA.
—The CEIA also believes that CEPA should include provision for a judicious mix of strong,
technology-pulling regulations; voluntary approaches such as the Responsible Care Program
and the National Packaging Protocol; and economic instruments. On this latter point, we
would appreciate adequate resources being provided to the National Task Force on economic
instruments, that is being organized by Environment Canada and Finance Canada.
—In our opinion, the development of polices and regulations needs to be carried out by
consultation with all concerned parties. A well thought out consultation process, that is well
managed, is of premiere importance in the formulation of regulations that include
considerations of the environment, health and the economy of our Country”.
—”CEIA is strongly convinced that the key to environmental protection lies in the action of
Canadian consumers in the marketplace. The new CEPA should actively encourage Canadian
citizens to recognize the vital role they have to play as individuals, in protecting the
environment
—CEIA is also convinced that procurement is one of the most important drivers for change in
products offered in the marketplace. The Federal, Provincial and Municipal Governments in
Canada, Collectively produce about 20 % of the goods and services sold in Canada. The new
CEPA should contain provisions which obliges the Federal government, and encourages the
Provincial and Municipal governments to adopt green procurement”.
—’’CEIA is if the opinion that CEPA should include clauses which emphasize the
responsibilities that Canadians have internationally, concerning environmental protection. Such
clauses in CEPA would also have an enormous potential for increasing the export of Canadian
environmental products and services”.
As mentioned, our industry is on record as having stated that we are in favour of a judicious
mix of technology-pulling regulations, economic instruments and voluntary action. By
technology-pulling regulations we mean regulations which force the development of new
technology in order to deal with environmental issues. These regulations dot not necessarily
have to be prescriptive, but rather could set goals and objectives which force the development
of technology to solve specific problems. Examples of this type of approach are:
(i)

the phase out of ozone depleting substances, occasioned by the Montreal protocol.
This has resulted in the development if alternative products and technology for
recycling existing products;

(ii)

emission reductions realized by the automobile industry; and
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(iii)

new technologies being developed to deal with site remediation, in a more cost
effective manner.

Another major driving force for rapid change in the environment industry is the international
marketplace. There are more and more instances where this marketplace has forced Canadian
industry to make radical changes to maintain their markets. Examples of this are:
(i)

the recent pulp and paper regulations which were largely brought about by pressure
from international clients, and

(ii)

the rapid build-up of newsprint recycling capacity in Canada over the last few years.
This was brought about to a large extent by international client. The State of
California for example passed a law requiring a minimum of 50 % recycled fibre in
their newsprint.

For the foreseeable future, while working towards pollution prevention, there will have to be a
mandatory regime of regulations, based on good science, to face the clean-up of past pollution
and resolve existing environmental problems. These regulations will need to be vigorously
enforced.
Another aspect of Canada’s approach to environmental protection is research and development
in search of “clean technology”. The Right Honourable Jean Chretien, Prime Minister of
Canada has said “The environmental sector offers one of the greatest opportunities for
technological innovation that the World has ever seen”. In addition the Liberal Red Book, the
Liberal Parties published platform in the last election, devoted a whole chapter to Sustainable
Development.
The Canadian Federal Government has also taken a number of recent actions aimed at building
up Canada’s new approach to environmental protection, some examples of which are listed
below:
(i)

In September 1994 a $57.5 Million Federal Environmental Industry Strategy was
announced. This strategy has put a lot of emphasis on the demonstration of
environmental technology, in order to get it into the marketplace;

(ii)

the Federal government, in partnership with the Provincial government and the private
sector, have established three environmental technology centers in different
geographical locations in Canada. These private, not for profit corporations, will
enable entrepreneurs who have developed new technology, to take in through the
assessment and business development planning phases, in order to make them
accessible to the necessary venture capital;

(iii)

the Federal departments of Environment and Finance struck a Task Force last Fall, to
look at ideas concerning economic instruments, barriers and disincentives that might
be used in the upcoming Federal budget. This is a unique example of cooperation
between these two departments;

(iv)

a Federal Interdepartmental Committee is looking at ways to Green the Government,
especially through Green Procurement Policies;
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(v)

the Environmental Choice program is now fully operational and more and more
products are entering the marketplace that bear the logo from this program;

(vi)

many private sector organizations are looking at innovative ways to minimize waste in
their operations, rather than having to treat it, after the fact;

(vii)

Life Cycle Analysis and Product Stewardship, as exemplified by the chemical
producers Responsible Care Program is catching on; and

(viii)

the Federal Government in cooperation with the Provinces, and through the auspices
of the Canadian Council of Ministers of the Environment (CCME) is looking at the
harmonization of regulations both federally/provincially and interprovincially. This
should lead to a more level playing field for business to operate in.I

I hope that I have been able to show that Canada is rapidly evolving from an end-of-the-pipe,
after -the-fact approach to environmental protection, to a much more proactive and integrated
approach. There is still a need for good science based regulations, that are enforced, and this
will be so far the foreseeable future. However, the role of economic instruments and voluntary
actions, will play a more significant role. The international marketplace will also, inevitably
play an increasing role on how products are produced and what products are acceptable.

STRATEGIE REGIONALE DE PROTECTION DE LAIR:
LA DEMARCHE ORIGENALE D’UN CANTON SUISSE
Chantal Deschenaux, Rita Imhof
Communaute d’etudes pour l’amemagement du territoire (C.E.A.T), Lausanne, Suisse

INTRODUCTION

Les cantons suisses ont l'obligation d'dlaborer un plan de mesures de protection de l'air visant
& ramener les immissions aux valeurs limites fixdes par la legislation fdddrale. L'expdrience
montre que l'application des mesures pour protdger l'environnement demande une
convergence d'efforts de milieux trbs divers et pose de nombreux problemes. Des resistances
se manifestent faute d'une adhesion sociale et politique suffisante ou d'une prise en compte
adequate des aspects de faisabilite juridique et financiere. Les conflits sont d'autant plus a
craindre dans le domaine de la pollution de l'air: nature diffuse, effets et causes souvent
difficiles k identifier clairement, incertitudes concemant l'efficacite des mesures, le debat peut
facilement s’enliser autour du syndrome «Nimby» («not in my backyard»)l.
Pour contoumer ces difficultds, nous sommes d'avis que les solutions pour protdger l'air
doivent etre ddveloppdes sur la base d'une concertation impliquant tous les milieux publics et
privtis charges de la realisation. Le Service de la protection de l'environnement (SPE) du
canton du Valais partage cette opinion. II nous a charge d'accompagner une strategic qui veut
que participent k l'eiaboration du plan de mesures de protection de l'air tous les acteurs
concernes: milieux dconomiques, associations professionnelles et de protection de
l'environnement, autorites administratives et politiques. Cette demarche est unique en Suisse,
les autres cantons ayant choisi une procedure traditionnelle impliquant un cercle d'acteurs
institutionnels plus ou moins etendu. Nous nous proposons d'en exposer ici les grandes
lignes, ainsi que quelques rdsultats qui apparaissent au stade acmel d'avancement des travaux.
UNE DEMARCHE DE CONCERTATION ELARGIE

Le processus mis en place en Valais s'organise autour de trois principes:
1. Disposer d'une structure permettant la participation active de tous les acteurs.
2. Lier dtroitement la concertation et la concrtitisation.
3. Obtenir les moyens financiers ndcessaires pour rdaliser les mesures de protection de l'air et
faire Idgitimer celles-ci polidquement par le Parlement valaisan.
La structure raise en place comprend:
•

un dtat-major interddpartemental, la «D616gation a la Qualitd de l'air» (DA), chargd de diriger
et de coordonner la concertation; la DA est entrde en foncdon en Janvier 1993;

•

une plateforme opdrationnelle, le «Forum de l'air» (FrA), composd de reprdsentants de
milieux privtis, publics et associatifs. Le FrA a pour tache de proposer des solutions
concemant les mesures de protection de l'air et leur financement, ainsi que de contribuer a la

raise en oeuvre. Entr6 en function en septembre 1993, le FrA s'est agrandi en mars 1994
pour fonctionner en groupes distracts travaillant autour de cinq thfemes: dnergie, grandes
industries, PME et artisanat, transports et trafic, produits et ddchets.
PARTICIPANTS AU FORUM DE L AIR ou a ses groupes de travail
Milieux economiques et professionnels
PME
Grandes industries
Entreprises de transports
Milieux immobilieis
Bureaux techniques
Union professionnelle suisse de l'automobile
Chambre immobilibie valaisanne
Chambre valaisanne des entreprises de
chaufiage et ventilation
Union indusbielle valaisanne
Association des entreprises de nettoyage et
d'entreden des textiles
Association des arts graphiques
Chambre valaisanne de commerce
Bureau des mdtiers

Milieux publics
Departement de I'instrucdon publique
Service de l'environnement, des bitiments,
de l'dnergie, des ponts et chaussdes
Services induslriels
Associations rdgionales
Communes
Associations
WWF
Touring Club Suisse
Association transports etenvironnement

•

un groupe d'information, compose de reprdsentants des secteurs public et privd; depuis
juillet 1993, le groupe informe rdgulibrement le grand public des questions de protection de
l’air et organise des actions pour des publics pardculiers (dcoles, 61us, fonctionnaires).

•

un groupe des communes, spdcifique aux intdrets des coUectivitds locales, qui sera crdd en
1995.
STRUCTURE DU PROGRAMME
Ex6cudf cantonal

& la quality de l'air

|

Information
Forum de Fair

Groupe des
communes

Le premier semestre 1994 a dtd marqud par l'activitd intensive du FrA. Celui-ci a remis en juillet
de la meme amide ses propositions k l'exdcutif cantonal, ainsi qu'une requSte pour un crdditcadre d'un montant de 1,5 mio de francs devant assurer leur realisation. Cette requite sera
soumise au Parlement en mars 1995. Parallfelement a la poursuite des discussions, des
operations concretes doivent etre entreprises pen a pen, dont les premieres fin 1995. Le plan de
mesures de protection de l'air sera publid en 1996, la concrdtisadon de la strategic dans son
ensemble est envisagde entire 1996 et 1998.

LES RESULTATS DEBUT

1995

Le manque de soutien politique pour protdger l'environnement etant une difficultd reconnue en
Valais, la concertation avait notamment pour but de renforcer les appuis existants. La
constitution de la DA etait congue comme le premier signe d'un effort commun au sein de
l'administration cantonale. des rdsultats posidfs sont & signaler a ce propos. L'execudf cantonal

a Iargement accepts les propositions que lui a soumises la DA. En plus de presenter au
Parlement un crddit-cadre, il a approuvd le principe d'une participation financidre de tons les
ddpartements pour les activitds d’information. Cette decision est importante, car elle marque la
reconnaissance d'une responsabilitd partagde dans la protection de l'air.
Les groupes de travail ont rassembld des ressources humaines importantes. Des spdcialistes tant
au niveau technique que politique et social se sont trouvds rdunis, mettant a disposition leurs
experiences diverses pour rdsoudre les problemes qui se posent L'assise des actions proposdes
dans le crddit-cadre s'en est trouvde renforcde. En outre, un grand travail de sensibilisation et
d'information a eu lieu prdalablement et paralldlement aux travaux des groupes. Le rendu dans
la presse s'est sensiblement amdliord au cours du temps, tout particulierement manifesto dans le
large dcho qui a dtd fait a la conference de presse de septembre 1994 prdsentant les activites du
programme.
La qualite de participation des acteurs a ete encourageante, en particular du c6te des milieux
privds et des associations professionnelles. Aprds des debuts parfois difficiles, les discussions
ont rapidement porte sur la recherche de solutions constructives. Les collectivites locales ont ete
les moins actives, et l'on peut penser qu'a l'avenir, un groupe specifique les reprdsentant, cette
situation va se modifier.
Le calendrier fixd initialement pour la realisation du programme a ete maintes fois modifie. Les
deiais suppiementaires ont des origines diverses. Certains sont le signe d'une volontd d'agir
deficiente qui demande du temps pour etre renforcde ou d'un manque de priorite accordde k
l'environnement dans un contexte de surcharge administrative. D'autres sont le reflet d'un
rythme d'avancement des travaux qui diffdre en fonction des conflits A rdsoudre ou de la
complexite des matidres k trailer. H faut savoir que les reports d'dchdances sont prejudiciables k
la credibility de la concertation, aussi bien face aux interlocuteurs extdrieurs au canton qu'auprds
des groupes de travail. La quality de participation et le dynamisme de ceux-ci se trouvent
drodds.
QUELS ATOUTS POUR L'AVENIR?
Au stade actuel, le canton du Valais n'a pas communiqud aux autoritds fdddrales de plan de
mesures tel que congu par la loi, contrairement a la quasi-totalitd des autres cantons suisses.
Cependant, force est de constater que ceux-ci ne sont gudre plus avancds dans la raise en oeuvre
des mesures de protection de l'air, et que les valeurs d'immissions fixdes par la Idgislation ne
sont toujours pas respectdes^. On peut par contre escompter que la ddmarche adoptde en Valais
se rdvdlera k terme plus efficace qu'une ddmarche technique et administrative traditionnelle.
Tout d'abord, en raison d'une prise en compte plus rapide de la dimension sociale et politique.
Dans la majoritd des cantons, le plan de mesures a dtd dlabord a «huit clos» entre instances
institutionnelles, puis parfois mis en consultation. Seules quelques associations particulidrement
intdressdes ont rdagi aux travaux rdalisds. H est vraisemblable que d'autres milieux feront part
de leurs ddsaccords au moment de la rdalisation des mesures, et que des blocages importants
apparaitront. En Valais, en revanche, la dimension politique a dtd intdgrde dds le stade de
l'dlaboration, et les solutions adoptdes sont des rdponses jugees acceptables par tons les
participants. A l'heure actuelle, le plan de mesures se trouve ddjd sur la scdne publique et
politique, qu'il s'agisse du grand public - a travers I'information - ou de milieux plus

sensibles - k travers le FrA. Une confrontation directe avec la scdne politique aura lieu
prochainement par le vote du Parlement sur le crddit-cadre.
Ensuite, en raison du mode de definition des mesures. Pour respecter les ddlais d'dlab oration
fixes par la legislation federale, de nombreux cantons ont ddfini leur plan de mesures
relativement vite et en se contentant d'une appreciation sommaire des possibilites de realisation.
Souvent, les plans etablis privil6gient les mesures de competence federale (50% des mesures
ayant un fort impact sur la qualite de l'air proposees dans les plans cantonaux releveraient de la
Confederation^). Ceci permet aux cantons et a la Confederation de se renvoyer les
responsabilites d'applicadon. En Valais, iladtd d'emblde precise aux membres du FrA que les
mesures a ddfinir sont celles de competence cantonale. Ces mesures sont pretisees a un rythme
variable, selon la complexite des domaines k trailer. Certaines d'entre elles sont aujourd'hui k
un stade teds avancd, par exemple dans le domaine de l'dnergie. D'autres ndcessitent d'etre
encore approfondies, comme dans le cas des transports. Cette formulation progressive intdgre
les contraintes, propositions et experiences particulidres des acteurs, et renforce leur
engagement an niveau de la raise en oeuvre.
Un programme de concertation est par nature dvolutif, sans quoi il ne pent y avoir de veritable
participation. 11 doit pouvoir s'adapter en fonction des nouvelles donndes on des priorites qui
apparaissent, et le facteur temps est & considdrer de manidre relativement flexible. Cette fagon de
procdder pose des probldmes confrontde & la legislation federale qui oblige plutot, en raison des
deiais qu'elle impose, d'arreter de manidre prdmaturde des mesures techniques dont la faisabilite
n'est pas assures. Les prescriptions fdddrales ne sont cependant pas sans fondement: la
concertation presente le risque de multiplier les reunions et les groupes de travail pour 6viter de
passer k la phase de la concrdtisation. II s'agit de veiller a faire rdgulidrement avaliser par les
acteurs et les autorites executives les rdsultats obtenus.
Un autre risque conceme un glissement toujours possible de la concertation vers une procedure
d'information ou de consultation. La concertation ne va pas de soi, elle remet en question des
modes de fonctionnement bien etablis. Au sein de 1'administration qui la preconise, nombreux
sont ceux qui l'assimile a un processus destine a convaincre, plutot qu'a un dchange ou toutes
les parties vont devoir adapter leur position. Dans sa gestion, une attention constante doit etre
accordde aux decisions prises, de manidre d dviter un glissement vers des procedures qui
n'offrent pas aux participants les moyens d'influencer vdritablement les solutions adoptdes.
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EMISSIONS OF GREENHOUSE GASES IN THE NETHERLANDS
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INTRODUCTION
The Dutch emission inventory system enables the registration, analysis and localization of
emission data of both industrial and non-industrial sources in the Netherlands. The results can
be used to test the effectiveness of governmental environmental policy. These activities are part
of the policy evaluation tasks of the Inspectorate General for Environmental Protection (IGEP)
and of the Ministry of Transport, Public Works and Water Management.
The emission inventory takes place in cycles of one year. Recently, the most relevant results of
the Dutch emission inventory for 1992 have been published (1). In that cycle the emissions in
1992 to air and water from about 800 major companies have been registered. These 800 com
panies are the most important contributors to the total industrial emissions in the Netherlands.
The emissions of these companies are registered within the individual inventory system. The
emissions from the smaller enterprises and from diffuse non-industrial sources are stored in the
collective emission inventory system.
The data collected in the 1992 inventory have been established for the first time in close coop
eration between the IGEP, TNO, the Central Bureau of Statistics and the National Institute of
Public Health and Environmental Protection. This implies that the data presented here have to
be considered as the official data for the emissions in the Netherlands for the year 1992.

OBJECTIVES AND STRUCTURE OF THE EMISSION INVENTORY
Objectives
The Dutch emission inventory system comprises the registration, analysis and localization of
emission data of both industrial and non-industrial sources in the Netherlands. The objective
of the emission inventory is to monitor the emissions from sources of air and water pollution
on a national scale. This information is used to evaluate the progress of environmental policy
and to provide national and international bodies with official data on emissions within the
country.
Based upon the above objectives the following tasks of the emission inventory are defined:
a) to determine and collect emissions of industrial and non-industrial sources in the Nether
lands and store them in the databases of the inventory system;
b) to analyse emission data with respect to compound, target group and industrial branches, en
vironmental theme and to the location of origin of emissions;
c) to assess the effects of environmental policy and to evaluate to what extent policy goals are
achieved;

d) to ascertain trends by comparing the results for the subsequent inventory years;
e) to supply emission data to local (e.g. provinces) and international (e.g. EC) authorities
and other interested parties (e.g. for modelling studies).
The emission inventory system contains emissions to air, water and soil both from indus
trial and non-industrial sources and comprises two coupled information systems. For the
most relevant industries, the emissions are registered individually based upon information
of each individual plant, installation and appliance (the Individual Emission Inventory Sys
tem, IEI). The emissions of the other, the smaller industrial as well as non-industrial source
are calculated collectively with statistical data as population density, number of employees,
housing, road traffic etc. (the Collective Emission Inventory system,CEI).
Individual Emission Inventory system - IEI
For the most relevant industries, the Individual Emission Inventory system (IEI) contains
a large number of specific compounds emitted to air and water. Each individual plant, in
stallation and, in most plants, each device is examined and significant data at the different
levels are stored in the inventory. Together with information on the sources (points of re
lease) within the company each emission is categorized as to the origin, the chemical nature
and the location.
The companies concerned provide the data required to estimate emissions on a voluntary
basis. This information is treated as confidential and is administered by the Department for
Emission Inventory and Information Management of the IGEP. Only a restricted number
of persons, the primary environmental authorities included, have access to the data on in
dividual industries. Others may obtain data at an aggregated level only.
The data set for the year 1992 of the IEI, essentially, is a matrix of approximately 900 emit
ted substances and about 800 companies. Each matrix cell contains a new matrix, in which
the emission of a substance is attributed to an installation and an emission point. Because
of this, a link has been established between an emission and its underlying processes. The
inventory of emissions to water is more simple as the link with processes is disconnected
in many occasions. In most cases, the total, aggregated emission of a company to water has
been recorded.
Collective Emission Inventory system - CEI
The Collective Emission Inventory system (CEI) does not take place in cycles. The under
lying data are, however, also yearly updated. The CEI stores the emission data of other
(smaller) companies and of diffuse emissions as from road traffic etc. The emissions are
estimated with statistical data such as number of inhabitants, houses etc. and by use of
emission factors.
Furthermore, the collective emission inventory system contains all kind of basic data relat
ed to the infrastructure of the Netherlands, such as geographical information about houses,
traffic roads, railway roads, airports, shipping routes and smaller companies. Also general
data are incorporated such as the type of soil, the nationwide sewer system and the drainage
system for waste water.

Individual emissions are also introduced in the data structure of the collective system. Linking
the CEI system to a Geographical Information System (GIS) enables spatial presentation of the
total emission per area.
Selected compounds for presentation
From the circa 900 registered substances about 60 have been presented and discussed every
year (1). Among them are the so-called ‘priority’ compounds, which the Dutch environmental
policy is primarily aimed at. Furthermore the results of the analysis of emission data are pre
sented with respect to both environmental themes and target groups, i.e. source categories, as
distinguished in the National Environmental Policy Plan (2).
The most relevant environmental themes are climate change due to the greenhouse effect and
ozone depletion, acidification, eutrophication and dispersion of toxic substances. Important
emitting target groups are industry, traffic, agriculture and consumers.
The emissions of the environmental policy performance indicators for the environmental
themes have been transformed into equivalent units (3). In that way the relative contributions
of the different target groups can be shown for the total emissions relevant for the environmen
tal themes.
Climate change - greenhouse gases
The emissions of the greenhouse gases C02, CH4, N20 and CFC (1) are expressed as C02
equivalents, based on the global warming potential of the substances. Therefore, the emission
data in Tg.y"1 are multiplied by a correction factor, shown in, taking into account the global
warming potential of the different greenhouse gases. Dutch environmental policy uses the unity
of Ceq, being equal to 1 Tg of C02 equivalents.
Table 1

Greenhouse gas emissions from target groups in the Netherlands in 1992. All
emissions are expressed as C02 equivalents (Ceq.y-1).

Substance
factor
Oil refineries
Energy sector
Waste disposal
Chemical industry
Other industry
Agriculture
Transport and traffic
Residential consumption2
Nature
Estimate 1993
Total 1992
Total 1990
Total 1988
Total 1992 including potential emissions3
Emission objective for the year 20003
1
2
3
4

C02

ch4

N20

1

11

270

10.8
39.3
2.05
18.7
34.6
8.35
29.3
21.4
-

164
165
159
150
187
173

0.005
0.005
0
0.052
1.06
5.51
0.072
5.04
1.34
12.8
13.1
12.5
9.43
13.1
10.7

-

0.452
0.007
6.66
1.50
1.21
1.15
10.8
11.0 4
5.94
4.47
11.0
17.0

CFC1

Contribution
Total Ceq pertargetgroup
3500
(%)
5.4
10.8
19.8
39.3
2.05
1.0
10.6
1.94
21.1
42.4
21.3
6.70
10.3
20.5
31.4
15.8
0.438
14.4
1.01
28.7
1.3
2.49
97.7
6.95
194
100
10.1
199
195
98.1
16.9
182
91.6
18.1
245
236
0
201

CFC expressed as CFC-11.
Including target groups: Building industry, Sewage works and Retail trade.
Including potential C02 emissions, related to the use of feedstocks and temperature corrected (1,2).
The N20 increase between 1990 and 1992 has to do with data improvement.

In 1992 the total registered emissions of greenhouse gases in the Netherlands amounted to 199
Ceq (Figure 1). About 82% of these Ceq emissions originated from C02. The CH4 emissions
increased whereas the CFC emissions decreased between 1990 and 1992.
Important contributions to total Ceq emission are caused by (Figure 1):
• The energy sector (C02 from combustion).
• The other industry (C02 from combustion, CFC).
• Traffic (C02 and N20).
• Consumers (C02 from space heating, CFC and CH4 from landfills).
• Chemical industry (C02 from combustion and CFC).
• Agriculture (N20 and CH4 from ruminants and organic soils).
Figure 1

Relative contribution of target groups to emission of greenhouse gases in the
Netherlands in 1992 (C02 equivalents Ceq.y"1).
199 Ceq
Residential consumption
14%
X
_____

Nature
1% Oil refineries
5%

Energy sector
20%

Waste incineration

Agricultur

1%

10%

Chemical
Industry
11%

Other
industry
21%

Emission

1990

1992

1993

195
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194

The calculation of the environmental theme indicator for greenhouse gases is based on the
emissions of C02, CH4 and N20, and the utilization of freons. In this calculation, not only ac
tual C02 emission is accounted for, but potential C02 emission as well. This means that all
combustion is assumed to be complete (no CO emission) and that potential emission from feed
stocks, being converted to end-products, is accounted for as well. Also, the C02 emission is
temperature corrected. The total of actual and potential emissions of these substances added up
to 236 Ceq for 1992 in the Netherlands (Table 1). This total is about 35 Ceq higher than the
policy objective aimed at for 2000, namely 201 Ceq. The individual emissions of C02 and CH4
are closely above their own ceilings for 2000. The N20 emission already is much lower than
its ceiling for 2000.
Figure 2A shows the spatial pattern of greenhouse gas emissions in the Netherlands. C02 emis
sion due to fuel combustion and thus the location of important industrial areas and population
density strongly determine this pattern (2D). Figure 2B presents the spatial pattern of N20
emissions in the Netherlands. Agricultural areas can clearly be recognized in this map as well
as the traffic roads in the western part of the Netherlands. Finally spatially resolved industrial
C02 emissions are presented in Figure 2C. Industrial areas can clearly be seen here.

Figure 2

Emission densities of greenhouse gases to air in the Netherlands in 1992 (5x5
km squares, sources and compounds as indicated) in Ceq/year.
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INTRODUCTION
The aim of this research is to show how the general wording of the Air Pollution Control
Act which came into force in 1982 has been given practical meanings. The main interest is
the administrational implementation of the aims of the air pollution legislation for
regulation of industrial activities and the energy sector. The paper focuses on the decisions
and the decision-making process through the Air Pollution Control Act with its relatively
flexible norms (1; 2). It gives a view of air pollution control practices and its problems,
especially concerning sulphur emissions of whose control there is already lot of
experiences.
The grounds for resolutions given according to the Air Pollution Control Act and the
possibility of public participation in their making are the centre of attention here. The
greatest interest is cases on the decisions made by applying general governmental
decisions, especially regulations concerning coal-fired power plants, and the regulations for
sulphur dioxide emissions, in the governmental decision of 1987 (3).
MATERIAL AND METHODS
The method applied is to look at contents and meanings of the decisions made by
environmental authorities according to the air pollution control act and related documents.
The study illustrates the arguments and the contradictions between the enterprise, the
Supreme Administrative Court, and the Ministry for the Environment on the one hand, and
regional provincial governments, and local municipal environmental committees, as well as
regional and local citizens’ groups and individual citizens on the other.
The criteria used for selecting the cases and associated decisions was the position
measured as the amount of various impacts, various installation types and also
geographical reasons. The results presented here are based mainly on qualitative content
analysis of these documents and also on other material from many sources from enterprises
to organizations of citizens. It has been supplemented by discussions mainly with certain
air pollution control authorities. Questions of air pollution are often very complicated and
dependent on interpretation and at the same time related to various values and interests (4;
5). Therefore it is ultimatetely difficult to draw any absolute conclusions, although
measuring and other technical and natural scientific methods have improved significantly.
The investigation focuses on many specific cases discussed. Many concern coal-fired
power plants and pulp mills but also some other energy production installations as well as

the main process industry sectors. One of the most interesting of the cases in Finland is the
new coal-fired power plant in Meri-Pori, in the Satakunta area and the existent coal-fired
plant in Naantali in the vicinity of Turku. Of existent plants there have been two cases in
Vaasa province similar to somewhat different resolutions in Uusimaa province. As process
industry plants a copper and nickel smeltery in Harjavalta and a titanium dioxide pigment
plant in Pori, the only ones of their kinds, are taken as typical examples of facilities with
no national objectives given by the Government
RESULTS
In rather extensive Finnish committees preparing proposals for air pollution norms the
representatives of energy production and industrial life have stressed technical and
economical feasibility of emission standards and the general principle of cost-effectiveness.
In spite of its good sides this may in some cases also have delayed the technological
innovation process. However, this is somewhat tentative, because the chances of prospering
in the environmental technology business and of being ahead in international air pollution
prevention depend on many reasons.
Those fields of activities and enterprises which themselves produce harmful emissions
possess naturally the greatest expert knowledge as far as their own processes are
concerned. The reports prepared by them are used quite a lot in making air pollution
prevention programmes, usually for the next ten years. Local and regional environmental
authorities and citizen groups have less influence on political decisions, although they have
had their own representatives on committeees.
According to the Air Pollution Control Act provincial governments must have made their
decisions to put the government’s general decisions into practice or for other reasons in
order to prevent air pollution in advance. Regional provincial governments have in many
cases required stricter emission limits for coal-fired power plants than those stipulated in
the government’s 1987 sulphur dioxide regulations proposed by the Sulphur Committee in
1986 and transformed into boiler specifics in 1990. In .all.cases the enterprise has appealed
to the Supreme Administrative Court, which has duly revised the decisions in accordance
with national programmes in force. Even the air quality guidelines given by the
Government to protect human health have been assumed to be in danger of being
exceeded. The same also applies to large and an extremely modern coal-fired power plant
(6) which was under construction in an area earlier much polluted and for example forest
soils vulnerable to acidification.
Government’s decisions to prevent air pollution have been issued in the first place on an
international and nationwide basis. Instead, provincial government which has so far
processed the air pollution notifications case by case must also take into account regional
and local questions if necessary. Instead local and regional reasons have played a more
significant role in final decisions concerning sulphur limitations of sulphate pulp mills to
whose emissions government has given general guidelines not regulations, which may
explain why the Supreme Administrative Court has largely rejected the appeals of
enterprises principally situated in Kymi province. These cases may also be due to the fact
that the pulp mill always gives rise to considerable local loss of amenity, if its malodorous
gases are not treated.
According to the Air Pollution Control Act the decisions made for notifications must be

moderate as far as economic possibilities, effects of emissions and purification results
concerning individual facilities are. If the concerned Government’s decision has been given
as a regulation, environmental authorities are allowed to demand stricter emission limits
only for specially weighty reasons. This has proved impossible in practice in Finnish
conditions, so the only way to tighten the standards might be to update governmental
regulations and give them as guidelines like those of other establishments causing
emissions into the air.
Above all in the early times permission and notification procedures let alone supervision
by environmental bodies have caused a great deal of difficulties (7). For lack of resources
of a young environmental administration in particular, there have been delays in the
official processing of notifications under the Air Pollution Control Act. Nationwide air
pollution standards in force, especially those of coal-fired power plants but also in some
way guidelines of sulphate pulp mills, have not reflected directly technical-economical
advancements, the results of environmental research, nor the environmental concerns of
people suffering losses. For most types of process industry facilities the Government has
not given general standards at all.
It is the sulphur emissions have which substantially decreased from the beginning of the
1980’s both by structural change in energy production and industry and express cleaning
investments. Thus the newly proposed requirements can be fulfilled with very few special
measures. Paradoxically, targets proposed by Sulphur Committee II in 1993 may. even quite
largely retard the development of emission reductions already being accomplished in
enterprises and also being decided on many provincial government’s decisions concerning
the process industry.
DISCUSSION
On the basis of former experiences it does not seem advisable to give governmental
decisions in the form of regulations to establishments of large size with greater cleaning
facilities. Because the environmental situation and so called critical loads may vary quite a
lot regionally and locally, this has proved somewhat contradictory. It is, however, more
than likely that those enterprises, in order to improve their environmental image when
under public pressure, will put their modem cleaning technology already existing into full
use so that they can inform the media that they have kept well within emission limits.
The obstacles to successful air pollution prevention do not seem to be so much of an
economic and even less of a scientific and technical nature. Instead, from this framework
of analysis they can be found more in insufficient realization of democracy if measured as
public influence. An individual citizen’s or a citizen group’s chances of influencing either
legislation or actual practice seem fairly limited, although the aims and consequences of
such actions are very difficult to define. Because the most sulphur depositions in most
European countries not only in Finland comes from other countries’ emission sources,
international cooperation is badly needed. It must, however, be admitted that the situation
in adjacent areas of Finland needs special attention.
Of all fossil fuels natural gas is the cleanest and and for all improvements in both air
pollution abatement technology and more modern processes, peat and coal are still inferior
solutions. From the point of view of mere air pollution control, nuclear energy is a
favourable source of energy, but its environmental and social difficulties are of different

kinds and in many ways still maybe greatly problematic. Nowadays solving the questions
of nitrogen oxides coming mainly from road traffic, and especially the problem of carbon
dioxide emissions from all combustion, obviously need structural means not only the
development of technology. Precautionary means preferably taken into account already in
the planning or design phases seem clearly more profitable for concerned than sanctions or
other measures taken afterwards.
Although Finland can achieve air pollution prevention goals mainly by technical means, in
some cases it costs quite a lot (8). By developing production which conserves natural
resources and consumes less energy, less cleaning technology is needed. When smaller
emission reductions are needed, sufficient economic instruments might work even better. In
international comparison, the Finnish situation has for one reason or another proved
relatively succesful although some indicators show even higher pressures than on average
in many European countries. It is argued that the planned and already accomplished
changes in legislation do not automatically improve the situation. This depends on every
part of society, they will show the future trends in practice.
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RATIONALIZING URBAN ENVIRONMENTAL MANAGEMENT
Zi-Zhu Jia
Chengdu Institute of Environmental Production, Chengdu, 610041 China

INTRODUCTION
As a common knowledge that almost every city has been playing an important role for the
economic prosperity as well cultural, educational, social, scientific and technical development
in the locality and the region. Since the recent decades, each city is gathering more and more
population, industries, communications and transportation along with a vast amount of the
energy and other resource consumption in China, with the result that many cities have turned
into the major emission sources of the harmful gases (including greenhouse ones), wastewater,
solid wastes and other chemical or/and physical emissions in terms of the local or regional
scale. And number of metropolises may be becoming the priority sources in the case of global
scale from a long-term point of view.
China is undergoing a high tide of the urbanized process. During the last decade, the number
of cities at and above the level of county had increased by a factor of two and more. The total
population living in the cities and towns has gone up from 0.19 to 0.57 billion people. The
course of the urbanization in mainland China is given in Figure 1. As to the trends of urban
population for many cities, one of representative samples is Zhengzhou City, a provincial
capital of Henan. It is shown in Figure 2.
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Figure 1. Increase in the number of cities and their population in Chinese mainland
On the basis of current and finite experiences, funds and technologies, is must bound to result
in the large amount of pollutant emissions and a lot of potential risks involving further
degradation of the urban and suburban ecoenvironment. It is self-evident that how to
rationalizing our urban environmental strategies, such as sharping the ability to distinguish
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between the potential risks and valuable experiences at home and abroad, seeking more support
and cooperation from the international community, effectively using the limited funds,
improving the concepts and models of the environmental management from the end-of-pipe
regulation to pollution prevention, or minimization of the source(s) - emission - adverse
effects, especially the potential source prevention with sparing no effort, and remedying the
defects of present environmental assessment systems might be the key to the combined
management and minimization of the air, waste and water pollution.
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Figure 2. The tendencies of urban population growth and urban areas in some Chinese cities
MAJOR ENVIRONMENTAL ISSUES
In general, urban environment, as a fatal point of the work in China, have made considerable
progress. An outline of the urban ambient air quality monitoring from 1981 to 1990 is
introduced in Figure 3. As for the results of urban noise measurements together with traffic air
pollution, the author had presented in the last Congress. The mass of colleagues of mine have
put in a great number of hard work for it. Unfortunately, some of metropolises, such as
Shenyang, Xian, and Peijing have been placed on the list of cities suffered from serious air
pollution in global scale. However, many small and medium-sized cities may be getting worse.
Next, the daily emissions if municipal solid wastes have come up to about one kilo per capita.
The total emissions increased at an average rate of 10 % a year. Most of them are still openair storage. With regard to the industrial solid wastes, the comprehensive utilization ratio
increased by a factor of less than 1 % a year, but the annual emissions showed average increase
of 15 million tons from 1986 to 1990. There are several ten cities stacking up it more than 10
million tons respectively. The total storage of industrial solid wastes amounts to 6 billion tons,
among them, some 10 % may be hazardous wastes.
Thirdly, about 50 % urban water resources have been polluted. The COD in domestic sewage
showed a yearly average growth of 0.1 million tons. By the 1991, more than 300 cities have
lacked of water resources and more than 50 cities occurred water shortage. And the water
supply is still more than 10 million m3 short a day for the urban areas of the whole country.
Fourthly, the financial resources in developing countries are scarcer. A few of largely
environmental projects provide food for thought. One of them is a emission pipe from large
25 21081

paper mill to the centre of the Tojiang river near the foot of the Leshan Big Buddha. The river
is a tributary of the Yangtze river within the boundaries of Sichuan province. Another sample
is the biggest sewage pipeline from polluted Suzhou river to the inland sea. According to the
end-of-pipe regulation and environmental impact assessment, it might be correct, but in the
light of pollution prevention or minimizing the source(s) - emissions - adverse effects
suggested by the author, this point is open to question. In fact, we cost a large amount of
money to protect the sources in a sense.
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Figure 3. An outline of the urban ambient air quality
Source: Wang, J., etc. 1993. Adv. in Env. Sci. ! 42-54
RATIONALIZING URBAN ENVIRONMENTAL MANAGEMENT
Two years a go, a public opinion poll organized by the National Environmental Protection
Agency (NEPA) and Chinese Youth News had shown that about 81.1 % of more than 2000
people were satisfied with the environmental quality and 26.3 % of them have thought of that
the air pollution was most serious problem. It shows that environmental consciousness of
public is rising. In addition, I was deeply touched by a couple of young people’s study of
environmental issues at their own expense for several years. This is one of driving forces to
rationalize our urban environmental management.
Recently, the sustainable development has been adopted as a national strategy in China.
However, the current situations of urban environmental pollution mentioned above are nothing
to be optimistic about. Therefore, a heavy responsibility is to continue improving our
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environmental management by the reasonable guideline, further legislation at local and national
levels as well as international cooperation so as to set about the potential source prevention.
In reality, the major environmental problems are coming from the (direct) source and potential
(including indirect) source, in author’s opinion. And the latter may be a basic reason which the
urban environmental degradation and other ecoenvironmental deterioration are difficult to take
a turn for the better all over the world, especially in developing countries and their urban areas.
Since the issuance of the IUAPPA Declaration of Pollution Prevention in 1991 and proposition
of the Clean Production by the UNEP afterward, the U.S. EPA and a number of environmental
authorities in developed countries have implemented the pollution prevention, or reducing
pollution at the source, e.i. source minimization, in an all-around. Undoubtedly, it integrating
with the end-of-pipe regulation and actively constructing (urban) ecosystems must give great
impetus to the reform and perfection of the urban environmental management. However, the
author hold that the pollution prevention would be extremely perfect if including the potential
source minimization. That was why the author had brought forward minimization of the
source(s) - emissions - adverse effects for perfecting our environmental management. The
source(s) means comprising the potential one.
The author has noticed that a great deal for air pollutants, solid wastes, noise, water quality
degradation, as well as other chemical and physical pollution mainly come from use of many
products. It is very conspicuous in any urban areas. The above mentioned environmental
issues are no exceptions. However, the producer of the product may be not a source when it is
in operation or being build, but its product is a source when anyone use it. In accordance with
the minimization of the source(s), the producer of the product should belong to the potential
source, such as motor vehicles, detergents, pesticides and so on. It might be defined as the
cause to pollute the environment or to the biggest potential source and potential risk for
environmental planning and management in the future. The author has been deeming that no
matter how strict the population policy may be, its enforcement is absolutely correct from a
long-term strategic point of view.
The author regards that the potential source is a motive force for the ecoenvironmental
degradation. In other words, the urban environmental decay will cover a historical period of
considerable length until the potential developing nations. Today, the potential sources have
sprung up like mushroom because the environmental impact assessment is powerless for them.
We should use the risk analysis instead of it for the minimization of the source(s). Meantime,
the people control of population as one of the potential source prevention, has gone beyond the
limits of the environmental management. Figure 4 is a tentative programme of rationalizing
urban environmental management in future.
CONCLUSION
Every city is being or has become a major emission source now. Rationalizing urban
environmental management will advance the combined management or air, waste and water
pollution. And the potential source prevention may perfect our environmental management. If
so, it should be one of the best ways to greet the “Growing Challenges - from Local to Global”
and to guarantee the globally sustainable development.

Source(s)

Emissions

Advervese Effects

Environmental Management in Force
by the UNEP & Environmental Auhorities

Pollution Prevention
Clean Production
Since 1990s

End-of-Pipe
Regulation

Actively
Constructing
Ecosystems
Since 1970s
Since 1980s
Environmental Impact Assessment

Process of production
Overpopulation
and low-level
Process of the use of
education.
product
Comparative Risk Analysis
Minimization of the Source(s)

-

Emissions

-

Adverse Effects

Environmental Management in the Future
By the UN, Each Country’s Goverment & International Organizations

Figure 4. A sketch of rationalizing environmental management

AIR POLLUTION ABATEMENT AROUND THE BALTIC SEA FROM A NATIONAL TO AN INTERNATIONAL PERSPECTIVE
Kari Kankaanpaa, Perttu Aittoniemi and Tuomo Kassi
IVO International Ltd, Vantaa, Finland

INTRODUCTION
Environmental burden and environmental protection activities, together with the costeffectiveness of emission reduction and the economic possibilities of financing the
environmental investments, vary greatly between the countries around the Baltic Sea.
The objective of this paper is to outline solutions based on a new approach to emission
reduction, larger than the national scale. Especially the applications of the recently
introduced Joint Implementation (JI) principle will be discussed. The paper mainly deals
with the acidic sulphur dioxide (S02 ) emissions related to power production.
THE POWER SYSTEM ROUND THE BALTIC SEA
The structure of power production around the Baltic Sea varies from a mixture of nuclear,
hydro and fuel-based power to 100% thermal power, see Figure 1. In the Nordic countries,
the high share of combined heat and power production (CHP), biomass, nuclear energy and
hydropower together with advanced flue gas cleaning systems yield small specific
environmental emissions, .see Table 1. Furthermore, the Nordic countries have been
utilising the variety of power production structures for many years by connecting their
power transmission networks within the NORDEL cooperation. As a consequence of the
increased power exchange, huge amounts of airborne emissions have been avoided, as
hydro and nuclear power have replaced the use of fossil fuels.

Table 1. Acidifying emissions from the electricity production in the the Baltic Sea area in
1992. (1)
Country

S02 emissions
mg/kWh
1000 t/a

NO, emissions
mg/kWh
1000 t/a

Poland
Lithuania
Latvia
Estonia
Finland
Sweden
Denmark

1,400
34
6
130
26
5
120

349
6
2.4
12.4
31
5
93

12,200
2,100
2,300
12,400
470
35
3,700

3,000
400
900
1,200
560
35
2,800

Hydro and wind power

.gtx

Nuclear power
Other thermal power

%[ ■$'

Petersburg

Figure 1. Power generation in the countries of the Baltic Sea area (1), (2).

BASIS FOR COOPERATION
In the northern and western parts of the Baltic Sea area, electricity companies have made
great investments in reducing acidifying emissions. Further emission reduction programmes
(ERPs) will be based on the critical load concept and they will imply remarkable
additional costs. As an example, the cost per GNP of the Finnish ERPs is 2-6-fold in
comparison with the corresponding figures in other European countries.
In spite of the significant emission reductions, acid deposition continues to clearly exceed
the critical values depicting the environmental tolerance in Finland. In the southernmost
part the values are exceeded 2-4-fold. Only about 20% of the acidic deposition in Finland
originates in domestic emission sources, whereas the major environmental burden is caused
by transboundary sources. In Finland, the critical pollution load limits can be met only if
it is possible to bring about considerable reductions in sulphur emissions in the
neighbouring eastern and southern areas around the Baltic Sea.
Increased power exchange between the countries around the Baltic Sea could be a partial
solution to meeting the environmental challenges. In terms of environment, power trading
can be regarded as justified only when power is generated in an acceptable way. In the
near future, due to economic limitations, power trade between the Nordic and the Baltic
countries will not play an essential role in decreasing the environmental burden.

o^/

THE CONCEPT OF JOINT IMPLEMENTATION
An opportunity for carrying out emission reduction measures in a cost effective way
beyond the national scale and for gaining mutual benefits is provided by the concept of
Joint Implementation. It is a new element included in the Sulphur Protocol II. In principle,
the concept seems to be especially applicable to the Baltic Sea area.
JI means that the balance of emissions is not any more limited inside the national borders,
but the emission bubble can cover a group of countries. The investments made abroad
could be accounted to benefit the emission balance of the investing country.
There are several types of projects applicable to this type of cooperation in the energy
production. They include e.g. modifications of combustion technologies, installation of flue
gas cleaning equipment, extension of CHP production, increase in the energy efficiency at
power plants and fuel conversions to environmentally cleaner fuels.
As far as carbon dioxide emissions are concerned, the concept of Joint Implementation
based on the Climate Convention will be applicable as well.
A CASE STUDY ON JOINT IMPLEMENTATION
A case study considering an installation of a flue gas scrubber at the Inkoo coal-fired
power plant (1000 MW) in southern Finland and at the Estonian oil shale-fired power plant
(1600 MW) in northern Estonia has been discussed in this paper. At the Inkoo PP it is a
question of the "second stage" emission reduction whereas at the Estonian PP no earlier
reduction measures have been taken. The reduction potential and costs of emissions have
been estimated, and the environmental benefits in the form of reduced sulphur deposition
brought about by the emission reduction measures assessed (Table 2).
Calculated on the basis of future operation prospects, the contribution of emissions from
the Estonian PP to the annual sulphur deposition in southern Finland is about 15 mg/m2,
whereas the contribution of the Inkoo PP is 3.5 mg/m2 (Figure 2). After the installation of
the desulphurization equipment the corresponding figures would be 11 mg/m2 and 1.5
mg/m2.
Table 2. Environmental and financial benefits of the Joint Implementation case project
Inkoo-Narva. (3)
Inkoo PP
in Finland
2,000
Operation time at full load (h/a)
65
Investment cost of desulphurization (USD million)
2.6
Operation cost (USD million/a)
2,400
Reduction of S02 emissions (t/a)
4,150
Emission reduction cost (USD/t S02)
Reduction of S-deposition in Southern Finland (mg/m2) 2
Reduction cost of S-deposition in
5.2
Southern Finland (USD million/mg)

Estonian PP
in Estonia
5^00
65
2.4
15,000
650
4
2.6
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Figure 2. Annual sulphur deposition (mg/m2) due to the emissions from Inkoo coal-fired
PP and Estonian oil shale-fired PP. (2)

Assuming the current operation of the plants, the marginal cost of SOz emission reduction
in the Estonian Power Plant is up to six times better than the corresponding cost in the
Finnish facilities. In Finland, environmental benefits in the form of reduced sulphur
deposition would be double. By investing in Estonia the reduction cost of sulphur
deposition would be less than half-of the corresponding cost in Finland.
DISCUSSION
The motives and benefits of the cooperation model to level down the unbalances in
environmetal burden and environmental protection activities presented in this paper are
obvious. The Baltic Sea area forms an especially suitable area for the optimization of
environmental protection measures over a larger area than one country. According to the
model calculation presented in this study, substantial mutual environmental and economical
benefits can be derived from Joint Implementation projects.
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AIR QUALITY STRATEGY FOR HONG KONG
Ng, K.Y. Alex.
Air Policy Group, Environmental Protection Department, Hong Kong Govt
33/F., Revenue Tower, 5 Gloucester Raod, Wanchai, Hong Kong.

INTRODUCTION
Hong Kong has experienced unimpeded economic growth for four decades but
at the same time has suffered from growing air pollution. A new look at the air'
quality strategy is therefore required to bring about sustainable development
EXISTING AIR QUALITY PROBLEMS
Air quality measurements show that we have frequent exceedances of the
health-based Air Quality Objectives (AQOs) for total suspended particulates
(TSP) and respirable suspended particulates (RSP) across the whole territory.
The NOx concentrations at certain locations have also reached critical levels.
Some of our monitoring results can be found in a companion paper (1).
FORMULATION OF AN AIR QUALITY STRATEGY
This involves sizing the problem through comparison with the relevant AQOs,
identification
of the sources of the pollution, compilation of emission
inventories, study of the micro-meteorology
and the dispersion pattern of
pollutants in different air sheds (Figure 1). We have identified diesel vehicles
to be the main culprit for our RSP pollution and construction activities to be
a significant source of TSP emissions.
To tackle the vehicle emissions, we have developed a number of policy options
and analysed the air quality implications of each option by dispersion
modelling. As a result, we have identified 5 cost-effective programmes to be
implemented in the coming two years. They are :
(a)

(b)
(c)
(d)
(e)

introduction of high quality automotive diesel, ie. diesel with 0.2%
sulphur content, to be introduced in April 1995 and diesel with
0.05% sulphur content to be introduced in October 1996;
introduction of stringent vehicle emission standards for new vehicles, viz.
EURO-1 in April 1995 and EURO-2 in October 1996;
introduction of higher penalties for smoky vehicles;
introduction of an inspection and maintenance programme for in-use
vehicles; and
reduced reliance on light duty diesel vehicles.

To implement these programmes, we need to consult other relevant branches
in the Administration and the affected trades. Their views and comments will

be taken into consideration in fine-tuning the proposals.
We shall then
promulgate regulations and enforce them. The resultant air quality
improvement will then be compared with our original model predictions and
further actions will be taken if necessary.
For the construction dust emissions, we shall put the major emitters under
licensing control. For small emitters, we shall require them to adopt a set of
standardised dust control measures. We also have an ongoing programme of
producing various technical memoranda and guidance notes for distribution to
industrial plant operators so that they know what the law exactly requires and
what measures can be taken to reduce their emissions.

In addition to pollution control, we also adopt preventive measures through
stipulating our requirements in the Hong Kong Planning Standards and
Guidelines (2). We model the air quality impacts of various development
initiatives. If the predicted air quality is not acceptable, we shall recommend
the adoption of certain pollution prevention measures.
If the atmospheric
dispersive capacity is inadequate for the establishment of a large polluting plant
at a certain location, we shall advise on alternative siting. For the Territorial
Development Strategy (TDS), we shall advise on alternative development paths.
For the formulation of a comprehensive air quality strategy, we do not consider
Hong Kong as a city in isolation, but a city that should fulfil its international
obligations as well Hong Kong has ratified the Montreal Protocol and the
Copenhagen Amendment regarding
the import and export of controlled
substances including CFC and halons. To address global warming, Hong Kong
has taken steps such as demand side management to reduce energy use and
greenhouse gas emissions.
To tackle acid rain, we have urged the power
companies to adopt flue-gas desulphurisation for their coal-fired plants and to
explore the use of natural gas for electricity generation in any new plants so as
to reduce sulphur dioxide emissions.
DISCUSSION
Formulation of an appropriate air quality strategy is a complex business. Not
only should we consider the technical side of the strategy, but also the
pragmatic side of it, ie. the context in which the strategy is to be implemented.
As a matter of fact, real-world problems are quite different from academic
problems and an attempt to present the strategy in a more structural way as
shown in Figure 1 only illustrates some of the essential elements to be
considered in strategy formulation.
There are always difficult or nonquantifiable constraints that cannot be satisfactorily dealt with by abstract
models. As such, it is imperative that we study the context in detail and consider
the various key players in the strategy formulation process. In Hong Kong, we
have green groups on one hand and powerful trade associations on the other
hand. Any air quality strategy must be able to strike a balance between the
interest of these groups but at the same time without sacrificing the overall
objective of air quality improvement
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Figure 1 : Formulation of an Air Quality Strategy for Hong Kong

WORLD-WIDE DEVELOPMENTS IN MOTOR
INSPECTION/MAINTENANCE (I/M) PROGRAMS
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INTRODUCTION
Motor vehicles contribute much to urban air pollution. As a result, most
governments have enacted emission standards that significantly lower pollutant emission
levels from new motor vehicles. For example, vehicles built in the United States emit
95% fewer pollutants than uncontrolled vehicles when they are new. However, studies
indicate that proper maintenance is needed to obtain the full benefit of vehicle emission
controls. Furthermore, there is evidence that a significant percentage of the vehicle fleet
is not properly maintained.
This has led to the creation of motor vehicle
Inspection/Maintenance (I/M) Programs.
I/M programs inspect vehicles for indications that they are emitting excessive
quantities of pollutants. Vehicles that fail the inspection must be repaired in order to
comply with program requirements. The first I/M programs were implemented in the
United States in the early 1970s. With substantial urging from the federal government,
most of the U.S. states with severe air pollution problems have implemented I/M
programs. Recently, with the passage of the U.S. Clean Air Act Amendments of 1990,
many states have been required to significantly upgrade the performance and coverage
of their I/M programs. I/M programs also have been implemented in Europe and
recently in Asia. This paper reviews developments in I/M programs for light-duty
gasoline powered vehicles. Developments in i/M programs for diesel powered vehicles
are briefly described.
I/M PROGRAMS FOR LIGHT-DUTY GASOLINE POWERED VEHICLES
I/M programs were first implemented to reduce pollution from gasoline powered
light-duty vehicles. Light-duty vehicles encompass passenger cars and light trucks. Most
I/M activities in the U.S. have focused on these types of vehicles, as they are considered
to be the most significant source of air pollution in the U.S. Areas outside the U.S. have
recently shown interest in I/M programs for light-duty gasoline powered vehicles, due to
the explosive growth of the passenger car population.
Test Procedures for I/M Programs for Light-Duty Vehicles
The first I/M programs (and many of the current programs) identified high
emitting vehicles by measuring their emissions while the vehicle was idling. This test,
which is termed an idle test, uses non-dispersive infrared (NDIR) analyzers to measure
for concentrations of hydrocarbons (HC) and carbon monoxide (CO) in the exhaust.
Some programs also performed a tampering inspection where the presence and proper
connection of pollution control devices was verified. In a few cases, states required a 2speed idle test where emissions were measured while the vehicle is idling and while it was
operating at approximately 2500 RPM in a no-load condition.
The U.S. Clean Air Act Amendments of 1990 require states with serious or worse
ozone or carbon monoxide non-attainment areas to implement enhanced I/M programs.

Meeting U.S. EPA’s enhanced I/M requirements entails sweeping changes in the way
vehicles are tested and repaired. States are required to change from an idle or a 2-speed
idle test to a loaded-mode test (IM240 test) that measures emissions in grams per mile
(versus concentrations) over a simulated urban driving cycle. EPA also requires states
to implement functional inspections of the evaporative emission control system since a
major source of hydrocarbon emissions are vehicles with disconnected or malfunctioning
evaporative control systems.
The IM240 test uses a 240 second test cycle where the vehicle is subject to a series
of accelerations and decelerations. The test cycle is derived from the U.S. federal test
procedure (FTP), the test used to certify that newly manufactured vehicles meet emission
standards. The IM240 test requires the use of a variable inertia weight chassis
dynamometer, a constant volume sampling system (CVS) and laboratory quality emissions
analyzers. The approximate cost for test equipment is $130,000 to $150,000 per lane.®
The requirements for a functional inspection of the evaporative emission control
system represents the most radical new feature of an enhanced I/M program. The
evaporative emission control system reduces hydrocarbon emissions by collecting vapors
that normally would be emitted from the gas tank and the carburetor and storing them
in a carbon canister. Then after the engine is running, intake air is drawn through the
carbon canister to purge it of the collected vapors. When evaporative emission control
systems are properly operating, few gasoline vapors are emitted. However, EPA studies
have found that many vehicles have disconnected or malfunctioning evaporative emission
control systems, and as a result hydrocarbon emissions from the fleet are significantly
increased.® To help alleviate the problem, EPA has developed functional inspections
of the evaporative emission control system.
Inspection Station Networks
I/M programs generally use two types of inspection station networks, centralized
or decentralized. In a centralized network, inspections are performed at centralized high
volume test facilities. These facilities do not perform repairs. With a decentralized
network, inspections are performed at licensed automotive repair facilities which are also
permitted to perform repairs as well as inspect the vehicle.
The first set of I/M programs generally used a network based on existing safety
inspection programs, if one was in place. Most states with decentralized safety
inspections merely added an emission test to the inspection requirements. States with
centralized, government operated safety inspections also just added the emission test to
the requirements. Most areas that did not have an existing safety inspection program
generally opted for a contractor operated centralized approach, where a contractor set
up and operated emission test facilities for the I/M program.
Alternative Network Designs
Based upon audits of program performance, U.S. EPA has concluded that
centralized programs are more effective than decentralized programs. Therefore, U.S.
EPA attempted to require all states implementing enhanced I/M programs to convert to
a centralized operation if one was not in place. However, to accommodate political
pressure from advocates of decentralized programs, many U.S. states have developed
hybrid designs incorporating elements of centralized and decentralized programs.

The most complex and innovative hybrid design is being implemented in the state
of California. The proposed California Enhanced I/M program consists of two different
components: a test only (centralized) format and a test and repair (decentralized) format.
California aims to assign vehicles to test only stations based upon a likelihood that they
are a high polluter. This likelihood will be based upon the high emitter profile (HEP)
model which is currently being developed by Radian in conjunction with the California
Bureau of Automotive Repair (BAR). California expects to rely heavily on remote
sensing devices to identify high emitter vehicles.
Use of Remote Sensing in an I/M Program
Recently there has been much interest in the U.S. in the use of remote sensing
devices to identify high emitting vehicles. Remote sensing measures pollutant
concentrations as vehicles drive by the monitors. Remote sensing is attractive because
it is able to test thousands of vehicles in a relatively short period of time. As previously
mentioned, California expects to use remote sensing to augment its hybrid I/M design.
Remote sensing also could be used as an alternative to I/M programs. The primary
drawbacks to remote sensing are listed below:
•

Monitors must be located in several spots throughout an urban area to
assure adequate coverage of the motor vehicle population. Even then,
some vehicles will escape identification.

•

Monitors must be located at spots where vehicles are operating under
steady state conditions. Experience in the California program has found
that vehicles operating under transient conditions often lead to improper
identification.®•

•

Remote sensing is most effective for carbon monoxide (CO) emissions,
although technologies are being developed for hydrocarbon (HC) and
oxides of nitrogen (NO,) emissions. Results from California indicate that
remote sensing is much less accurate for HC and NO, than for CO®

I/M PROGRAMS FOR DIESEL POWERED VEHICLES
In many areas of the world, diesel powered vehicles contribute much more to air
pollution than gasoline powered vehicles. Even in the U.S., which has emphasized
controls for gasoline powered vehicles, particulate emissions from diesels are often the
most visible form of air pollution from mobile sources. In addition to their aesthetic
impact, diesel smoke emissions contribute directly to ambient levels of total suspended
particulate matter or PM,0, one of the most damaging air pollutants in terms of its impact
on human health. Since the great majority of visible smoke emissions from diesel engines
results from poor maintenance and/or tampering with the emission controls, there is
considerable scope for reducing these emissions with a properly targeted I/M program.
Inspection Procedures for Diesels
Most I/M programs for diesels use the free-acceleration test - also called "snapidle" test. This procedure consists of "flooring" the accelerator from neutral gear idle,
causing it to accelerate to governor speed. Since there is no load on the engine except
its own friction and inertia, this occurs rapidly. The procedure is the subject of SAE
surface vehicle standard J1667. The procedure has a great deal of practicality since it
requires no equipment beyond the smoke measuring equipment. However, it is extremely

important to ensure prior to the test that the engine governor is set properly, i.e., to
ensure that the engine will not overspeed when the procedure is applied. Also, it is
important that the procedure is conducted the same way each time, because operator
variability is a concern.
Some areas are considering using dynamometers to test for
smoke emissions under load. Dynamometer testing is more accurate and repeatable but
much more expensive.
Other Considerations for Diesel I/M
Many of the problems that cause high diesel smoke emissions result from
tampering, or are due to mechanical problems that may be very expensive to repair. By
itself, a periodic I/M program may not be effective in catching these problems. Most
forms of tampering with diesel engines are reversible, so that the owner could "untamper"
the engine, take it in for inspection, and then "retamper" afterwards. High smoke opacity
can also be disguised temporarily by tricks such as using diesel no. 1 fuel instead of the
usual diesel no. 2, or adding a smoke-suppressant additive to the fuel. In Chile, which
has a diesel I/M program, vehicle owners have also been reported to reduce smoke
opacity temporarily by adding a handful of gravel or some water to a vertical exhaust
pipe.
The potential for truck owners to defeat a periodic I/M program suggests that any
such program should also include on-road surveillance of smoke emissions, in addition
to or instead of periodic opacity checks. A study by Radian Corporation for the
California Air Resources Board31 recommended that California adopt a roadside smoke
enforcement program for this reason. California subsequently adopted such a program.
A major focus of Thailand’s efforts to reduce pollution from diesels has been on
roadside emission tests <4>. The Land Transport Department (LTD) of Thailand has
conducted roadside inspections of buses and heavy-duty trucks with the assistance of the
police. They have been using the snap idle test with a Bosch smoke meter to record
opacity. They are investing the use of full and partial flow opacity meters so they can
expand the program to cover motorcycles.
CONCLUSIONS
I/M programs will continue to play an important role in reducing air pollution
impacts of motor vehicles. Considerable research is being conducted to determine the
best way to conduct an I/M program. As a result the technology to perform I/M tests
is rapidly evolving. U.S. efforts have focused on inspecting gasoline powered light-duty
vehicles (passenger cars and trucks). Other areas of the world have concentrated more
on diesel powered vehicles. In the case of diesels, roadside emission tests as well as
periodic I/M tests are needed to insure proper emission control.
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PARKING STRATEGY IN THE POLLUTION CONTROL PROGRAM
OF AN URBAN AREA
Hans Gygax, Office de la protection de l’environnement, CH-1700 Fribourg (Switzerland)

INTRODUCTION
Swiss legislation requires, in case of excessive air pollutant levels, the regions (cantons) to
adopt a plan for the implementation of national air quality standards. Within the field of
transport, if low emission technologies on motor vehicles are insufficient, measures to control
and restrict motor vehicle traffic must be considered. Regarding parking measures, the Swiss
Federal Court (1) has accepted management and reduction of parking facilities as legally
inforceable emission limitation for air pollutant abatement. The purpose of this paper is to
present the implementation of a parking policy in a city within a small urban area.
METHOD
Investigated Area
The urban area of Fribourg has a population of about 70,000 inhabitants and is divided in a
city with 36,000 people and a suburban area of 11 small towns and villages. The City of
Fribourg has functions which are typical of a central situation (commerce, business,
administration, schools) and therefore causes a high need of mobility: about 12,000 rides from
the suburban area to the city, about 10,000 rides within the city, and about 5,000 rides from
the city to the suburban area.
Air Quality Situation
A great part of the motor vehicle traffic uses roads crossing the central city and produces
volumes up to 23,000 vehicles per day in a high density area. Regarding air pollution levels,
nitrogen dioxide (NO%) concentrations are a matter of utmost concern. The national air quality
standard of Switzerland (2) (30 pg/m3 as maximum allowable annual mean) is strongly
exceeded (local levels up to 50 - 60 pg/m3). Total emissions of nitrogen oxides (NOx) in the
urban area of Fribourg amount to 560 tons/year and are almost exclusively caused by road
traffic. Another air pollutant to be mentioned is ozone (O3); in the last years, levels reached
160-180 pg/m3 (maximum hourly concentration in the suburban area).
Air Pollution Control Planning
The air pollution control plan (3) adopted by the regional government (canton) claims, in
addition to low emission technologies for stationary installations and motor traffic taxation,
the implementation of a strategy aimed at achieving more sustainable urban transportation.
Priority is given to the expansion and promotion of the use of mass transportation facilities,
combined with means to reduce capacity for motor vehicle traffic .in central areas. Such
restrictions consist of access limitations, a speed-up programme for public transport (separate
bus lanes, maximum priority for public transport vehicles at traffic lights), as well as
management and reduction of parking facilities. Traffic calming techniques and promotion of
walking and bicycling are further measures being part of the urban transportation concept.
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Study of a Parking Policy
The parking policy initiative of the city of Fribourg was not only motivated by the task fixed in
the air pollution control plan, but also by the urban structure strongly limiting space for
transportation purposes: The historical centre does not allow to extent the capacity for motor
vehicle traffic and suffers from its harmful impact (air pollution, vibrations, congestion,
excessive space consumption). The municipal authority therefore investigated possibilites to
implement a parking policy with the goal of reducing motor vehicle traffic and hence air
pollution, as well as make the downtown area more attractive. The most important part of this
study was the establishment of maximum parking standards for various types of buildings and
mobility requirements (retail and service, employment, residents).
First of all, information had to be collected about the number and use of the existing public
and private parking facilities. These data had then to be connected with an inventory of all
buildings in function of its use. Next, traffic generation was calculated for various scenarios of
parking supply management (4). This procedure finally allowed the choice of a parking policy
taking in account various requirements, especially the reduction of traffic volume.
RESULTS
Adopted Parking Policy
The offer of parking facilities, i.e. the maximum demand to be satisfied, is defined for three
zones of the city, dependent on the quality of public transport (number of lines, frequencies).
As an example we present the coefficients fixed for the central part of the city:
• Residents: unreduced standard (about one parking space per residence)
• Employment: 0.1 - 0.25 parking spaces per job
• Visitors and customers: trade 0 - 0.05 parking spaces per job
offices 0 - 0.06 parking spaces per job
retail 0.1 - 0.35 parking spaces per job
The upper limits for the category visitors and customers are equal to the mean values in the
city centre when establishing the inventory (including all public parking facilities); for
employment, the coefficient was 0.35, the policy therefore reduces the offer by about 30 %.
In order to achieve the objectives of the parking policy, further measures provide the creation
and extension of Park+Ride facilities in the outskirts of the city and improvements of the
related public transport service.
Implementation of Parking Policy
Implementation of the adopted parking policy means adjustment of the offer distributed
disproportionaly with regard of space and user category, as well as a general decrease of the
number of parking spaces. The following measures and instruments are used:•
• Reduction of parking facilities on public ground
• Time restrictions for parking facilities with privileges for residents (with annual tax)
• Restrictive offer allowed to a developer wishing to realize a building project

These measures are quantified by means of the coefficients mentioned before. To establish the
parking places balance, perimeters are fixed dependent on the user category: The zone
considered for parking spaces used by residents is about 50 - 100 m, for parking facilities
intended for customers and visitors several hundred meters, and for parking places related to
employment up to one kilometer. This method represents a particularity essential to new
buildings; one limits no more computation of parking spaces need on the criterions floor
surface and use, but in the procedure considers parking capacity in the neighbourhood, too.
DISCUSSION
Impact on Air Quality
Traffic engineers have quantified the implementation of the parking policy in terms of traffic
volumes. They calculated a decrease of 28 % in the city centre and 17 % in the whole town.
These values refer to the traffic generated by the parking facilities in the respective area.
Transit traffic is of course not influenced by this parking policy. In order to achieve the
expected decrease, all traffic measures intended to accelerate bus transport must be adopted
without fail since they contribute to limit transit traffic. Otherwise the whole of motor vehicle
traffic cannot be reduced in central city area.
The impact on air quality is small when comparing the initial situation with the scenario
implementing the parking policy. It is however more correct to compare with a future state
without a parking policy (trend scenario). The result is a reduction of traffic generation of 46
% in the city centre. Depending on the part of transit and lorry traffic, we estimate the
decrease of the nitrogen dioxide level at about 1 to several pg/m3. Together with further
measures of tranportation strategy (especially the reorganisation of transit traffic) it is
therefore possible to achieve notable immission reductions.
Conditions for Successful Implementation
The most important condition for a successful parking policy is a consistent implementation of
the adopted regulations. The coefficients for the parking offer were intentionally not fixed as
rigid numbers, but rather as ranges, thus allowing some latitude in the judgement of special
situations. This procedure however runs the risk that non-objective interests could influence
computation of the offer in an individual case. This can be avoided if the criterions of
calculation are always made public.
Furthermore it has to be stressed that computing the parking offer presumes faculties of a
traffic engineer. For that reason the procedure suffers some delay; a developer of a building
project can no longer correctly calculate the number of parking spaces himself.
Moreover the inventory of parking facilities in the city has to be revised regularly. Closely
connected with this task are controls in order to check if the number of parking spaces
permitted is observed. This inspection must not only occur in the course of the erection of a
building, but also afterwards: The allocation of parking spaces to various user categories
(employees, residents, visitors and customers) only makes sense if it is followed during the
operation of the parking installation.
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ACTIONS DES GRANDES METROPOLES CONTRE LA
POLLUTION ATMOSPHERIQUE D'ORIGINE AUTOMOBILE
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(1) Ecole des Mines de Paris puis Conseil Regional d'lle de France.
(2) AIRPARIF.
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INTRODUCTION: LE CONTEXTS
Alors que lcs nivcaux moycns de pollution d'origine industriellc el thcrmique ont baissd dans la plupart des
agglomdrations, les bcsoins de deplaccmcnls ont induit un accroissement du trafic automobile A l'origine de
nivcaux moycns de polluanls d'origine automobile el d'dpisodes pholochimiques intenses (oxydes d'azote ct
ozone notanunent) parfois preoccupants.
Dans ce contcxle, le decrct du 25 octobrc 1991 a reddfini, en France, les notions existantes de "zone dc
protection spdeiale" (actions permanentes de limitation des sources) el de "proeddure d'alcrte" (actions
poncluelles lors d'dpisodes), en y incluant les sources'mobiles.
L'dlude prdsentde ici a did efTcctude en 1993, grace au financemcnl d'AIRPARIF, de la Ville de Paris el du
Ministdre de l'Environnement frangais.
Son but a did dc comparer les actions ainsi engagdes en Rdgion Parisienne a celles raises en place dans
d'autres zones urbaines & travers le Monde el de rdaliser une evaluation critique des diverses actions menecs
el des initiatives prises.

CARACTERISTIQUES DE L'ETUDE
Une cinquantaine de villes, choisies selon les deux crilercs ci-dessous, ont die consultdes:
a) Villes comparables A l'agglomeration parisienne (population, equipement auto, etc...);
b) Villes connues pour avoir proedde a des initiatives originales.
Un questionnaire leur a did envoyd, ddveloppant les points suivants:
• caractdrisliqucs socio-dconomiques, gdograpliiqucs et climaliques dc la ville;
• sources de pollution, qualitd de l'air et rdglementalion;
• actions engagdes pour limiter la pollution automobile, ddfinitions et effets.
Ce questionnaire a eld rempli pour le cas dc Paris et adressd aux villes sollicilees, dans le but de favoriscr la
notion d'dclmnge d'informalion. Un suivi du questionnaire a die entrepris par des contacts frequents avee des
corrcspondanls dans les divers services des villes contacldes.
Une trcntainc dc villes ont rdpondu au questionnaire el l'ont renvoye avee, le plus souvent, une
documentation compldmcntaire explicative. Ce chiffrc montre l'intdret portd par dc trds nombrcuscs villes a
l'cnscmblc dc ces questions et le besoin profond d'dchange d'infonnalions.
Comptc tenu des problemes dc langues, dc la diversite des rdponscs dont certaincs dtaienl trds parlicllcs, le
ddpouillement n'a pu concerner que les les agglomdrations ct villes suivanles:
Amsterdam, Athdncs, Barcelone, Berlin, Bonn, Boston, Chicago, Dusscldorf, Francfort, Ilambourg,
Karlsruhe, Luxembourg, Madrid, Mexico, Milan, New York, Osaka, Oslo, Seoul, Stockholm,
Stuttgart, Turin et les principales villes suisscs (Berne, Gendve, Zurich,...).

RESULTATS
Generality sur les villes
Le taux d'dquipcment automobile est pariout plus faible pour les habitants des centres villes. Le taux de
dcplacements en vdhicules particuliers est fonclion de VolTrc de transports publics et de donnees cullurellcs
liecs A 1'automobile. Les emplacements A pied sont significalifs (10 A 30%) dans la plupart des villes.
Les rdglementations apparaissent tantot plus sdveres tantot moins contraignantcs, selon le pays ou le
polluant considcrd. La Suisse et Osaka possddent des reglemenlalions sdveres. Cellcs de Mexico sont moins
sdvdrcs mais sans doulc bicn adaptdes A la difficile situation locale.

Actions engagees
On peut les classer selon 7 thdmes diffdrents.

1) Limitation du trade
2) Gestion de la voirie
3) Politique du stationnement
4) Amelioration des transports en common
5) Actions sur les dmissions et sur les caiburanls
6) Actions financidres et d scales
7) Communication et infonnation du public

1) Limitation du trade
Les expdriences de circulation aitemde A Mexico et Athdnes montrent que ces limitations de circulation
dnissent par etre contoumees et s'accompagnenl d'efiets secondaires negatils (achat d'une seconde voiture,
trade de plaques mindralogiqucs,...).
A l'inversc, une mesurc ponctuclle d'inlerdiclion de circuler, comme celle prise A Milan lors d'un dpisode de
pollution de 3 jours, A Allidnes, A Seoul, ou en Allemagne ("Smog Alarm"), demeure efficace car limildc
dans le temps ct done mieux acceplee et mieux suivie par le public.
Les interdictions permanenles de circulation motorisee en zone centrale (ex :Beme), apportent une
amdlioration de la pollution locale. Elies ndccssilent un plan de circulation, A l'dchelle de l'agglomeration,
sous peine de voir augmenter la pollution hors de la zone consideree ou sur la region (monoxyde de carbone
en hausse A Milan par exemple).
Plusieurs villes (Chicago, New York, Seoul) developpent le "covoiturage", dont le but est d'augmenter
1'occupation des vdhicules. 11 necessilc une gestion assez lourde pour parer aux evenluelles ddfaillances des
conductcurs et pour gerer les couls et tarillcations. L'approclie americaine est de faire financer ce sysleme
par les enlrcpriscs privdes (principe "pollueur-payeur"), alors que les curopecns raisonnent A l'dchelle des
quartiers, dans le cadre d'iniliatives publiques ou associativcs. Mcsure isolcc, cc systdme peut favoriscr la
ddsaflcction des transports publics et gdnerer un trafic suppldmenlaire.

2) Gestion de la voirie
Plusieurs villes en Suisse et cn Allemagne ont erdd des "zoncs-30" (vitesse limilee A 30 km/h). Sans abaisser
foitement les dmissions (NOx : -5%), cette initiative contribue A mieux hierarchiser le rcseau de voirie, A
diminuer les nuisances sonores et A ameliorer le cadre de vie local. Dc meme, Paris mene un programme
"Quartiers tranquilles" dans lcsquels les amdnagements rendent delicat l'usage du vdhicule.
Quelqucs villes font un usage original de la rdgulation des feux : outil de dissuasion en cas de pollution par
la rdgulation des feux A l'entrde de Barcelone, outil donnant priorite aux transports en common A
Diisscldorf.
Les livraisons en ville (A Paris :+7 % par an), suscilent des initiatives interessanles. Ainsi, Amsterdam
propose la creation d'un "Centre de Distribution" regroupant les professionnels. Paris rdglemente les
horaires d'acces A la ville selon la surface des camions, les villes allemandes ont un systeme analogue, avee
des dispositions plus contraignantcs dans les zones pidtonnes.
Pour les amdnagements de voirie, Stockholm propose une demarche globalc ("Dennis Plan") Haul creation
^infrastructures ct facleurs environncmenlaux : toule nouvelle infrastructure ne doit pas gdnerer de trafic

suppldmcnlaire mais rcsoudrc les problemcs dc cadre dc vie. Bonn, Hambourg, Osaka, Stuttgart privilegient
les amdnagcmcnts pour pidtons et cyclistes.
3) Politique du stationnement
A Paris, Ic stationnement rotatif payanl (12 FF/li 4 proximite du centre) semble d'un coflt insuffisant pour
clrc dissuasif (16 FF dc l'hcure et 32 FF 4 partir de la 3dme heure 4 Sdoul). Ce dispositif doit s'accompagner
d'une rdpression du stationnement illicile. La Suisse et les pays nordiques opposent au stationnement rotatif,
gdndralcur dc trade, la suppression du stationnement en centre ville. A Amsterdam, 1'olTrc de stationnement
professionnel cst assujettie a 1'ofire de transport public 4 proximite. Zurich interdit mcme la construction de
parkings pour les nouvelles entreprises.
Le S)'Slinic "Park and Ride" ("parcs-relais" prochcs des transports publics) est mis en oeuvre 4 Amsterdam,
Chicago, Hambourg. Ces pares sont efllcaces dans les zones 4 Ruble densild de transports publics mais,
installds trap pres du centre ville (Milan), ils perdent leur effet incitatif 4 l'usage des transports en commun.
Osaka et DUsseldorf proposent un systeme "Bike and Ride" liant veto et transports publics.
4) Amelioration des transports en commun
Paris possedc un important et efficace reseau de transports en commun et de gros investissemenls sont
rdalisds (HOLE, METEOR). Les villes nordiques et la Suisse possedent egalement d'importants rdscaux. En
revanche, les villes d'Europe du Sud (Milan, Athenes) sont sous-cquipees. Le rdseau de transport public de
New York est bicn diode, mais il souffre de desaflection pour des raisons de sdcuritd et de qualilc dc service,
au profit des taxis, en ddveloppement permanent.
Osaka dludic la mise en place de "Taxi-pool"(lransport public altemalil), capable de repondre 4 la demande
marginalc, hors des licurcs de fonctionncment des transports publics ou dans des zones mal dcsservies.
5) Actions sur les dmissions et sur les carburants
L'dquipcment en pot catalytiquc est trds variable scion les villes (16 % 4 Alhdnes et 80 % 4 Chicago). Pour
le pot catalytiquc "3 voics", il faudra allendre plus de 5 a ns pour que les villes europdennes, dont Paris,
prdsentent un taux d'dquipemcnt significalif. L'Allemagne est en avance (30% en moyenne).
Atlidncs, Sdoul, Paris et plusieurs villes allemandes experimentent des fibres 4 particules pour moteurs
Diesel.
Gdndraliscr le controle antipollution des vehicules est une mesure utile au vu des gains de pollution
escomples. Atlidncs a imposd un controle payanl lous les ans, landis que Mexico ou Chicago, l'ont rendu
graluil, avee une pcriodicite respective de 6 mois et 2 ans. La France a rendu obligatoire la rdparalion, en
cas d'dmissions non conformcs. En Allemagne, le controle cst payanl avec une pdriodicitd de 1 4 2 ans scion
les Lander. La conformild aux norincs se concrdlisc par l'apposilion d'une vignette spdeiale sur le vdhiculc,
pennettant la vdrification "administrative" par les auloritds.
L'essencc sans plomb (fide aux pots ealalyliques) connait aujourd'hui un grand succds (50% du marclid en
France, el 88,7% on Allemagne). Les carburants de substitution font l'objel de nombreux essais sur les
Holies captives principalcmcnt. L'cstcr de colza pour moteur Diesel est experimentc trds largement en
France, avee des (aux dc melange dans le gazolc variant de 5 4 100%. Les bilans montrent des gains
moddres pour l'environnemenl. Des experiences portant sur l'ethanol (France), les gaz GNV et GPL, le
gazole ddsulfure (France, Amsterdam, Alhdnes) sont en cours.
Les Etats-Unis ddveloppcnt le vdhicule dlectrique (VE). La rdglementation califomienne, trds volontariste,
cst aujourd'hui reprise par une quinzaine d'Etals. D'importants programmes fdderaux de recherche sur les
batteries sont engages. La CEE mcne egalement deux imporlants programmes de recherche ("Joules" et
"Brite") portant sur l'cncrgie cl sur les vdhicules economiqucs dont Ic VE. De nombrcuscs villes frangaiscs,
dont Paris, chcrchcnt a dcvcloppcr Ic marche du VE (Holies "captives" et/ou grand public). Elies bcndficicnl
du souticn dc l'Elal (programme de 25 "villcs-pilolcs"). Au Japon, plusieurs projets portent sur les flottes
des entreprises privdes. La Suisse possede dcj4 quelques cenlaines de VE, seuls autorises 4 circuler daps
ccrtaincs villes (Zermatt,...). A Hambourg l'autorisation de circuler est accordde aux VE en periode de
"Smog Alarm". Paris a inslaurd, 4 litre incitatif, le stationnement gratuitpour les VE.

6) Actions financi&rcs et fiscales
Le peage urbain a pour vocation de dissuader l'automobiliste d'entrer dans la ville. Chicago, New York,
Seoul, Osaka, Oslo, Stockholm ont instaure un pdage sur certaines routes ou ponts d'accds au centre ville.
Les fonds collectes permettent de iinancer 1'entretien du rdseau (Osaka) ou la construction de nouvelles
infrastructures (Oslo, Stockholm). Neanmoins, l'expdrience d'Osto montre que les deplacements lors des
poinles du matin ou du soir n'ont pas did afiectds, cette mesure limilant surtout les ddplacements de loisirs.
Parmi les inconvenients, on peut souligner la crdation d'un trafic parasite de contoumement des pdages,
notamment sur le rdseau de desserte locale.
Les taxes sur les vdhicules ou sur les cafburants ne semblent pas avoir d'impact, k long terme, sur les
immatriculations, l'intensite du trafic et les consonunations. L'exemple grec montre qu'elles favorisent
plutot le vieillissement du pare automobile. Neanmoins, l'institution en Grdce d'une taxe sur l'essence,
spdcifiquement utilisee pour lutter centre la pollution atinosphdrique, apparait positive. L'Allemagne dtudie,
dans le meme esprit, le changement d'assiette de la taxe sur la puissance des moteurs au profit des dmissions
des vdhicules, penalisant ainsi davantage les vdhicules Sgds.
7) Communication et information du public
L'information joue un role primordial en matidre de lutte conlre la pollution atinosphdrique et doit mener k
une modification des comportements individuels et collectifs et k l'acceptation des mesures prises.
De nombreux villes (Paris, Mexico, Toronto,...), ont mis en service des indices de qualitd de l'air (avec
qualificatif explicite) repris quotidiennement par les mddias. Ce dispositif d'information permanente
necessite un rdseau de mesure performant.
L'information quotidienne sur les niveaux bruts des polluants est couramment utilisde dAthenes, Dusseldorf,
Hambourg, Stuttgart, Chicago ... Tous les types de mddias : joumaux, tdldvisions, radios ou panneaux
lumineux sont utilises.
En plus de ces informations rdgulifcres, les villes allemandes utilisent la television et la radio lors du
ddclenchement des "Smog Alarm", tandis qu'Osaka rapporte l'dvdnement et le suit par des reportages radios
et tdlevises.
Au delzl de ces informations frdquentes, des campagnes d'informations ponctuelles sont menees (villes
allemandes, Osaka.). Elies visent la responsabilisation du citoyen face k des situations de pollution dont il
est, en tant qu'automobiliste, aussi k 1'origine.

CONCLUSION
Les resultats de l'dtude montrent avant tout que la plupart des mdtropoles dtrangeres sont conffontdes k la
pollution atinosphdrique d'origine automobile.
En second lieu, il est clair qu'il n'existe pas une solution "miracle" unique k ces probldmes mais plutot un
ensemble de dispositions qu'il importe d’intdgrer dans une approche globale agissant sur l'ensemble des
parametres : urbanisme, gestion des ddplacements, transports publics, voirie, stationnement, amdlioration
des dmissions individuelles des vdhicules, fiscalitd et information.
Parmi les actions experimentdes par les diverses villes consultdes, certaines actions ont montrd des rdsullals
intdressants, d'autres ont montrd leurs limites ou meme leurs effets pervers dus principalement au caractdre
isold de la mesure et k son contoumement par le public.
La limitation du trafic en cas d’episode de pollution, les "zones 30", la gestion optimisee des livraisons, la
limitation de 1'ofire de stationnement, les actions rdglementaires sur les dmissions (dont le conlrole
technique), ... sont quelques unes des initiatives les plus remarquables pour amdliorer le cadre de vie et
limiter la pollution automobile. Ce sont ces mesures qu'il convient done d'intdgrer en priorite au plan global
indispensable.
Enfin, il est appam essentiel de donner au citoyen une part active et de s’assurer les mqyens de le
responsabiliser. Aussi, l'infomiation rdgulidre sur la qualitd de l'environnement et la sensibilisation, au
travers de campagnes de communication, sont des mesures de tout premier plan qui doivent prolonger et
compldter les actions techniques. L'acceptation par le public de mesures jugdes peu contraignantes est en
efiet la condition essentielle de la rdussite de ces actions techniques, sans laquelle les mesures sont
contoumdes au point de provoquer des effets pervers contaires au but initial recherche.

MEASURES RELATED TO TRAFFIC PLANNING FOR AIR
POLLUTION CONTROL
Jurgen Baumuller, Ulrich Reuter
Office of environmental protection, Department for climatology, Stuttgart, Germany

INTRODUCTION
The immense increase of motor traffic, in the future reinforced by the european market and the
opening of boarders to the east countries, requires new efforts in traffic policy. In the city
agglomerations the motor traffic is nearly collapsing. This increase of motor traffic is the
reason for a considerable degradation of environment, especially by noise and air pollution. For
the region of Stuttgart the problems and possibilities of counter-measures are discussed.
EMISSION IN THE REGION OF STUTTGART
The emissions of the region of Stuttgart are shown in table 1. Especially carbon monoxid
(CO), nitrogen oxid (NOx) and the carbonic hydrogens (VOC) are mainly caused by motor
cars. The fact that the pollutants by motor traffic are emitted near the ground causes further
discredit upon the situation of air pollution. Lorries contribute a lot to traffic emissions (NOx
47 %, SO^ 50 % and dust 81 %). This is remarkable because the lorries contribute only 8 %
to all traffic kilometers. In Stuttgart 46 % of the passenger cars had a 3-way-catalytic system,
7% corresponded to the former european standard. 5 % were small reduced and 30 % had no
system for the reduction of emissions (june 1994).

emission (t/a)

CO

NOx

VOC

GO

S>

Table 1: Emissions (t/a) in the region of Stuttgart 1988/89 (1)

traffic

39930
85%
38453
1477

10390
76%
5507
4883

6 060
52%
4927
1133

548
15%
234
314

754
43%
138
616

power plants

154
0%

1437
11 %

13
0%

871
24%

94
5%

house heatings

5592
12%

959
7%

484
4%

1122
31%

257
15%

industry

1143
2%

854
6%

5192
44%

1047
29%

655
37%

sum

46819
100 %

13640
100 %

11749
100 %

3589
100 %

1760
100 %

passenger cars
lorries

Dust

It is to be expected that the contribution of lorry emissions will increase in the next years
relatively as well as absolutely. Thus it is very important to look for technical measures
concerning lorry engines to reduce air pollution.
SITUATION OF BMMISSIONS IN THE REGION OF STUTTGART
The air pollution measurements in the region of Stuttgart, at 10 fixed monitoring stations,
didn't show values over the critical levels. However sample measurements in 1985, covering
the total area of Stuttgart (2) showed, that in some parts of the city there were NOg and SO%
concentrations over the critical levels. These results led to the elaboration of clean air acts.
SO? concentrations strongly reduced since 1985, but the level of NO2 concentrations is still
high. During the summer there are also Ozone concentrations which exceed the level of 120
pg/m^ on about 60 days and the level of 180 pg/m^ on about 20 days.
In street canyons and near roads with much traffic even higher concentrations of air pollutants
than at the fixed monitoring stations are measured (3). These monitoring stations are oriented
in such a way, that the measurements are representative for larger areas. The benzene
concentrations in streets very often exceed the value of 15 pg/m^, which is discussed to be the
critical level in Germany. In two street canyons in Stuttgart mean annual benzene
concentrations of more than 30 pg/nP were measured.
MEASURES FOR CLEAN AIR IN THE REGION OF STUTTGART BY THE CLEAN
AIR ACT
Caused by the high level of air pollution, mainly NO2, the government of the district BadenWurttemberg decided to elaborate a clean air act for the city of Stuttgart. It was published at
the end of 1990 (4). For the region surrounding the city of Stuttgart the first part of a clean air
act has also been completed. The part containing the counter-measures will be published in
1995.
As opposed to most of the other clean air acts in Germany in the two clean air acts mentioned
before measures concerning the traffic are well to the fore because of the high NOg
concentrations. Restrictions to traffic are also important because in Germany some new aspects
of legislation are discussed.
N02 emissions increase rapidly with high speed of the cars (5) (fig. 1). Thus counter-measures
concerning speed limits are very important.

Figure 1. Dependence of the NOx emission (passenger cars without catalyst) of speed (6)

To check the effectiveness of speed limits there was a test of a speed limit on a highway (6.5
km in length) in Stuttgart (50 000 vehicles/day). For half a year the speed was reduced from
100 to 60 km/h by investigating the effects of acceptance and change in traffic.
The results of the test were:
- harmonizing of the traffic
- reduction of the NOx-emission about 50% (280 t/a)
- reduction of gasoline about 1.8 Mio. 1/a ( reduction of CC>2-emission 5 800 t/a)
- reduction of NOx-immission about 40% near the street
- reduction of noise from 80 dB(A) to 76 dB(A) (same effect as the reduction of vehicles
by 60%)
- reduction of accidents about 66%; with violation 95%
- not more cars on other streets
The results of this test led to a speed limit on many of streets in Stuttgart.
The following measures related to traffic are one part of the clean air acts of Stuttgart and the
Region of Stuttgart. In Stuttgart a lot of these measures were executed.
- It is an effort of the government of Baden-Wiirttemberg to get better technics for the cars
Table 2: Speed limits (km/h) in typical streets in Stuttgart
passenger cars

lorries

highways (Autobahn)

100

80

streets outside of the
building area

80/60

60

main streets

50

50

other streets

30

30

- Traffic management systems shall limit the speed of the cars dependent on actual climate and
air pollution situation. On some of the important city highways in Stuttgart speed limit signs
which can be changed manually were installed for a transitional stage.
- If new streets are planned or existing streets are rebuilded the emission and immission must
considered especially.
- On exceeding critical levels of air pollution, defined by the government, restrictions to car

traffic shall be possible on the basis of a supplementary paragraph in the clean air act (pro
hibited areas in the city centers, allowance to drive by car only if it has a catalytic system).
- Optimization of crossroads and syncronisation of traffic lights shall lead to an environmentfriendly travelling behaviour.
- During the most hours the capacity of public traffic has to be enlarged by steps during the
next years.
- Limit of parking places in the city-center, higher charge for public parking places, building
of park and ride places outside the city.
- In some roads the buses get an own rut independent of the other car-traffic, and the
trams get priority on the crossroads.
An estimate on the effectivity of measures in Stuttgart has shown (7) that the greatest effect
for reduce the emissions are speed limits and blockade of districts for cars without catalytic
systems.
DISCUSSION AND RECOMMENDATION
The explanations have shown, that the car-traffic is the number one of air pollution sources in
the city agglomerations. New technology to reduce the exhaust of cars like the 3-waycatalytic-system can not solve the problem alone. There must be a great effort in other ways
too to come to a clean air in our cities. What we need is a total traffic concept with the aim to
reduce traffic, to transfer the traffic from road to rail, to calm the traffic and transact the
remaining traffic in a way with less air pollution. Some examples to do this could be shown in
the clean air act of Stuttgart.
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EFFETS DES TRANSPORTS SUR LA POLLUTION ATMOSPHERIQUE
DANS L’AGGLOMERATION LILLOISE
Sylvie Gottard1, Jean-Louis Sehier2, Pr.Cyr Voisin3 & Pascal Thomas3
1 AREMA Lille-Roubaix-Tourcoing-5, bd de la Liberte-B.P.479-59021 Lille Cedex
2 Communaute Urbaine De Lille-Circulation et Voirie-1, rue du Ballon-B.P.749-59034 Lille
Cddex
3 Institut Pasteur De Lille-1, rue du Professur Calmette-B.P.245-59019 Lille Cedex

Le reseau automatique de surveillance de la qualite de Pair de la metropole lilloise (AREMA LilleRoubaix-Tourcoing), la Communaute Urbaine de Lille et PInstitut Pasteur de Lille travaillent a
1'evaluation et a la prevention de l'exposition du citadin a la pollution atmospherique issue des transports.
L'AREMA Lille-Roubaix-Tourcoing possede actuellement une quinzaine de points de mesure
repartis sur Vensemble de l'agglomeration avec des objectifs de mesure determines : la pollution de
fond urbaine et la pollution de proximite (transports ou industrie).
La Communaute Urbaine de Lille s'est dotee en 1993 d'un modele de la circulation couple a module
de dispersion qui permettra d'evaluer l'impact des conditions de trafic sur la pollution atmospherique. Les
mesures de 1AREMA Lille-Roubaix-Tourcoing serviront a valider les resultats issus de la modelisation.
La raise en oeuvre de ce modele permettra de definir les zones de l'agglomeration soumises a une
forte pollution atmospherique due aux transports. Les stations de surveillance de la pollution
atmospherique pourront ainsi etre reorientees.
II sera possible d'evaluer l'efficacite de la raise en oeuvre eventuelle d'une politique locale de reduction
de la pollution atmospherique issue des transports (amenagement de voirie, modification du trafic...).
En parallele a ce travail, afin d'evaluer l'impact des conditions de trafic sur la pollution atmospherique
dans les conditions reelles d'environnement urbain, deux stations sont equipees en moyens de mesure
continus de la pollution atmospherique et en compteurs de trafic (debit, vitesse). Une etude de correlation
entre ces parametres et les conditions meteorologiques (facteurs de dispersion) devrait permettre de
mettre en evidence les conditions favorables a l'apparition des pointes de pollution et done de faire
de la prevision de pollution. Une vingtaine de polluants seront mesures sur ces sites .
Mais bien que ces parametres puissent etre consideres comme representatifs de la pollution issue
des transports, cette approche reste limitee car elle ne tient pas compte des interactions des polluants
et des effets de leur synergic sur la sante. C'est pourquoi, en complement de ces mesures, l'Institut
Pasteur de Lille souhaite developper et mettre au point un test biologique permettant d'apprecier la
cytotoxicite globale de l'atmosphere.
Les premiers resultats sont en cours de traitement.
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REDUCING THE LOCAL
PASSENGER TRANSPORT

ENVIRONMENTAL

IMPACTS

OF

Jorma Mantynen, Hanna Kalenoja and Sari Makela
Institution of Transportation Engineering, Tampere University of Technology (TUT), Finland

INTRODUCTION
The local injurious effects of traffic appear mostly in densely populated areas, where the
demand for transport is high. The local environmental effects of transportation can be
reduced by measures of urban planning, traffic planning, vehicle technology and economical
restrictions. Land use planning, concentration of urban structure and promoting distance
working are examples of expedients of urban planning. The methods of urban planning
usually affect very slowly on transport structure, but they also have a significant and
continuous influence on travel demand. The methods of traffic planning generally tend to
increase the fluency of traffic flow or reduce private car traffic with diverse restrictions or
by supporting environmentally more favourable vehicles or modes of travel. The
improvements in vehicle technology can be significant in the short run. By economical
regulations it is possible to guide the demand for traffic to a desirable direction.
The local injurious effects of traffic vary by the size of urban areas. Local conditions, such
as urban structure, population density, structure of employment, and composition of transport
structure, influence on travel pattern and modal split. In Tampere University of Technology
several measures to reduce environmental effects and energy consumption of transportation
has been evaluated. This paper presents three types of categories. As technological
measures the introduction of electric vehicles and the alternative bus fuels have been studied.
In addition, the effects of introducing midibuses, the car pool system and the increasing of
vehicle occupancy have been evaluated as measures, which generally increase transportation
system efficiency.
THE IMPACTS OF ELECTRIC VEHICLES ON THE AIR QUALITY IN TAMPERE
Approximately 110,000 - 120,000 people are exposed daily to the exhaust emissions in
downtown Tampere. The current emissions from internal combustion engine vehicles and
the impacts of electric vehicles (EV) can be seen in table 1. Following assumptions have
been made in emission calculations (1):
- EVs can replace approximately 21 % of the passenger vehicle fleet, mainly private
second vehicles and commuter vehicles. The replaceable amount in Tampere would
be 14,400.
- EVs replace only non-catalyst vehicles, since the fleet is renewed from the oldest
vehicles. Diesel vehicles can not be replaced, as their yearly mileage is far too high.
- The total yearly mileage for EVs has been calculated based on the average urban
mileage for each vehicle type.
- All gasoline is unleaded.
- 22 % of the passenger vehicle mileage is driven with catalyst cars and 13 % with
diesel vehicles. Diesel vehicles account for 82 % of van mileage.

Table 1

The theoretical impact of EVs on the emissions to the air in Tampere in 1994.
(1)
CO

Current emissions from
passenger vehicles
7,543 t
The theoretical impact of EVs -2,051 t
-27 %
Change compared to the
predicted total emissions to
the air in Tampere in 1995
-19 %

HC

NOx

SOx

PM

C02

867 t
-230 t
-27 %

605 t
-146 t
-24 %

34 t
-4 t
-12 %

61 t
-5 t
-8 %

143,133 t
-26,695 t
-19 %

-16 %

-4 %

-0,4 %

-2 %

-2 %*

* As the predicted figure for 1995 was not available, comparison was made to the emissions of
1993.

In the future, as catalyst cars become the only gasoline vehicles in use, the emission
reductions achieved with use of EVs will be less than today in all other emissions but SOx
and C02, to which the use of catalyst has no influence. (1)
MIDIBUS OPERATIONS AND ALTERNATIVE BUS FUELS (2)
Mini- and midi-sized buses influence on public transport patronage and service level. This
case study compares the qualities of a 25-seater midibus with a 45-seated normal-sized bus.
The applicability of small buses has been assessed through case studies in Finnish urban
areas and bus routes. The case routes were central area routes, feeder routes, small capacity
routes and routes in environmentally vulnerable areas. The applicability of midibuses was
evaluated by estimating the energy consumption, environmental effects and costs. Results
were calculated for diesel fuel, reformulated urban diesel fuel, natural gas (CNG) and
liquified petroleum gas (LPG). On the case routes two different approaches were
implemented: in the first scenario the public transport supply was unchanged (replacing
scenario) and in the second scenario the service interval was halved (double supply scenario).
Emission reductions in Tampere (180,000 inhabitants) and Pori (80,000 inhabitants) are
shown in figure 1.
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Figure 1 Theoretical emission reduction in different urban areas, when normal-sized
fleet is replaced or the present supply is doubled by midibuses. (2)

The results show that the energy consumption decreases by 0 - 30 % and the environmental
effects decrease by 20 - 80 % when normal-sized buses are replaced by midi-sized buses.
The use of natural gas is environmentally most beneficial. The deficit for using the midi
sized buses is approximately 20 % smaller than for the normal-sized buses. Economically
the best fuel alternative is LPG. In the second scenario emissions are reduced compared to
conventional diesel-fueled bus fleet, when CNG or LPG is used as the fuel. Emission
reductions depend on the present vehicle fleet and fuel qualities. In Tampere area, where
reformulated diesel fuel is used, the exhaust emissions are already at a lower level than in
Pori, where standard diesel fuel is used.
INCREASING THE VEHICLE OCCUPANCY
Vehicle occupancy and energy consumption
The energy consumption and the environmental effects calculated on passenger mileage
depend strongly on the vehicle occupancy. The vehicle occupancy is an essential factor in
public transportation, where occupancy varies strongly. However, increasing the amount of
passengers is not possible without increasing the service level or reducing the costs. The
energy consumption and environmental effects can also be reduced by favouring less energy
intensive modes of passenger transport. In figure 2 is shown the energy consumption
calculated on vehicle mileage of different passenger transport modes on different vehicle
occupancy levels. (3)

Figure 2 The relation between vehicle
[megajoules/passengerkm]. (3)

occupancy

and

energy

consumption

The most energy intensive modes in urban areas are taxi and car. At the same level of
energy consumption a bus has four passengers and a passenger car has one person.
Regarding to the exhaust emissions the break even relation is higher, because the bus traffic
causes substantially more nitrogen oxides and particulate emissions. For example, for
nitrogen oxide emissions the break even relation is 19 passengers in a bus against one in a
passenger car. (3)
Work place or residential area based car pool
Increasing the passenger vehicle occupancy by car pool systems has been evaluated in
Tampere, Pori and Uusikaupunki (15,000 inhabitants). Work place based and residential area

based car pool systems were evaluated separately. In the job based case the car pool system
is introduced in large work places and in the residential area based case at two large dwelling
areas in the urban district. The amount of people travelling as passengers in cars has been
assumed to increase from 8 % to 30 % at work place based car pool system and from 5 %
to 18 % at residential area based car pool system. The reductions in emissions are shown
in figure 3. (4)
change In emissions In Tampere [%]
particulate
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change In emlssioms In Uusikaupunki [%]
particulate

S.
•10

-

.15 -

□ work place based car pool

Q residential area based car pool

Figure 3 Theoretical emission reduction in Tampere, Pori and Uusikaupunki, when
work place or residential area based car pool system is introduced. (4)
The car pool would mainly reduce emissions of carbon monoxide (CO), hydrocarbons (HC)
and particulates. The system would in larger cities cause displacements from public
transport modes, and thus weaken the competitiveness of public transport system. In smaller
communities the emissions and energy consumption would decrease, because public transport
has a relatively small share of the modal split. (4)
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A GARAGE-BUILDING PROGRAMME FOR THE CITY OF VIENNA
AND RESULTING AIR QUALITY - RELATED HEALTH ASPECTS
Christoph Tvrdy and Renate Walter
Institute of Environmental Medicine of the City Council of Vienna, Austria

INTRODUCTION
Urban traffic influences air quality in cities considerably. This is particularly true for the
medieval parts of the big European cities, which have not been designed for today's heavy
traffic. A problem closely associated with city traffic, is the lack of parking lots, particularly
for residents.
In Vienna, the parking problem is tackled by the building of underground car parks. In the
next years more than 50 large garages (>100 sites) are being planned. The main goal is the
clearing of the beautiful old places and streets of Vienna from the bulk of parking vehicles and
supplying the citizens with parking spaces in the neighbourhood.
According to a recent decision of the City Council of Vienna the construction of "large
garages" (>100 parking spaces) requires an official approval by various local authorities.
Among them are those responsible for town design and architecture, for fire precaution and
fire fighting, for city traffic, for planning and building and for environmental health.
In this context the Institute of Environmental Medicine of the City Council of Vienna faced the
task of establishing criteria for a health risk assessment linked with "large garages".
Health-risks may be caused by air pollution and noise. This paper deals with the air pollution
problem. Air pollution problems may occur due to traffic in and out of the garage, by
insufficient ventilation systems and by construction failures.
In the garage programm the health officers have to bring evidence that residents of the houses
with underground car parks and residents in the close neighbourhood are not exposed to any
health risk due to air pollution. Using data gained from eight "large garage projects" in 1994 a
control programme has been developed and put into practice.
EXPERIMENTAL SET-UP
For the environmental health risk assessment procedure it was necessary to evaluate the most
important technical documents and collected background information. The following
information we found particularly informative, they became therefore essential parts of our
risk assessment:1
1. Construction plans and maps of the surounding areas. This includes the kind and
number of parking sites, the types of vehicles (e.g.automobiles or buses), the
point of fresh air intake, the way the pipe for exhaust fumes is installed in the
entire building and technical details of the outlet of polluted air into the
atmosphere.
2. Calculations of the rhythm of driving cycles and driving distances in the car parking
areas and the vicinity.

3. Calculated expected immission data in the neigbourhood(using the methods of
Scorer, GauB and Biggs) for CO, NOx, S02, benzene and diesel soot.
4. Monitored background immission data for C0,S02 and NOx from the closest
measuring point of Vienna's Air Survey.
For a health-related assessment one has to consider if the population is at risk. Because of
their different susceptibility we established protection categories. Category 1 belongs to
children's areas and to hospitals, category 2 refers to residential areas and category 3 includes
industrial areas.
The next step was the deriving of maximum permitted immission levels for garages (MPLG).
For those pollutants with a toxic effect in man the Austrian air quality guidelines (2) are used.
Based on these values the MPGL are fixed within 10 % of the guideline values under the
precondition that the background pollution in that area is less than 90% of these values. For
the evaluation the formula is used:
Imax = G/10 when Bmax < 0.9*G
where I = immission data set (calculated), G = Austrian air quality standards and B =
background pollution data from the Vienna's air survey.
Table 1. Air quality guidelines in Austria and recommended maximum permitted
levels for garages (MPLG)

Pollutant

Dimension

l/2h-level

so?

mg/m3
mg/m3
NO?
CO
mg/m3
l/2h-level... 30 minute level
lh-level...
One-hour-level

lh-level

0,2
0,2
-

maximum
permitted levels
for garages
0,02
0,02
40
4,00

For those pollutants which may have an impact on the human genome the acceptable health
risk concept is applied.
Table 2. Unit lifetime risk data for benzene and diesel soot and the recommended
maximum permitted immission levels for garages (MPLG)

Pollutant

Benzene
Diesel-soot

Dimension

pg/m3
Ug/m3

Unit lifetime
risk
4x10-0
7 x 10-5

acceptable
risk
1 x 10-6
1x10-6

maximum
permitted levels
for garages
0,25 = 250 ng/m3
0,014 = 14 ng/m3

RESULTS
Five large garages have been built in 1994. For the year 1995 further fifteen are planned. Eight
of these projects have been chosen for a health risk assessment according to the developed
approach.

1. Immission data in the neigbourhood of garages
As demonstrated in table 3 and figure 1 background air pollution is no problem in Vienna. The
NOx caused by the garages is a most sensible parameter and needs careful consideration.
The MPLG are slightly exceeded by garage G. The protection category for this garage has the
highest priority because a children's home is situated closely. Technical measures are
demanded by the medical officer, e.g.larger distances between the exhaust fumes outlet and
the children's home.
Garage E will be used for cars and buses. It exceeds the MPLG for diesel soot more than
twofold. This was a signal for the medical officer to demand the installation of higly
sophisticated cleaning devices into the ventilation system. The six remaining garage projects
suggests no health hazard.
2. Immission situation within the building above the garage
In our 8 projects we could not find any hints that polluted air circulates within or outside
(balconies, terraces) the building. From the environmental health point of view this is a very
important aspect. We found the phenomenon of indoor air pollution in small private garages
built years ago. It was caused by connections between the ventilation systems of the garage
and the appartments and by incorrect fresh air intake.
3. Immission situation within the garage
This issue has been dealt with by Haider et Straub (1) and in the consequence the CO
concentration has been regulated by an Austrian standard (Onorm 9419/19984). The threshold
value for the ventilation system is 55 ppm with a 1/2 h mean value for the worst case situation
of 100 ppm. The level at which the hazard warning light is put into action is 250 ppm.
CONCLUSION
Residential underground car parks are excellent means for big cities to increase the quality of
urban environment and results in city more friendly for its inhabitants and visitors.
Garage construction programmes nowadays are accompanied by health risk assessments
procedures. Medical officers from the Institute of Environmental Medicine of the City Council
of Vienna developed a control programme for "large garages". This concentrates on the
additional local air pollution which originates around and within the buildings constructed on
an underground car park. From the eight "large garage projects" in Vienna 1994 six are
acceptable and for two remedial actions have been demanded.
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Table 3. Immisions (1) from Garages and Background-level (B)
Pollutant

Dimension

A E]
I

CO
802
N02
Benzene
Diesel-soot

mg/m3
mg/m3
mg/m3
ng/m3
ng/m3

2,4
0,002
0,011
36
18

B
1,9
0,062
0,063
-

B J2]
I
3,7334
0,0038
0,0067
18
8

C l2l

B
1,9
0,062
0,063
-

-

D I2)

E l2l

I

B

I

B

I

B

0,7
0,001
0,005
26
14,8

1.4
0,048
0,076

0.4
0,001
0,004
6
3

1,9
0,062
0,063

0.2
0.001
0,015
7
33

1,4
0,033
0,039

-

*

-

-

-

-

A:
B:

20. District
2. District

Protection-category:
[1] Children's places [e.g. nursery school, day-home for children]

C:
D:
E:

1. District
2. District
19. District

Hospitals
[2] Residential areas

F:

3. District

G:
H:

12. District
12. District

[3] Industrial areas

F |2l
I
B
0,4452
1,9
0,0046 0,062
0,004
0,063
0,104
0,0136
-

G [11
I
B
2.58
1.3
0,012
0,055
0,021
0,049
6,9
0,71
-

H [2]
I
B
0,65
1.3
0,0029 0,055
0,008
0,049
26
1,8
-
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Volatile org
vhich are classified as hazardous air pollutants
(HAPs), are
sources including industries, commercial
facilities, pi
seholds. Until recently, it has been assumed that
volatile HA
d sewers arrive in the influent stream of
downstream treatment laciiities, i.e., me massTlow of HAPs into treatment plants equals the
mass rate of discharge into sewers. Concerns related to such discharges have therefore been
focused on worker exposure to toxic chemicals during wastewater collection and treatment,
inhibition or upset of biological treatment processes, and potential accumulation of explosive
gases in sewer atmospheres. Little attention has been given to sanitary sewers as sources of
HAP emissions to the ambient atmosphere.
The research described in this paper was completed in order to facilitate existing knowledge
related to HAP emissions from sanitary sewers, and to determine whether significant quantities
of volatile HAPs can be emitted to the ambient atmosphere prior to wastewater treatment.
Research consisted of several major phases, including the development of analytical and
computational models to estimate HAP emissions from sewers, field experiments to determine
mass transfer coefficients along sewer reaches, pilot and field experiments to determine HAP
stripping efficiencies at wastewater drop structures, and field monitoring to determine diurnal
emissions from a large sanitary sewer reach. Major findings of the overall research effort are
described herein.
METHODS
Detailed descriptions of the methodologies associated with each research component is beyond
the scope of this paper. A brief summary of each component is provided below.
1. A computational model was developed based on simultaneous solutions of partial
differential equations describing mass transport in wastewater and an overlying headspace.
Detailed descriptions of the model have been provided elsewhere.1-2
2. To determine values of HAP mass transfer coefficients under field conditions, four tracer
experiments were completed in two operating sanitary sewers. Two volatile tracers
(deuterated chloroform and 1,1,1 -trichloroethane) were used during each experiment.
Experimental results were used to back-calculate mass transfer coefficients. Descriptions of
experimental systems and methodologies have been provided elsewhere.2
3. A pilot experimental system was used to study HAP stripping at wastewater drop
structures. The system allowed for systematic variations in water flowrate, drop height,
tailwater depth, and headspace ventilation rate. In total, over 35 experiments using 15
VOCs have been completed. Experimental methodologies have been presented elsewhere.3

4. Field monitoring was completed on a large municipal sewer in metropolitan Toronto,
Ontario. The Massey Creek Interceptor (MCI) was known to convey significant amounts
of VOC-laden industrial discharges. The MCI consisted of a large number of wellperforated manhole covers, and was therefore well ventilated. A short reach of the MCI
also consisted of four drops ranging from 0.15 to 3.0 m in height Concentrations of 10
VOCs were monitored in the system headspace. These were coupled with air exchange
rates determined using both anemometry and sulfur-hexafluoride dilution methods.
Subsequent emissions were determined for four outgassing manhole covers. Characteristics
of the MCI and sample and analysis protocols have been reported elsewhere.4
RESULTS AND DISCUSSION
Mass transfer along sewer reaches
Mass transfer coefficients were determined experimentally for two sewer reaches with channel
slopes of 0.10 and 3.5%. Each reach was characterized by nearly-uniform flow conditions, i.e.,
no drop structures or hydraulic jumps. Experimental mass transfer coefficients varied from a
low of 0.014 m/hr for the reach with a slope of 0.10%, to a high of 0.15 m/hr for the reach with
a slope of 3.5%. The dual tracer technique served as a good internal check of experimental
results. Experimental mass transfer coefficients generally differed from those based on
diffusivity-adjusted (predicted) oxygen transfer coefficients by less than +/- 30%.
The computational model described above was used in conjunction with experimental mass
transfer coefficients to determine the length of sewer (X1/2) necessary to strip 50% of TCA to
the atmosphere. Values of X1/2 are plotted versus uniform ventilation rate for each set of
experimental conditions in Figure 1. Experiments 1.1 through 1.3 correspond to the reach with
a milder channel slope and diameter of 1.2 m. Experiment 2.1 corresponds to the reach with a
steep channel slope and diameter of 0.52 m. Results suggest that for well-ventilated sewers
with reach lengths in excess of 10 km, a significant fraction of volatile HAPs may be emitted to
the ambient atmosphere, even when reach channel slopes are relatively mild. For wellventilated reaches with significant channel slopes, 50% of more of volatile HAPs may be
emitted over reaches with lengths as short as one kilometer. The results also indicate the
importance of headspace ventilation as a parameter that affects HAP emissions from sewers.
For well-ventilated systems, significant fractions of HAPs may be removed from sewers.
Mass transfer at drop structures
Data from experiments completed with an identical drop height of 1.7 m, but varying liquid and
ventilation flowrates, are presented in Figure 2. The vertical axis defines VOC stripping
efficiency. The horizontal axis is the product of ventilation rate (Qg) and Henry's law coefficient
(He). The results shown in Figure 2, and obtained through dozens of additional experiments,
led to several important conclusions as listed below.1 2 3
1. For a fixed drop height and liquid flowrate, the Henry's law coefficient of a VOC and sewer
ventilation rate can each have a significant influence on stripping efficiency.
2. For a given VOC, drop height, and ventilation rate, stripping efficiency is significantly
affected by liquid flowrate. For the experiments associated with Figure 2, stripping
efficiency decreased with increasing flowrate. The system used for pilot experiments
consisted of a well-defined tailwater pool, e.g., consistent with pump station wet wells and
some junction structures. Although less surface agitation and air entrainment occurred with
a lower liquid flowrate, the hydraulic residence time in the tailwater pool was greater.
3. For the pilot experiments associated with Figure 2, stripping efficiencies from a single drop
ranged from less than 3% to approximately 40%. Removal across two drop structures on

the MCI were also determined experimentally for eight VOCs. Removal efficiencies were
observed to range from 25% (1,3- and 1,4-diethylbenzene) to 40% (propylbenzene), and
were proportional to Henry's law coefficient Based on pilot and experimental results, it is
clear that significant quantities of VOCs may be stripped from sewer drop structures.
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Figure 1. Sewer half-lengths for 1,1,1-trichloroethane (four experimental conditions shown)
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Figure 2. Contaminant stripping efficiencies in a pilot drop structure as a function of liquid
flowrate, Henry's law coefficient and ventilation rate (drop height = 1.7 m)

Emissions from an operating gravity-flow sewer
The plant to which the MCI eventually discharges has not been extensively studied with respect
to VOC emissions. However, four other treatment plants in Southern Ontario were
continuously-monitored over a four day period to determine VOC emissions summed over
aerated grit chambers and activated sludge aeration basins.5 Measured emission rates and
average wastewater flowrates for each plant are listed in Table 2. The Burlington-Skyway plant
treated a mix of residential and commercial wastewater with some industrial discharge. The
Highland Creek and Lakeview plants were characterized as having significant industrial flow
contributions. The Waterloo plant treated primarily residential and commercial wastewater
discharges. Emissions from each plant were compared with those associated with a diurnal
monitoring event on the MCI. Emissions from a single MCI manhole rivaled or exceeded
emissions from each of the four treatment plants for ethylbenzene, toluene and total xylenes.
Had all outgassing manholes been accounted for, aromatic VOC emissions from the MCI
would have dominated aromatic VOC emissions summed over all four treatment plants. These
results suggest that sewers that accept VOC-laden wastewater, that consist of drop structures
and that are characterized by significant ventilation, can be significant sources of VOC
emissions relative to municipal wastewater treatment plants.
Table 1. Comparison of measured VOC emissions: one MCI manhole and four plants
Emissions (g/day)
Etbenz3
Plant Characteristics
MCI (diurnal event - 0.2 m3/s)
87
Burlington-Skyway (0.85 m3/s) 30
30
Highland Creek (0.91 m3/s)
Lakeview (0.74 m3/s)
93
Waterloo (0.34 m3/s)
0.08

Toluene
850
521
269
362
2.2

Xylenes
770
129
213
408
0.16

Percb
17
48
61
164
17

a - Etbenz = ethylbenzene; b - Perc = tetrachloroethene (perchloroethylene)
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THE MANAGEMENT OF PCBS IN CANADA - PREVENTING
POLLUTION
John C. Hilbom
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INTRODUCTION
Prior to 1988, PCB management practices in Canada were guided largely by the regulations
that came into effect in the late 1970s, the intent of which was to keep PCBs from entering
the environment. These regulations controlled PCB manufacture, import, sale, use, content in
products, and release to the environment. The widespread use of PCBs in electrical
equipment, however, continued to be permitted, recognizing that time would be required to
replace all of the PCB equipment in the country.
There was concern, however, that the PCBs that remained in use in electrical equipment
would continue to be a potential threat to Canadians for many years. It is not unusual for
some electrical equipment to remain in service for many decades. In the mid-1980's, a highly
publicized incident in which a failed transformer containing PCBs leaked onto the TransCanada highway while being transported across the country for disposal reinforced the
public's fear of PCBs. Since that time, all transport of PCB wastes has been strictly
controlled by transport of dangerous goods regulations.
Following that incident, serious consideration was given ways to accelerate the removal of
PCB equipment from service in order to encourage an early resolution to the problem. But
before any action could be taken that would hasten the removal of PCBs from service, a
major fire in August 1988 involving a large stockpile of poorly managed PCB wastes
dramatically demonstrated that a broader range of controls was needed. PCB waste storage
regulations were introduced immediately after the fire.
Prior to the PCB fire, an estimated 1000 tonnes of Canadian PCBs had been exported to the
United Kingdom for destruction. That practice ceased following an ill-fated attempt to export
some PCB wastes from the 1988 fire for incineration in Wales. As a consequence, all PCB
export was banned. The controls placed on PCB export for destruction reflected the federal
government's decision to solve the PCB problem to the extent possible, in Canada. There was
one important exception to the export ban - export to the United States. But that exception
did not provide Canada with a means of destroying its PCBs, because export was contingent
on the United States Environmental Protection Agency accepting the import. Since 1980, the
United States has had a "closed border" policy on the import and export of PCBs for
destruction.
Soon after the PCB fire, federal and provincial Environment Ministers called for more
emphasis on the destruction of PCBs. In spite of that political support, public opposition to
incineration hazardous wastes, which has been the most widely used technology for that
purpose, remained intense. This situation has continued to the present time and is a major
factor inhibiting progress in eliminating PCBs. Siting hazardous waste destruction facilities,
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even on a temporary basis, is not a notion that Canadians have accepted easily. That is not to
say that they do not want the problem resolved. Rather it is a reflection of the "not in my
backyard syndrome". This paper examines the efforts of the federal government to provide
some of the PCB destruction capacity that Canada needs.
CURRENT PCB DESTRUCTION CAPACITY
There is only one permanent, licensed PCB destruction facility in Canada, and that is located
at the Alberta Special Waste Treatment Centre near the town of Swan Hills, in the province
of Alberta. Until February 1st of this year, only wastes from Alberta could be sent there for
destruction. On that date, the Alberta government approved accepting PCBs from other parts
of Canada for destruction at Swan Hills. This veiy recent development is a key factor being
taken into consideration in the federal government's ongoing reexamination of the strategy
that it has been following for the past several years to manage its PCB wastes. That strategy,
which focused on the use of mobile PCB destruction facilities, is discussed in more detail
below.
Apart form the PCBs that have been destroyed in Alberta, PCBs have also been destroyed at
two other locations; at Goose Bay, Labrador in the Province of Newfoundland, and at
Smithville, a small town in south-western Ontario. In both cases, mobile PCB incinerators
were used, and both projects were successfully completed. At present, no mobile PCB
incinerators are operating in Canada.
MANAGEMENT OF THE FEDERAL GOVERNMENT'S PCBS
In 1988 the federal government introduced the federal PCB destruction program, the goal of
which is to destroy all federally-owned PCBs by 1996. In order to understand the federal
government's program, it is helpful to consider the situation in Canada with respect to PCBs
at that time. For example, in the late 1980's, the Alberta Special Waste Treatment Centre was
still under construction. The Smithville and Goose Bay projects were still in the early
planning stage. Most importantly, the PCB fire had just occurred.
To provide further perspective, it is important to realize that the federal PCB inventory
represents only 4 to 5 percent of all of the PCBs in Canada. Consequently, because the fixed
costs for PCB destruction are high, for economic reasons, the federal government decided to
offer mobile PCB destruction facilities that it planned to establish to destroy federal PCBs to
private sector PCB owners, on a cost recovery basis. Ultimately, under the federal program,
three regional PCB destruction projects were planned implemented. These projects were in
the Atlantic provinces, in the Province of Quebec and in the city of London, Ontario, and all
involved both federal and privately-owned PCBs.
From the viewpoint of the PCB destruction program, it is high level PCB liquids, PCB
contaminated soil, and PCB contaminated equipment that are of major interest. PCBcontaminated mineral oil in electrical transformers is a problem that can be resolved readily a number of mobile chemical decontamination systems are authorized to operate in Canada to
treat mineral oil. Due to contamination of soil, mineral oil, and other materials, and of the
metallic components of electrical equipment (e.g. transformer carcasses), the actual amount
of PCB waste in Canada that must be dealt with is about 150,000 tonnes. As a rule of thumb,
it is PCBs at a concentration greater that 50 ppm that are subject to regulation in Canada.
!

There are four federal PCB regulations governing PCBs in commerce and the management of
PCB wastes.
The selection of temporary sites for mobile PCB destruction facilities, as planned under the
federal program, was the greatest challenge. For the projects conducted at Smithville and at
Goose Bay, where discrete amounts of PCB wastes were already present, the sites for
destruction were largely predetermined. Smithville was the location of an abandoned PCB
transfer station. The Goose Bay project was conducted on Department of National Defence
property, and the majority of the PCB wastes were owned by the Canadian military and
originated in Labrador. In both cases the public was fully involved in the projects, and
consulted during planning, selection of candidate destruction sites, and assessment of
environmental impacts.
The key features of the federal program were that it provided limited financial assistance to
get projects underway; federal lands were considered as potential destruction sites; both
federal and private-sector wastes were to be destroyed; temporary, mobile facilities were to
be used; facilities were to be sited in several regions of the country; and facilities would not
be imposed on communities.
With regard to financial support, studies to characterize the PCB waste inventory, public
education and consultation, the site selection process, environmental assessment and
environmental monitoring were eligible for funding. All costs for site preparation,
mobilizing destruction facilities, transport of PCBs, destruction of the PCBs, and site
restoration were considered to be components of the "cost of destruction" and were to be
charged to owners of the PCB wastes on the basis of the amount their waste destroyed.
HISTORY OF FEDERAL PROJECTS TO SITE MOBILE PCB DESTRUCTION
FACILITIES
Atlantic Canada Project

An agreement was signed between the federal government and the governments of the
four Atlantic provinces;
All federal and privately owned PCBs in the region were to be destroyed;
Criteria were developed to select candidate destruction sites;
The federal Department of Public Works and Government Services Canada was the
proponent for the project;
The criteria were applied to identify a short list if seventeen potential sites;
The number of candidate sites was eventually reduced to two;
An initial environmental evaluation was conducted to determine the consequences of
the proposed project;
An Independent Review Committee comprised of three university professors studied
the proposal and held public hearings; and
Public opposition to the project prevented it from proceeding.

Quebec Project
There was a serious PCB fire in Quebec in 1988, and as a result the province assumed
responsibility for disposing of the PCB wastes from that fire, which subsequently
were stored at three separate sites in three communities;
A joint PCB destruction project with the federal government and the provincial
hydroelectric company was planned, but did not materialize;
The province decided to proceed unilaterally to destroy its PCB wastes;
A group of local politicians in one of the three communities proposed cleaning up
other PCBs in their region at the same time that the provincial PCBs were being
destroyed, and asked the federal government to support their initiative;
New negotiations began, and it was ultimately proposed that all federal PCBs in
Quebec, PCBs in the region, and the provinces PCBs be destroyed;
A provincial commission conducted public hearings on the proposal, and concluded
that the project should proceed, but that the idea of importing all the federally-owned
PCBs into the community be reconsidered. Opposition to the project was strong
among the general public, despite the support of local politicians; and
The mobile incinerator selected to destroy the provinces PCBs will be tested before
final decisions are made on the scope of the project.
London, Ontario Project
The city of London, Ontario needed more PCB storage space, but the public opposed
building more;
A citizens group called "Londoners for the Safe Elimination of All PCBs" or LEAP
formed, and with the support of their local Member of Parliament, approached the
federal government for assistance to destroy London's PCBs under terms of the
federal program;
Agreement was reached with LEAP that all federal PCBs in the province of Ontario
would be destroyed along with London's PCBs;
LEAP opened a small office and undertook public consultation and education on the
proposed destruction of PCBs in order to gain public support;
LEAP held workshops and public displays, and provided explanatory literature to the
public;
Management options, inventory, technology, and transportation studies were carried
out under contract to Environment Canada; and
Two candidate sites were selected, and public opinion is to be gauged on proceeding
with PCB destruction.
CONCLUSION
There are no standard rules for conducting a process to find a publicly acceptable site for
PCB destruction. The processes that were undertaken in Canada to site mobile facilities
evolved in different ways. Much was learned from undertaking these processes. Most
importantly, significant quantities of federal PCBs have now been removed from service in
preparation for destruction, and should be destroyed in the foreseeable future.
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INTRODUCTION
In many densely populated and industrialized countries, waste and hazardous waste
incineration contributes to solve waste problems. The capacity for dumping hazardous waste
is limited, and landfilling with municipal waste is not accepted by the population because of
the high risk of toxic substances being released.
In the past, however, it has been shown that in the neighbourhood of incineration plants both
the soil and the ambient air were contaminated with heavy metals and toxic organic
compounds. Especially the concentrations of the highly toxic polychlorinated dioxins and
furans have caused considerable public concern, with local residents blocking the approval of
new incineration plants. In view of this situation, the European Union (EU) enforced an EU
Directive on the Incineration of Hazardous Waste (1)" to preserve, protect, and improve the
quality of the environment and to contribute to human health". European Standards
established by CEN/TC 264 "Air Quality" regulate measurement details in the law, which
have to be implemented by all EU member countries.
ENVIRONMENTAL POLICY OF THE EUROPEAN UNION (EU)
European environmental protection policy came to life at the 1972 Paris Summit Conference.
Since then, directives, ordinances, and other political instruments have been developed in five
successive European Community action programmes. In implementation of the 1986 Single
European Act, Articles 130r to 130t of the EEC Treaty (EEC = European Economic
Community) were expressively amended to lay down the legal basis for European
environmental policy-making. Article 130r of the treaty provides the legal basis for
harmonization efforts in the field of environmental protection. According to Article 130r-s,
protective measures which are legally binding within the EU are not intended to prevent
individual member countries from retaining or passing more stringent protective measures as
long as they comply with the treaty. It follows that requirements for technical standards
among the EU member nations may differ, because the different nations have to set different
priorities in environmental protection. In this connection, specifically with a view to
completion of the Single Market, Article 100a of the EEC Treaty enables easier adoption of
EU environmental Directives because of qualified majority voting instead of unanimity, thus
providing a high level of protection.
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CEN AND ISO
The European Committee for Standardization (CEN), Brussels, is a non-profit-making
international standardization organization consisting of the national standardization institutes
of 18 countries in Western Europe which are also members of the International Organization
for Standardization (ISO).
In cooperation with the EU and BETA (European Free Trade Association), CEN aims to
prepare standards for Europe in order to achieve a free market for goods and services
throughout Europe.
Through the harmonization work of CEN, any differences of a technical nature, either
between the national standards of the members of CEN or between measures applied at
national level to certify conformity that could give rise to technical barriers to trade, are to be
removed. This has to be done with the aim of guaranteeing free trade within the EU.
The work of CEN is supported by the EU. It is in the interest of international trade to develop
European Standards (EN) which are, as far as possible, in accordance with ISO standards.
The close cooperation between ISO and CEN on the basis of the "Vienna Agreement" will
bring the larger international community into the process of developing standards needed for
the European Single Market. It is an important goal of ISO and CEN to promote
standardization in the field of air pollution prevention (2).
THE CONCEPT OF HARMONIZED STANDARDS IN THE NEW APPROACH (3)
According to the New Approach, the Directive gives the frame conditions (minimum
requirements). Details of the measurement procedures are explained in the CEN standards.
The CEN standards ordered by the EU by means of a mandate have the status of harmonized
standards that the EU refers to.
The concept of harmonized standards plays an important role in the framework of the New
Approach Directives. It raises a series of fundamental questions relating to the definition of
such standards, the role of EU mandates, the presumption of conformity with essential
requirements, and the respective competence of the standards organizations and the public
authorities at EU and at national level. Furthermore, the use of the terminology "harmonized
standards" gives rise to some concern with standards organizations, as its definition does not
coincide with the ISO definition.
The definition of harmonized standards in the recitals of New Approach Directives describes
harmonized standards as technical specifications adopted by CEN on the basis of the General
Orientations signed between CEN and the European Commission (EC) on 13th November
1984.
Mandates are the instrument by which the EU, when mandates are given under the New
Approach Directives, formally invites CEN to present standards within the meaning of such
Directives.

EU DIRECTIVE ON THE INCINERATION OF HAZARDOUS WASTE (1)
The aim of the Directive on the Incineration of Hazardous Waste is to provide for measures
and procedures to prevent or to reduce negative effects on the environment as far as possible in particular the pollution of air, soil, surface and ground water, and the resulting risks to
human health - from the incineration of hazardous waste. Therefore, the Directive sets up and
maintains appropriate operating conditions and emission limit values for these incineration
plants within the EU.
To protect the environment, the Directive sets high standards for emission control, as shown
by the low limit values of several substances. The provisions of this Directive shall apply to
existing incineration plants within 3 Vz years after the date of notification (December 1994).
After notification, the member countries have to adopt the Directive at national level within
18 months. Originally, the Directive was based on Article 100a of the EEC Treaty. This
covers the harmonization of legal and administrative regulations relating to the establishment
of the Single Market. The basis of the Directive was changed to Article 130s, in which the
minimum requirements are laid down, leaving it up to each member country to set up more
stringent demands according to its needs.
Special conditions are laid down for polychlorinated dioxins and furans. These pollutants
shall be reduced by the most progressive techniques. All average values must not exceed a
limit value of 0.1 ng/m3 at the latest from 1st January 1997 onwards. Until this date, member
states should use this value at least as a guide value. This value is defined as the sum of the
concentrations of the 17 individual dioxins and furans evaluated in accordance with their
toxicity related to 2,3,7,8-Tetrachlorodibenzodioxin.
Several substances and operation parameters have to be measured continuously by automated
measuring systems. Other substances are checked regularly twice a year.
Minimum requirements for continuous measurements are listed in Annex III of the Directive,
which states that the value of the 95% confidence intervals calculated for the emission limit
values shall not exceed the given deviations (between 10% and 40% depending on the
substance) from the limit values.
The Directive says that sampling and analysis of all pollutants shall be carried out as given by
CEN standards elaborated on the basis of orders placed by the EU.
A new aspect in EU Directives setting high standards of emission control is the consideration
of old plants after a period of transition and additionally the incineration of hazardous waste
in plants which originally were not laid out for the incineration of this waste. This has a
strong impact because plants which do not meet the limit values have to be modernised or
taken out of order after certain time limits.
STANDARDIZATION WORK OF CEN/TC 264 "AIR QUALITY" RELATED TO
THE EU DIRECTIVE
In 1991, the EU asked CEN/TC 264 to establish measurement procedures for polychlorinated
dioxins and furans as well as for hydrogen chloride (HC1). These substances are listed in the
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Directive on the Incineration of Hazardous Waste as harmful compounds. Since no validated
test procedures were available with respect to the very low limit values of the Directive, the
EU financially supported the project. Two working groups (WG) were created. In addition to
the elaboration of European Standards, the mandates include round robin tests to determine
the performance characteristics of the measurements procedures, especially the precision by
comparing different measurement methods in parallel tests at the same time in the same stack.
These tests were carried out at different waste incineration plants.
The WGs of CEN/TC 264 and their activities are presented in the following table.
Activities of CEN/TC 264 "Air Quality" (Chair: France, Secretariat: Germany)
Working Groups with respect to the Directive on Hazardous Waste Incineration
WG

Subject

Number of
standards to
be prepared

Mandate

Target dates
Draft standard

EN standard

Secretariat

1

Dioxins

3

X

1995

1996

Germany

3

HC1

3

X

1995

1996

France

4

TOC

2

X

1995

1996

United
Kingdom

5

Total dust

2

X

1995
1996

1997
1998

France

8

Total
mercury

to be
decided

X

1996

1997

The
Netherlands

Ad hoc
I

Performance
criteria of
continuous
monitors

Ad hoc
II

Quality
assurance of
AMS

The
Netherlands

-

-

-

-

Denmark

In 1992, the EU ordered three more standards, two of which should correlate directly to the
Directive. Reference methods for total organic carbon (TOC) and total dust in the emission
range of up to 20 mg/m3 each should be established. Furthermore, the WGs were responsible
for setting the minimum requirements for automated measuring systems (AMS) and their
confidence intervals. In the case of WG 4, dealing with TOC, there was the difficulty that no
reference method existed for this emission range. So there has been the need for a new
convention and consequently for validation of the procedures. One important and difficult
task of WG 5 (Total dust) has been the standardization of the sampling procedure of low dust
contents in wet and dry off gases.
In 1993, an ad hoc WG was set up to collect relevant documents and to prepare a starting
paper and recommendations on the strategy to be adopted by CEN/TC 264 concerning the
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evaluation of the performance criteria of AMS. Another ad hoc WG "Quality assurance" was
established in 1994 to cover general aspects of quality assurance. In the same year, another
mandate dealing with the determination of total mercury concentrations in the off gas of
waste incineration plants was given to CEN/TC 264.
The cooperation between CEN/TC 264 and the EU is a good example of how to put the "New
Approach" into practice, as the EU gives the frame, whereas CEN elaborates the details laid
down in European Standards.
SUMMARY
The aim of the EU Directive on the Incineration of Hazardous Waste is to provide for
measures and procedures to prevent or where not practicable to reduce as far as possible
negative effects on the environment from the incineration of hazardous waste. The Directive
shall provide high levels of protection of the environment and human health.
Sampling and analysis of pollutants shall be carried out as given by European Standards
elaborated by CEN. Furthermore, minimum requirements for AMS are laid down in the
standards. European Standards shall
prevent barriers to trade,
provide technical support for legislation and
promote the competitiveness of European industry.
They are the basis for agreements on manufacture, performance, testing and design of
products, services, operations, and quality assurance.
CEN/TC 264, which was established in March 1990, is responsible for the standardization
work according to the "New Approach" in the field of air quality.
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INTRODUCTION
Thermal treatment of solid wastes present different advantages/disadvantages as far as recovery and
emissions concerns. They provide a captive energy source; reduce the quantity of waste to be
landfilled; there are limited by-product and pollutant generating problems.
Combined treatment of solid wastes (incineration, pyrolysis, gasification) have been considered to
evaluate the energy recovery as well as the quality and the amount of pollutants potentially
generated by the combined processes. Direct incineration ofMSW, RDF or specific industrial
wastes represents a viable, definitive, low environmental impact solution for most refuses.
Treatment of emissions can be efficiently achieved by dry or wet processes. Nowadays abatement
technologies are able to provide emissions within the guidelines of EEC countries. Problems arise
when wastes contain large amount of chlorinated compounds (for example PVC) and/or heavy
metals: incineration may be not best way to be pursued.
The general aim of the research program carried out by ISTTC (Genova), and Department of
Chemical Engineering (Pisa) is to gain fundamental information on pyrolysis of refuse materials
(1-3) and to study the possible industrial application of these processes. Possible solutions have
been studied in terms of material and energy balances, in order to verify the feasibility of
combined treatments. Here, preliminary results are given on a two-stage process (low temperature
pyrolysis (LTP) followed by incineration or gasification/pyrolysis) for treating specific wastes.
THE TWO-STAGE PROCESS
Figure 1 reports the schematic of the different combined processes for the treatment of chlorinated
and/or specialised wastes. Case a) is a conventional incineration system with a high temperature
(>1200°C) post-combustion chamber. This has high operating costs due to materials and auxiliary
fuel. Cases b) and c) present a primary LTP stage, followed by incineration or gasification,
respectively. If feedstock is constituted by specific, homogenous refuses, high temperature pyrolysis
can also be used to obtain valuable products, (char, oil). The low temperature pyrolysis stage is
employed with the purpose of waste dechlorination since, in the absence of oxygen, chlorine is
eliminated via HC1 formation faster than any other substance. Low temperature dechlorination
pyrolysis arises from the problems for direct incineration of high chlorine content refuses. HC1
abatement in flue gases through conventional absorption processes generally involves high costs,
because of the largefiowrate of flue gases to be treated with very low HC1 concentration (200-1500
mg/Nm.3); furthermore, wet treatment produces a decrease of effluent temperature so that additional
thermal or mechanic energy is required for suitable flue gas rise and dispersion. Moreover, the

presence of high HC1 concentration in the emissions to be treated may enhance corrosion in the heat
recovery surfaces.
The LTP stage involves heating of the comminuted mixed refuse in an oxygen depleted atmosphere
from ambient temperature to about 450°C. The gases produced are fed to HC1 abatement unit. Acid
gases may be absorbed by alkaline solution, or adsorbed by dry sorbents. HCI recovery and reuse
(for example in coal ash attach for aluminium recovery) can be achieved when LTP gases contain
limited condensable organics. Dechlorinated gases (mainly light hydrocarbons) may be fed to energy
production unit. The solid passes directly to a high temperature thermal treatment stage.
Incineration of non gaseous residue (case b) takes place at 1000-1200°C and is followed by energy
recovery and flue gas treatment, that involves minor volumes than direct incineration, but still needs
solid particle abatement and wet or dry scrubbing. On the other hand, gasification (case c) occurs at
lower temperatures (850°C in a fluidized bed) and it is followed by gas combustion (generally in a
gas turbine, with combined production of electric and thermal energy). An alternative solution may
be high temperature pyrolysis (about 800-900°Q for recovery of valuable products (char and/or
tar). Again, the final step is combustion of gaseous products for energy production (in a lesser
extent with respect to gasification).
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T energy recovery
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treatment
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Figure 1. Schematic of the processes analyzed
MASS AND ENERGY BALANCES
Data on product yields and wastes properties have been experimentally determined or tested during
the research (1-4). The determination of product yields, the characterisation of the main pyrolysis
products and the analysis of the pyrolysis behaviour has been performed on refuse-derived
materials by means of different experimental techniques. Recycled plastics (PVC, PE and PP) and
commercial RDFs produced by different manufacturers and in different plants have been
examined. In the following the results of material and energy balance for the processes considered
in fig. 1 are shown. The basis of calculation has been assumed 1000 kg/hr of RDF with 10% of

7^j r
chlorine. Table 1 reports the elemental characteristic of the starting material and the composition of
the two streams from LTP Dechlorination efficiency in this unit is of 90%.
Tables 2 and 3 show the main terms of energy balances for LTP and gasification stages.
Conventional values have been assumed for incineration unit (5% of energy losses due to unbumed,
radiation, ash quenching). It should be noted that in the cases examined, LTP involves a loss off tars
which are condensed during HC1 abatement. This causes an additional loss in the energy balance
(tab. 2) that is not present in single stage processes.
Table 1: Mass balance for LTP stage
INPUT
RDF: 1000 kg/hr
Element
C
H
N
S
O
Cl
Moisture
Ashes

OUTPUT
non gaseous: 718.5 kg/hr; gaseous: 281.5 kg/hr
Element
Gas
Weight %
51.2
HC1
C
H
6.6
CO
0.5
C02
N
S
0.4
h2
O
26.5
CH,
0.7
Cl
Moisture
h2o
Ashes
14.1
Tar

Weight %
43.3
5.7
0.4
0.3
26.3
10
3.9
10.1

13.8
17.8

—

Table 3: High temperature gasification.

Table 2: LTP: energy balance.
MW
Power in
4.658
Losses:
Radiative
Uncombusted
Heating
Sensible Heat
Total losses
Power out
Gas
Non gaseous

Weight %
32.8
25.4
7.7
0.6
1.9

MW

%
100

0.093
0.486
0.504
0.112
1.195

-2.0
-10.4
-10.8
-2.4
-25.6

0.156
3307

3.4
71.0

MW
Power in
3.290
Losses:
Radiative
Uncombusted
Heating
Sensible Heat
Total losses
Power out
Gas

MW

%
100

0.099
0.077
0.014
0.190

-3.0
-2.4
-0.4
-5.8

3.100

943

The thermodynamics efficiencies of the different processes are reported in tab. 4. The overall TD
efficiency represents the fraction of initial thermal power on which energy recovery may be applied.
Electrical efficiency is evaluated by considering a steam turbine in both the cases (assuming vapor
expansion from 42 bar, 380°C to 0.2 bar, 60°C).
Table 4: Thermodynamic and electric efficiencies of the processes
H.T. process effic. Overall TD
LTP efficiency
Process
efficiency
0.95
0.95
conv. incineration
0.95
0.68
LTP + incineration
0.71
LTP + gasification
0.94
0.66
0.71
-

Electrical
efficiency
0.23
0.17
0.15

As can be seen, the two stage processes present minor overall efficiency, which in turn leads to a
minor electric power production. This negative feature can assume minor importance in case of
limited revenues of electric power, or, to a major extent, as far as environmental-associated costs
concern.
ENVIRONMENTAL ASPECTS
Even if waste incineration is the most acceptable method for reducing the volume of wastes, if
proper technology and operating methods are used, the more stringent air pollution codes
necessitate large investments and lead to high operating costs.
The alternative processes (pyrolysis and gasification) would be more environmentally acceptable:
however they may originate new and unexpected forms of pollution as: toxicity, flammability, odour
of generated products, and the presence of ammonia, cyanides, organic chemicals and tars in the
residual streams (wastewaters, solid residue). In the following these aspects are examined.
Air pollution
The total amount of gases to be cleaned varies considerably according to the process, the operating
conditions and the feedstock used (typical values after combustion for flue gases: incineration; 6000
Nm?/ton: gasification: 5000; pyrolysis: 2000-3000). In the case studied herein, HC1 concentration in
the flue gases would be about 4000 mg/Nn£ in the conventional configuration, while using the LTP
would lower to less than 200 mg/Nrri3 HC1 in the combustion gases. Evaporation of volatile metals
and metal salts leads to formation of aerosols. In LTP: only mercury and, to a lesser extent,
cadmium evaporate and burden the gas stream. Heavy metals are generally embedded in the char
residue. On the other hand, in incineration systems, dry or semi-dry processes for HC1 elimination
are very effective also on heavy metals. The emission of organic micropollutants is low in
conventional incineration, but occasional peaks in the emission of CO and PAH may occur, by brief
and local deficiencies in oxygen, when highly flammable substances suddenly ignite (puffs). These
phenomena can be attenuated by means of suitable design of combustion chamber. On the other
hand, gaseous products from pyrolysis and gasification are comparatively easy to bum completely.
Water pollution
Wastewaters from incineration processes are relatively low in volume but tend to exceed allowable
discharge limits with regard to their contents of salts and heavy metals, especially when the flue gas
are scrubbed. Pyrolysis and gasification may give rise to various type of wastewaters. The
generation of condensates in treating the products of LTP cannot be avoided. Scrubbing liquors are
generally grossly polluted since they contain: salts, water soluble organics, partially emulsified,
partially suspended oils and tars, and dusts. Finally, it should be mentioned that another aqueous
stream is produced by the process: the quenching waters of the carbonised (in H.T. pyrolysis) or
ashes (gasification, incineration), which are charged with soluble salts, organics and suspended
solids.
CONCLUSIONS
Two-stage thermal treatments (LTP followed by incineration or gasification/pyrolysis) can be
attractive for treating wastes for specialised fields e.g.: the disposal of high calorific wastes, which
are difficult to treat by incineration; the recovery of metals, especially the more valuable non ferrous

and noble metals; the disposal of wastes leading to problematic emissions (halogenated wastes).
Major advantages are due to the absence of high temperature post combustion chambers and to
more limitated environmental problems, if compared with direct incineration. LTP involves a
relatively lower energy recovery, which means minor power revenues. Plant and operating costs
vary considerably according to the equipment used, but the following considerations have general
validity: LTP implies an additional cost with respect to conventional incineration, but avoids the
need of high temperature post-combustion chamber, which involves high operating costs. Further
investigation is needed to asses the incidence of LTP wastewater treatment on the process
economy.
In conclusion, comparing the economic feasibility of the different options is hardous, since the
economic factors may be influenced by local circumstances, such as pollution codes and revenues
for gas, oil, power, or heat. However, the overall costs of two-stage processes are in line with
figures for direct refuse incineration.
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INTRODUCTION
Various industrial activities produce toxic and nocive refuses which disposal, for their chemical
characteristic, has always represented a problem out of necessity to defend surrounding area
and men's health. Actually, their reintroduction in different productive cycles represents a valid
alternative to traditional methods, on condition that exist suitable engineerings and receptive
markets for these waste products (1). In this regard, a study has been implemented to evaluate
the possibility of special refuses' recovery produced in a petrolchemical plant (2). In this plant,
placed at Gela, in Eastern Sicily, petroleum processing occurs; because of the kind of
working, the industrial plant has an high "environmental impact" either for emissions in
atmosphere or for quality of waste products. The petrolchemical plant's refuses, classified by
Italian law as "toxic and nocive", amount to about 2300 tons/year and comprehends: working's
wastes, tank bottoms, sludges caused by the cleaning of tanks and gutters and by chemical
washings (3). Since it's difficult to find adequate disposal areas, the wastes are simply stored
next to the establishment, in a fluid state, composed of a deep slimy layer and a sumatant oily
liquid. Their chemical composition and, expecially, the high presence of organic compounds,
suggested the possibility of recovery as alternative fuel in a plant of cement production.
MATERIALS AND METHODS
Preliminarly, a chemical wastes analysis of a sample of the oily liquid part and the slimy part
has been carried out to test fixed residue at 600 C, total organic compounds, organic chloryne,
chloride in water, benzene, toluene, xylene, ethylene chloride, phenol, heavy metals (As, Cr,
Ni, Cd, Hg, Pb, V), cyanides (Tab.l).
Successively, wastes were transported to the cement-work in Ragusa, centre of the
experiment, where several test-cycles took place, adding, by turns and in ammounts of 20%
the waste's oily liquid and slimy part, to the fuel traditionally used (coke pounce) for the
Humboldt kilns of the plant operation.
To check if the waste's use can produce emission of toxic and nocive substances in
concentration significantly higher than the one's produced by normal plant-work, samples to
emissions during mixed-firing and the "blank test" (without wastes adding) of the kilns was
taken. Furthermore, during the several testes, clinker's samples were taken to check the
capacity of trapping haevy metals by clinker and to carry out "transfer tests" in acid.
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Table 1: Chemical analysis on liquid and slimy parts of refuses of petrolchemical plant
Compound

Unit

Liquid part

Slimy part

Fixed residue 600 C
Organic compounds
Organic chloryne
Chloride in water
Benzene
Toluene
Xylene
Ethylene chloride
Phenol
Hg
As
Pb
Cd
Cr
CN"

%
%
ppm
mg/1
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

2,3
39,8
1000
440
5
18
29
50
0,8
0,25
11
<0,05
5,5
4

4,4
39,3
1012
580
2
1
2
7
6
0,1
18
<0,05
5,6
1,8

.

The samples has been drawed and analyzed by the Institute of Hygiene, University of Catania,
between October and November 1994. At the emissions have been determined: PHA by Liquid
Chromatography, PCB, PCDD by Gas-Mass, benzene, ethylene chloride, VOC by Atomic
Absorption Spectrophotometry, phenol, cyanides, NOx by Ultraviolet Spectrophotometry,
dusts by Gravimetric Analysis, SOx by Turbidimetric Analysis. In the clinker have been
determined, by Atomic Absorption Spectrophotometry, heavy metals (As, Cr, Ni, Cd, Hg, Pb,
V, Se, Tl), after both mineralization and etch with nitric acid.
All the results have been estimated with the statistic test of variance-analysis, which permits to
evaluate differences between the concentrations of each parameter determined in samples with
waste-derived fuels and in the " blank " samples; for each cycle, it has been considered
concentrations' mean values in terms of eight hours.
RESULT AND DISCUSSION
Analyses' results are gathered in tables 2,3,4. Statistical analysis, for each parameter, doesn't
show any significant difference.
Cement-works' kilns are particularly suitable to eliminate the organic compounds, contained in
wastes, which are totally destroyed caused by the high temperature kiln (1200 - 200 C), the
sufficient permanence (more than 2 seconds) and the convenient presence of oxigen (4).
Among macropollutants either in NOx concentration, for excellent condition of combustion, or
in SOx concentration for low level of sulfur in used wastes and for alkaline fused mass trapping
doesn't increase; furthermore the efficiency of fabric-type dust collectors doesn't increase
significantly concentration of dusts. Heavy metals trapping in clinker, as demonstrated by
"transfer tests" and their removal by dedusting systems explain us why the emissions'
concentration isn't modified when compared with "blank" tests. Unbumt substances (total
hydrocarbons, PHA, benzene, toluene, phenol, PCB, PCDD, etc.) don't show appreciable

variations, demonstring that the steady maintenance of temperature over 1200 C inside kiln,
isn't alterated by alternative fuel use (2,4).
Table 2: Analytical determinations (mg/Nmc) in samples taken from emissions of Ragusa
cement work, concentrations mean in 8 hours
Sample

Date

SOx

NOx

Dusts

blank
blank
blank
liquid part
liquid part
liquid part
slimy part
slimy part
slimy part

22/09/94
23/09/94
24/09/94
04/10/94
10/10/94
11/10/94
27/10/94
28/10/94
29/10/94

10,7
9,3
6
11,3
6,05
5
7,05
5,7
5,7

387,5
403,6
551
482,7
394,3
313,3
448,3
415,4
428

8,5
10,7
20
17,3
46,5
41
52,9
63,2
38,4

Ethylene
chloride
0,1
0,05
0,06
0,02
0.02
0,04
0,08
0,06
0,05

Benzene

V.O.C.

Cyanides

Phenol

1,69
1,25
1,46
0,15
0,38
0,9
1,4
2,06
2,25

16
13
16,7
6,3
5,9
12,4
24,15
17,5
14,6

<0,2
<0,2
<0,2
<0,2
<0,2
<0,2
<0,2
<0,2
<0,2

0,08
0,11
0,14
0,08
0,185
0,48
1,4
0,996
0,55

Table 3: Analytical determinations (mg/Nmc) in samples taken from emissions of Ragusa
cement work, concentrations mean in 8 hours
Sample

Date

blank
blank
blank
liquid part
liquid part
liquid part
slimy part
slimy part
slimy part

22/09/94
23/09/94
24/09/94
04/10/94
10/10/94
11/10/94
27/10/94
28/10/94
29/10/94

As

Cr

Ni

Cd

Hg

Pb

V

PHA

<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005

<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005

<0,005
<0,005
<0,005
<0,005
<0,005
0,014
0,011
0,011
0,006

<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005

<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005

<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
<0,005

<0,005
<0,005
<0,005
<0,005
<0,005
<0,005
0,008
0,012
0,007

<0,03
<0,03
<0,03
<0,03
<0,03
<0,03
<0,03
<0,03
<0,03

PCB PCDD
<0,1
<0,1
<0,1
<0,1
<0,1
<0,1
<0,1
<0,1
<0,1

<0,003
<0,003
<0,003
<0,003
<0,003
<0,003
<0,003
<0,003
<0,003

Table 4: Heavy metals'concentration (mg/Nmc) in samples of clinker of Ragusa cement work
after both mineralization and etch with nitric acid
Sample
blank *
liquid part
slimy part
blank **
liquid part
slimy part

*
*
**
**

Pb

Se

Te

As

Cd

Ni

Cr

V

Hg

114,8
74,9
82,3
11,7
0,4
4,2

117,4
72,7
78,4
8,7
2,6
6.7

163,8
101,9
109,6
14,3
8,5
10,9

241,4
209,7
220,9
19
9
10,8

5,70
4
4,4
0,39
0
0,18

213,1
173,2
190,4
1,1
0,9
1,7

61,3
45,7
46,2
15,1
6
6.9

381,8
276,8
304,4
24,3
6,2
8,2

0
0
0
0
0
0

* samples after mineralization
** samples after etch with nitric acid

CONCLUSION
We can reasonably assert that air quality, after the addition of wastes to the fuel, isn't
significantly modified; in consequence of this the tested co-combustion process results to be
advantageous.
This process will allow to dispose of the great amount of wastes now stored and produced in
the future at petrolchemical establishment, to spare the neighbouring areas, otherwise designed
to contain them, from a certain environmental degradation, to avoid money investment and
consequent economic burdeus due to disposal in dump, or to traditional incineration (5). The
cement production process needs a quantity of energy equal to about 2,lx 106 KJ/tons of
product, that weigh upon cherge for about the 40%; the use of alternative fuel allow to recover
energy otherwise lost and, by reducing quantity of traditional fuel, to keep a check on
expenditure, without causing alterations to the producing process and to the quality of finished
product (6).
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ANALYSIS OF MSW TREATMENT PLANT WITH PRODUCTION OF
BIOGAS, RDF AND COMPOST THROUGH SIMULATIVE APPROACH
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(1) ITIM, Engineering Dept., University of Genoa, Italy
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INTRODUCTION
This work concerns the feasibility study ofa MSW (Municipal Solid Waste) treatment plant based on wet
way technology. The choice towards such a plant engineering-solution is due to the utilization of the
energetic component ofwaste, through a production ofboth biogas and RDF (Refuse Derived Fuel) with
practically any impact on environment. That's why this solution is preferred to the traditional incinerating
technologies and pyrolysis, that cause environmental damage because of more or less noxious emissions.
In order to analyse how a so-called multipurpose platform works, a discrete and stochastic simulation
model, able to describe in detail the flow of plant materials, was built. Then a very accurate
experimentation campaign was carried out in order to determine a technical evaluation and consequently
an economic analysis to verify the convenience of such a plant in the area ofwestern Liguria.
1. PLANT DESCRIPTION
This plant has been proposed to satisfy the needs of a territory covering an area of 250 km2 with a
resident population of about 150000 inhabitants and a strong presence of tourists in summer. The plant
should rise near the existing sewage treatment line, so as to constitute a complete multifunction platform
for the integrated treatment of municipal solid waste and"
8.00%
sewage. Figure 1 shows the waste composition, determined
thanks to a survey carried out among the communes
members of the consortium The daily amount of waste is
estimated at 200 t Now the plant is described: waste pass
through a bagbreaker and are conveyed to a trommel. The
resulting flows respectively formed by the granulometiy
fraction between 15 and 250 mm and above 250 mm are sent,
Figure 1. Waste Composition
upon deferrization, to the BTA and RDF lines, while the
remains are sent to the dumping ate. As for as the RDF line
is concerned, according to a well-known scheme, a subsequent trituration, a second screen and a
magnetic separator are foreseen in order to cause a further refining ofthe mixture which is then sent to an
air-separator for paper and plastic refining. The granulometry fraction ranging between 15-250 mm is
stocked in the BTA-line-storage (Figure 2) and from here it is sent to the 3 pulpers where 90% of water
is added. Among the non-defiberized materials, the light fraction is removed by a mechanical rake, while
the heavy fraction sediments and is discharged from the bottom of the vessel through a set of stock
valves. The suspension passes to a cyclone to separate the residual heavy materials and is pumped into a
storage tank so as to assure, at the bottom of it, that the line continues to work The suspension is then
sent to the thermal treatment. This is carried out in three identical reactors, which are used in turn in the
phases offilling, emptying and pasteurization (maintenance ofthe t = 65°C for about 1 h). The following
phase consists in the centrifuge, where the solid substances are discharged into a tank with agitator and
some processing water is added in order to obtain a pumping suspension: this mixture is sent to two
reactors where an extremely forced hydrolysis of the organic substance takes place. Then the material is
30,80%
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sent to a second centrifuge from which a raw compost is obtained. Then an aerobic phase will take place
on this compost in order to activate the oxidizing process at its best During this phase the raw compost
could be mixed with selected green waste and with mud coming from the depuration line to assure a final
product (compost) of high quality. All the filtrates coming from the centrifuge are sent to the
methanization reactor, where the organic substances are degraded in anaerobic conditions. Subsequent to
this transformation methane, carbon dioxide and water are obtained. The biogas produced is used both in
a boiler which provides the required heat to satisfy the needs of the process and in a biogas energyexploitation plant (internal-combustion engine or tuibogas). This process allows to obtain 3 products:
BIOGAS [about 60% CH4; Low heat value 6.2 KWh/Nm3], RDF [paper and plastic at 96%] and
COMPOST [organic sub. >45%T.S. Humidity 43%].™
1)
Pulper
2)
Tank with cyclone
3)
Storage tank
4)
Heat exchanger
5) , 15) Heater
6) , Thermal treatment reactors
7) , 9) Centrifuge
8)
Hydrolysis reactor
10)
Methanization reactor
11)
Gasometer
12)
Processing water tank
13)
Press
14)
Container
(A)
MSW (fraction 15-250 mm)
(B)
Raw compost
(C)
Biogas
(D)
Light fraction (plastics, textiles)
(E)
Heavy fraction
(0
Filtrate
(g)
Solid substances2

i
r
Figure 2. BTA-line
2.

SIMULATION MODEL

Afterwards a simulator of the plant was built. It is a stochastic, discrete, simulation model, while the
employed language is SLAMII, with subroutine in Fortran. As for the initialization ofthe variables taken
into consideration, it is referred to a pre-processor realised in Fortran. In INPUT it is possible to change the
parameters concerning MSW collecting ditch, primaiy separation line, BTA line, MSW composition,
BTA-line-storage, tanks levels and their capacity, machines separation efficiency and Mures
characterization (duration and interval). In OUTPUT mass balances for the whole plant and for each line, in
particularly for primaiy separation line, for RDF-line, for BTA-line (divided into hydromechanical and
thermal treatment), for processing water in BTA-line are reported. Also biogas production, composition
ofMSW taken from collecting ditch, composition ofMSW sent to RDF-line compaction, material to be
dumped for each line and lost time owing to Mures and MSW shortage are related.®
2.1 Statistical validation
For a statistical validation ofthe model, the right
simulation time is fixed, through MSpe (Mean
Square pure error) proceeding. For example in
Figure 3 Mspe relating to plant waiting hours is
reported. Classical knee-curve, which indicates
statistical stabilization of the obtained results,
can be observed.®

figure 3.
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3. EXPERIMENTAL CAMPAIGN
Supported by constructor experience, and after an accurate analysis of data, the 10 most interesting
variables are individuated. They are divided into MSW composition (5 variables), the daily amount of
conferred MSW (1 variable), machines separation efficency (2 variables), primary line and angle pulper
capacity (2 variables).
A fractional factorial design 21<K3 has been developed to define the importance of angol factor and their
interaction. Results from this phase, that revealed the great incidence ofMSW typology directed the next
step towards an approach dedicated to a plant in the specific district.
Then it was decided to develop a generalized factorial design, which was repeated twice, within the span
of300 days, involving the 5 variables, reported in Table 1, with the number of levels adopted for each
variable. The aim of experimental phase is the formulation of mathematical laws which interpret relations
between input and output variables, according to a polynomial model that can be expressed with the
symbolic formula Y=<D(X1,X2,X3,X4,X5).
Values
levels
The analysed objective functions are:
185 | 195 205 | 215
XI MSW conferred lt/dayl
4
Biogas production [Nm3]
0.02
2
-0.02
X2 A separat. eff. positive
RDFproduction [t]
0.02
2
0.02
X3 A separat. eff. negative
Raw compost production [t]
25 | 27 | 29
X4 Trommel capacity ft/h]
3
MSW to be dumped [t]
4 4.2214.34| 4.461 4.58
X5 Pulper capacity ftl
Separatedferrous materials [t]
Table 1. Independent variables
4. ANALYSIS OF THE RESULTS
The results obtained have been graphically represented, by means of tridimensional (response surfaces)
and bidimensional (confidence bands) representations. First of all it is noticeable from the global analysis
of all the response surfaces the absolute importance ofthe machines at the beginning of lines, the primary
trommel, and the three pulpers. As a matter of feet an eventual failure of the first part would affect the
flows of materials sent to the different lines; instead, as fer as the pulpers are concerned, an adequate
over-scaling was already foreseen during the planning phase in order to make them able to treat 135 t/d of
selected waste in front ofan average calculated amount of 110 t/d.
From Figure 4 it is noticeable that if the pulper capacity is equal to 4.41, the same pulpers will work in
critical running, in case ofamounts ofwaste higher than 200 t/d.
As fer as the produced RDF is concerned, it is possible to notice a trend towards an increase compared to
the amount of conferred MSW, while tire hour-capacity of the trommel may affect results only over
200 t/d (Figure 5): this feet points out the criticality ofthe machine taken into consideration.
The raw compost will show negligible changes ifthe trommel capacity changes, and important result, also
ifthe pulper treatment capacity changes for the nominal value of200 t/d (Figure 6).

Figure 4.
Biogas production [Nm?]

Figure 5.
RDF production [t]

Figured.
Compost production [t]

As for MSW to be dumped it has been observed
that, on the same amount of conferred waste, it is
not affected in a decisive way by eventual changes
in the primaiy line capacity or by the pulper
capacity: from Figure 7 (Confidence bands at
95%) it is observable that the situation will not
change considerably if the capacity of the primary
trommel increases from 25 t/h to 29 t/h
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Figure 7. MSW to be dumped [t]
5. ECONOMIC ANALYSIS
The problem ofwaste disposal has previously to respond to numerous objectives and the chosen solution
has to consider both minimal environmental impact and minimal cost for the community. Aiming to that,
in reference to the obtained results, an analysis of economical feasibility, considering separately BTA and
RDF line, has been evaluated; as a matter offeet modularity is a fundamental characteristic of considered
plant. Analyzing energetic/economical balance of biogas produced (Table 2), it can be observed that this
is remarkably positive. Biogas, if it is exploited in a cogeneration unit for combined production of
electrical and thermal energy, will allow to obtain an annual proceed of 1845 MLire. As far as compost is
concerned, it was considered to obtain no gain from sale, but to foresee distribution without any cost.
Treatment costs, for BTA and RDF line, are equal respectively to about 98000 Lire/t and 100000 Lire/t
(Table 3). Both obtained values are similar to dumping cost, but the proposed solution has less
environmental impact.
Biogas Production INmVyl
Energy Production [MWh/y]
Internal consumption [MWh/yi
Surplus [MWh/yl
Selling price [Lire/kWhi
PROCEEDS [MLire/y]
Totals procccds[MLire/yl

5000000
thermal electric
19200
9600
5200
4000
5600
14000
222
43
602
1243
1845

Table 2. Biogas balance
6.

Treated wastes ft/yl
Capital Costs [MLire/yl
Operating Costs [MLire/yl
Containers & carriage[MLire/yi
COSTS [MLire/yl
PROCEEDS [MLire/y]
Treatment cost[Lire/tl

BTA
37000
2923
2570
5493
1845
98000

RDF
13500
480
925
600
1980
630
100000

Table 3. Treatment costs

CONCLUSIONS

The plant aim is a considerable utilzation of organic and cellulose fraction. From the obtained results it is
noticeable that the proposed platform is of extremely topical interest; as a matter of feet, thanks to its
considerable biogas production it assures gains coming from exceeding electrical and thermal energy sale,
which is allowed by the latest Italian laws in favour of electric energy self-production (CD? resolution
29/4/92). So the proposed plant is surely economically profitable, and this convenience should increase
thanks to a widespread introduction of an efficent selected MSW collection and through an eventual
marketability of compost, if this will present, as hoped, such characteristics as to overcome the user
doubts. Moreover it is not possible to quantify economically the social service made by transforming a
material otherwise devoted to fill the existing dumps into energy sources such as biogas and RDF.
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THE USE OF LCA FOR MODELLING SUSTAINABILITY AND
ENVIRONMENTAL IMPACT OF MANUFACTURING PROCESSES
AB Culaba1 and MRI Purvis1
‘Department of Mechanical and Manufacturing Engineering, University of Portsmouth, U.K.

INTRODUCTION
Most industries rely significantly on natural resources for raw materials and energy requirements.
As a consequence of manufacturing activities, various pollutants are generated in the process.
While effects on the environment can be detrimental, wastes and emissions account for a high
percentage loss in the overall material balance. Unless these unnecessary losses are minimized and
recovered, the environment would continue to be disadvantaged and long-term supply of raw
materials and energy would likewise be affected. The key to the analysis of such problems
concerns generalised procedures for the modelling of the sustainable use of resources in
manufacturing processes and the development of associated sustainability criteria. This requires
identifying the various aspects of manufacturing from the time the raw materials are extracted
until they have been processed into products and then used or consumed and finally disposed of.
The use of life cycle assessment (LCA) methodology encompasses these analyses and that of the
identification of environmental effects associated with every stage of the manufacturing process.
The paper concludes that LCA is a very useful and effective tool in providing planners, legislators
and decision-makers with the necessary information on the probable impacts of manufacture on
the environment as well as underlying legislation, ecological, health standards and emission limits.
THE LCA METHODOLOGY
Every product and activity has adverse effect on the environment. Quantities of wastes and
emissions vary from one product or activity to the other. This is why the overall impact on the
environment may be hidden to the detriment of the society in general. The use of Life Cycle
Assessment (LCA) methodology attempts to address this problem. The concept behind LCA is
that the analysis covers the complete chain of extraction of raw materials to manufacture and use
of product and ends at product disposal, taking into account every possible effects on the
environment arising from each chain of activity. A complete LCA consists of separate, but
interrelated components, namely: life cycle inventory, impact analysis, and improvement analysis.
The inventory maybe used to identify opportunities for reducing emissions, energy and material
use, while the impact and improvement analyses help to ensure that these protential reduction
strategies are optimized and that the improvement programs do not produce unanticipated
impacts. LCA is not necessarily a linear or stepwise process, so that environmental benefits can
be derived at each or any stage (1).
In this study LCA has been used in the context of resource sustainability. Figure 1 shows the
concept of sustainable life cycle, as conceived by the authors. Basically an LCA it calls for the
analysis of product processing and manufacture from the time the raw material is acquired and
processed until the product is finally produced, distributed/marketed, consumed and discarded.
The energy (E), including transport, and material inputs are specified at every stage of the product

W4
•v

life cycle, and associated
emissions (e) and wastes
(w) are quantified, and
likewise their impact on
the environment and to
human
health.
The
important feature of this
concept is that the various
routes and criteria for
sustainability of resource
are identified (2). These
routes may be in the form
of co-production (i.e.,
alternative and secondary
product processing) and
material and energy
recovery.
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Figure 1. The sustainable life cycle diagram

MODELLING FOR SUSTAINABILITY
The idea of developing a sustainability model was conceived out of an important principle called
"sustainable development", which is defined as "that meets the needs of the present without
compromising the needs of the future generations to meet their own needs" (3). The importance
of this principle is that it brings together this concern for meeting human needs with a concern for
controlling or limiting the harmful impacts on the environment. Industry, obviously is one of the
major sector of the economy using large amounts of resources for its raw materials and energy
requirements. Consequently, a significant amount ofthese resources are wasted and emitted. Both
the resource and the environment are badly affected. The sustainability model attempts to address
two concerns, that of minimizing wastes and emissions, and more importantly, making resources
and environment more sustainable. To achieve this end, an outline for the model development is
herein presented.
The subject at which the analysis is conducted is called the problem domain. The manufacturing
industry has been chosen as the domain in this modelling due to its importance as an economic
sector, its contribution to the pollution problem and the challenges imposed on modelling by
multiple process streams. The manufacturing chain of activity are then defined, bound and viewed
in a holistic manner. The whole system is composed of three interacting systems, that is, among
the product system (also process), other product system (also sustainability routes), and the
environmental system. These interactions are represented by extractions and emissions,
production and consumption, and the provision of a function by the product system to the
consumer (see Figure 1).
LCA is the heart of the modelling development. It follows after scoping and bounding of the
domain. The processes which constitute the life cycle is arranged in the form of a process tree.
A process tree is a systematic arrangement ofthe processes which make up the whole system (4).
The details of each process are determined from the tree where the algorithm is then deduced and
formulated. This is done by identifying all the inputs to the process. Energy is used at all stages
of manufacture. That may be in the form of primary and/or secondary fuels used in production,
including the energy account for transportation of materials and products during the entire life
29 21081

cycle, the electricity as well as water consumption. Apart from raw materials input, the various
materials and chemicals used in the processes are accounted too. The various wastes and
emissions (w and e respectively in Figure 1) associated with the manufacturing chain are
quantified; and their respective standards and limits such as ambient air quality standards and
threshold limit values for airborne contaminants identified. Data on health effects and exposures
to industry, relevant legislation, protocols and conventions are likewise inherent in the model. The
resource sustainability criteria (min==msld> where msub is the rate of raw material substitution or
replenishment) is drawn upon the material and energy balances, with quantities of wastes and
emissions. The amount of material entering into and leaving out of the process stream is given by:

Z

i=l

= Z mouti
J-l

where m^= the mass ofthe i* process input, moutj= the mass of the jfll process output, and n is the
number of process streams (subsystems). Linearity of the process is assumed, and that masses are
average values. The energy input and output is represented in the life cycle as:

ZE-m,i = ZEomj
where

= the energy of the i"1 process input and E^- = the energy of the j"1 process output

The total energy (E?) is given by:
Et = ZK,*EJ
i=l

where n is the number of process streams (subsystems).
DISCUSSION
The structure of the
model
which
is
DECISIONBOUNDARY
MAKING
designed to run on a PC
ROUTE
AGGREGATION CONSTRAINTS
is shown in Figure 2.
LCA is seen to be the
most important part of
the whole structure.
Data and information
from the life cycle
assessment are stored in
the Knowledge-Base
System (KBS), e.g.,
Figure 2. Structure of the sustainability model
expert system. Other
data within the KBS are
quantities of wastes and
emissions, constraints
imposed by acceptable industrial practices and legislation and sustainability concepts based on
materials, recovery, substitution and advances in manufacturing technology. With the aid of a
rule-based program, the computer is allowed to turn into an "expert" on the problem domain (i.e.,
manufacture), where subsequent decisions are made so that answers and information provided are
derived. For instance, if environmental impact of cooking (digester) process in pulp manufacture

is desired, the output will include quantities of wastes and emissions generated; whether they are
within the current levels of environmental standards and limits, the various effects on human
health, in addition to relevant legislation pertaining to the process. The user (of the model) will
be able to draw out actions and measures should the operation is unacceptable or not from the
impact matrix. This procedure may be applied to other process streams to obtain an overall
environmental impact evaluation of the manufacturing process. The model also leads to growth
algorithms for material usage and forecasting elements for future environmental impact and
resource sustainability.
CONCLUSION
LCA method has been described in the development of the sustainable model for manufacture.
The applicability of this methodology is shown from its comprehensive structure that allows
examination of environmental impacts of manufacturing chain of activities in relation to
constraints imposed by acceptable industrial practices and legislation. While LCA itself needs
further enhancement, certain part of its structure (life cycle inventory and analysis) already
provides useful information and subsequently serves as an effective tool in providing planners,
decision-makers and legislators with the necessary information on the probable impacts of
manufacture on the environment, as well as underlying legislation, ecological and health standards
and emission limits. More importantly, the route for more effective materials conservation can be
drawn from the sustainability model.
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TRADEABLE EMISSION PERMITS IN DUTCH ACIDIFICATION
ABATEMENT POLICY
Paul Ruyssenaars, Johan Sliggers
Ministry of Environment, the Netherlands

1. INTRODUCTION
Target groups as well as the government are under the spell of economic instruments as
part of environmental policy. Under this heading fall (regulatory) taxes and tradeable
emission permits (VER). Of the two, VER, particularly, receive a lot of attention. From
the target groups, because the flexibility of VER means working cost-effectively, which
could lead to cost savings. From the government, because it can have more faith in the
viability of emission ceilings, and has less need to pass detailed legislation. The latter
conforms nicely to the philosophy "government at arm's length".
The Ministry of Environment has had a study made on the feasibility of VER in the
context of the acidification abatement policy in the Netherlands. The development and
implementation of policy concerning acidification abatement is at an advanced stage, with
deposition targets already set for 2000 and 2010 (2400 and 1400 acid equivalents/ha/year,
respectively, averaged for afforested areas). From these, also emission reduction targets
per target group are deduced, which can be used in a VER system. The main starting point
of the study was to gain more insight into the practical aspects of VER. One important
question is what form a VER system for the Netherlands should have to take. Also, an
investigation was made into the activities which are necessary to introduce a VER system,
as well as the time, manpower and money these activities entail.
Paragraph 2 provides a brief impression of the current acidification abatement policy in
the Netherlands. In paragraph 3 are indicated the target groups for which VER might be
suitable, as well as the form a VER system might take. Paragraph 4 gives an overview of
practical aspects connected with the development of a system. The paper concludes with a
discussion on the added value of VER as part of the Dutch acidification abatement policy.
2. CURRENT ACIDIFICATION ABATEMENT POLICY
In the Dutch Environmental Policy Plan 2 (NMP-2), emission reduction targets for the
years 2000 and 2010 are stated. Table 1 presents these targets for the year 2010.
Table 1: emission reduction targets in 2010 for the Netherlands in ktons (ref: NMP-2)
agricul
ture
nh3

power
plants

45

industry

refine
ries

domestic

other statio traffic1
nary

pm

1

so2

18

7

18

NO,

16

7

3

total
50

i
14

12

56

65+pm

120

1) The NOx reduction target lor Uaiiic is ihe sum ol the levels lor passenger and'freight irallic (40 and 25 ktons respectively) and a fracUonll one for
other mobile sources (to be determined at a later date).

For the acidification abatement policy, different instruments are employed, general
emission requirements representing a significant part. For combustion plants, these

requirements are laid down in an order in council (Decree on Emission Limits for
Combustion Plants). These emission requirements have a direct effect and are an implicit
part of a licence. For process emissions, guidelines for emission requirements (the Dutch
Emission Guidelines) have been set to be followed by the licencing authorities. Apart from
emission requirements, legal air quality requirements for S02 and N02 have been
formulated. These have to be taken into account when issuing a licence. Along with
licences and general regulations, covenants and declarations of intent are effected with
various economic sectors. In general, these cover a wide range of agreements on reduction
of the environmental impact of the sector in question, and, hence, do not only apply to
acidifying substances (except for the power generating plants). This integrated approach
means that agreements are reached with a sector on the effort to be made with respect to
different environmental issues. This can entail somewhat more being done in one area,
while somewhat less is done in another. In this way, a start towards a more flexible
approach has already been made, within the existing framework.
3. TARGET GROUPS AND A VER SYSTEM
3.1 target groups
As part of the study, a method has been developed to screen the policy, target groups and
the acidifying substances, for choice of instrument and situational characteristics. A VER
system could conceivably be applied to the following target-groups: refineries, power
generating plants and industry and the acidifying substances S02 and NO*.
The most important situational characteristics used for screening are the following.
Size of the target group. The size of the target group is decisive for the question whether
or not a market in emission permits will emerge, and for the extent to which a VER
system is verifiable and maintainable.
Measurability of emissions. Emissions will have to be continuously monitored.
Mobile/stationary sources. In order to determine an emission ceiling, the emissions need
to occur within an (imaginary) bubble.
Technological development. VER will only lead to cost savings for target groups if
permits are actually traded. And the tradeability is, for the most part, determined by the
extent of technological developments that lead to extra reductions in emissions.
3.2 VER system
In order to be able to investigate the advantages of a VER system, the possible
(mandatory) form of a VER system has been determined. This has also been done to
ascertain what actions would have to be taken in order to establish a VER system. The
major principles and conditions are:
VER complement the existing instruments. VER are an integral part of a licence. Under
the current system, a company is granted one integrated environmental licence (which also
covers matters other than NOx and S02 emissions). Including VER in a licence allows
transactions to be audited,^ whereby trading is only allowed if these transactions meet the
emission and air quality requirements specified in the licence.
VER are restricted to companies that receive their licences through the provincial
authorities. This refers to some 500 companies, which between them account for 80% of
the stationary S02 and NOx emissions in the Netherlands.
VER are allocated to the target groups according to the "grandfathering" principle.
This requires a translation of the target-group emission reduction targets into individual
company targets. The initial distribution could be based on actual production levels

combined with emission- or product requirements.
VER are issued one time only. The value of permits can be depreciated once in five
years. The form this takes needs to be made known for a fifteen year period in advance.
Newcomers will have to buy permits on the open-market, before being considered
eligible for a licence. Leavers are allowed to sell their permits.
Trade in the same substance between target-groups is allowed. Direct swapping of
NOx and S02 permits is not allowed. NOx contributes also to other problems, such as the
formation of ozone in the biosphere, and eutrophication. NOx control is much more costly
than S02 control. Exchangeability could lead to a move away from NOx control.
A national registry office will facilitate, keep track of, and publish information on the
trade in permits. In this way, there will be insight into trading and prices of permits.
The government finances the setting up of the system; the target groups pay the
transaction costs.
Verification and enforcement dovetail with existing procedures. Monitoring and
reporting of emissions is mandatory for companies. If a company exceeds the permitted
ceiling, compensation (less emissions) in the following year, and a fine, linked in size to
the cost of the emission control, are under consideration.
4. CONSEQUENCES OF INTRODUCING VER
4.1 the government
Table 2 presents the expenditures (manmonths and money) needed for implementing the
system. The durations of the activities are also shown.
Table 2: activities and government expenditures for implementing VER (ref. DHV, 1995)
ACTIVITY
content of new/existing
regulation

97

98

*

*
*

changes to legislation/
modifying regulations

99

*

20
00

*

01

*

02

*

national registry
initial distribution
communications

*

*

*

03

04

TIME
(mths)

MONEY
NLG m

93

1,55

*

*

12

0,2

*

*

18,5

0,3

*

*

*

*

*

49,6

0,83

*

*

*

*

*

53,6

0,89

It appears that it will take quiet some time before a VER system in the Netherlands can be
operational officially. In particular, this is due to the necessity of changing legislation and
regulations. VER cut across existing legislation; the Environmental Protection Act must be
changed. But at first, through discussions with the target-groups, agreement will have to
be reached on the emission ceilings, as well as on the precise form of the VER system.
VER can - more than at present - have an effect on the development potential of
companies. For this reason it is expected that it will be difficult to come to agreement.
Once agreement has been reached (1997 estimated roughly), the VER system must be put
on a legal basis. Also a national central registry of trade in permits needs to be set up.
This centre functions as an intermediary for trading of permits; it also publishes informa
tion about transactions. Once the form of the system is known, the provincial authorities

(in consultation with target groups) can start actions to initiate distribution of the permits.
In the study, scant attention has been given to the potential benefits of a VER system for
the government. The most important gain might be that emission ceilings can be more
effectively put into practice.

4.2

the target groups

For the target groups, two aspects are important: continuous monitoring of emissions, and
the possibility of working more cost-effectively. Through the choice of system (VER only
for large companies) the monitoring of obligations is for the most part already wellregulated; the extra costs will be limited. During the introduction of VER, the current
policy will be maintained. The foremost advantages of VER should lie in the possibility of
reducing emissions more cost-effectively. The opportunities for doing this are limited,
however, because by the year 2005 available techniques will, for the most part, be
demanded for reaching the objectives. Hence, it is judged that introducing VER into the
acidification abatement policy will not lead to large cost savings for the target groups. If
adaptation of legislation can be accelerated and technological development will speed up,
cost savings might increase. At the moment it is not possible to quantify these benefits.
5. DISCUSSION
The study does not reach an unambiguous conclusion regarding the suitability of VER
within Dutch acidification abatement policy. Currently, there are doubts whether VER
actually bring the added value that some enthusiastically see in this instrument. In
particular, there exist the following concerns:
The current national system is aimed at an ALARA prescription, deriving from the
Polluter Pays Principle. Next to that, also an increasingly integrated approach is
taken. VER are at odds with these principles.
It will be difficult to agree with economic sectors about the initial distribution of
permits.
After the system is introduced, it will also determine the development potential of
the economy. There is only room for newcomers, or economic expansion, when
existing activities produce fewer emissions than the emission ceiling allows and
companies are prepared to sell permits.
Does it make sense, for the target groups, to develop a system that cannot be
introduced on a short term, while in the mean time emissions will be further
restricted under the current policy? According to plan, by 2005 the majority of the
available techniques will have to be implemented. That is a limiting factor for the
trade in permits. On the longer term, a VER system can certainly be used as an
instrument to more effectively enforce the emission ceilings.
The study was intended to stimulate a further discussion in the Netherlands on the subject
of VER. This discussion will be taken up - for example in Parliament - in the near future.
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INTRODUCTION
As the limits of the earth's carrying capacity come to show, increasing pressure is
brought to bear on private enterprise to behave in more environmentally responsible
ways. One of the rare studies, that not only focuses on the enterprise level of analyse but
at the industrial chain of production is Integrated Production Chain Management
(IPCM), which postulates that the chain needs to be modified in its entirety. IPCM is not
just a technical coordination problem but also a organizational problem in which
different interests of actors play a role. These interests must be analysed. The present
paper will not go into the technical bottlenecks but will go into organizational
bottlenecks that are the result of conflicts of interests. The choice between different
technological options is not seen as a merely ‘technical’ one but rather as a choice
between different socio-technical (sub)systems. This choice is made in an interaction
process in a network of various actors, each with their own perceptions and their own
interests, in situations in which information is far from conclusive.
THE CASES
Two cases are derived from the petrol chain, focusing on relationships between the
automobile industry, the petrochemical industry and governmental bodies with regard to:
1) the introduction of lead-free petrol and the catalytic converter in Europe to reduce
exhaust gases from ignition engines vehicles;
2) the introduction of Stage II or the carbon canister in Europe taken to limit VOC
emissions in petrol vapour.
These cases will, firstly, show the problems the different actors encountered during these
periods of transition induced by environmental demands. Secondly, these cases will also
provide lessons for both industries and governmental bodies. Finally, it will be shown
how these relationships culminated in a ‘menage a trois’: intensive research programmes
for emission control technologies in which the three actors partake. These programmes
can be regarded as an example of socio-technical coordination processes.1
1) Catalytic converter and lead-free petrol
The EC Commission involvement in vehicle emissions goes back to a 1969 proposal. In
1978 an EC Directive limited the maximum concentration to 0.4gPb/litre as from
January 1981. The following years, lead in petrol was removed furthermore.

In the discussion about whether or not to introduce the catalytic converter (in particular
the three-way catalytic converter) and unleaded petrol (which is needed for the proper
functioning of the catalytic converter) in Europe, the individual countries took different
positions. Germany, the Netherlands, Denmark and Greece were proponents of
introducing unleaded petrol. While France, Great Britain and Italy were against its
introduction.(l).
One of principal grounds for resistance on the part of Great Britain, France and Italy
were the view that scientific evidence of air pollution was too meagre to validate a
switch to the catalytic converter and unleaded petrol. Later Great Britain switched sides
and decided, for health considerations, that lead compounds be banned from petrol.
French and Italian car manufacturers, who predominantly sell small cars, feared that
adding a catalytic converter, they would have to import, to cars would impair this
competitive advantage. Introducing a catalytic converter is relatively more costly with
respect to small cars than the large and luxury types of cars which are mostly produced
in Sweden and Germany and they. A second reason for their opposition is that this
group of countries betted on the development of the lean-bum engine, an engine that
uses a lean petrol mixture. A lean-bum engine was believed to be a cheaper and cleaner
technological solution. However, research on the lean-bum engine as a solution to
emission had failed to yield results, which would have justified mass production.
Finally, after a decade of deadlock, the European Commission enforced the introduction
of the catalytic converter: On 3 December 1987, the EC Environmental Council agreed
on tighter standards on emissions of CO, HC and NOx, through the enforcement of the
catalytic converter for medium-sized and large (1.4-2 litre, and over 2 litre capacity
engine) cars, and first-stage reductions on small (under 1.4 litre) cars. In fact, small cars
manufacturers were exempt from regulations enforcing catalytic converter technologies
for a few years. These car manufacturers could still try to bring the lean-bum engine on
the market.
2) European Stage II versus carbon canister
In the eighties European attention was directed at the abatement of VOC emissions
within the petrol chain. An interesting example of an inter-sectoral ‘decision-making’ is
the debate on the implementation of VOC emission interception where petrol is
transferred from the pump into the car: a fairly routine activity for car drivers but a
rather controversial topic for environmental regulators. Two alternative technical options
were developed by the car industry and petrol industry separately.
Car industry tried to show that for reasons of finance as well as effectiveness, EC
regulation directed at the implementation of Stage I to minimise VOC gases emitted
when the petrol stations’ storage depots are being filled, should be followed by Stage II:
the installation of a vapour balance system connected to the petrol pumps’ filling hoses,
so that VOC gases are returned into the system, not emitted into the air. The cost of this
system are borne by the owners of the petrol stations (independents and the oil
companies).(2).
However, the oil industry connected the VOC emissions at the petrol station with the
‘diurnal’, ‘hot soak’, and ‘running’ losses that occur during standstill and driving of the
car. In the USA these losses are reduced by the installation of small carbon canisters on
board the car that collect the vapours. In line with developments in the USA, at least in
the way they were perceived, the Western European oil industry suggested that the

installation of an increased carbon canister could absorb the emissions when filling the
fuel tank as well as the above mentioned losses. Of course, it is the oil industry’s opinion
that the costs should be borne by the car producers and passed on to the car’s selling
price. Finally after years of debate the German Bundeskabinett followed by the Dutch
government decided in favour of the implementation of Stage II measures.
ANALYSIS
In the first case what stands out is the prominent role of car manufacturers and the
aloofness of the oil companies. One of the reasons for the slow introduction of
technological solutions to control emissions was the lack of unanimity and, as a result, of
coordination within the European car industry. This unanimity can be illustrated by the
catalytic converter lean-bum technology debate.
One can doubt if the strategy of delaying of environmentally induced technologies by
small car manufacturers has proved a sound one. They are now at a disadvantage
compared to other companies that did invest in the catalytic converter. Although the
argument that French and Italian car manufacturers were already producing smaller and
cleaner cars (as compared to American cars) and that they were the ones most affected
by environmental regulation was a strong one, it could not inhibit future environmental
regulations being enhanced by growing public concerns.
The oil industries, on the other hand, are keep such a low profile because they call upon
the problem of network externality: if unleaded petrol is not distributed throughout the
whole network of service stations, it makes little sense to introduce it at all. The costs of
the network can only be shouldered if everyone takes part in it. The reluctance to
introduce is strong since high investment are involved. This attitude did not encourage
the car industry to introduce the catalytic converter.
The catalytic converter was not a real success for the European Union either, not only
did it take a decade of deadlock, before the European Commission showed firm
decision-making, the subdivision of cars into different categories as a compromise to
break the deadlock made environmental regulation complicated and confusing.
In the VOC case the European oil industry was highly active in stating their case. It
could not ‘wait and see’ as it was in a relatively weak position, in case European
agreement was not reached. National governments could enforce Stage II with more
ease than urging the automobile industry to change their products world-wide.
Both industries have followed a rather reactive approach on this issue: each tries to
avoid responsibility as much as possible. Both parties are trying to make clear to the
other party how cheap and easy it would be for the other party to change its product a
little. Each has to show that it was not possible to change its own product and also to
show how small its contribution to VOC formation was. Decision-making is delayed and
an overall settlement of VOC emission reduction in petrol vehicles is not reached.
It could be suggested that when the two industries are in total confrontation with each
other, governments have more ‘leeway’ to do what they think is best. Maybe that is what
happened in the end: the German and Dutch governments decided in favour of the
implementation of Stage II measures. But there is reason to believe that neither party
should be very satisfied with the result, certainly not the oil companies that are
confronted with unwanted and in their view inefficient environmental investments. But
although the car industry seems to be victorious, it may turn out to be a Pyrrhic victory:

the issue how to deal with the various types of VOC emissions from the car’s fuel tank
has not been settled, so the car industry can expect regulations in the future. Neither
European Union nor the national governments can be satisfied, as there seems to be no
Europe-wide settlement in sight. For the time being, the EU and its member states have
to be satisfied with a EU directive on the implementation of Stage I.
Since regulation is becoming increasingly stringent, it seems wiser that both industries
adopt a more pro-active stance in the face of environmentally induced regulations. Since
both cases illustrate that uncertainty about environmental measures will in the long run
end up with implementation. Some car producers, today complain that environmental
regulations are too narrowly focused on a certain type of technology, like the catalytic
converter, instead of the level of emission reduction that can be attained.(3).
As a representative of Neste, a Finnish Oil Company said: “As in most countries around
the world, also in Scandinavia authorities, car industry and oil companies seem to be
sitting at different sides of the table and have their own views of how to solve the
environmental problems relating to traffic and the emissions caused by it.”.(4).
CONCLUSION
It seems that both oil industry and car industry have learned from earlier experience and
are aware of the necessity of more innovative cooperation. Pressured by environmental
demands (especially Californian legislations) the different actors are more willing to
engage into cooperative technology research, that resembles with the characteristics of
spanning organizations. The result of this development is the rise of tripartite research
programmes to control emissions in which the car and oil industries and government are
intensively involved. Examples are the ‘Auto/Oil Quality Improvement Research
Program (AQIRP)’ (1989-1993), in which three American car manufacturers and 14 oil
companies work together in order to advise governmental agencies, and the EPEFE, the
‘European Programme for Emissions, Fuels and Engines ’ (1993, to be finished by mid
1995) in which the European branch organisation of car manufacturers (ACEA) works
together with the European branch organisation of the oil industry (EUROPIA). These
examples ofjoint research consortia create opportunities for both sectors to investigate
not only the technologies of vehicles and fuels as one system, but also this organizational
environment. It is still to be investigated to what extent these new initiatives must be
regarded as merely reactive, in view of a possible change in the balance of power in the
near future. A clustering of social actors, around a e.g. electric car, that competes with
auto/oil cooperative initiatives is not inconceivable.
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INTRODUCTION
Many Italian large conurbations have CO and NO% air quality standards exceeded and,
consequently, require control enforcement plans to attain and mantain regulations not
respected. In planning the interventions to be undertaken a fundamental issue is represented by
the relationships between active emission sources and air quality, commonly described through
mathematical models for evaluating the expected effects of the different reduction scenarios.
This approach, relatively feasible for slightly or non reactive pollutants’ like CO, becomes not
as easy to be applied for secondary pollutants, like N02, mainly for the complex photochemical
reaction systems involved in their atmospheric presence!1) and the consequent modeling
difficulties related either to the description of the system itself than to the detail in input data
required!2*3). A practicable alternative in this framework relies in the utilization of statistical
models for deriving, through the empirical description of the relationships between the
parameters of interest, the reduction levels required for complying with the standards.
Following an approach already applied with useful results!4) to the same area, present work
reports on the development and application to Milan urban area of statistical models for
describing the relationships between CO and NOx annual concentration averages and the
corresponding air quality standard parameters (number of standard exceedances for CO and
98th percentile of hourly concentrations for NO2). The models are utilised upstream to simple
roll-back models for the assessment of the reduction in emissions strength required for
attaining air quality standards for the area.
EMISSIONS REDUCTION ASSESSMENT METHODOLOGY
The key steps of the proposed methodology are reported in Fig. 1, and are described in detail
elsewhere!5). The approach developed consists, briefly, in two main elements: the statistical
models describing the relationships between pollutant annual concentration averages and the
corresponding air quality standard parameters and roll-back models for the evaluation of
annual concentration averages determined by source reduction hypothesis.
Air quality standard parameters
Statistical models

Roll-back model

Source reduction
hypothesis (%)

^C0;8h ’ ^98;NC>2 )

Source reduction for
standard compliance

Figure 1. Schematization of the methodology for emissions reduction assessment

The statistical model for nitrogen oxides includes first the dependence of annual mean NOg
concentration (Mno2) with annual average concentration of total NOx (Mnox)- The
semiempirical approach starts from the observation that long term average values of the
chemical species involved in NO/NO2/O3 cycle deviate from the photostationary state
relationship, which can be considered as the main physico-chemical process governing the
transformations of the pollutants considered^). The deviation, also present in other situations
and explained both by theoretical and empirical considerations!7’**^), can be evaluated through
the following parameter P:
P=(Mno)(Mo3)/(Mno2)

(1)

which, for the photostationary equilibrium, is the constant ratio between the annual averages of
the photolysis rate for NO2 and the rate constant for the reaction of NO with O3. For the area
of concern the parameter P, calculated for 30 annual data series monitored over different
uniformly distributed sites, shows a clear dependence with total NOx and O3 annual
concentrations. The mathematical description of the dependence is worked out in order to
obtain a relationship which, introduced in (1), allows the elimination of O3 and results in an
equation between NOx and NO2 that takes into proper account the observed tendency towards
a saturation of the NO2 concentration values for increasing NOx (Fig. 2), attributable to the
limited availability of oxidants also observed in other situations3*10. The relationship,
developed by least squares regression analysis, is of the following form:
P=aMo3(b+MNOx)

(2)

where a and b are numerical constants. Substituting (2) in (1), the NO2 annual average results:
Mnoz =(1/a)-MNOx /(Mnox +b)

(3)

The relationship between NO2 annual mean and 98th percentile of hourly concentrations
derives from the observed applicability of the lognormal distribution in describing, over the
whole range of values, most of the data series available!5): the dependence is further simplified
by the narrow range of the geometric standard deviation for all the series considered and by the
observed lack of any correlation with the annual mean concentration. The complete NOx
statistical model takes thus the following form:
P98-,N02 =648.7-MnOx /(MnOx +392.8)

(4)

having utilised for the geometric standard deviation a mean constant value of 1.63. The model,
derived through semiempirical considerations, results in the same mathematical structure of
another relationship!5), developed for the same area but following a fully empirical approach,
and is in rather good agreement with observed data over the whole range of values (Fig. 2).
The predictive capabilities of the model are also extended by considering that most of the
observed NO2 98th percentiles (101 out of 131) are from series not utilised in its development,
due to the lack of the corresponding O3 measurements.
For CO the model describes the relationship between the annual mean concentration Mco and
the number Nco;8h of 8h standard exceedances: the dependence, evaluated empirically
through least squares regression techniques by considering properly the qualitative relationship
of the observed data, is of the form of a power law (Fig. 3):
NoO;8h=0.2'M^

(5)

and results in a good fitting of the observed data (correlation coefficient of 0.83 between
measured and calculated exceedances).

Roll-back models for describing the emissions-atmospheric concentrations relationships are the
other main tool of the methodology developed. Their basic underlying assumption of a linear
dependence between emissions and long term average concentration values^11) results in the
following equation for estimating the annual mean concentration Cr determined by a reduction
R (%), applied uniformly to all emitting sources:
Cr=Ca-(1-R)+R-F
(6)
where
is the annual concentration corresponding to the reference situation without any
reduction and F is the background pollutant concentration.
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Figure 2. Semiempirical statistical model for NO2 air quality standard.
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Figure 3. Empirical statistical model for CO air quality standard.
RESULTS AND CONCLUSIONS
The models developed are applied to the metropolitan area of Milan for the evaluation of the
effects on air quality of different emissions reduction scenarios. For every fixed reduction level
R(%) applied uniformly over all the sources, the methodology evaluates the percentage of
annual series attaining the air quality limits which, for the homogeneity of the area and the
absence of any relevant trend observed in the concentration time series, could be utilised as a
reliable indicator of the probability of standards compliance of the whole area itself. The
reductions are applied on CO and on total NOx(NO + NO2): this last could be considered
substantially stable for roll-back modelling, since the transformations are mainly internal to the

I

cycle NO/NO2/O3. Background concentration levels, constant over the entire area, were
derived from the maximum values attributable to the natural cycles for the pollutants
considered^. Results obtained are reported in Fig. 4 in terms of percentage of concentration
series which exceed the corresponding air quality standard: the percentage, referred to 131
annual series' for NOx and 60 for CO monitored over 28 and 21 sites uniformly distributed in
the area, could be considered as the residual probability of standard exceedance for the whole
area. For nitrogen oxides the reduction in emissions required to meet the NOg air quality
standard in the area result to be roughly 60% with a 50% reduction still leaving a 20% non
attainment probability. Compliance with the 8h limit for CO requires a 75% reduction in
emissions: with respect to the actual situation of exceedance in all the sites, no appreciable
improvement is reached until the reduction level is maintained under 40% roughly.
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Figure 4. Standard exceedances evaluated for different source reduction levels.
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INTRODUCTION
Up to some time ago, the European environmental policy was characterized by the
"command and control" statement. Ten years after the "Seveso Directive", the relation
between industry-safety-environment discovered a substantial evolution. In fact
firms have changed their view and have adopted an active and prevention oriented
position instead of the former merely defensive position.
The concept of "sustainable development'll), speaking from an international point of
view, has led firms to adopt voluntary actions, promoted by the EEC, associations
and institutions connected with industries, looking forward to a better
environmental performance. Enterprises and management programs such as
Ecolabel, Environmental Audit and Responsible Care, are now part of legislation and
rules. The USA has been playing, for a long time, the role of leader in the
environmental field. Many ideas and enterprises born in the USA, slowly became
common patrimony of European countries. Recently the relationship between Usa
and the EEC has developed and European Experience and enterprises have begun to
interest and influence American experts and officials. This is the case of European
Ecolabel.
On January 1st, 1993, the EEC approved a regulation allowing the voluntary
adhesion of firms to a community system of environmental certification, which has
been applied since July 1st, 1994 (2).
The firms aims vary from reducing polluted effluents to fuel consumption reduction,
recycling, reduction in waste, resource policy and strategical planning to create
products and processes characterized by having a small environmental impact.
This is a great obligation from both an organizational and financial point of view.
Consequentely, the diffusion of voluntary systems of environmental certification are
limited to large firms, which have foreseen possible advantageous effects that their
environmental efficency may have on the market (3). Among the purposes of the
environmental audit, there are the systematic, objective and periodic evaluation of
the environmental protection devices, and the information to file public which has to
be emphasized (4). However, when a firm devotes itself to a voluntary initiative,
indicators of environmental performance must be defined. The need of a simple
measurement unit arises, in order to quantitatively evaluate the improvement of the
environmental situation. These indicators allow to readily ascertain the
environmental trend and can also be utilized for drawing suitable intervention plans.
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METHODS
ENVIRONMENTAL PERFORMANCE INDICATORS (EPIs)
The term "environmental performance indicator" can be assigned to every qualitative
information or numerical data allowing to evaluate the effectiveness of a firm
activity, related to environmental protection. On the base of the experience of the
most important factories, the following kinds of indicators have so far been
individualized: 1) indicators based on effort evaluation: these indicators evaluate the
effort made by industries to improve their environmental performance from a
structure and organizational point of view; 2) indirect indicators related to the
surroundings: these indicators are related to the number of accidents or debates
concerning the firm in a certain period; 3) economic and financial indicators: these
indicators point out the costs sustained by the firm for loss prevention and
environmental protection; 4) direct physical indicators: these indicators arise from
the survey of pollutant emissions (solid and liquid refuses, atmospheric emissions)
and raw materials and energy consumption (water, electricity, combustibles,
technical gases). The data can refer to a single kind of pollutant released from a
particular plant, or can represent some mean values related to different factories or
to a single one in a fixed period of time. Moreover, a single indicator can be defined
for representing a whole of various, adequately weighted pollutants. The utilization
of the physical indicators, easily understandable from the public, clearly shows the
most significant improvement areas and eventually allows a comparison with the
priorities defined by the firm (5).
Examples of physical Environmental Performance Indicators:
Water:

Air:

Waste:

Water consumption (m3)
Aggregate index of emissions (COD, total N, total P,
metals)
Annual quantity of effluen pollutants (t/year)
Annual quantity of effluent pollutants (NOx, SOx, dust,
COY, CFC, t/year)
Annual quantity of effluent pollutants from energy
production (NOx, SOx, dust, t/year)
Aggregate index of emission (Kg/mg/m3)
Tipology of disposal
Annual quantity of waste, divided into special, urban,
toxic (t/year)

This study only considers some direct physical indicators applied to a cement
industry. The technological path of a cement industrial plant is a series of "unit
operations", such as materials handling, mixing/soaking and grinding. The bottom
of the plant is the cement kiln. The moisture content of raw material determines
technological aspects of the process: dry (H20<1%), semi-dry (11-14% HzO), wetted
(30-40% HzO), semi-wetted (19-25%HzO).
Practical experience: 1) Waste water-Regarding the cement industry, waste water
does not give particular environmental problems. In fact, the water needs are due to
the cooling, conditioning and service requirements. The effluent characteristics are
similar to those of domestic waste water. 2) Waste production-The cement industry
does not produce wastes, all solid residues can be reutilized like the residues
captured by the operation of dedusting which can be considered material to be
30 21081

reutilized by the process. 3) Atmospheric emissions-The NOx and particulate matter
can be considered characteristic pollutants. The most significant indicator of the
degree of the environmental protection is, in this case, the emission factor, defined as
the ratio between the global annual atmospheric emissions and the cement or clinker
production. As regards the particulate emissions, we have reported in Table 1 the
emission factors of three cement plants, denoted by a, b and c, in order of increasing
"modernity". We have taken into account three different kinds of emission factors.
The first one refers to the planned values of the emitted pollutants concentrations,
the source strength and the annual operating period stimated 8000h/y. The second
one refers to the effective annual operating period, while the third emission factor
has been calculated with reference to real measured values of the aforesaid
parameters.
Table 1. Dust Emission Factors

A
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488

I
B
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C
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A
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B
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C
301
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m
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139
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379

116

88
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47

36
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Total g/t
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The behaviour of the emissions factors for the NOx, which parallels to the evolution
of the denitrification technology, is shown in Figure 1 (6-10).
3 Italy

SP + Precalciner
SP + auxiliary burner
SP+Precalciner+low NOx burner
Multistage combustion
2.1 TA Lull BATNEEC

------ 1,6 Japan'

SP=Suspension Preheater

Figure 1. Average NOx emission factors relating to various denitrification
technologies in cement kiln
Energy: as an example of EPI related to energy consumption, we can adopt the total
consumed energy, which unifies different energy resources into a single expression,
in order to compare non homogeneous industrial realities. The total consumed

energy is defined as the sum of the energy and combustible entering the industrial
plant (electrical, gasoline, oil, methane, coal, ecc.) multiplied by conversions factors,
to have it expressed in Tons of Equivalent Oil.
DISCUSSION
The analyses have confirmed the emission factor as a performance indicator in the
cement industry, where it has already been utilized for different purposes. The same
for the total consumed energy index which uniforms unhomogeneous energy
resources. Moreover,the data can be easily referred to the entity of the production, in
such a way as to obtain an useful information to compare different firms operating in
the same field. The cement industry field is characterized by a small variety of
products, so a system indicator suitable to describe its environmental behaviour can
be relatively simplified both in the number of the abovementioned indicators, and in
the survey-elaboration of the necessary data. The fundamental problem related to the
definition of a suitable EPI is the availability of data, coming from sufficiently
frequent and homogeneous surveys. The attention of the autors has been
concentrated on the physicl indicators, whose suggestion must be integrated with the
other EPIs, in order to have a global picture of the situation.
REFERENCES
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3 Gemstenfeld, M. 1992. Ambiente e confusione, Sperling & Kupfer Editor!,
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INTRODUCTION
Over the last years the ministry has developed a policy to implement measures to
govern the protection of the environment. These measures are based on application of
BAT (Best Available Technology) as a part of the source oriented approach. This part
of the policy is elaborated for the sector air in the NeR (Netherlands Emission
Regulations), comprizing general emission standards and specific regulations, and in a
special VOC programme.
Application of both NeR and the VOC programme during permitting is voluntary so
sometimes authorities and industry negotiate about the reasonableness of proposed
technology and applied standards. Cost-effectiveness is mentioned in NeR and the
VOC programme as a criterion to qualify the reasonableness of an emission abate
ment technology in sense of costs. Although the definition of cost-effectiviness is quite
simple (the annual costs divided by the annual emission reduction) the use of this
instrument is only practicable if the method of calculation is standardized and refe
rence values for reasonable cost-effectiveness are available. It is evident that reference
values will have to be calculated using the same standardized method.
In 1994 and a part of 1995 a study has been carried out to develop the uniform
methodology and to collect the data necessary for establishing the reference values.
The study was convoyed by representatives from permitting authorities and industry.
In first instance the study focused on add-on technology and (limited) changes in
process-units. Furthermore only VOC’s, particulates, NOx and SOz were taken into
account. In future the study can be extended to more technologies (add-on, but also
process-integrated technologies) and more components.
Cost-effectiviness is only one of many aspects, playing a role in decision-making.
Several other factors have to be considered as well. Examples are the economic
strength and competitiveness of the company, the economic situation, the specific
emission or immission situation. The chain of decision making is explained in the
following schedule.

Consideration of
plant and site
specific aspects:
- economic strenght
- competitiveness
- specific emission situation
- specific immission situation

Calculate
cost-effectiveness
using the
methodology

Preliminary design
- dimensioning
- investment costs
- operational costs
- savings
- costs waste

indication of
reasonableness

cost-effectiveness

decision

compare to
reference values

In defining cost-effectiveness it should be kept in mind that a low value of costeffectiveness reflects a high cost-effectiveness. In order to avoid confusion it is better
to consider the notion (unfavourable cost-effectiveness. As a result the words
favourable or unfavourable cost-effectiveness are used in stead of low values or high
values of cost-effectiveness.

STANDARDIZED METHOD
For calculating cost-effectiveness it is advisable to have data available on the'level of a
preliminary design or draft basic engineering.
During the development of the methodology for several important factors default
settings were agreed on:
- Investment costs include:
* Purchase price equipment
* Unique and additional costs as indicated in table 1
(studies, engineering, process adjustments, additional hoods and piping etcetera).
Table 1 is to be used unless more specific information is available.*
Table 1.

Range of additional investment costs
Location
equipment

Complexity

Additional costs in
% of investment of
purchase price
equipment

New

Simple

+ 30 till 50

New

Complex

+ 50 till 100

Existing

Simple

+ 50 till 100

Existing

Complex

+100 till 250

* Capital destruction as a result of desinvestments in case existing process equip
ment must be removed are taken into account too.
* Subsidies, if applicable, are not taken into account.

- Interest rate 10%
- Depreciation periods 10 years for electro/mechanical investments and 25 years for
construction investments.
Interest rate and depreciation period result in a multiplier for the electro/mechani
cal investments of 0,163 and of 0,110 for construction investments.
- For operational costs operation and maintenance (default together 3-5%), all
utilities (default values based on yearly published list of the Dutch Association of
Cost Engineers) and savings should be calculated.
- Environmental effects are calculated on a yearly base, based on the design values
for the untreated gasflow compared to the actual or expected emissions; effects of
process distortions and maintenance are included (default 2% of time)

Cost-effectiveness =

Total yearly costs________
Total yearly emission reduction

The method also indicates how to calculate cost-effectiveness, in case a technology
reduces emissions of several different components (e.g. particulates and 80%); more
detailed information will be available in the extended summary.
In case of replacing an existing gascleaning equipment by a more efficient new one
also marginal cost-effectivenes (additional yearly costs divided by yearly improvement
of emission reduction) can play a role as explained in the following schedule (CE
stands for cost-effectiveness):
calculate
total CE
total CE
favourable?

calculate
marginal CE
marginal CE
acceptable?
measure is
reasonable

marginal CE
extreme?

delay of
investment

measure is not
reasonable

REFERENCE VALUES
In order to judge the calculated cost-effectiveness of a planned equipment it should be
compared to reference values which can be considered as representing a reasonable
level.
Those reference values are derived from modern technologies which have recently
been implemented in industry in the Netherlands (or abroad). In order to collect this
information a large number of industrial plants have been visited resulting in
calculated cost-effectiveness by using the same standardized method.
The reference value which can be considered to reflect the reasonable level of costeffectiveness can be established if sufficient data, covering a wide range of values, are
available. The basic principle is that the upper Iimit(s) of the derived range represents
the reference value, unless the conditions of the involved measures were not represen
tative for normal permitting procedures.
Information referring to particulates, VOC’s, S02 and NOx is collected.
After revision of the gathered information it was decided that unfortunately only for
NO, enough data were available to derive a preliminary reference value; for the other
components more data must be collected first. For NQX the reference value amounts
about 10 Dutch guilders per kg of removed NOx.
The collected data seem to show some relationship between cost-effectiveness and the
total load or total gasflow indicating decreasing values of cost-effectiveness at
increasing loads. Usable statistic formulas could however not be obtained.

DISCUSSION
It appeared to be possible to develop a standardized method for calculation of costeffectiveness, which is acceptable for both industry and authorities. Additional
information will be collected soon in order to present reference values for particula
tes, VOC’s and S02 too. After application in practice have proven the usefulness,
reference values for more components can be established.
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Ursula Ackermann-Liebrich
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AIMS
The European Concerted Action on Air Pollution Epidemiology was started in 1990 with the
aim of bringing together European researchers in the field and improving research through
collaboration and by preparing documents which would help to this end and by organizing
workshops. A further aim was to stimulate cooperative research.
Air pollution epidemiology investigates human effects of community air pollution by
epidemiological methods. Epidemiology in general investigates the distrubtion and
deteterminants of health-related states and events in populations. Diseases in which air
pollution may play a significant role are mainly diseases of the respiratory system, for example,
chronic non-specific lung disease and lung cancer. Most diseases caused by air pollution can
also be caused by other factors. Air pollution epidemiology is therefore specific in the exposure
variable (community air pollution) rather than in the type of health effects being studied. Air
pollution epidemiology is beset with some specially challenging difficulties: ubiquitous
exposure and as a consequence limited heterogeneity in exposure, low relative risks, few or no
specific health end points, and strong confounding. Furtheron the exposure-effect relationship
is complicated by assumptions inherent to different study designs which relate to the exposure
duration necessary to produce a certain health effect. In reports and workshops the concerted
action tries to propose strategies to deal with these problems.
REPORTS PRODUCED SO FAR
- Exposure Assessment in Air Pollution Epidemiology, report 1
(chairperson: Martin Williams)
- Health Effect Assessment in Air Pollution Epidemiology, report 2
(chairperson: Bert Brunekreef)
- Study Designs in Air Pollution Epidemiology, report 4
(chairperson: Klea Katsouyanni)
- Time Activity Patterns in Air Pollution Epidemiology (chairperson: Ursula AckermannLiebrich) (in print)
REGIONAL MEETINGS
Meetings have been held and reports produced in:
Budapest:
EC(COST)-East Europe Workshop on Air Pollution Epidemiology, report 3
Athens:
Air Pollution and Health in the Mediterranean Countries of Europe, report 5
Berlin:
Air Pollution Experiences in East and West Europe, Berlin November 14/15,
1994 (report in preparation)

All these reports are available from CEC/DG XII in Brussels
ACTIVE WORKING GROUPS
-

Risk assessment in air pollution epidemiology (chair: Eric Lebret, Bilthoven, the
Netherlands)
- Socioeconomic and cultural factors in air pollution epidemiology (chair: Matti Jantunen,
Kuopio, Finland)
- Epidemiological approaches to assessment of health consequences of environmental
accidents and disasters (in collaboration with WHO Europe, coordinator: Mchal
Kiyzanowski, WHO Centre, Bilthoven, the Netherlands)
COLLABORATIVE PROJECTS
-

PEACE-Project: Panel study on acute effects of winter smog on children
14 participating centres
Coordinator: Bert Brunekreef, Wageningen, the Netherlands

-

APHEA-Project: Short-term effects of air pllution on health: A European approach using
epidemiologic time series data
11 participating centres
Coordinator: Klea Katsouyanni, Athens, Greece

- PHARE-Project: Coordinated project on respiratpry health and air pollution in 6 PHARE
countries, 3 projects:
- 1. Study on air pollution and respiratory disease in children
- 2. Quality assurance activity
- 3. Risk perception and communication study
12 participating centres
Coordinators: Eric Lebret. Bilthoven, the Netherlands
Bert Brunekreef, Wageningen, the Netherlands
Tony Fletcher, London, England
Paul Elliot, London, England
CONCLUSIONS
The European Concerted Action on Air Pollution Epidemiology has developed into an active,
participatory enterprise which has also been able to take up the challenge to include in its
research proposals the former Eastern European countries. Efforts are still needed to improve
teaching on the subject and specially - in a long run - to strengthen the basis for the common
aim: to improve air quality in Europe.
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AIR QUALITY MONITORING FOR PUBLIC HEALTH NEEDS
Martin Williams
Department of Environment, UK

INTRODUCTION
This paper will discuss the main features of monitoring outdoor air quality in relation to public
health. Before beginning any monitoring programme the most important question to answer is
why it is being done. The main reasons for monitoring are
•

to assess the need for and effectiveness of control policies

•

to assess outdoor exposures of humans, ecosystems and materials

•

to measure compliance with standards, guidelines etc.

•

to inform the public

•

for research purposes

In general, monitoring for public health needs will embrace all of these criteria.
METHODOLOGICAL ISSUES
Monitoring is inherently expensive, so careful thought must be given to the methods chosen.
In relation to public health (and other effects), ideally the monitoring techniques used should be
appropriate to the effect and exposure being studied. If this exposure is cumulative, or long
term, as is the case for lead or benzene, then the technique used can often be simpler and less
costly, than exposures of the order of minutes where more sophisticated and. expensive
analysers would be required. The effects of S02 are an example of the latter case.
A hierarchy of measurement techniques in terms of increasing sophistication and cost is as
follows
diffusion tubes/passive samplers

~$10'

pumped samplers/bubblers/filters

~$102-$103

automatic continuous analysers

~$104

The analysis and interpretation of data and results from such a range of techniques will be
discussed in a later section.

MONITORING NETWORK DESIGN
It is crucially important to have a clear view of the appropriate places in which to monitor, and
how many monitoring sites are necessary. These are not simple questions to answer and raise
issues such as
•

how small a spatial scale is required?

•

how representative (spatially) is the monitoring site likely to be? Primary vs.
secondary pollutants?

•

how does the site reflect the relevant exposure of the health effects? Kerbside
vs background. Other micro-environments?

Monitoring can also be supplemented by numerical modelling of air pollution to obtain a more
comprehensive picture of air pollution levels. Indeed, together with simple and sophisticated
monitoring emission inventories and numerical models can provide a very powerful air quality
assessment package.
INTERPRETATION OF DATA
Good quality monitoring can provide data from which very useful information can be derived
concerning public health and potential health effects. Examples will be given including
frequency of duration of air pollution episodes, the repeat-frequency of high levels, co
occurrence of high levels etc.
EXPOSURE MONITORING
To date most studies and assessments of the effects of outdoor air pollutants on human health
have relied on fixed-site monitors. Techniques are now becoming available to make
measurements of personal exposure, both as integrated concentrations over many hours or
days, and more importantly for some pollutants, as continuously recorded concentrations.
Future developments of the large-scale assessment of the effects of air pollutants on human
health will be discussed.

\>
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ASSESSMENT OF HUMAN EXPOSURES
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INTRODUCTION
This paper describes some of the features of the assessment of human exposure to environ
mental pollutants in epidemiological studies. Background reading can be found in (1, 2). Since
exposure assessment in air pollution epidemiology studies typically involve professionals from
various backgrounds, interpretation of a concepts like 'exposure' may vary. A brief descriptions
is therefore given by way of introduction.
Exposure is the event when a person is in contact with an environmental pollutant at a certain
concentration during a certain period of time (3).The concept of (integrated) personal expo
sure takes the spatial and temporal variability of the exposure profile into account:
to
E = jC(t)dt
(1.)
0
in (Xg/m3.h, where E is the integrated personal exposure to a concentration C of a duration t
over a total time period ta. Until recently, it was (implicitly) assumed in air pollution epidemi
ology that exposure of the general population was reflected by ambient levels of a pollutant,
generally determined at a fixed monitoring location. A large body of literature, however, has
shown that substantial differences exist between outdoor pollutant concentrations and concen
trations in indoor environments. Furthermore, people in western industrialized societies gen
erally spend only a minor part of the time outdoors. During the normal day-to-day activities
people move from one location to the other, encountering potentially different exposures in
each location. Locations with a homogeneous pollutant concentration in space and time are
called microenvironments (3,4). For J different microenvironments, integrated personal expo
sure can be formulated as follows:
E = X Cjj ■ ty
(2.)
y=i
in p.g/m3.h, with Q the concentration in microenvironment j in which an individual i remained
during time period %..
Exposure assessment in the field of environmental health serves several purposes. Apart from
regulatory objectives, there are exploratory studies to determine the distribution of exposures
in the population, to compare the contribution of different microenvironments and media (e.g.
food, drinking water, pica in infants, skin contact) to personal exposure, and to identify sub
groups in the population with a higher risk. Often these are the starting point, or part of an en
vironmental epidemiology investigation.
In health effect studies, exposure assessment is instrumental in determining:
• differences in exposure within the population;
• the sample size of the study population;
• the degree of error and misclassification in exposure indicators or surrogates;

• exposure-response relationships (between exposure and the response of the population in
terms of health effects).
This latter objective - the determination of exposure-response relationships - puts the strongest
constraints on the quality of exposure assessment in terms of validity and precision. Since ex
posure-response relations are an important element in the risk and health impact assessment, it
is extremely important to derive accurate exposure-response relations.
INDICATORS OF EXPOSURE
Figure 1 shows a diagram of the chain of events from emission of a pollutant in the air to the
manifestation of health effects. Each line in Figure 1 reflects modifying factors of a complex
nature that are often difficult to quantify.
Source 1

Source 2

Source 3

Source 4

MicroEnvironment !

Environment 2

Environment 3

Environment 4

Personal
Exposure

Internal

Biological
Effective
Dose ,

-

Health
Effect

Figure 1. Schematic representation from pollutant emission, dispersion, exposure, dose and health effect

Indicators of exposure are any measure or surrogate of the true personal exposure to an envi
ronmental pollutant that is used in an epidemiological study to discriminate individuals on the
basis of their exposure. Indicators with varying degree of sophistication can describe any fea
ture in the causality chain from source to effect. Often combinations are used. The indicators
can have the form of:
•
qualitative classification. Populations are divided in groups with low and high exposure
based on area of residence (urban vs. rural, or polluted vs. clean), job exposure matrix, or
presence of sources (industrial vs. nonindustrial, or in the home: cooking fuel, parental
smoking). It is assumed that within an exposure group all members have similar exposures.

•

ambient environmental concentration measurements of air quality, water, or soil pollution at
one or more fixed monitoring locations, assuming that levels at a fixed location reflect ex
posure of people living around that location in the same way.
•
indirect personal exposure measurement. Pollutant levels are determined in different micro
environments (or even media) and integrated personal exposure for the participants is calcu
lated on the basis of time-activity data, which are either estimated or determined with e.g.
questionnaires, or diaries filled in by participants.
•
direct personal exposure measurement. This is mostly done for air pollutants, noise and
radiation. The direct personal exposure monitoring involves participants who carry around a
(small) device which measures the concentration, and thus exposure, encountered during
the daily activities, across different microenvironments. Often such personal exposure
measurements produce time-weighted average values and not a continuous readout of
short-term exposures. The availability of cheap passive samplers has strongly facilitated this
approach.
•
biological monitoring. Pollutant concentrations, or metabolites thereof, are determined in
exhaled air, saliva, blood, urine, faeces or other human material as a measure of prior expo
sure and-intemal dose, integrated over different pathways of exposure.
The degree of sophistication, however, does not necessarily conform with degree of validity. It
would seem preferable to use personal or biological exposure methods since the obtained ex
posure measures most closely reflect the dose to the target organs. However, technical and
logistic limitations often hamper such an approach. Moreover, in retrospective/cross-sectional
studies of chronic health conditions, personal or biological exposure measures may not always
reflect the relevant exposure, i.e. the exposure in the past which caused the adverse health ef
fect. Also, personal and biological measurements usually provide time-integrated values, while
for some pollutants exposure to short-term peak concentrations may cause the biological dam
age.
The true personal exposure of an individual that is relevant as the ethological factor causing
health damage can hardly ever be measured directly in a sufficiently large population group in
epidemiological studies. Therefore some construct is used as an indicator and surrogate for the
true personal exposure. Underlying this construct is a conceptual or formal model relating the
indicator to the true exposure. This can be an implicit conceptual model, an empirically based
(statistical) model, or a formal deterministic model.
QUALITY OF EXPOSURE INDICATORS
Virtually all commonly used exposure indicators are surrogates for the relevant exposure and
are more or less subject to random measurement error and misclassification. Some sort of
(implicit) conceptual or formal model is thought to describe the relationship between indicator
and true personal exposure. Two types of validity of the indicators need to be assessed to
judge its quality, i.e. the “construct” validity and the “criterion” validity, as described by Seifert
(5). The construct validity "the extent to which the measurement corresponds to the theoretical
construct concerning the phenomenon under study" is the most important aspect that deter
mines the quality of the indicator. This aspects reflects on the assumed etiology of the health
effect under study, e.g. acute effects of peak exposures, or (delayed) chronic effects of long
term exposure. However, this feature is difficult to establish since it is often poorly understood
or not defined. The criterion validity, "the extent to which the measurement correlates with the
phenomenon being studied" often is more open for further investigation. When studying the
criterion validity of an exposure indicator (or preferably construct validity) often the Pearson
correlation coefficient (r), or the multiple correlation coefficient (r) are used to describe to
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quality of the indicators's correlation with the true exposure. The most widely studied aspects
of the quality of exposure indicators are (classical or random) errors and misclassification,
mostly in the form of criterion validity.
SIGNIFICANCE OF THE QUALITY OF EXPOSURE INDICATORS FOR HEALTH
STUDIES AND RISK ASSESSMENT
Good quality exposure information is important for a number of different reasons. For many
relevant air pollutant mixtures, and public health effects, exposure-response relationships must
be derived from air pollution epidemiology, .e.g. daily mortality and hospital admissions in re
lation to Fine Particle concentrations. Also, in the assessment of the health impact of pollutant
exposure, the distribution of exposure is a necessary input to the risk estimation process. In the
latter case, the exposure distribution in the population can be described using (Monte Carlo)
simulation models, in a similar fashion as the indirect exposure estimation described in the
previous section, on the basis of general knowledge of distribution of concentrations in differ
ent microenvionments and time-activity profiles in the population. While not trivial, estimation
of exposure distributions is relatively simple compared to the accurate estimation of individ
ual’s exposures of the members of the population, which is often required in epidemiological
studies.
In the statistical analysis (of data gathered in epidemiological studies), random error in the ex
posure measures (the independent variables) can have a twofold effect. First, the errors reduce
the power of the statistical test, in other words, reduce the chance to find a statistically signifi
cant effect, if such an effect exists. Second, and more importantly, random error in exposure
variables can bias the exposure-response relation. In bivariate linear or logistic regression, the
effect of exposure on health will be underestimated (6). In analysis with more than one inde
pendent variable, the magnitude of the effect of the exposure may be under or overestimated.
depending on the error in the independent variables and the correlation among the independent
variables (7). In most practical situation, more than one independent explanatory variable is
studied, e.g. more than one air pollutant, or a number of confounding variables such as mete
orological variables, or smoking, lifestyle and allergic conditions are taken into account. Typi
cally, these confounders are also imperfectly measured which adds to the loss of power as well
as to the bias in the exposure-response relationships.
These latter observations underscore the utmost importance of obtaining accurate and precise
exposure indicators in air pollution epidemiology and for risk assessment purposes.
Examples of exposure assessment, quality of exposure indicators and relation to risk and health
impact assessment will be presented.
REFERENCES1
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3 Ott W.R. 1980. Models ofhuman exposure to air pollution. Technical Report no. 32, Stanford University,
Stanford CA.
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INTRODUCTION
Air pollution epidemiology is the study of the occurrence and distribution of health outcomes in
association with community air pollution exposure. It is therefore specific in the exposure
variable. Air pollution health effects became evident during high air pollution episodes which
occurred in the first decades of our century(l). Since then, legal and other control measures have
led to lower air pollution levels. However, recent results from several studies indicate that lower
levels of air pollution than the previously considered safe have serious adverse health effects(2-7).
Although, there is increasingly agreement that air pollution, at levels measured today, affects
health, there is still a lot to be understood concerning specific causal pollutants, biologic
mechanisms involved and sensitive groups ofindividuals(S). The extent of potential confounding,
time-considerations in air pollution effects, individual variation in air pollution exposure and
exposure misclassification are some factors which complicate the study of these issues(9).
STUDY DESIGNS FOR THE ASSESSMENT OF HEALTH EFFECTS AND RISKS
Design options in epidemiology may be classified according to different axes, for example: control
of the conditions of observation (experimental vs observational); unit of data collection and
analysis (group vs individual); time dimension (cross-sectional vs longitudinal). Experimental
study designs like clinical, field and community intervention trials are not often employed in air
pollution epidemiology. The main advantage of this type of study is the control and consequent
accurate measurement of exposure. However, the obvious limitations that only short-term,
reversible effects can be studied and sensitive individuals may not be included in the sample,
restrict its applications. The classification used in this presentation is based on the level of data
aggregation, on the use of incidence vs prevalence and on the selection of the study population
based on exposure or disease status(9). This classification is convenience based. It is used for
clarifying some relevant concepts. However, it is common that a particular study will not fall in
one distinct class, rather it may be a combination of designs or it may be regarded as a different
design type when looked at from a different perspective. One important problem in air pollution
epidemiology regardless of the study design is exposure assessment. When exposure is measured
by fixed site monitors there is no estimate of the individual variation in exposure and, commonly,
no assurance that these measurements are representative of the mean population exposure. Any
attempt to construct an individual exposure index based on time-activity pattern information is
hindered by lack of relevant data bases. The use of personal monitors -the closest proxy of
exposure- is difficult and expensive for use on a large scale. The problems in exposure assessment
must be taken into account in every study and although there is continuous improvement towards

more accurate measurements, these problems are to some extent inherent in air pollution
epidemiology.
The ubiquity of exposure to air pollutants leads to designs with aggregated data, the so-called
ecologic designs. These studies are usually thought of as hypothesis generating, purely descriptive
studies, subject to substantial confounding and other biases (which is their most important
methodological problem). However, confounding can be a lesser problem, depending on the
availability of data on potential confounders and on the unit of aggregation. Although the unit of
aggregation may be anything e.g. occupations, families, most ecological studies in air pollution
epidemiology are based on geographic or spatial and chronological units of aggregation.
The geographical or spatial studies using aggregated data are a method to test long-term air
pollution health effects which is conceptually straight forward and usually cheap and easy.
Usually, the frequency of a health outcome across different areas with vaiying levels of exposure
is compared. The main advantages ofthis design are: 1. the possibility to use routinely collected
data on the health outcome(s) and 2. the greater exposure contrast characterizing between, rather
than within, area comparisons. The main problems concern control of confounding, a major issue
in ecologic studies.
In the temporal studies using aggregated data the relation between an exposure and an outcome
variable measured over the same time units during a specific period is investigated. The
measurements of each variable constitute a time-series. The time units may be hours, days, weeks,
months, years depending on availability of measurements and the time pattern of the health effect
investigated. This type of study has been extensively developed in air pollution epidemiology,
used mainly to assess short-term effects. Time series studies are relatively cheap as they usually
use routinely collected data on both the health outcome (e.g. total or cause-specific mortality
counts, number of hospital admissions) and the exposure. Although aggregated data are used, this
design is less subject to confounding effects than other ecologic designs: in fact, the same
population is used as exposed and control population and the potential confounding variables are
only those which vary with the time units of aggregation.
Studies with data at the individual level have also been conducted in air pollution epidemiology.
These include cross-sectional surveys, panel studies and cohort studies and case-control studies.
Cross-sectional surveys have been extensively used to collect data on the prevalence of a health
outcome and improve the information on confounding variables in the broader framework of
ecologic comparisons involving geographically defined units.
A panel study is a prospective study following closely a cohort of individuals for a relatively short
time-period. The method is mainly used to investigate short-term effects of air pollution and the
health outcomes measured include self reporting of symptom, medication use, indices of
respiratory function etc.
Few cohort studies have been performed to evaluate the long-term health effects of air pollution.
Although health outcomes and data on confounders have been collected at an individual level and
are of high quality, the final inference from these studies is often based on a comparison of a few
points, in a way similar to the one used in the geographic studies using aggregated data.
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The case-control study approach has also been rarely used in air pollution epidemiology. To the
extent that it has been applied, it was mainly to investigate the long-term effects of air pollution
on the development of lung cancer and chronic obstructive pulmonary disease.
CONCLUSION
Epidemiological studies of investigating the health effects of air pollution are rapidly increasing
in number and their results becoming more influential. The same cannot be said for risk assessment
methodologies. The studies assessing air pollution health effects are to a large extent directly or
indirectly ecological but have gone a long way in addressing the problems of inference based on
aggregated data by, among of other things, choosing appropriate units of aggregation and
collecting individual data on confounding factors.
However, there are still open questions and new directions for air pollution epidemiology research
and risk assessment.
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Recent studies(l-6) investigating the adverse health effects of air pollution indicate that
effects exist around and below the current National and International air quality guidelines and
standards. However, the difficult methodological issues involved and the diversity of analytic
techniques so far applied, hinder direct between -study comparability and the drawing of clear
conclusions.
The APHEA project is an attempt to provide quantitative estimates ofthe short-term health effects
of air pollution, using an extensive data base from ten different European countries, which
represent various social, environmental and air pollution situations(7). Within the framework of
the project, the methodology of analysing epidemiologic time series data, as well as that of
performing meta-analysis, are further developed and standardized.
Within the framework of the APHEA project, epidemiologic times series data on daily
levels of air pollutants (particulate matter, S02, N02, ozone) total daily number of deaths
and deaths by cause, and daily number of cause specific hospital admissions are being used, which
were either collected routinely by public administrative organisations or were collected by the
researchers participating in the study. The project is, therefore, a multi-center temporal study
using aggregated data. The unit of aggregation is one day (i.e. all time series data used provide
measurements on a daily basis). Two groups of potential confounding variables are taken into
account: meteorological (temperature, humidity) and chronological (day of the week, holidays,
other cyclical patterns).
The data concern 15 European cities within total population exceeding 25 million.
Air pollution measurements were made available by public monitoring networks established in
each city. All cities (n=15) have available daily measurements on 24hour S02 and some
measurements ofparticle levels (black smoke, total suspended particles and/or particulate matter
with aerodynamic diameter smaller than a certain cutoff). Most cities have N02 measurements
(24hour and lhour) and lhour SO& while six cities provide ozone levels (8 or 24hour and, lhour)

The study protocol includes detailed criteria for completeness of measurements and methods to
be used for filling in missing data. An attempt has been made to maximize the comparability of
the data in terms ofthe geographic location ofthe monitoring stations. The number of monitoring
sites used for each pollutant was > 3 in the large majority of cases. The methods of measurement
for each pollutant were either identical or broadly comparable. An advantage of the study is the
variability observed across the participating areas, in air pollution mixtures and pollutant's levels.
Typical patterns of "winter" and "summer" type smog are observed with some cities characterized
by particularly high "winter" type smog, either dominated by S02 (e g. Milano) or particles
(e g. Cracow), and some by "summer" type smog (e.g. Rotterdam), while some cities have
relatively high air pollution of both types (e.g. Athens). The mean (24hour) levels of S02 range
from 27 to 327ig/m3 in the winter season and those of black smoke from 15 to 292ig/m3. The
mean (1 hour) levels of ozone in the summer season range from 32 to 166ig/m3.
Data on meteorological confounders (temperature and relative humidity) are used. There is a large
diversity in the climatic conditions in the different cities. Thus, the mean winter temperature ranges
from -4 to 10°C (minimum from -1 to -37) and the mean summer temperature from 16 to 26°C
(maximum from 26 to 35).
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For twelve cities (Athens, Barcelona, Bratislava, Cracow, Koeln, Lodz, London, Lyon,
Milano, Paris, Poznan and Wroclaw) participating in the APHEA project the daily total number
of deaths or the total number of deaths excluding deaths from external causes is available. For
eight of those cities the cause-specific number of deaths is provided. Deaths from respiratory
causes (ICD numbers 460-519), cardiovascular causes (ICD numbers 390-459) and digestive
system deaths (a "control" cause, ICD numbers 520-579) have been analyzed. Seven cities
(Amsterdam, Barcelona, Helsinki, London, Milano, Paris, Rotterdam) have available the daily
number of hospital admissions. The emergency admissions for certain causes and age groups have
been selected for analysis: respiratory admissions (ICD code 460-519) for age groups 15-64 years
and older than 65 years; asthma admission (ICD code 493) for age groups 0-14 years and
15-64 years); chronic obstructive pulmonary disease admissions (ICD code 490-496) for all ages
and older than 65 years; and admissions for diseases of the digestive system ("control" cause, ICD
codes 520-579).
Deaths and admissions must relate to the defined study area". Although, emergency hospital
admissions are considered most suitable, in some areas, due to the recording system or other
problems in health care, it is impossible to distinguish between planned and emergency admissions.
The above specific causes of death and admission have been chosen as the most "relevant"
outcomes of air pollution exposure. This was based on biologic plausibility, as well as on results
from previous studies.
The above time series concern a total population of several millions living in cities of at least
400,000 inhabitants. Therefore, the daily number of events is large enough for most series, to
provide numbers with relatively small random variation (e.g. the mean daily number of deaths
ranges from 8.5 to 231.0).
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INTRODUCTION
SAVIAH is an EC-funded methodological study coordinated by Dr. Paul Elliott at the
LSHTM. The project aims to apply, test and evaluate new and emerging methodologies in the
fields of epidemiology, geography, air pollution modelling and small area health statistics, and
to bring the data together in a consistent geographic framework. The study was carried out in
the U.K., The Netherlands, Poland and the Czech Republic, using the example of childhood
wheeze and outdoor air pollution. Specific aims of the study were, in each centre, i) to carry
out a questionnaire survey among parents or guardians of around 4000 to 5000 children aged
between 7 and 11; ii) to carry out a series of air pollution surveys for NOa as a proxy for the
complex of traffic-related pollutants, and S02 (PL), using a dense network of passive samplers;
iii) to build up a detailed Geographical Information System (GIS) for each of the study areas;
iv) to construct an air pollution "map" based on the N02 and S02 measurements and a health
“map” based on “map smoothing” techniques and v) to explore methods to examine
relationships between health, pollution, socio-economic and other data.
METHODS
Health data
Respiratory health was assessed by a cross-sectional standardised questionnaire survey in
school children aged 7-10 (CZ), 7-11 (NL), 7-8 (PL) and 7-9 (UK). The questionnaire
contained questions on chronic respiratory symptoms like wheeze, asthma, cough derived from
internationally standardised questionnaires (WHO, ISAAC). Questions on confounding
variables like family history of respiratory disease, allergies, indoor air pollution, socioeconomical status were also part of the core questionnaire. Questionnaires were translated
from and back to the English language for quality control. Children were recruited for the
study through primary schools with the exception of Amsterdam, where parents were sent a
mail questionnaire. Questionnaires were completed by parents, or guardians.
Pollution data
The spatial variation in exposure was described, with N02 and S02 as exposure proxies. N02
was considered a marker of traffic-related urban air pollution and of primary interest in UK,
NL and CR In PL, S02 was the primary pollutant of interest. All measurements were made

using passive samplers in a dense network across the four study areas where the prevalence of
respiratory symptoms in schoolchildren was also assessed by questionnaire (Huddersfield,
Amsterdam, Poznan, Prague). Pollutants were measured as two-weekly averages in four
surveys (Jul793, Nov-93, Feb-94, May-94), the first of which was a pilot. In addition, monthly
consecutive samples were collected at ten sites.
Pollution mapping and modelling
Mapping and modelling of air pollution was done using measured N02 levels, spatial
techniques and dispersion models. A Geographical Information System (GIS) was employed
for storing and managing the data and for the spatial analyses. Contouring, kriging, multiple
regression and dispersion modelling were selected for the analysis of N02 (UK, Holland, Czech
Republic) and S02 (Poland). Contouring was carried out using the linear interpolation methods
available in the TIN modules in the software package ARC/INFO. Kriging was attempted for
both pollutants using both the ARC/INFO routines and purposely designed programs
developed for SAVIAH. Multiple regression modelling was carried out for N02 only. Models
were constructed by regressing measured N02 concentrations at the fixed site locations against
three main group of indicators: traffic volume, land cover and topography. Dispersion
modelling for N02 was carried out using the CALINE-3 model, adapted to run within a GIS
environment.
Disease mapping
Disease mapping required the removal of a large component of random variability in the
observed crude proportions, particularly when based on small counts. Under these conditions,
the pattern is dominated by the extreme values. Since few methods of spatial analysis were
available for non-rare conditions that allow for a large random component under the
assumption of binomially-distributed counts of cases, non-parametric and parametric Bayesian
models were adapted from existing techniques based on the Poisson assumption.
RESULTS

Pollution data
The precision of the passive samplers across the four surveys and study areas, expressed as
coefficient of variation was 6.0 % and 10.2 %, for N02 and S02, respectively. The observed
pollutant levels are presented in Table 1.
Table l.N02 levels by study area(pg/m3)

Amsterdam
mean
47
24
min
max
72
03/Q1"
1.2- 1.6
a) 35 sites in Poznan;
b) Interquartile ratio

Huddersfield
34
10
79
1.4-2.0

Poznan3
27
12
48
1.3 - 1.5

Prague
36
12
83
1.4-2.4

For SO2 the mean (and standard deviation) in the wintersurveys were 77 (19) gg/m3 in CR and 82 (40)
gg/m3 in PL.

The N02 variation between sites was about 60-80 % of the total variation, indicating a relative
good between-site discrimination. An overall estimate for the long-term N02 level at each site
was made using a mixed-effect model with terms for measurement error and site and survey
effects.
The agreement between the average N02 levels of the surveys and the ten consecutive monthly
samples is displayed in Figure 1.
Figure 1 Long-term average concentrations estimates
Mean concentrations (gg/m3)
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For S02, kriging and contouring gave only limited prediction of measured values within the
study area.
For N02, complex pollution surfaces were found, especially in Huddersfield and Amsterdam.
Multiple regression methods gave the most effective results, explaining 50-70% of the
variation in N02 concentrations and indicating consistent models between surveys and areas.
On the basis of these regression models calculated from the measured concentrations at the 80
sites in the network, pollution maps for the whole study area were generated using the
geographic information. From these maps, area and individual indicators of ambient exposures
are derived around, or at, the addresses of the children for which health data has been
collected.
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Health data
The numbers of children who returned the questionnaire (and response rates in %) for the four
centres were: 3680 (88.1%) in CZ, 3811 (62.6%) in NL, 4633 (95.6%) in PL and 5027
(90.7%) in UK. Life-time prevalence of wheezing or whistling was 26.5% in CZ, 22.8% in NL,
29.1% in PL, and 30.0% in UK. Prevalence of wheezing or whistling in the last 12 months was
11.5% in CZ, 10.2% in NL, 12.7% in PL and 17.8% in UK. Prevalence of both outcomes was
higher in boys in all centres. Parental smoking was related to increased prevalence of life-time
wheezing in all centres except NL. Reported noise from traffic and damp was positively
associated with both outcomes in all centres. Of all questionnaire variables, parental history of
atopy was most strongly related to both life-time and last 12 month prevalence of wheezing.
The English and the Dutch health data showed some evidence of spatial heterogeneity. For
instance, crude prevalences across the 71 areas in England ranged between 0 and 63.6%, but
such spread is greatly reduced in the corrected estimates, ranging from 22.5% to 39.0%. The
small area analysis of the health data underscored that for high-prevalence respiratory
symptoms allowance for the random component of variability must be made using the binomial
form of the sampling error.

CONCLUSIONS
This methodological study has demonstrated the applicability of a number of emerging
techniques for studies in air pollution epidemiology on long-term exposure in urban areas.
Passive samplers, primarily employed for indoor studies showed good (N02) and fair (S02)
precision and accuracy in ambient air sampling. Spatial variation in N02 between
measurements sites could be determined with one or a few two-week average samples, and a
high degree of correlation between average over three surveys and ten consecutive monthly
samples was observed. Regression models using geographic site descriptor information
explained about 50-60 % of the variation. Furthermore, the study demonstrated that the
available techniques for disease mapping and smoothing, based on the Poisson assumption, do
not function well for non-rare outcomes like chronic respiratory symptoms. Adapted tests
under the binomial assumptions showed evidence of spatial heterogeneity.
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INTRODUCTION
Over the last decades, concentrations of air pollution components such as S02 and
airborne, coarse particulates have decreased in many areas in Europe. This decrease can be
ascribed to emission abatement measures and changes in energy production for industrial
processes and space heating. Levels of other pollutants such as NO, have increased during
the same period, mostly due to higher intensity of motor vehicle traffic. Older epidemio
logic studies on health effects of air pollution used indicator pollutants such as S02, Total
Suspended Particulate matter (TSP) and Black Smoke at extremely high levels (1, 2, 3).
More recent studies using the same and other indicators such as PM10 (particles with a
median aerodynamic diameter of 10 pm) have shown effects of air pollution on mortality
and morbidity at lower levels, even sometimes lower than current WHO air quality
guidelines for Europe (4, 5, 6, 7). These findings suggest that due to the changing
composition of air pollution, effects of air pollution can be seen below levels of exposure
which were thought to be safe. Another reason is that the recent studies are conducted at
levels which were hard to find in earlier days. Therefore new, quantative data are needed
to evaluate the current guidelines and standards. In order to achieve this, standardization of
methodology as well as the execution of epidemiologic studies using such standardized
methodology is needed. In the framework of the ENVIRONMENT Research Programme
of the Commission of the European Communities, a collaborative study was funded that
sought to develop a standardized methodology for epidemiologic studies of effects of
short-term changes in air pollution on the respiratory system. The project title is "Effect of
short-term changes in urban air pollution on the respiratory health of children with chronic
respiratory symptoms". This project will be referred to hereafter as PEACE project, an
acronym for Pollution Effects on Asthmatic Children in Europe. In the PEACE project, 14
research centers participated which were distributed over 10 European countries. Of these
14 centers, 5 were from four different EC member states (Greece, Italy, Germany, the
Netherlands), 5 were from Central or Eastern European countries (Poland, Hungary, Czech
Republic) and 4 were from Scandinavian countries (Finland, Sweden, Norway). In this
paper, the background, design and methodology will be described.
METHODS
The design of the study was that panels of selected children were followed during at least
two months in the winter of 1993/94. Exposure to air pollution and health status was
monitored on a daily basis during the observation period. Each participating center

selected two panels of approximately 75 children each. One panel was selected from an
urban region, the other panel (the control population) lived in an area in which air quality
was thought to be less affected by emissions from the urban area. Children of primary
school age, 6-11 years old, who had experienced chronic respiratory symptoms in the year
preceding the study or had ever been told by a doctor that they had asthma were studied.
The children were selected from the general population of children with a screening
questionnaire.
For further subject characterization, questions were asked about doctor-diagnosed
bronchitis and pneumonia, about serious respiratory disease in infancy and about respirato
ry allergy in a detailed questionnaire. Determination of atopy by skin prick test and
pulmonary function using forced expiratory maneuvers was used for additional characte
rization, in order to investigate to what extent these characteristics are related to a
subject’s response to air pollution.
Assessment of exposure to air pollution was achieved by measuring ambient air
pollution (S02, N02, NO, PM10 and Black Smoke) at fixed sites on a daily basis. The
exposure estimate was refined by obtaining information on sources of indoor air pollution
in the home by questionnaire, by obtaining information on activity patterns of the children
and by measurements of N02 concentrations in homes of participants with passive
samplers .
With a Mini-Wright peak flow meter Peak Expiratory Flow was recorded on two
different times of the day, in the morning when getting up and in the evening before going
to bed. In addition, parents recorded respiratory symptoms and the use of medication for
respiratory conditions of their participating child on each day of the study period.
As potential confounders, ambient temperature and humidity, and the occurrence of
fever during the study period were considered.
As far as was feasible within the financial and organizational constraints of the
project the methods which were used in the individual centers were standardized.
Complete standardization was achieved with the Screening Questionnaire, Detailed
Questionnaire, Diary, Peak Flow meters and skin prick test. PM 10 and Black Smoke
measurement equipment was supplied by the coordinating centers to most of the participa
ting centers.
Selection of subjects
Children between 6-11 years of age were selected because at that age, children
usually do not smoke, are unaffected by occupational exposure and can easily be reached
in large numbers through the primary school system.
Subjects were approached by handing out Screening Questionnaires at school which
had to be filled out and returned by their parents. The screening questionnaire is an
adapted version of questions from the WHO questionnaire for assessing respiratory symp
toms in children (8) and of a questionnaire developed by the University of Groningen, The
Netherlands, based on the ATS questionnaire for children. These questionnaires have been
investigated on reproducibility (9). Kappa values indicated a good reproducibility for the
asthma-like symptoms. The question on nightly coughing is taken from a study on asthma
prevalence symptoms in New Zealand (10). Children were selected randomly from those
who were willing to participate and who had a positive answer on one of the following
questions:
1)
Has your child been bothered in the past twelve months by a wheezy chest, apart
from colds?
2)
Has your child been bothered in the past twelve months by attacks of shortness of

breath with wheezing?
Has your child had a dry cough at night in the past twelve months, apart from
coughing with a cold or chest infection?
4)
Has a doctor ever said your child had asthma?
As it was expected that some subjects would drop out before the end of the study period,
at least 80 subjects were to be included at the start of the measurement period.
3)

Acute health effect measurements
The diary. At the start of the study period the children received a diary and a mini Wright
Peak Flow meter. Every day the children measured in presence of the parents the PEP
three times in the morning and three times in the evening. At the end of every day the
parents, together with the children noted whether the child experienced respiratory
symptoms during the day in what degree they experienced this symptom (slight, modera
te/severe) and whether respiratory medication had been taken. The respiratory symptoms
included in the diary were cough, phlegm, runny/stuffed nose, woken up with breathing
problems, shortness of breath, wheeze, attacks of shortness of breath with wheeze, fever,
eye irritation and sore throat. An example of a diary form is added in Appendix A. The
use of the diary and the mini Wright Peak Flow meter was instructed during a home visit
in presence of child and at least one of the parents. In the diary, information about time
activity patterns of the child (time spent outside, out of home town) was also recorded by
the parents on a daily basis.
Exposure assessment
Air sampling sites and equipment. Ideally daily personal exposure measurements for all
participants would be the best way to estimate the exposure to air pollution. Within the
framework of this study it was only feasible to measure ambient concentrations measured
on a daily basis at fixed sites in the urban and control area. In the urban area at least
PM 10, Black Smoke, S02 and N02 was measured on a daily basis. In the control area the
minimum requirements were PM 10, Black Smoke and N02 measurements on a daily basis.
The measurement sites were chosen so that they were close to the living area of the
participating children, and not strongly influenced by local sources in the direct vicinity
(so-called ’background sites’). To obtain data on S02 and N02 most centers used data
from existing air quality monitoring networks, so the potential for standardization of these
measurements was limited. Equipment for collecting PM 10 and Black Smoke samples was
supplied by the coordinating center to most of the participating centers.
The PM10 equipment consisted of the Harvard PM10 impactor (produced by Air
diagnostics and Engineering, Inc., Maine, USA) and a pump unit with a critical capillary
for flow control and an elapsed time indicator (produced by University of Wageningen).
For the Harvard PM10 impactor was chosen because it is a relatively cheap sampler that
has been compared extensively with more standard equipment such as the dichotomous
sampler (11). The Harvard Impactor has a size selective inlet that collects particles smaller
than 10 pm with an efficiency of 50% and a filter holder. Teflon filters with a pore size of
2 pm were supplied by the coordinating center. Before and after sampling the filters were
conditioned and weighed according to EPA recommendations (12) to determine the PM10
mass concentration. Centers that already had PM 10 collection devices to their disposal,
were subjected to a site-by-site comparison with the Harvard PM10 Impactor.
Quality Control
Standardized methods and materials were used for Screening Questionnaire, Detailed

Questionnaire, Diary, Peak Flow meters and skin prick test. In most centers also PM 10
and Black Smoke measurements were performed with standardized equipment and
protocols. Prior to and during the study, an extensive quality control program was
implemented.
Status as of January 31, 1995
The fieldwork period is completed and the data have been entered into the computer. The
first descriptive analyses have been performed in some centers. The main analysis is
expected to be completed in June 1995, and a report to the European Community is
expected before the end of August, 1995.
Coordinating center
Coordinator: Bert Brunekreef, PhD
Professor of Environmental Health
Department of Epidemiology and Public Health, University of Wageningen,
P.O.Box 238, 6700 AE Wageningen, The Netherlands.
List of participating centers
Principal
investigator

Institute

Locations (urban,
rural)

G. Baldini

Pediatric clinic, University of Pisa, Pisa, Italy

Pisa, Torre del Lago
Puccini

B. Brunekreef

Department of Epidemiology and Public health,
University of Wageningen, Wageningen, The Netherlands

Amsterdam, Meppel

J. Clench-Aas

Norwegian Institute for Air Research, Kjeller, Norway

Oslo, Oslo surroun
dings

N. Engiert

Federal Environmental Agency, Berlin, Germany

Berlin, Berlin surroun
dings

B. Forsberg

Department of Environmental Health, Umea University,
Umea, Sweden

Umea, Holmsund

J. Haluszka

TBC and Lung Diseases- Pediatric division, Rabka, Poland

Cracow, Rabka

A. Kalandidi

Department of Hygiene and Epidemiology, University of Athens, Athens, Greece

Athens, Koropi/Peania

F. Kotesovec

District Institute of Hygiene, Teplice, Czech Republic

Teplice, Prachatice

E. Lebret

National Institute of Public Health and Environmental
Protection, Bilthoven, The Netherlands

Statistical assistance

G. Niepsuj

Silesian Medical Academy, Zabrze, Poland

Chorzow, Pszczyna

J. Pekkanen

National Public Health Institute, Kuopio, Finland

Kuopio, Kuopio sur
roundings

P. Rudnai

National Institute of Hygiene, Budapest, Hungary

Budapest, Szentendre

V. Vondra

Institute of pulmonary diseases, Prague, Czech Republic

Prague, Vlasim/Benesov/Votice

H. Welinder

Department of Occupational and Environmental Medicine,
University Hospital, Lund, Sweden

Mahno, ?

H.E. Wichmann

GSF-Listitute of epidemiology, Neuherberg, Germany

Hettstedt, Zerbst

REFERENCES:
1.
Ministry of Health. Mortality and morbidity during the London fog of December, 1952.
Her Majesty’s Stationery Office. Reports on public health and medical subjects no.95.
1954.
2.
Firket J, Fog along the Meuse valley. Trans Farady Soc 1936;32:1192-7.
3.
Lawther PJ, Waller RE , Henderson M. Air pollution and exacerbations of bronchitis.
Thorax 1970;25:525-39.
4.
Roemer W, Hoek G, Brunekreef B. Effect of Ambient winter air pollution on respiratory
health of children with chronic respiratory symptoms. Am Rev respir Dis 1993;147:118-24.
5.
Pope CA III, Dockery DW, Spengler JD, Raizenne ME. Respiratory health and PM10
pollution: A daily time series analysis. Am Rev Respir Dis 1991;144:668-74.
6.
Pope CA III, Dockery DW. Acute health effects of PM10 pollution on symptomatic and
asymptomatic children. Am Rev Respir Dis 1992;145:1123-1128.
7.
Hoek G, Brunekreef B. Acute effects of a winter air pollution episode on pulmonary
function and respiratory symptoms in children. Arch Env Health 1993;48:328-35.
8.
Florey C du V, Leeder SR. Methods for cohort studies of chronic airflow limitation. WHO
Regional Publications, European series no 12, Copenhagen, 1982.
9.
Brunekreef B, Groot G, Rijcken B, Hoek G, Steenbekkers A, Boer A de. Reproducibility
of childhood respiratory symptom questions. Eur Respir J 1992;5:930-35.
10.
Innes Asher M, Pattemore PK, Harrison AC, Mitchell EA, Rea HH, Stewart AW, Woolcock AJ. International comparison of the prevalence of asthma symptoms and bronchial
hyperresponsiveness.
Am Rev Resp Dis 1988;138:524-29.
11.
Buckley TJ, Waldam JM, Freeman NCG, Lioy PJ, Marple VA, Turner WA. Calibration,
intersampler comparison, and field application of a new PM-10 personal air-sampling
impactor. Aerosol Science and Technology 1991;14:380-7.
12.
EPA, 1987. Federal register vol 52 no. 126 July 1. Reference method for the determination
of particulate matter as PM10 in the atmosphere.

f-rj

608

VAAL TRIANGLE AIR POLLUTION HEALTH STUDY:
ADDRESSING SOUTH AFRICAN PROBLEMS

Petro Terblanche1, Riette Nel1, Tony Surridge2. Harold Annegam3, GregTosen4 and
Arelize Pols5

1
2
3
4
5

CSIR Environmental Services, Pretoria, South Africa
Department of Mineral and Energy Affairs, Pretoria, South Africa
Annegam Environmental Research, Johannesburg, South Africa
Eskom, Johannesburg, South Africa
CSIR Informationtek, Pretoria, South Africa

INTRODUCTION
Situated in the central region of South Africa, the Vaal Triangle is an area which plays a
vital role in driving the economic dynamo of South Africa. Also, because of the concen
tration of heavy industry, it is an area which provides a challenge in effective air pollution
control. The Vaal Triangle lies within the Vaal River Basin, at an altitude of 1 500 m
above sea level. Meteorological conditions in the area are highly conducive to the forma
tion of surface temperature inversions, resulting in a poor dispersion potential. Because of
the multiple sources of air pollution in the area, poor dispersion conditions increase the risk
of pollution build-up and subsequent adverse impacts.
The situation is further exacerbated by the continued combustion of coal in households,
even after the electrification of residences. This is particularly chronic in the developing
communities and during winter.
The Vaal Triangle Air Pollution Health Study (VAPS) was initiated in 1990 by the Depart
ment of Health, the Medical Research Council and major industries in the area to determine
the effects of air pollution on the health of the community. The final results of that study
are summarised in this paper, and options to ameliorate problems are addressed.
METHODOLOGY OF THE VAPS
Details of the methodology of the VAPS are addressed elsewhere (1,2,3,4). Suffice it here
to state that the programme consisted of exposure assessment (outdoor, indoor and personal
monitoring) and health effects determination (questionnaire surveys, medical and dental
examinations).
RESULTS OF THE VAPS
The key findings of the project are as follows:
Sebokeng Health Effects and Exposure Assessment Study
More than 1 500'children in the age group 8-12 were included in the cross-sectional survey
conducted during 1990, and 425 of those children were included in a longitudinal study

which collected seasonal data on exposures and prevalence of respiratory tract illnesses and
extended over a period of four years.
*

The exposures of children, in a coal-burning township, to total suspended particu
lates (TSP) exceed local guidelines and international health standards in 100% of
cases during winter.

*

Peak hourly averaged exposures to SOg and CO exceeded the local guidelines and
USA health standards in indoor environments of homes using coal as household
energy source.

*

The use of coal as a household energy source is the single most important risk factor
for respiratory illnesses.

*

Children living in homes utilising electricity instead of coal, have up to a 9.3 times
lower risk of developing respiratory illnesses.

*

Electricity as an energy source incurring a lower risk than coal, wood or paraffin.

*

Electricity use in the home and the level of electrification of the area (partial versus
complete) have a positive impact on the risk of children developing respiratory tract
illnesses. The benefits of partial electrification are considerably smaller than those
of complete electrification.

*

Paraffin used for cooking has an 8 times lower health risk compared with coal used
for cooking in urban areas.

Vaal Triangle Air Pollution Levels
Since 1990, gaseous pollutants and total suspended particulates (TSP) were monitored at six
different stations in the Vaal Triangle (only three stations had TSP samplers).
*

With the exception of occasional hourly averaged peaks of SOg and O3, the concen
trations of these gaseous pollutants are below the accepted health guidelines.

*

The levels of TSP exceeded the annual USA health standard by a factor of 2.5
during 1992 and by a factor of 1.5 during 1993. These levels are harmful to health.

*

The winter period is highlighted as the peak pollution period and consequently a
high risk period.

*

During spring and autumn, concentrations of bio-aerosols (pollen and fungal spores)
are high enough to affect sensitive individuals.

The current situation in the Vaal Triangle is therefore that levels of particulate matter
exceed the health guidelines. Studies have shown that 50%-70% of particulates are
generated by domestic coal-burning (5). The health risk attributed to the use of coal as a
household energy source is not confined to the residents of these areas (who undoubtedly
suffer most), but also affects residents of neighbouring areas since regional air quality is
affected.

('

Health Survey in Schools
Forty-two primary schools from five towns in the area participated in the study. More than
14 000 children in the age group 8-12 were included in the cross-sectional, longitudinal and
case-control components of the study:
*

More than 60% of children reported respiratory illnesses.

*

Higher prevalence of respiratory tract illnesses occur during winter.

*

The prevalence of respiratory tract illnesses remained unchanged (high) over the 4year survey period, similar to a previous study (6).

*

Parental smoking has been identified as a risk factor for respiratory tract illnesses.

*

In the case-control component involving children from a relatively unpolluted town
in the area (confirmed by objective measurements) it was found that for all potential
air pollution-related respiratory symptoms and illnesses, the Vaal Triangle children
are at significantly greater risk.

CONCLUSIONS OF THE VAPS
After four years of intensive data collection, the VAPS has been terminated as the key
objectives have been met and resources should now be focused on intervention strategies to
ameliorate the problems. Conclusions of the study are that air pollution in the Vaal
Triangle and specifically particulate matter exceeds health guidelines by a factor of up to
2.5 on an average annual basis. This results in an increasing risk of respiratory tract ill
nesses.
The key finding is that the use of coal as a household energy source is the single most
significant risk factor for respiratory tract illnesses in children, while it is the major
contributor to ground level concentrations of particulate matter. The health of approxi
mately 2 million people may be at risk as a result of air pollution in the Vaal Triangle.
INTERVENTION STRATEGIES
Various Industries, Central and Local Government, the community and scientists are now
embarking on a long term programme to lower the concentrations of air pollution to accept
able levels by the year 2000. A key element in this programme is to address household
energy requirements. Although electrification is continuing at approximately 400 000 units
per year, residents prefer to continue to bum coal for a variety of reasons. (Generally
electricity is more expensive than coal as a source of heating.) Consequently it has been
observed that electrification has insignificant impact on air pollution.
There is presently a large coal-based infrastructure consisting of a well developed distribu
tion system and numerous combustion devices (eg stoves, braziers). The householder has
little or no incentive or finance to change from coal-burning apparatus to electricity. One
aspect of an integrated approach is to replace the feedstock with a low-smoke coal. The
initial objectives of the Low-Smoke Coal Programme are to ascertain among others its
effectiveness, product standards, market penetration, and possible intervention strategies. It
is part of an integrated household energy programme to ameliorate the air pollution
32 21081

problem. Initial studies indicate that low-smoke coal is one of the many essential
ingredients for ameliorating air pollution.
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INTRODUCTION
At the request of the Swedish Environmental Protection Agency, a criteria document on nitrogen
oxides has been prepared, and is intended to serve as a basis for revised air quality standards in
Sweden. The criteria document is based on a thorough literature survey, and the health risk
assessment is summarized below.The present standard for nitrogen dioxide (NO^) is 110 jzg/m3
as 1-hour mean (98th percentile); 75 /zg/m3 as 24-hour mean (98th percentile); and 50 //g/m3 as
6-month mean (arithmetic mean during winter half-year).
EVALUATION OF HEALTH RISKS
Nitrogen dioxide
Numerous toxicologic, epidemiologic and controlled human studies have been performed with
nitrogen dioxide (N02).
Upon inhalation, approximately 80-90% of NOz is absorbed and converted to nitrite and nitrate
in the blood. Some systemic effects have been observed, such as an influence on the immune
system and changes in blood cell counts and serum proteins. However, these effects are less well
documented than local effects on the lung, and they seem to be less important in an overall risk
assessment
N02 and nitrite are genotoxic in vitro. The in vivo genotoxicity of N02 seems to be low, and is
restricted to lung tissue. There is no clear evidence of a carcinogenic potential of N02, although
lung adenomas have been induced in a susceptible strain of mice. Possible secondary risks are
imposed by the formation of carcinogenic nitrosarmnes and the like after the inhalation of N02 and
the atmospheric formation of mutagenic products of reaction with polycyclic aromatic
hydrocarbons and alkenes. Neither quantitative nor qualitative cancer risk estimates can be made
for N02 exposure. Thus the risk assessment of NOz is based on general toxic effects on the lungs
and airways.
Upon inhalation, N02 penetrates deep into the lung. The primary targets for toxic action are the
terminal conducting airways, the alveolar ducts, and the alveoli.
Being a free radical, N02 can oxidize polysaturated fatty acids in cell membranes, as well as
functional groups of proteins. In animal experiments, lipid peroxidation has been demonstrated
after chronic exposure to as low an N02 concentration as 75 //g-m*3. Generally, however,
biochemical changes have been found at considerably higher exposure levels. Around 800 /zg-m'3
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is required for significant morphological changes after subacute and chronic exposure. In one
study, 640 /zg-m'3 for six weeks caused alveolar type II cell hypertrophy and hyperplasia, which
is the lowest effect level reported for morphological effects.
NOz affects host defense mechanisms. In subacute or chronic animal inhalation studies, effects on
ciliated epithelial cells, such as loss of cilia, have been seen at 940 /zg-m'3, however, without
affecting mucociliary clearance. Other demonstrated effects are an impaired function of alveolar
macrophages at concentrations down to 560 /zg-m'3 and an increased susceptibility towards
infections provoked by bacteria or virus (lowest reported effect levels 940 /zg-m"3 or 370 /zg-m"3
with daily peaks of 1500 /zg-m"3).
Prolonged exposure to NOz causes decreased pulmonary function in mice and rats, seen as a
decrease in lung dynamic compliance and respiratory capacity. These functional effects coincide
with morphological changes and have been demonstrated after chronic exposure to concentrations
as low as 380 /zg-m'3 with daily peaks of 1500 /zg-m"3. In guinea pigs, an increased airway
responsiveness to inhaled histamine has been demonstrated after short-term exposure to much
higher concentrations of N02 (7500 /zg-m'3).
The increased airway responsiveness in experimental animal studies is interesting in light of the
results from controlled studies on humans. In such studies, N02 causes an acute and transient
increase in bronchial responsiveness towards histamine or other airway challenges leading to
bronchoconstriction. Studies with low doses have shown conflicting results, but a meta-analysis
of all studies indicates a lowest effect level of 200 /zg-m"3 for asthmatics and 2000 /zg-m"3 for
normal subjects. It has also been shown that the inhalation of NOz for 0.5-2 h can cause
bronchoconstriction (without histamine challenge) in normal subjects (lowest effect level around
4000 /zg-m"3), patients with chronic obstructive bronchitis and asthmatics (lowest reported effect
level 560 /zg-m"3). The acute lung function effects in humans probably reflect different mechanisms
of action when compared with the lung function decrements seen in chronic animal studies.
Different health effects from both short-term and long-term exposures have been observed in
epidemiologic studies. Most of the studies concerning acute effects provide some evidence of
association with ambient air pollution contaminated by N02 in urban and industrialized areas. The
long-term average concentrations in the studies ranged from about 10 to 50 /zg-m"3, with maximum
hourly concentrations up to several hundred micrograms of N02 per cubic meter of air. The
specific role of N02 is difficult to define in complex ambient air exposure situations. Furthermore,
the reporting of results has often been based on regression or correlation coefficients and therefore
does not permit a determination of threshold or lowest effect levels. Reported effects include
annoyance reactions and symptoms from the respiratory tract. Studies on pulmonary function have
shown inconsistent results, but asthmatics have been investigated only to a limited extent. Only
one epidemiologic study is available on bronchial hyperreactivity, and it showed an increased
prevalence among urban children exposed to a long-term average N02 concentration of 36 /zg-m"3.
Although the specific role of N02 cannot be determined, the result is of particular interest in view
of the increased bronchial responsiveness found after controlled exposure to N02.
The evidence most useful for risk assessment concerning the long-term effects of N02 comes from
a series of about 15 studies on symptoms and diseases of the lower respiratory tract (bronchitis,
asthma, pneumonia) in children living in houses with gas appliances. The average N02
concentrations measured in such residences (excluding kitchens) range from about 40 to 80
/zg-m"3, but short-term peaks in kitchens can exceed 1000 /zg-m"3. A meta-analysis of the studies
shows a statistically significant increase in risk of about 20% for lower respiratory tract illness
associated with gas appliances, which contributed an average of about 30 /zg-m"3 to the indoor
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N02 levels. The prevalence of lower respiratory symptoms in adults was related to gas cooking
in two of three investigations. Studies on pulmonary function in adults and children from homes
with gas appliances provide inconsistent results.
There are also some studies on respiratory symptoms and diseases related to outdoor N02
exposure, but these studies are difficult to interpret because of the complex exposure
environments. One study on children living near a trinitrotoluene plant and exposed to average
levels of about 40-90 //g-m'3 and two studies in urban areas with average concentrations of about
30 jug-nf3 indicate increased rates of lower respiratory illness. An increased prevalence of
respiratory symptoms among nonsmoking adults was seen in four of six studies with average N02
concentrations of about 30-100 yug-m'3.
The epidemiologic evidence of an association between prolonged NOz exposure and respiratory
diseases is strengthened by the findings of animal studies (ie, that N02 affects the respiratory host
defense systems), although the N02 concentrations used in animal experiments are generally higher
than human exposure levels.
Nitric oxide
Vasodilation seems to be one of the most sensitive target mechanisms for nitric oxide (NO) action.
The effect occurs in vitro at nanomolar or subnanomolar concentrations. In anesthetized sheep and
in awake humans significant lung vasodilator effects of NO at 5 and 10 ppm (6150 and 12 300
/rg-m"3), respectively, in inhaled air have been observed, and in guinea pigs bronchodilation occurs
at 5 ppm. The value 5 ppm can be regarded as established for acute vascular effects in animals, and
10 ppm can be considered the corresponding value for effects in humans. Animal experiments with
inhibitors of endogenous NO formation suggest that pulmonary vasodilator effects of NO at 0.15
ppm (185 yug-m"3) might be expected if individuals with depressed endogenous NO formation exist.
It is not clear whether the pulmonary vasodilator effects are to be regarded as adverse or
favorable.
Another very sensitive parameter seems to be resistance to infection upon bacterial aerosol
exposure, for which impairment of resistance in female mice has been found at an NO lelvel of
2 ppm (2460 pg/m3). Effects of NO exposure on blood parameters, including leucocytosis, have
occurred in mice in chronic NO exposure at 2.4 ppm (2950 ytzg-m"3).
Whether these effects occur via NO itself or after conversion to N02 might have to be
reconsidered in the future, since endogenous NO seems to have beneficial effects in defense
against infections.
RECOMMENDED GUIDELINE VALUES
Nitrogen dioxide
A 1-h guideline value for N02 ambient air should be based on controlled studies on human
subjects, since acute studies with laboratory animals use much higher concentrations. The effect
of main concern is the increase of bronchial responsiveness in asthmatics. Although the studies are
not consistent, 200 yug-m'3 is judged to be the lowest effect level. The effect is small and transient
Still, a safety margin should be applied since the most sensitive subjects (persons with severe
asthma) have probably not been studied, delayed effects are not included, and interactions with
other pollutants and low temperatures are not included. A 1-h guideline of 100 ytzg-m"3 is
recommended. This value also provides a safety margin for the lowest effect level for increased

airway resistance in asthmatics, 560 /zg-m"3. From a public health point of view, a guideline value
of 100 /zg-m'3 does not necessarily have to be treated as a maximum value (never to be exceeded),
but could be expressed as, for example, the 99th percentile (can be exceeded 88 h during a year).
The epidemiologic studies on daily rates of annoyance reactions and symptoms from the
respiratory tract are inconclusive concerning the specific role of N02, and they are not
recommended for use as the basis for a 24-h guideline.
Concerning health effects of long-term exposure to N02, the studies on children living in homes
with gas stoves suggest an increased risk of lower respiratory illness at average indoor
concentrations of about 40-80 /zg-m"3, with short-term peaks exceeding 1000 /zg-m"3. The
epidemiologic studies focusing on outdoor exposure provide some evidence of increased
respiratory disease rates in children and nonsmoking adults living in areas with long-term average
N02 concentrations of 30-100 /zg-m"3; however, the specific role of N02 is not clear. The
epidemiologic evidence is not considered sufficient as a basis for a long-term guideline for N02.
Data on the distribution of N02 concentrations indicate that the recommended 1-h guideline of 100
/zg-m"3 (99th percentile) would correspond to a long-term (half-year mean) N02 level of about 40
/zg-m'3. An outdoor level of 40 /zg-m"3 corresponds to an indoor concentration of about 20-25
/zg-m'3 if no indoor sources are present. This value lies below the levels at which effects have been
reported after exposure to indoor sources of N02, these effects constituting the most useful
evidence for the risk assessment
In summary, we recommend a short-term (1-h) health-based guideline value of 100 /zg-m"3, which
would correspond to a long-term average (half-year mean) of about 40 /zg-m"3. The epidemiologic
evidence is not considered sufficient as a basis for a long-term guideline for N02. The data are
consistent, though, with an excess risk of lower respiratory tract disease among children exposed
to long-term average N02 concentrations of about 40 to 80 /zg-m'3 in homes with gas appliances.
The importance of the longer exposure time indoors, as compared with outdoors, and of short
term high exposures for the reported health effects is not clear. In conjunction with some evidence
focusing on outdoor N02 exposure, it is suggested that a long-term average level of 40 /zg-m"3 may
only provide a small or no margin of safety.
Nitric oxide
Considering that there are relatively few reports on adverse effects from the inhalation of NO and
that it is unclear whether these effects are caused by NO or by NO'that has been oxidized to N02,
we do not consider it meaningful to suggest a health-based guideline value for NO.
REFERENCE
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INTRODUCTION
L'asthme, maladie frequente et grave, presente depuis quelques annees une augmentation de
prevalence et de mortalite dans plusieurs pays. Les explications environnementales restent les
plus vraisemblables. C’est pourquoi le rdle de la pollution atinospherique dans l’histoire
naturelle de l’asthme doit etre precise. La plupart des etudes actuellement publiees dans ce
domaine portent sur les effets a court terme de la pollution atinospherique sur l’asthme. De
plus le probleme est le plus souvent aborde sous un angle spedfique : populations ciblees
d’enfants, formes graves d’asthme necessitant une hospitalisation, polluants particuliers.
Notre etude a pour objectif de rechercher une association entre un niveau moyen annuel de
pollution atinospherique et la prevalence de l’asthme en population generate.
MATERIEL ET METHODES
Les donnees de l’enquete multicentrique PAARC, menee en France entre 1974 et 1976 a la
demande du Ministere de 1’Environnement frangais, furent reanalysees [1,2].
Population de Penquete PAARC : An sein de sept villes frangaises (Bordeaux, Lille, Lyon,
Mantes, Marseille, Rouen et Toulouse), 24 zones, comprenant chacune environ 1000 sujets,
avaient ete deflates autour des postes de mesure de la pollution atinospherique selon un rayon
approximate de 500 metres. Ces zones avaient ete choisies de maniere a offtir un eventail aussi
large que possible de niveaux moyens de pollution et de types de polluants. Pour etre inclus,
les sujets devaient etre ages de 6 a 10 ans ou de 25 a 59 ans, appartenir a un menage dont le
chef itait de nationality frangaise, residait dans la zone depuis au moins trois ans et n’etait pas
ouvrier (en raison de possibles expositions professionnelles a des polluants dont les effets
auraient pu etre plus importants que ceux attendus pour la pollution).
Polluants: Les polluants mesures etaient le S02, l’Acidite Forte, les Poussieres en Suspension,
les Fumees Noires, le NO et le N02. Us avaient ete choisis pour leur implication dans les
affections respiratoires chroniques d’apres les donnees epidemiologiques disponibles a
l’dpoque, et en raison de methodes de mesure sufSsamment simples, sensibles et
reproductibles. Au cours de la periode 1974-1976,1’air, preleve 2 a 3 metres au-dessus du sol,
dtait analyst quotidiennement a l’aide d’appareils intercalibres, selon des protocoles tres precis.
L’exposition des sujets a ete estimee par le niveau moyen annuel de pollution au point le plus
proche, calcule a partir des donnees relevees quotidiennement sur 3 ans (1974-1976).
Asthme: De septembre 1974 a juin 1976, le recueil des donnees avait lieu au domicile des
sujets a l’aide de questionnaires standardises. L’asthme etait defini comme une reponse positive
S. la question « Avez-vous jamais eu de crise d’asthme? ».

Statistiques : L’analyse a ete menee separement chez les adultes et les enfants. Une premiere
approche « ecologique » recherchait sur l’ensemble des 24 zones des correlations entire les
niveaux moyens des differents polluants et la prevalence de Pastime. En raison de la
correlation geographique entre les observations regroupees par zones et de facteurs jouant un
r61e de confusion, 1’ analyse fut affinee par une regression logistique a effet aleatoire [3].
RESULTATS
Elements descriptifs (Tableau 1)
Population : Parmi les 23 503 adultes eligibles, 20 310 (85.7%) accepterent de participer, soil
11 228 femmes et 9082 hommes, d’age moyen 42.2 ans. Parmi les 3 485 enfants, 3 193
(91.6%) participerent dont 1560 filles et 1624 gargons, d’age moyen 8.1 ans. La duree
moyenne de residence etait de 11.4 ans chez les adultes et de 6.4 ans chez les enfants.
Polluants : Le niveau moyen de pollution par le S02 variait selon les zones de 17 a 85 gg/m3,
avec une mediane a 37gg/m3.
Asthme : Parmi les 20 206 adultes ayant repondu a la question sur Pastime, 970 (4.8%) etaient
asthmatiques. Cette proportion differait significativement entre les zones. Chez les enfants, 195
asthmatiques (6.3%) etaient recenses, sans difference significative entre zones.
Tableau 1 Effectifs et proportions d’ adultes et enfants asthmatiques et niveau moyen annuel de
pollution par le S02 en fonction des zones
ViUes
Bordeaux

Zones
1

2
Lille

Lyon

Mantes
Marseille

Rouen

Toulouse

TOTAL

3
4
1
2
3
4
1
2
3
4
1
2
1
2
3
4
1
2
3
1
2
3

S02
(Ug/m3)
33
27
52
47
58
46
17

N
45
53
61
45
15
42
25

21

11

63
72
45
80
37
40
35
55
85
36
34
32
73
25
23

36
41
31
50
34
37
42
47
58
34
42
34
52
39
42
54
970

22

Nombre et prevalence d’asthmatiques
Adultes
Enfants
N
(%)
(%)
(5.0)
15
(7.9)
(5.7)
21
(12.3)
(6.2)
17
(10.2)
(4.9)
6
(6.0)
(1.9)
1
(1.5)
(5.4)
7
(5.5)
(3.0)
2
(1.9)
(3.3)
5
(5.8)
(4.6)
3
(3.3)
5
(4.4)
(5.1)
(3.9)
7
(5.6)
(6.4)
9
(8.9)
(4.5)
6
(4.8)
(4.5)
9
(5-7)
8
(6.6)
(5.8)

(5.6)
(5.7)
(4.3)
(5.2)
(4.4)
(5.1)
(3.7)

(4.8)
(5.1)
(4.8)

6
6
13

6
3
13
13

6
8
195

(5.9)
(7.0)
(5.4)
(4.4)
(2.5)
(7.2)
(8.5)
(5.2)

(5.8)
(6.2)

s>»

Analyse
Correlations geographiques Au seuil a de 5%, seule la correlation entre la prevalence de
l’asthme et le niveau moyen de S02 etait significative (r = 0.407, p = 0.02), et seulement chez
les adultes (Figure 1).
Prevalence de l’asthme (%)

Niveau moyen annuel
de pollution par le S02
(pg/m3)

Figure 1 Correlation geographique entre le niveau moyen de pollution par le S02 et la
prevalence de l’asthme chez les adultes (B : Bordeaux, Li : Lille, Ly : Lyon, Ma : Mantes, Mr : Marseille,
R: Rouen, T: Toulouse, indice de 1 a 4 pour les differentes zones d'une mBme ville)

Regression logistique avec effet aleatoire En analyse univariee, la liaison entre asthme et
pollution par le S02 etait retrouvee chez les adultes avec un OR = 1.004 [1.000-1.008],
statistiquement significative (p = 0.04). L’effet zone, significatif (p = 0.03), justifiait le choix
d’un modele aldatoire plutdt qu’un modele de regression logistique ordinaire. H n’existait
d’association ni chez les enfants, ni pour aucun autre polluant. Les variables Sge, niveau
d’etudes, tabagisme, pouvant jouer un role de confusion ont ete introduites dans un modele
multivarie. Apres prise en compte de ces facteurs, 1’association restait significative au seuil de
5%, avec un OR de 1.004 [1.000-1.008] et p = 0.02.
DISCUSSION
L’association entre asthme et S02 chez les adultes etait significative apres prise en compte de
facteurs individuels et d’un effet aleatoire lie a la zone. Bien que tres proche de 1 (1.004,
IC [1.000 et 1.001]), l’odds ratio pour la relation asthme-S02 traduisait un risque
significativement accru d’etre asthmatique pour une augmentation de concentration en S02 de
1 pg/m3. Chez les enfants, aucune association n’etait retrouvee entre pollution et asthme, peut6tre simplement k cause d’un nombre de sujets moins eleve (3 193 contre 20 310 adultes).
L’enquete PAARC beneficiait d’un protocole rigoureux, permettant de limiter les biais de
selection. Le taux de non-reponse etait cependant variable en fonction des zones, mais partout
inferieur k 30%. Ce taux pouvait etre dependant du statut asthmatique des sujets mais etait
alors probablement de mSme importance dans les differentes zones. II pouvait exister une
« auto-exclusion » des sujets malades des zones ou le niveau d’exposition etait le plus fort, en
raison de la gene ressentie par ces sujets a vivre dans un site pollue.
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La definition de l’asthme reposait entierement sur le questionnaire. Un biais de memorisation et
des erreurs de diagnostic etaient possibles. L’estimation de 1'exposition aux polluants reposait
sur l’hypothese d’une uniformite geographique du niveau de pollution. Cette hypothese avail
ete verifiee par diverses mesures avant le debut de Penquete, mais ne tenait compte que de la
pollution exterieure. Par ailleurs, le niveau de pollution etait suppose uniforme au cours du
temps, le niveau moyen mesure sur trois annees devant refleter le niveau d’exposition du sujet
au cours de sa vie. Ceci n’etait probablement pas parfaitement verifie en raison des evolutions
du trafic automobile et de l’industrie, mais aussi des demenagements des sujets au cours de
leur vie.
Le questionnaire permettait de prendre en compte les principaux de facteurs de confusion, bien
qu’il aurait ete interessant de prendre egalement en compte des facteurs meteorologiques, de
l’offre de soins dans les zones, Pexistence d’allergenes...
Au total, meme si un certain nombre de biais n’ont probablement pas ete evites, ils vont dans le
sens d’une diminution de la force de Passociation. Notre methode d’analyse a pour force
d’aller plus loin qu ’une simple etude ecologique en prenant en compte des facteurs de
confusion individuels et un effet zone lie au regroupement geographique des donnees.
Les proprietes irritantes de S02 sur la muqueuse bronchique, P alteration de la qualite du
mucus qu’il occasionne, rendent plausible son role dans Pasthme. Le rdle du S02 dans la
mortalite respiratoire a ete rapporte par plusieurs auteurs, bien que la mortalite par asthme
n'ait pas ete etudiee specifiquement [4,5]. De plus Passociation entre des pics de pollution par
le S02 et la frequence des crises d’asthme a ete decrite par certains auteurs [6], En revanche,
les effets a long terme de S02 sur la pathologic asthmatique ne semblent avoir fait l’objet que
d’une seule autre etude en Suisse [7].
CONCLUSION
Devant P augmentation recente de la prevalence de P asthme, il devient necessaire d’etudier les
effets a long terme sur la morbidite et la mortalite de la pollution atmospherique en population
generale. II est utile de quantifier le risque pour valider les seuils achievement admis. Ainsi, le
seuil de 50 |ig/m3 recommande par POMS pour la moyenne annuelte de pollution par le S02
est-il assez bas puisque les deux tiers des zones de notre etude repondaient a ce critere et que
cependant possible des effets sur la sante furent mis en evidence? Ainsi, meme si les taux
actuels de pollution par le S02 ont sensiblement baisse dans la plupart des pays et notamment
en France, il est probable que cette diminution ait un impact davantage sur les effets a court
terme de la pollution que sur les effets a long terme. Enfin, meme si notre etude a mis en
Evidence un risque individuel faible, le risque attribuable au niveau des population est
probablement important en raison du caractere ubiquitaire de la pollution.
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ON THE SYSTEM OF MONITORING AMBIENT AIR QUALITY IN
RELATION TO THE HEALTH OF THE POPULATION OF THE
CZECH REPUBLIC
Kazmarova Helena
National Institute of Public Health, Prague, Czech Republic

INTRODUCTION
In 1991 the Government of the Czech republic in Ruling No 369 approved a draft of a
system for monitoring the health of the population in relation to the environment on the basis
of a need to obtain purposefully targeted information for an appropriate policy for the
protection of health and the environment.
The aim of monitoring does not and cannot consist of determining the cause and effect
relationship between the health status and pollutants.
The system of monitoring is an open and comprehensive system of the continual collection,
processing and evaluation of data concerned with the load on the organism and damage to
human health in relation to environmental pollution.
Air pollution and health are one of the six subsystems realised in the whole system (beside
drinking water, noise, food, biomarkers, and demographic and health statistics )
The aim of our monitoring is to obtain a data base that shall serve three main purposes .:
1. Description of the status of health of the population and characteristics of the ambient
air
2. Evaluation of the trend of each index
3. Assessment and evaluation of the risk to health of the parameters under study.
Thirty cities and towns were selected in the Czech Republic for the realisation of the
monitoring system ( figure 1).

METHODS
Air pollution
Air quality is monitored by the existing network of stations operated specially by the Public
Health Service and the Czech Hydrometeorological Institute. This network was
complemented by 12 stationary automatic immision stations manufactured by MLU and 2
mobile stations manufactured by Horiba.

The air pollutants monitored are:
In all localities:
S02, NOx, particulate matter, heavy metals in particulate matter ( Cd,
Pb, Hg, As, V, Mn, Be, Zn )
In five localities: 03
In seven localities: CO
Measurement of other pollutants ( selected organic compounds ) is in preparation.
Health status
Worsened health quality can cause some variations in health status indicators, e.g. morbidity
of children from respiratory diseases, values of respiratory functions, immunity indicators,
incidence of allergies, aggravation complaints in subjects with chronic respiratory diseases,
etc. The degree of the cause-effect relationship between these indicators and air quality varies
as well as the degree of understanding such relationships. Three of these indicators were
selected for monitoring:
1. Incidence of acute respiratory diseases in child and adult populations
2. Admission to hospital for acute affections of the respiratory system
3. Prevalence of allergies in children under 15 years of age.

RESULTS
In 1994 the monitoring has been started by consecutively establishing selected parts of the
proposed system. The collection of data on acute respiratory diseases has begun. Twelve new
stationary automatic immision stations have been installed and are in operation as well as two
mobile stations. These parts of the monitoring system are in routine operation since the
beginning of 1995. Further parts are being prepared and shall start operating in the course of
the year. Figures and tables of the first phase of monitoring in the year 1994 will be included
in the poster.

Towns and cities selected for
Monitoring of .Air Pollution and Health Status
in the Czech Republic
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POLLUTION ATMOSPHERIQUE ET SANTE RESPIRATOIRE
DE L’ENFANT - Enquete Epidemiologique sur le Littoral Calais-Dunkerque
V. Macquet, C. Declercq, Y. Lheureux, J.J. Batifol, E. Lelieur, M. Macquet, E. Porret,
V. Montagne
A.P.P.A. et O.R.S. - Nord - Pas-de-Calais, France
(Etude financed par le SPPPI avec l’aide du Minist&re de la Santd, de la Ville et de I’Environnement)

L'ohiectif de I'etude est d'apprecier par une etude transversale la prevalence des
symptdmes respiratoires, l'etat de la fonction ventilatoire et la reaction cutanee a un allergene
domestique en fonction du site de residence plus ou moins proche de sources de pollution
industrielle. II se propose aussi d'evaluer par une etude longitudinale du debit de pointe Veffet
a court terme des pics de pollution.
Le site de I'etude est le littoral Calais-Dunkerque et les villes avoisinantes ou est
implantd un complexe industriel comportant des sources de pollution. La pollution de l'air est
surveillee par un reseau automatique (AREMADEC) comportant 17 stations de mesure.
Trois secteurs ont ete delimites en fonction des taux de polluants notes an cours des
dernieres annees (Fig. 1).
Secteur 1: type industriel. Les habitations sont situees a moins de 3 000 metres des sites
industries polluants. Les taux annuels moyens de S02 sont entire 25 et 35 mcg/m3 avec
des pointes a 500 meg. Les taux de poussiere (PS 10) sont a 40-60 mcg/m3 avec des
pointes h plus de 250.
Secteur 2 : type urbain. Les habitations sont situees entire 3 et 10 kilometres des usines.
Les taux de S02 sont a 15 - 30 meg, les taux de poussiere a 15 - 20 meg.
Secteur 3 : type rural. Les habitations sont situees a plus de 10 kilometres des usines.
Les taux de S02 sont inferieurs a 10 meg et les taux de PS 10 inferieurs a 20 meg.
La population etudiee est une population d'enfants de 10 a 11 ans scolarises en classe
de CM1. Ce choix a ete fait pour des raisons theoriques (absence de tabagisme actif et de
facteur professionnel) et pratiques (facilite de realisation des examens et de la surveillance
dans le cadre des dcoles). Un ensemble de 45 classes comportant 1 161 enfants est a la base
de l'enquete. La grande majorite des enfants (81 a 86 %) habitent le meme secteur depuis plus
de 5 ans.
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3 Fort Mardyckl
|punkerquc\
jGrandeSymhcl

Secteur 2

Figure 1: Secteurs d'dtude

I - ETUDE TRANSVERSALS
1 - METHODF,
L'enquete s'est deroulee en Novembre-Decembre 1992. Les 1 161 enfants ont fait l'objet
d'une etude comportant 3 points essentiels :
1- Un questionnaire remis a l'ecole, a remplir en famille, comportant 58 questions
concemant les symptomes respiratoires, les antecedents de l'enfant, le niveau scolaire et le
tabagisme des parents, les caracterisriques de la famille et du logement.
2- Un test fonctionnel respiratoire realisd par un medecin pneumologue avec un
appareil FUKUDA ST 250 donnant une boucle debit volume et les valeurs de ses principaux
parametres.
3- Un test cutane au Dermatophagoides Pteronyssinus realise par Prick Test.
2 - RESULTATS
Les resultats exploitables portent sur 958 questionnaires (82,5 % de l'echantillon), 894
epreuves foncdonnelles (77 % de l'echantillon), et 948 tests cutanes (81,6 % de l'echantillon).
1 - Les trois groupes d'enfants retenus ne sont pas parfaitement comparables
Les enfants vivant dans le secteur le plus pollue sont aussi les plus defavorises : le
tabagisme des parents y est plus frequent, le niveau scolaire des parents est moins elevd, le
taux de chomage est plus fort. Par ailleurs, ces enfants sont plus perils, de 3 cm en moyenne.
On a tenu compte de ces differences dans l'analyse des rdsultats.
2 - Sur le plan des symptomes (Fig. 2), la toux chronique et surtout la sinusite sont plus
frequentes dans les secteurs les plus pollues, alors que l’asthme est note aussi souvent, dans
9 % des cas environ.
3 - L'allergie
a
l'acarien
etudie
(Dermatophagoides Pteronyssinus) est observee avec la
meme frequence dans les trois secteurs, soil 26,5 % a
27,7 %.
4 - La fonction respiratoire est legerement
perturbee chez les enfants resident dans le secteur le
plus pollue : la capacite vitale est amputee en moyenne
de 3 %, le VEMS de 4,8 % et le debit de pointe de 7 %
par rapport au secteur le moins pollue. Les differences
les plus fortes ont ete relevees pour les debits
expiratoires 25 et 50 ou elles atteignent respectivement
11,6 et 12,8 %. Ceci traduit l'existence, chez ces
enfants, d'un leger syndrome obstructif.
Cette amputation est liee statistiquement aux
concentrations moyennes annuelles de S02 du quartier
ou est scolarise l'enfant. La baisse moyenne des valeurs
spirographiques est de 1 a 2 % quand le niveau moyen
annuel de S02 augmente de 10 gg/m3. Le meme type
d'analyse applique aux poussieres en suspension de
moins de 10 g n’apporte pas de conclusions
statistiquement significatives, mais cette analyse est
rendue difficile par le plus petit nombre de points de
mesure des poussieres.

SECTEUR

2

SYMPTOMES
Toux

• matin
• jouret nult
-chronique

5.4%
11.1%
5.1%

Dyspnea
• antecedents
-12 dernlers mots

3

P

6%
55%

3.4%
65%
45%

0 55
0.14
0 96 .

11.7%
8.8%

12.7%
10%

11.2%
8.2%

0.73

Sltilements
-antecedents
-12 dernlers mols

13.7%
75%

14.1 %
115%

155%
11.6%

0.12

Crises de dyspnea
avec slltlements
• antecedents
• 12 dernlers mols

8.8%
4.4%

95%
55%

65%
5.6%

0.45

Asthma dlagnostlque

9%

85%

8.7%

0.97

Bronchlte pneumonia

44J %

45.7%

41.9 %

0.66

Autres maladies
respiratoires

12.5%

13.9%

15,8%

0.55

Medicament
respiratoire 12
dernlers mols

20.3 %

22.7%

21.2%

0.74

Obstruction nasala
rhlnorrhea
-antecedents
-12 dernlers mols

940

81.4%
67.6%

81.7%
745%

81.6%
72.4%

0.99
0.10

Sinusite
-antecedents
• 12 dernlers mols

947
942

17.9%
95%

185%
115%

11.2%
65%

0.03
0.12

Tableau 2 • Prevalence des dlttironls syrr.pidmes dtudtes

n - ETUDE LONGITUDINALS
1 - METHODS
L'enquete s'est ddroulee entire Janvier et Juin 1993 et a porte sur une selection d'enfants
des secteurs 1 et 2, les plus pollues. L'echantillon etudie comporte 96 enfants "avec
sympomes" : ce sont ceux qui, d'apres les reponses au questionnaire initial, ont repondu
affirmativement sur l'existence de toux, de sifflements, de dyspnee avec sifflements ou
d'asthme au cours de l'annee prdcddente.
Un groupe tdmoin de 126 enfants "sans sympomes" a ete constitue au hasard parmi les
enfants n'ayant pas rdpondu affirmativement aux questions precedentes.
La surveillance du ddbit de pointe (Peak Flow) a ete realisee matin et soir a domicile par
3 mesures successives, en position debout, avec un appareil mini Wright, pendant les mois de
Janvier, Mars et Mai 1993.
La surveillance des taux de polluants a ete effectuee pendant la meme periode : les taux
moyens joumaliers de S02 et de PS 10 ont ete releves sur les capteurs des secteurs 1 et 2.
2 - RESULTATS
L'dtude des variations du debit de pointe montre (fig. 3):
1 - des variations au cours de la journee, avec des valeurs du soir superieures a celles
du matin dans les deux groupes d'enfants.
2 - des valeurs moyennes plus elevees chez les enfants sans sympomes
(matin 316 L/mn, soir 319 L/mn) que chez les enfants avec sympomes (matin 302 L/mn, soir
311 L/mn).
3 - une elevation progressive des chiffres enregistres : cette elevation est rapide au
ddbut de l'enquete par effet d'entrainement, puis devient ties lente tout au long de l'enquete.
Elle est sans doute tide a la croissance des enfants au cours du temps.
4 - un effet negatif du S02 sur le debit de pointe qui se manifeste uniquement chez les
enfants "avec symptomes" mais pas dans le groupe temoin. L'effet est plus net sur le debit de
pointe du matin sous l'influence du taux moyen de S02 du jour precedent que sur le debit du
soir par rapport au S02 du meme jour. Get effet est minime et se tiaduit par un deficit
d'environ 1 % du debit de pointe pour un taux de S02 de 100 mcg/m3.
5 - un effet negatif des poussieres en suspension sur le debit de pointe, mis en
dvidence lui aussi uniquement chez les enfants avec symptomes. Ici encore l'effet est plus net
sur le ddbit du matin par rapport au taux de poussiere de la veille que sur le debit du soir par
rapport au taux de poussiere du meme jour, mais sans atteindre la signification statistique.

ni - CONCLUSION1
1 - La frequence des signes d'irritation bronchique et de la sinusite augmente a
proximitd des sites industriels polluants et s'accompagne d'un discret syndrome obstructif.
2 - L'asthme et I'allergie aux acariens ne sont pas plus frequents dans les quartiers les
plus pollues.
3 - Les enfants porteurs de symptomes respiratoires reagissent par une legere
amputation fonctionnelle aux elevations moderees des taux de S02 alors que les enfants
indemnes de symptomes ne reagissent pas.

S02
110—t,
100-

Fig. 3 - Evolution du debit de pointe matinal moyen
comparativement aux taux moyens journaliers de S02 et de particules.
x = enfants avec symptomes respiratoires
+ = enfants sans symptomes respiratoires
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URBAN AIR POLLUTION AND RESPIRATORY HEALTH AMONG
CHILDREN WITH RESPIRATORY SYMPTOMS IN FINLAND

Juha Pekkanen1, Kirsi L. Timonen1, Raimo O. Salonen1, Sari Aim1, Auvo Reponen1, Matti
Jantunen1, Mikko Vahteristo1, Juhani Ruuskanen2, Erkki Parjala3
'Division of Environmental Health, National Public Health Institute, Kuopio, Finland
department of Environmental Sciences, University of Kuopio, Kuopio, Finland
3City of Kuopio, Kuopio, Finland

INTRODUCTION
Many recent studies suggest that urban air pollution, especially thoracic particles (PM10),
are associated with increased respiratory, mortality and morbidity at lower levels than what
has previously been known(l). During the Finnish winter, the dust formed from asphalt
ware by studded autotyres, street sanding and combustion processes is accumulated on the
snow. In the spring, when the snow melts from the streets, part of this dust is resuspended
by traffic and wind. This creates spring dust episodes, during which TSP and PM10 levels
exceed air quality guidelines in most Finnish cities.
The mechanisms through which PM10 produces its health effects are largely unknown. It
has been suggested that the number of particles, especially that of very small particles in
the nanometer range, would be as important as the mass or the chemical composition of
the particles (2). In most previous studies, the particles measured have mostly composed
of combustion products (1). There are only sparse data on the size distribution of particles
in the Finnish spring dust episode and no studies on it's possible health effects.
The aim of the PEACE project (3) was to develop a common protocol for research on the
short-term relationship between respiratory health and changes in air pollution levels. The
present report describes the design and preliminary results of Finnish field work of the
PEACE study that was carried out in Kuopio, Eastern Finland.
STUDY POPULATION AND METHODS
The study was conducted in Kuopio, a town of 80 000 in habitants in Eastern Finland.
The main sources of pollution in Kuopio are traffic, a peat power plant (440 MW), a
corrugation cardboard mill, and small industrial power plants using wood waste and
residual oil as fuel. Over 80 % of residential heating systems are connected to the peat
power plant via the municipal district heating system. Before the main study was started,
three pilot studies were done during the spring of 1993. Firstly, the screening
questionnaire was filled in by the parents of 300 children. The results showed that a
sufficient number of symptomatic children could be recruited from Kuopio to the study.
Secondary, a more intensive air quality monitoring during spring 1993 confirmed that
there exists a significant difference in PM10 levels between the centre and the suburban
area in Kuopio. Thirdly, a pilot study was done among 25 symptomatic children aged 7 12 to examine the feasibility of a lung function test protocol during school days.
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In September 1993, a screening questionnaire was sent through schools to parents of all
2995 school children who went to the five elementary schools around the centre of Kuopio
or to the three schools in two suburbs (Petonen, Jynkka, figure 1). 2564 (86%) of the
questionnaires were returned. All 229 children bom in 1981-1986 with chronic respiratory
symptoms from four schools in the centre of the town and two in the other suburb (closed
circles in figure 1), were recruited to the diary study. 197 (86%) of these children agreed
to participate and they were also characterized with skin prick tests, and with spirometric
and oscillatory lung function measurements in November-December 1993. This exceeded
the required sample size of 150 children. Parents were also asked to fill in a detailed
questionnaire mainly on housing conditions.
The children and their parents were invited between 31 January and 3 February 1994 to
four evening meetings, in which they were instructed on how to use the Mini-Wright
meters to measure peak expiratory flow rate (PEP) and to fill in the diary. Those parents,
that could not attend the meetings, were later instructed personally. To accomodate
possible learning effects, diary data were used in the analyses starting earliest on 8
February. At least two first days were excluded from the diary of each child. Children
recorded their PEF values three times in the morning and in the evening, before taking any
medication, and kept a daily symptom diary until 30 April 1994. 175 out of the 197
children (89%) completed the diary for more than 60% of the days and were included in
the final analyses. All of these children had valid diary data starting at the latest 12
February. Daily PEF devatiations were calculated for each child as the difference between
the day's recorded PEF value and the child's average PEF during the study.
Table 1. Monitoring sites of ambient air pollution.
Monitoring site
Kasarminpuisto, cabin in a park
<"'entre
Suburb

Measurements
PM10, TSP, black smoke, NOx,
CO, S02, particle sizes
Mannisto, on the roof of a shopping centre PMj0, TSP
Tuuliviiri, cabin near a day-care centre
PM10, TSP, black smoke, NOx,
CO, 03
Maunolanmaki, cabin near a day-care centre PM10, TSP

Ambient air pollutants were monitored between 31 January and 30 April in two sites both
in the town centre and in the suburban area (table 1, figure 1). The municipal measuring
equipment was relocated so that all monitoring sites were at least 50 meters from the
closest busy road and had a sampling height of about 4 meters (3). PM10 was collected
with single stage impactors (4) and TSP according to the Finnish standard, SFS 3863,
based on the EPA standard NAAQS 40 CFR 50. Black smoke was sampled according to
the OECD protocol (3). The reflectances of .the black, smoke filters were measured at the
University of Wageningen, the Netherlands. All filters were changed between 11 am and 2
pm. Gaseous pollutants were measured with continuously recording monitors: NOx with
chemiluminescence method (Monitor Labs 8840 and Environnement AC30M), S02 with
UV-fluorescence (Monitor Labs 8850), 03 with UV photometry (Dasibi 1008-RS), and
CO with a non-dispersive infrared monitor (Thermo Environmental 48) in the centre and
with a passive electrochemical detector (PAM 2140 BX, Intercan Co.) in the suburb. Due
to technical difficulties, 26% of the hourly NOx-data was missing in the suburban area
and were modelled. The R2 of the model was 0.58, mainly owing to 03, but the model
included also CO, wind speed and direction, time trend, and temperature. 7% of
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the hours could not be modelled and remained missing. Particle size distribution was
measured in the centre of Kuopio with an aerosol spectrometer, which is based on
measurement of the electrical mobility of aerosol particles (5). The spectrometer enables
the analysis of particle sizes between 10 nm and 10.0 pm in 12 consecutive size classes
every 15 minutes. Temperature data were obtained from the City of Kuopio as the mean
of five measurement points and pollen counts from the Finnish Aerobiology Group.
As an addition to the main study protocol, 29 children from two schools in the centre
participated in at least four (out of five) exercise tests with bicycle ergometer. The tests
were done outside at school yard every two weeks. Lung function measurements were
done both before and after the exercise test. Children kept a time activity diary for three
days before the exercise test. Their personal exposure to CO was measured with a
continuously recording monitor with an electrochemical detector (Langan Model L15) and
to N02 with a passive sampler (3) during one of these days. In addition, indoor/outdoor
concentration ratios of N02 were measured twice during the observation period with
passive samplers placed in the homes of these and 33 randomly selected children.

N02 (ng/m'

Temperature (°C)

Alder pollen (grains/m3)

Morning PEF-deviation (l/min)

310194 140294 280294 140394 280394 110494 250494
Study period

Figure 1. Map of Kuopio. Schools
marked with circles, air pollution
monitoring sites with 'X', and the
monitoring site for pollen with a
triangle.

I

Figure 2. Time trends in PM,0, N02,
minimum temperature, pollen, and mean
deviations in morning PEF of the
children in the centre of Kuopio.

RESULTS AND DISCUSSION
Ambient air pollution levels were generally
low during the study period (figure 2).
Also the spring dust peak in early April
was lower than usual. Morning PEF values
increased with time. This is probably due
to three different factors, i.e. children's
growth, increasing temperature and
learning effect. The first peak of pollen,
i.e. alder pollen, was observed on 6 April.
Therefore all further analyses were
restricted to the period from 8 February to
5 April ('Study period' in figure 2.)

Table 2. Characteristics of children in the
final panel study population
Centre Suburb
(n=94) (n=81)
%
%
Doctor-diagnosed asthma
24
29
Smoking inside of home
8
1
Single-family house or
raw house
23
81
House built after 1984
8
99
Central heating
100
100
Additional wood burning
13
43

Mean (max) concentrations of PM10 in the study period were 18 (60) pg/m3 in the centre
of Kuopio and 13 (37) pg/m3 in the suburban area. The respective concentrations of TSP
were 31 (116) pg/m3 and 17 (57) pg/m3, of black smoke 13 (57) pg/m3 and 8 (47) pg/m3,
of N02 28 (78) pg/m3 and 13 (51) pg/m3. In the centre, the mean concentrations of CO
and S02 were 0.6 (2.8) mg/m3 and 6.0 (32) pg/m3, respectively. In the suburban area, the
mean concentration of 03 was 65 (103) pg/m3. The average minimum daily temperature
was -8.5 (lowest -31) °C. As much as 81% of the children lived in single-family houses
or row houses in the suburban area (Table 2). Therefore, additional wood burning in a
stove or fire-place to save in central heating expenses was also more common there. Only
few parents reported smoking inside at home in both areas.
In a preliminary multivariate time-series analyses, PM10 had a negative association with
morning PEF, but not with evening PEF or symptoms. The association was strongest
among asthmatic children. Among them, the regression coefficient for 4-day average PM10
(xlOO) was -17.55 (p<0.01) in the centre and -26.48 (p<0.05) in the suburban area.
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INTRODUCTION
Several recent epidemiological studies from Finland (1) have suggested that sulphur dioxide
(SO2) and nitrogen dioxide (NO2) cause adverse health effects in susceptible population
groups, such as children and asthmatic patients, at much smaller concentrations than the
present guideline values of the World Health Organization (2). One possible explanation of
these findings is that the relatively long winter-time increases the sensitivity of the respiratory
tract to irritant pollutants. This hypothesis is supported by experimental human and animal
studies, which have shown obstruction and inflammatory changes in the conducting airways
after ventilation of cold and dry air. Asthmatic patients are much more sensitive than healthy
subjects to the irritating effects of cold and dry air (3) and of air pollutants (1,2). The airways
of many non-asthmatic atopic subjects are also sensitive to cold air, but these subjects are
poorly defined as a potential susceptible population group to air pollutants.
The aims of this project are:
1) to construct experimental human and animal facilities and protocols for short-term
studies on S02 and NO2 exposures at subfreezing temperatures,
2) to apply advanced lung function methodologies and symptom assessment for
characterisation of short-term respiratory responses of asthmatic and atopic subjects
to these exposures,
3) to apply well-established pulmonary physiological, cytological and morphological
methods for characterisation of short-term responses to and mechanisms of these
exposures in the guinea-pig lower airways.

SUBJECTS AND METHODS
Clinical studies in asthmatic and non-asthmatic atopic subjects
A 30 m3 environmental chamber was equipped with air recirculation and continuous
monitoring facilities for air temperature, humidity, and SO2 and NO2 concentrations. In this
chamber, the human subjects were exposed three times at weekly intervals either to clean air
or to 500 (ig/m3 of SO2 or NO2 at -20°C.
Thirteen subjects with mild asthma and thirteen subjects with allergic rhinitis (aged 20 - 42
years) participated in the study. During a 10-minute exposure period, their level of exercise
was adjusted to give a minute ventilation of 40 - 50 litres, which causes usually switching
from nasal to oronasal breathing. The workload on a bicycle ergometer was determined
individually on the basis of a preceding exercise test. In order to examine possible cumulative

responses or tachyphylaxis, the same exposure condition was repeated four times within 2.5
hours. The nose was clipped during the exposures.
After each exposure period, 2 upper respiratory, 4 lower respiratory and 2 non-respiratory
symptoms were recorded by using visual-analogue scales. The oscillatory respiratory
resistance and spirometric lung functions were measured in the beginning of each exposure
day and 4, 10 and 16 min after each exposure period. After the fourth 10-minute exposure
period, also the bronchial responsiveness was tested with doubling concentrations of
nebulised methacholine (0.0625 - 256 mg/ml). Methacholine control tests were done two days
before each exposure day.
Experimental studies in guinea-pigs
A new inhalation toxicology laboratory was constructed for small animal studies. Thirty-nine
male guinea-pigs (400-550 g) were anaesthetised intraperitoneally with a mixture of urethane
(1000 mg/kg) and a-chloralose (100 mg/kg). Their tracheas and cervical blood vessels were
cannulated. Propranolol (1 mg/kg i.v.) was given after surgical preparation to enhance the
overall airway responsiveness.
During the experiment, the paralysed (vecuronium 0.4 mg/kg i.v.) guinea-pig was ventilated
in a whole-body plexiglass box with cyclic negative pressure. It was exposed through the
tracheostomy either to purified cold dry air or to cold dry air with 1-5 ppm of NO% or 80%.
Each animal was exposed for four consecutive 10-minute periods by using isocapnic
hyperventilation to simulate light exercise. The intratracheal air temperature was adjusted to
be similar to that in humans at an ambient temperature -20 °C. Lung functions were measured
continuously during the exposure periods and in between. At the end of the experiment, the
lungs of guinea-pigs were excised, and some of them were flushed with saline to obtain
cytologies! samples and some were examined histologically.
RESULTS
Asthmatic subjects had usually larger responses to all three exposure conditions than the
subjects with allergic rhinitis. As expected, there was a fairly large intersubject variability in
the respiratory responses among the asthmatics. In them, the mean decreases in forced
expiratory volume in one second (FEVi) were 10.0%, 10.3% and 10.4% after clean air, SOz
and NO2, respectively. The corresponding decreases in subjects with allergic rhinitis were
2.1%, 3.3% and 2.3%.
In asthmatic subjects, repeated exposures to cold air, without and with SO2 and NO2,
produced statistically significant tachyphylaxis in lung function responses and also in some
symptom scores of the lower respiratory tract. The air pollutants did not modify the lung
function responses to cold air, but both SO2 and NO2 increased symptoms in a cumulative
manner. As principal symptoms of the lower respiratory tract, the exposures produced
phlegm, dyspnoea, cough and substemal irritation. The results on subjects with allergic
rhinitis are being analysed.
In guinea-pigs, preliminary experiments with purified warm humid air showed that the
ventilation method provides adequate maintenance of their physiological state for at least 90
min including short periods of isocapnic hyperventilation. Toxicological experiments using
cold air, without and with SO2 or NO2, showed that all of these exposures caused reversible
changes in lung functions. Repeated exposures to purified cold air seemed to produce some
tachyphylaxis. NO2 and SO2 modified the lung function responses to cold air both during and
after the exposure periods. However, none of the exposure conditions was associated with
major structural changes in the airway wall or with signs of inflammation.

CONCLUSIONS
The present preliminary results show that human winter-time exposures to gaseous urban air
pollutants can be reproduced successfully in an environmental laboratory. In this context, SO2
represents a major pollutant produced by various point sources (industry, energy production),
whereas NOz is a major pollutant produced mainly by mobile sources (traffic).
There seems to be a relatively large intersubject variability in the respiratory responses to
subfreezing air, whether it contains pollutants or not With regard to asthmatic subjects, this
could be expected on the basis of some previous studies on combined effects of cold air and
SO2 (4, 5). In addition, the overall data on short-term lung function responses of asthmatic
subjects to SO2 and NO2 suggest a large intersubject variability (1,2).
In the present study, the dissociation of human lung function responses to SO2 and NO2 from
the respective symptom responses agrees with the observations of some recent
epidemiological field studies, in which short-term changes in low-level urban air pollution
have been significantly associated with respiratory symptom scores among asthmatic subjects
and children, but not with changes in their lung functions.
Acknowledgements
The authors thank Ms Sirpa Kostian and Ms Liisa Kovero for their skilful assistance. This
project has been supported by The Academy of Finland, The Ministry of the Environment,
The Association for the Pulmonary Disabled, The Kuopio Lung Association, and The Finnish
Antituberculosis Association.
References
1. Sarkkinen S, Lumme E, Salonen RO, Saynatkari T (eds). Report of the working group on
air quality guidelines. The Ministry of the Environment, Helsinki. YM/YSO Working
Group Report 1993;72:1-186.
2. World Health Organization. Air quality guidelines for Europe. WHO Regional
Publications, Copenhagen. European Series 1987;No 23.
3. Anderson SD. Asthma provoked by exercise, hyperventilation, and the inhalation of non
isotonic aerosols. In: Asthma: basic mechanisms and clinical management. Barnes PJ,
Rodger IW, Thomson NC (eds). Academic Press, London 1992:473-490.
4. Linn WS, Shamoo DA, Vinet TG, Spier CE, Valencia LM, Anzar UT, Hackney ID.
Combined effect of sulfur dioxide and cold in exercising asthmatics. Arch Environ Health
1984;39:339-346.
5. Bethel RA, Sheppard D, Epstein J, Tam E, Nadel JA, Boushey HA. Interaction of sulfur
dioxide and cold air in causing bronchoconstriction in asthmatic subjects. J Appl Physiol
1984;57:419-423.

615

EXPOSURE ASSESSMENT IN STUDIES ON HEALTH EFFECTS OF
TRAFFIC EXHAUST
Sanna Setala1 and Jouni J. K. Jaakkola2
‘Association for the Pulmonary Disabled, Helsinki, Finland
^Department of Public Health, University of Helsinki, Finland, and Department of
Epidemiology, National Institute of Public Health, Oslo, Norway

INTRODUCTION
A main source of outdoor air pollution is road traffic, which produces a complex mixture of
nitrogen oxides, carbon monoxide, volatile hydrocarbons, airborne particles and some other
compounds. Traffic exhaust affects also the concentrations of ozone and other photochemical
oxidants. In earlier studies those components have had remarkable health effects. Several studies
on occupational exposure to automobile exhaust have been published and several studies have
been observed an association between both outdoor and indoor pollutant levels and health
outcomes. However, there are only a few epidemiological studies in which traffic exhaust, a
complex mixture, has been studied in its entirety. During recent years, interesting
epidemiological studies of the health effects of this complex mixture have been published.
Human exposure assessment for traffic exhaust can be categorized according to the environment
of exposure (indoors, outdoors, in-traffic) or to the method of exposure assessment (direct or
indirect methods). In this presentation the methods are further categorized into (i) traffic activity,
(ii) air concentration measurements, and (iii) dispersion models, in order to better understand the
advantages and disadvantages of different approaches. The objective of this presentation is to
make a critical review of exposure assessments in the epidemiological studies on health effects
of traffic exhaust.
STUDIES AND METHODS
We have selected seven available epidemiologic studies for analysis. The criterion for choosing
the studies was that the study assessed the health effects of traffic exhaust as a whole, not only
one or two of the compounds of the mixture. The studies are relatively new and they represent
different approaches in methods of exposure assessment. The information on the exposure
assessment is based on published reviewed articles (1,2,3,4,5), presentations in conferences (6,7)
and additional information from Finnish journals (8,9). The studies, including the methods of
exposure assessment, are summarized in Table 1.

RESULTS
Traffic activity
Traffic densities on residential streets and distances of the residences from the roadside have
been used to estimate exposure to traffic exhaust (1,3,4,5). It is a relatively cheap and easy

Table 1. Basis of the studies and the methods of exposure assessment
Authors

Type of study Study population

Outcomes

Type of
exposure

Savitz &
Feingold
1989

case-referent

childhood leukemia, brain long-term
328 cases of cancer aged
exposure
0-14 years, 262 population- cancer and lymphomas
based referents
(life time)

Pershagen
et al. 1992

case-referent

199 cases of hospitalized
children aged 4-mo to 4
years, 351 populationbased referents

wheezing bronchitis or
bronchial asthma

Aim
et al. 1993

longitudinal

250 3-6 years children in
day-care centers

respiratory symptoms and short-term
exposure
diseases

Larssen
etal. 1993

crosssectional
(two weeks
cohort)

1) 1028 individuals
2) 153 individuals
3) personal monitoring:
10 and 15 individuals

1) self-reported health
symptoms and chronic
diseases over the past 6
mo, 2) and 3) health
symptoms over a 2-wk
period by hour-bv-hour

Nitta
et al. 1993

crosssectional

total 5 000 women
1) aged over 40 years
2) aged over 60 years

respiratory symptoms
(chronic cough, phlegm
and wheeze, shortness of
breath)

long-term
exposure

Traffic activity.
distance from the roadside: 1) <20 m, 20-150 m, 2) <20 m, 20-50 m,
50-150 m, environmental monitoring: Palmes tubes, continuous N02
and NO monitoring and 24-h integrated samples of SPM

Wjst
etal. 1993

crosssectional

4 678 school children
aged 9-11 years

respiratory health (VC,
PEP, recurrent wheezing,
dyspnea, asthma)

long-term
exposure

Traffic activity,

Welland
et al. 1994

crosssectional

2 050 school children
aged 11-16 years

self-reported wheezing
and allergic rhinitis

long-term
exposure

Traffic activity,

long-term
exposure
(life time)

Method of exposure asessment
Traffic activity.
traffic density at home address
(< 500. i500, alO 000 vehicles per dav)

Dispersion model,
outdoor N02 exposure at home address and at day-care center, using
data: traffic intensity, velocity, street width, backround N02 levels etc
Air concentration measurements.
personal monitoring: Palmes tubes (3 x 8-wk during fall, winter and
spring), personal continuous CO and N02 monitoring 24-h
environmental monitoring:
Palmes tubes inside and outside of dav-care centers

) long-term Dispersion model.
) short-term (a modified version of the US EPA HIWAY 2 model)
3) short-term 1) exposure index at home address
2) hourly exposure index at indoor/outdoor locations
exposure
3) 10 participants carried 1 day continuous CO monitor, 15 carried
passive NO, monitors for 1-wk
1

2

volume of traffic in each school district (allocated the street with the
highest volume of traffic)
self-reported frequency of truck traffic and the type of residential
street (traffic index: low, intermediate, high)

method, and makes it possible to study a large population. It is also possible to assess exposure
to all components of traffic exhaust. Traffic density reflects the synergistic action of all emitted
substances. Multiple effects of different pollutants, or effects of other pollutants, may be missed
when looking at only one pollutant. We need more information on the relation between
emissions and exposure. The more traffic the more emissions, but an increase in emissions does
not necessarily mean higher concentrations and exposure, and a longer distance from the
roadside does not necessarily mean lower exposure etc.
One of the main limitations of using traffic density is, that it is very difficult to categorize
exposure, because there is not enough information on how concentrations correlate to traffic
densities. Dispersion is different in different environments and in different climatic conditions.
There is seldom a situation where the exposure assessment could be based on traffic density or
on the distance from a single street Usually there are many streets near the residency. In all four
reviewed studies, the assessment was based on a single nearby street.
Air concentration measurements
Assessment of exposure to air pollutants can be based on measured concentrations. Exposure to
one or two compounds (usually nitrogen dioxide or carbon monoxide) has been expected to
indicate exposure to the whole mixture of traffic exhaust. However, other components, like
ozone, can change the concentrations of NOx, and ozone itself has health effects. In addition, the
dispersion of different compounds is not equal.
In the direct method, personal monitors were distributed to a sample of the population. As
people engage in their regular daily activities, they record their exposure to selected pollutants
using the personal monitors. Direct population-based studies are rare because of their expense.
Continuous monitors are so expensive, that study populations in the reviewed studies were very
small and research periods very short (2,7).
Continuous measuring is the only way to study the variability of exposure over time. It is also
needed in the assessment of short-term health effects. Use of passive samplers makes it possible
to study a larger population, and lengthen the period of study (7). Passive samplers are already
available for the measurement of several components of traffic exhaust including N02, CO, NO
and 03. Currently only Palmes tubes are commonly used in epidemiologic studies. Passive
samplers are easy to use and they are convenient for children as well. One limitation in the use
of samplers is that exposure to peak concentrations or short-term exposure can not be studied,
because the minimum time of use is usually atleast one week.
In the indirect method, information on measured concentrations in selected microenvironments
is combined with additional data on human activity patterns to estimate the time spent in those
environments. Exposure to traffic exhaust changes during a day, a week, a year, between person
to person etc. An extensive number of microenvironments makes exposure asessment a very
complex task. Continuous monitors are expensive for large and long-term studies, but passive
samplers could be suitable for environmental monitoring.
Dispersion models
Mathematic models have been used to estimate the air pollution concentrations in different
outdoor environments, and these have been linked to self-reported activity patterns in order to
assess exposure (2,6). Models are based on physical and chemical models and data on traffic

density, velocity, air conditions etc. They are very complicated and need development. Annual
exposure assessment would be an easy task if we could model dispersion, alteration and
concentrations of traffic exhaust, activity patterns and exposure outdoors, indoors and in-traffic.
But we should bear in mind that the reality is more complex than any model, and models are
only as good as the information they are based on. Models need validation by measurements.
Indoor exposure is as important as outdoor exposure. Only in the study by Larssen et al. (2)
indoor exposure was also modelled. Available dispersion models, like HIWAY 2-model, will
soon be out-of-date.

DISCUSSION
There are a variety of methods for exposure assessment for traffic exhaust We need more
research to understand the variability of exposure in different environments. In studies on the
short-term health effects, personal monitoring is needed. Cheap and easy methods, like the
assessment of traffic activity, should be developed for use in large epidemiologic studies.
Studying traffic activity can be a good method in the assessment of the long-term health effects,
altough exposure by this method can always be cridsized.
It is difficult to distinguish air pollution caused by traffic from the other emission sources. To
learn about dispersion and concentration, we need concentration measurements, and information
about activity patterns and the microenvironments where people spent their time. Exposure
models are useful in summarizing large amounts of information. Dispersion models are useful
in studies of large populations during long periods of time. Development takes time, and
modelling experts are needed. Modelling needs measurements for validation. Exposure indoors
and in-traffic, especially inside vehicles, is an important part of total exposure. In epidemiologic
studies, this type of exposure should also be taken into consideration. Detailed reports of used
methods are usually missing and it is difficult to assess the validity of the results. The use of
more than one method in the same study would often improve exposure assessment.
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IMPACT OF AIR POLLUTION ON HEALTH IN EUROPE
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INTRODUCTION
Assessment of health risks due to air pollution should be an important indicator for setting the
priorities for the environmental policies and for the abatement of the pollution. The scale of
such assessment depends on the level, and scope, of the policy decisions relying on the
evaluation. The analysis may range from an estimate of the health impact of a single pollution
source, through the risk assessment in a community or a region of a country, to an
international, or pan-continental approach. Such assessment, addressing population of all
Europe, was one of the aims of the project "Concern for Europe's Tomorrow" (GET). The
WHO European Centre for Environment and Health completed this project, and the
corresponding report (1), as a contribution to the Second European Conference on
Environment and Health which gathered ministries of health and of environment from all
European countries in Helsinki in June 1994. Using the report as the background information,
the ministries have endorsed the "Environmental Health Action Plan for Europe", the
document formulating common environmental health policy of the Region. In this paper, the
summary of the evaluation will be presented and the main constraints of the pan-European
approach will be addressed.
METHODS
The analysis is restricted to a set of the "traditional" pollutants for which the concentration
estimates (from ambient air monitoring or from dispersion models) are relatively the most
available in Europe. These are sulfur dioxide (SO2), suspended particulate matter (SPM),
nitrogen dioxide (NO2), and ozone (O3). The CET project has also considered exposures and
health impacts of indoor air pollutants, however the results of that evaluation are not included
in this presentation. Due to the monitoring data availability, the analysis was restricted to the
geographical part of Europe, and did1 not cover the entire European Region of WHO (which
includes covering all former USSR). This area is inhabited by 700 million people, out of which
314 million live in cities of over 50,000 residents.
The estimate of the risk of various health outcomes was based on the three types of
information:
1.
The estimate of ambient concentrations of the selected air pollutants with specification
of the short (24-hour or max. 1-hour daily for O3) and long (annual) averaging times.
2.
The resident population of the city or the area. That number, combined with the
information on the air pollutant concentration in the area, indicates a number of people
potentially exposed to the estimated air pollution concentrations

L,-'

'I

i...........

3.

The estimates of the strength of association between health and the observed exposure.
That was based on the review of epidemiological studies.
The analysis of air pollution concentration data was done separately for urban areas (defined
here as cities of over 50,000 inhabitants) and for the other parts of Europe (called "rural").
The data on suspended particulate matter (SPM), lead, SO2 and NO% in the urban areas were
collected directly from the countries as a part of the CET project and from the international
data bases (EOI of European Community, UNECE, GEMS-Air). For rural areas, the ambient
air pollution concentrations of SOg, NO% and O3 in squares 150 x 150 km were calculated
using long-range transport model EMEP (2,3).
RESULTS
The urban air pollution concentration data at the end of 1980s were available for a part of
urban population only. The most available were the data on SO2, corresponding to 98 million
residents of 162 cities in 21 countries. The data concerning suspended particulates were
collected as the black smoke in 111 cities (64 million residents) and as total suspended
particulates (TSP) in 70 cities (30 million people). Data on NO2 levels relate to 144 cities with
91 million people in 18 countries.
The analysis of the available air concentration data indicates that high levels of particulate
pollution were reported from large part of the cities covered by the monitoring. The annual
average of TSP concentration exceeded 100 gg/m^ in 33% of the urban population with data
(and further 28% was in the range 60-100 gg/m^). For more than 25% of that population,
daily TSP levels exceeded 150 gg/m^ for at least 100 days per year. Close to a quarter of the
urban residents with data on black smoke levels experienced annual average in excess of 50 g
g/nA Levels of SO2 exceeded 100 gg/nP for 3% of the population with the data, and for
further 17% the annual levels ranged from 50 to 100 gg/nA Daily average NO2 levels
exceeded 150 gg/rn^ for at least one day a year in the cities inhabited by 23% of the
population with the data.
Concentrations of ozone, estimated by the models, exceeded the 1-hour daily maximum level
of 200 gg/m-3 for 16%-56% of the European population, depending on the model and the
climatic conditions in a year.
Systematic monitoring conducted in several European cities has indicated a decrease of the
SO2 concentrations. It is correlated with the reduction in the combustion of sulfur-containing
fossil fuels and effective emission controls on large combustion installations. Also TSP levels
have decreased in several cities. However, in the large agglomerations of Southern Europe,
where TSP concentrations were high at the early 1980s, the situation did not change
significantly over the past decade. This calls for a more effective control of the emission and
reduction of the population exposure. Also the levels of NO2 did not change significantly.
With the increasing road traffic and congestion of the urban areas, the NO2 levels may
increase if strict emission controls are not imposed. Since the emission NO2 and volatile
organic compounds, the precursors of troposferic ozone, are increasing, one may expect more
common episodes of photochemical fog.
The available data on air pollution concentrations were combined with the information
derived from the review of the epidemiological studies to estimate an extent of the impact of

the air pollution on health in Europe at the end of 1980s. Keeping in mind the limitations of
the exposure estimates and of the understanding of the relationships between the exposure and
health outcomes, it was estimated that the most common in the European population, and the
most serious, are the impacts on health of particulate pollution. Numerous studies have
demonstrated a short-term correlation between mortality and concentration of particulate
pollution. We have estimated that some l%-2% of all deaths might be precipitated by air
pollution in Europe. In the cities with the highest pollution levels that proportion exceeds 3%.
This would translate to 3-5 thousand deaths annually in the cities with data, or, if we
extrapolate the pollution situation to all urban Europe - to 27-48 thousand deaths annually.
Lower respiratory infections in children may be also induced by the particulate pollution. We
have estimated that 7%-10% of the episodes may be related to the elevated levels of
particulate pollution and may reach 21% in the most polluted cities. The number of such
episodes attributable to the pollution is expected to range from 2 to 3 million per year, and
should be ten times higher if the distribution of the particulates concentration can be
extrapolated to all cities of Europe. Chronic effects of the pollution of air with the particulates
were also indicated. We have estimated that 3%-7% of new cases of chronic obstructive
respiratory disease and 3%-15% of asthma cases may be attributed to the pollution in Europe,
with the proportions reaching, respectively, 11% and 23% in the most polluted towns of the
region. This can be translated to approximately 180 thousand cases of each disease annually to
be linked with the pollution of the urban atmosphere with the particulate matter. Further,
pulmonary function levels may be reduced by more than 5% of the normal level in some 15%
of the population from the cities with the particulate air pollution monitoring, i.e. more than in
four million people.
Short term episodes of pollution with elevated levels of SO% were estimated to be linked with
0.2%-0.4 % of the respiratory diseases requiring a medical visit. This would translate in 90200 thousand medical visits per year attributable to the air pollution in Europe. Chronic effects
may be illustrated by a 4%-7% reduction in pulmonary function which might be expected in
some 3-9 million residents of the region. Most of the adverse effects of the pollution with
elevated 802 levels should be concentrated in the central and eastern parts of Europe.
The elevated levels of NO2 observed in European cities are expected to be associated with a
0.3%-0.5% increase in the incidence of lower respiratory infections (LRI) in children, and can
reach 11% in the extreme observed situation. These estimates would correspond to an
additional 17-29 thousand episodes per year in the cities with the NO% data, or to 59-99
thousand episodes in all European cities if the pollution patterns are similar in the cities with
and without the NO% data.
Though the episodes of elevated ozone concentrations may affect large part of European
population, especially in a warm and sunny summers, the health effects associated with the
exposure seems to be not very serious. One can estimate that close to 0.5% of the acute
episodes of cough and eye irritation in children can be linked with the pollution. Small,
transient decrements of pulmonary function connected with the exposure are of uncertain
clinical significance.
DISCUSSION
The analysis conducted in the scope of the project "Concern for Europe's Tomorrow" has
demonstrated the limitations of the data concerning population exposure to air pollutants in

Europe and the insufficiencies in the quantitative estimates of the strength of the associations
between the exposure and health effects. At the time of the CET analysis, several
epidemiological studies were initiated to investigate health effects of short term changes in air
pollution levels. Those studies should supplement the data from the research conducted in the
USA and allow a better understanding of the observed associations. In the consequence, the
new information will improve the estimates of the short term impact of the exposure on health
in populations where adequate data on the pollutants concentrations are available. More time
and research is required to improve the knowledge on the health effects of the air pollution
levels elevated for a prolonged periods of time and on the impact of the pollution on the
incidence, and course, of the chronic diseases. The new evidence from the studies conducted
in the United States indicates that the air pollution with fine particulates at concentrations
commonly observed in Europe may, indeed, result in the decrement of the life expectancy of
the exposed populations. This would increase the significance of the findings of the CET
project which indicate that the suspended particulates is the type of ambient air pollution
having the most pronounced impact on health of the European population.
The correctness of the above conclusion, and, even to a greater extent, precision and validity
of the quantitative estimates of the extent of the health problems attributable to the pollution,
depends also on the availability and quality of the air pollution monitoring data. The available
information on the, evidently, the most relevant type of the pollution - suspended particulates is collected with various methods in various parts of Europe. The particles in various parts of
Europe may have different physical and chemical characteristics and may contain different
quantities of fine fraction, or sulphates, which have been indicated as an active component of
the particle mix by the American studies. Therefore, the results of the available monitoring of
total suspended particulates or of black smoke may correlate with the active fraction of the
pollution to various extent in various parts of the region.
The identification of the most important elements of the pollution and understanding of their
health impact should influence the pollution prevention strategies. Epidemiology, exposure
assessment and environmental sciences should link their efforts to eliminate, or at least to
reduce the threats to public health posed by the recognised air pollutants.
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PUBLIC HEALTH IMPLICATIONS OF URBAN AIR POLLUTION IN DEVELOPING
COUNTRIES
Dietrich H. Schwela
World Health Organization, Geneva, Switzerland

INTRODUCTION
Exposure to air pollution is an almost inescapable part of urban life throughout
the world. Ambient air pollutant levels in urban areas are generally a reflection of
emissions. For sulphur dioxide, total suspended particulate matter and lead, ambient
concentrations are declining in the industrialized western countries. For nitrogen
dioxide, ambient levels in cities are generally constant, or slightly increasing. For carbon
dioxide, they are variable, declining where controls are being applied. In a substantial
number of cities, particularly in developing countries, WHO guidelines are being often
exceeded for the compounds mentioned. Given the rate at which these cities are
growing, the air pollution situation will probably worsen if environmental control
measures are not implemented. As a consequence, the health and well-being of urban
residents will further deteriorate with high ambient air pollutant concentrations causing
increased mortality, morbidity, deficits on pulmonary functions and cardiovascular and
neurobehavioural effects.
GEMS/AIR PROGRAMME
The GEMS/AIR programme is intended to provide comprehensive information
needed for rational air quality management. It is coordinated by WHO, funded by
UNEP, and is a component of the Global Environmental Monitoring System. This
programme has been in operation since 1974, and its activities include collecting,
handling and assessing air quality data for sulphur dioxide, suspended particulate matter,
PM10, nitrogen oxides, ozone, carbon monoxide and Pb from more than 80 cities in
about 40 countries. The Global Monitoring Network includes five fields of activities:
Coordination
Methodology development
Technical support and training
Air quality and public health assessment
Special studies
GEMS/AIR objectives for the next years refer to the issues:
expansion of global coverage
improving data quality
using of all kinds of data
helping cities to develop abatement strategies
implementation of QC/QA procedures to ensure comparability and compatibility
of data

development of a QA plan to reflect different monitoring goals of different
participants
allowing for different levels for data quality objectives
producing data of known quality appropriate for the intended use
estimating the exposure of the population in metropolitan areas.
Tools of GEMS/AIR to achieve these objectives include
the Twinning Project
Collaborative reviews
Rapid assessment of emissions inventories
Training courses.

RESULTS
Current exposures in many cities of developing countries exceed the air quality
guidelines particularly for SPM and CO by a factor of up to or more than two, see
figure 1.
Figure 1
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For cities in developing countries, only very few epidemiological studies exist.
There is some knowledge on health effect of high concentrations of SPM, PM10, and CO
based on studies in larger cities of developed countries. Health effects and risks from
outdoor air pollution due to SPM and particularly PM10 pertain to increased mortality
due to chronic obstructive lung diseases, pneumonia, and - to a smaller extent cardiovascular diseases; in addition the rate of survival is decreased. Raised PM10 levels
are also associated with declines in pulmonary function, increased hospital admissions
for respiratory diseases in children and increased absences. Although these results are
not directly applicable to cities in developing countries due to the different nature of
suspended particular matter, they indicate a stringent need for epidemiological studies
in these metropolitan areas.
Increased level of carbon monoxide in some circumstances, such as in traffic
congestion, may lead to an increase in COHb levels of about, or above 3.6%, that is
indicative of a rise in myocardial ischaemia in men with a compromised myocardium.
Again, epidemiological studies in cities of developing countries are urgently required.
Additional factors that can affect total exposure and health effects in cities of developing
countries need to be considered:
Increased ventilation due to physical exercise results in a substantial increase in
the volume of gas inhaled and respiratory frequency, and consequently higher
concentrations of all gases, and of particulate matter in the lower airways. Increased
ventilation due to altitude as indicated by lower partial pressure of carbon dioxide will
increase inhaled gases, but this effect might be partly offset by the reduced gas tension
at higher altitudes. Evidence that increased ambient temperature increases exercise
ventilation is conflicting.
Indoor air pollutant concentration can reflect outdoor levels as in the case of
nitrogen dioxide and sulphates, but may also be lower than outdoor concentrations as
appears to be the case for sulphur dioxide, or higher for suspended particulate matter
depending on domestic factors. In dwellings of developing countries, indoor air pollutant
concentrations of suspended particulate may be much higher than outdoor levels.
Factors that influence the delivered dose of air pollutants include also the
individual’s susceptibility as individuals may react more sensitively to air pollution due
to
increased airway responsiveness
pre-existing lung disease
myocardial disease
Particularly sensitive groups include children, the very old, and the ill who may
be more at risk from outdoor air pollution.
A mixture of different pollutants may enhance the risk of respiratory diseases and
increase hospital admissions of individuals if climatic conditions are unfavourable,
although the actual information on these interactions is rather sparse.

DISCUSSION
Public health has a major responsibility in the proper management of urban air
pollution. Public health concerns must be integrated in the decision-making processes
of all countries suffering from serious air pollution. In particular, various control and
prevention strategies are to be implemented to reduce air pollution induced health
impacts. The responsibility of the health sector is to assess the problem of increasing air
pollution to public health by relating air pollution concentrations to air quality guidelines,
and to pointing out the possible consequences of the exceeding of air quality guidelines
to public health. This responsibility for health protection is to be translated down to
national and local public health professionals in order to incorporate health
considerations in decisions, particularly in economic, industrial, land use, and
transportation planning processes which all affect air pollution. Public health should be
made an active component of ongoing decision making processes in addition to it being
the basis for the establishment of standards.
WHO’s programmes in this area are directed to providing support to countries in
addressing the general health aspects of management of air pollution. More specifically,
they aim at:
(i)

monitoring and assessment of air quality, primarily for urban air quality
management, but also observing air pollution levels and trends at local, regional
and global levels;

(ii)

updating of WHO health-based air quality guidelines and promotion of their use
when setting national air quality standards;

(iii)

strengthening of air quality management capabilities in large urban areas.

As our knowledge of public health effects are based essentially on studies in
developed countries, epidemiological studies in the megacities of developing countries
are urgently required. GEMS/AIR will contribute to achieve this aim until the end of
this century.
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UPDATE AND REVISION OF WHO AIR QUALITY GUIDELINES FOR
EUROPE
Maged Younes
WHO European Centre for Environment and Health, Bilthoven Division, Bilthoven, The
Netherlands

INTRODUCTION
The WHO Air Quality Guidelines for Europe (AQG), published in 1987, have provided a
uniform basis for the development of strategies for the control of air pollution, and have
contributed to the maintenance and improvement of public health in several countries. The aim
of the guidelines is to provide a basis for protecting public health from adverse effects of air
pollutants, and for eliminating or reducing to a minimum, those contaminants that are known
or likely to be hazardous to human health and wellbeing. In providing pollutant levels below
which lifetime exposure or exposure for a given averaging time does not constitute a health
risk, they form a basis for setting national standards for air pollution. The guidelines do not
constitute standards per se, however, as in setting standards factors other than health effects
need to be considered, including prevailing exposure levels and environmental conditions, as
well as social, cultural and economic issues.
Since the publication of the first edition of the AQG, new scientific data in the fields of air
pollution toxicology and epidemiology have accumulated and new developments in risk
assessment methodologies have taken place, requiring updating and/or revision of the existing
guidelines. This fact was recognized during the preparation of the initial workplan of the
European Centre for Environment and Health, and it was recommended that the Centre
undertake any necessary amendments and extensions to the Air Quality Guidelines.
The updating procedure is being carried out in cooperation with the International Programme
on Chemical Safety (IPCS) and the Commission of the European Communities (CEC) and will
be implemented through working group meetings which require the preparation of working
documents on specific air pollutants or mixtures and a final consultation to discuss the updated
document.lt was initiated by a Planning Meeting which was organized in January 1993. The
purpose of the planning meeting was to set the framework for the updating and revision
process, in particular to discuss the scope and purpose, the contents and the format of the
revised AQG publication, to define the details of and the time schedule for the updating
process and to identify the working groups needed and their way of operation.
PRIORITY SETTING
While it was accepted that all compounds which had been considered in the first edition of the
Air Quality Guidelines for Europe should at least be included in the second edition, it was
decided to apply the following criteria for prioritization of substances or mixtures of substances
that should be included:
a.
whether the substance or mixture of substances posed a widespread problem in
terms of sources;

b.
whether the potential for personal exposure was large, (taking into account
indoor as well as outdoor exposure);
c.
whether important new data on health effects had appeared since the first
edition of
the WHO Air Quality Guidelines for Europe;
d.
whether monitoring was feasible;
e.
whether significant non-health, eg ecotoxic, effects could occur;
f.
whether a positive trend in ambient levels was evident.
Based on these criteria, pollutants to be reviewed in the course of the updating process were
selected and the following working groups were set up:
the following working groups or interactive groups be established:
I
Methodology and format group, to provide advice on the format of the second edition
of the AQGs and, in particular, on methods of risk assessment.
II
Major or "classical" air pollutants group, which was designed to evaluate health effects
of carbon monoxide, ozone and nitrogen oxides as well as sulfur dioxide and particulates, with
SO2 and particulate matter being considered both separately and in combination..
HI
Inorganic air pollutants group, to consider lead, chromium, cadmium, manganese,
mercury and arsenic as first priorities, and nickel, platinum and fluorides as second priorities.
This group will reproduce the 1987 account of vanadium, hydrogen sulfide and carbon
disulfide.
IV
Organic air pollutants group, to consider toluene, trichloroethylene,
tetrachloroethylene, benzene, and formaldehyde as first priorities, as well as 1,3 butadiene,
dichloromethane and styrene as second priorities. This group would also reproduce the 1987
account of acrylonitrile, vinyl chloride and 1,2 dichloroethane.
V
Working group on particular indoor air pollutants, to consider radon, asbestos and
other mineral fibres, and environmental tobacco smoke (ETS).
VI

Working group on polychlorinated biphenyls and dioxins

VII
Working group on ecotoxicitv. This group would pay particular attention to direct
phytotoxic effects of ozone and other photochemical oxidants, nitrogen oxides and sulfur
dioxide, as well as the ecological impacts of acid deposition. The group would cooperate with
the Working Group on Effects under the UN/ECE Convention on Transboundary Air
Pollution.
Apart from the working groups listed, interactive groups on total volatile organic compounds
(with CEC), on compounds generated by the use of alternative fuels (with US-EPA) and on
direct and indirect effects of global air pollution were suggested. All working groups (except
for the working group on organic air pollutants which is scheduled for the fall of 1995 and the
interactive groups) have met between September 1994 and May 1995.

NEW FEATURES
In the course of the updating procedure, the most important feature is that dose-response
information will be better illustrated to provide sufficient background knowledge for decision
makers in setting national air quality standards and in establishing alert or action levels. Thus,
in addition to defining guideline values, indication will be made - if possible - of the health
consequences of exceeding these values. Other new features include the provision of
information on analytical issues and on biomarkers.
With respect to risk assessment methodology, flexibility of approach was retained to allow
expert judgement to be used. In the case of non-carcinogens, the term "protection" factor used
in the first edition of the guidelines has been replaced by the term "uncertainty" factor. The
sources of implied uncertainty will be clearly explained. With some pollutants, it is evident that
at every level a proportion of the population will be affected. In such cases, it might not be
possible to derive a guideline value, but rather to provide adequate dose (exposure)-response
(effect) information.
In the case of carcinogens, qualitative assessments are carried out according to IARC's
classification scheme. It was agreed that, as a general rule, for compounds in groups 1 and 2A,
guideline values would be derived using low-dose extrapolation (quantitative risk assessment,
QRA). For compounds in groups 2B, 3 and 4, guideline values would be derived applying
uncertainty factors (including a separate factor for possible carcinogenic effects in humans in
the case of group 2B). However, the mechanism of action might justify exceptions to that rule,
thus, if for a compound classified in group 1 or 2A strong evidence from exposed humans
suggested the mechanism of carcinogenicity to be a threshold phenomenon, the use of
uncertainty factors might be justified. Alternatively, if a compound classified in group 2B had
a non-threshold mechanism of carcinogenicity in animals (e.g. genotoxicity), the use of QRA
instead of the uncertainty factor approach might be more appropriate.
OUTLOOK
It is anticipated that the second edition of the WHO Air Quality Guidelines for Europe are
published in 1986. In the meantime, interim reports summarizing the results of evaluations
carried out by the individual working groups will be published as WHO documents. To ensure
that new relevant information is considered whenever available, a mechanism for a "rolling"
update of the AQG will be established.
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MOVING FROM GUIDELINES TO AMBIENT AIR QUALITY STANDARDS
IN THE EUROPEAN UNION

Kathleen Cameron
European Commission, DGXI-B3

Five Directives currently exist on ambient air quality covering sulphur dioxide and
suspended particulates, lead, nitrogen dioxide and ozone:
80/779/EEC amended by 89/429/EEC on sulphur dioxide and suspended particulates
82/884/EEC on lead
85/203/EEC on nitrogen dioxide
92/72/EEC on ozone
The first four of these set limit and guide values (not 82/884/EEC) while the last, on
ozone, introduces a new concept of thresholds. When these are breached information must
be supplied to the public regarding the quality of the air. These guidelines, limit values
and alert thresholds have been set with a strong reference to the information existing at the
time on effects of exposure.
Future policy in the EC will be based on parallel use of emission control and ambient air
quality objectives. Ambient air quality objectives are seen as a tool which can be used
to improve environmental quality and require the development and use of appropriate
emission controls. These emission controls can be developed on a Union-wide basis if
necessaiy, for example if they are relevant to single market issues.
Future ambient air quality objectives will be developed under the proposed Council
Directive on Ambient Air Quality Assessment and Management which is currently being
discussed in the Council and Parliament. This aims to produce a common strategy
directed at four main areas:
i.
the establishment of air quality objectives for a number of pollutants in the Union
which will be designed to protect human health and the environment as a whole
ii
harmonised assessment of air quality in the Union which will allow the
identification of areas where specific actions are required, highlight the need for
Union-wide legislation in other areas and provide a direct way of evaluating emission
reduction measures
iii

provision of information on air quality to the general public

iv
improvement of air quality in areas where it is poor by measures chosen nationally
or locally and maintenance of good air quality in other areas
The proposed Council Directive includes a list of 14 pollutants for which the air quality
objectives will be set through daughter Directives on a pollutant by pollutant basis. A
timetable for the presentation of these Directives by the Commission is also included.

The Commission has indicated that the future air quality objectives will be based on the
WHO air quality guidelines for Europe in terms of effects on health. These are currently
being revised and updated and the Commission is actively involved in this process.
The proposed Directive states that air quality objectives will also take account of effects
on the environment. Thresholds for environmental effects are included in the existing
Directive on ozone but not in the earlier Directives. It is anticipated that development on
objectives in this area will draw heavily on the work of UNECE and its input to the
revision of the WHO air quality guidelines.
In the revision and updating of its guidelines WHO has changed its approach in a number
of ways from that used for the 1987 guidelines. One change which has an important
bearing on the establishment of air quality objectives is the provision on information on
the exposure-response relationship. In some ways this make the job of the regulator more
difficult however it does allow the consequences, in terms of effects, to be seen clearly.
For some pollutants, for example, particulates, no guideline is recommended and only the
exposure-response relationship is provided.
In order to prepare for the work necessary for the development of the daughter legislation
the Commission organised a Technical Workshop on Aspects of Setting Ambient Air
Quality Objectives for the European Union in April 1995. This was attended by
representatives from all EU Member States, WHO, UNECE, industry, non-governmental
organisations.
At this Workshop the work of WHO and UNECE was presented and some of the issues
involved in moving from effects-based guidelines to EU-wide air quality objectives were
explored. These included:
levels of protection which should be afforded by air quality objectives
protection of health and the environment
relationship between exposure to the pollutant and the objective
alert thresholds
approaches for pollutants or which no threshold has been demonstrated
The proposed Council Directive on Ambient Air Quality Assessment and Management
also requires that monitoring and assessment criteria are specified for each pollutant in the
daughter legislation. Some of the issues related to this were also explored including
the design of monitoring networks
new methods of measurement
quality and accuracy of measurement methods
air quality modelling
The final major topic of discussion at the Workshop was the role of economic and other
constraints when setting air quality objectives. This was an important aspect of the
Workshop as the Treaty governing the workings of the European Union requires that "in
preparing its action policy on the environment, the Community shall take account of the
potential benefits and costs of action and lack of action" This means that the Commission

must examine the economic consequences of the action, i.e. within the daughter Directives,
that it proposes to take. This Session explored the use of cost-effectiveness and costbenefit analyses in the setting of air quality objectives.
The timetable for the presentation of new legislation on the first group of pollutants
(sulphur dioxide, nitrogen dioxide, lead, black smoke, particulates) is very short and the
Technical Workshop has provided a very useful input to the planning and development of
this daughter legislation.
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LUNG FUNCTIONS AT SCHOOL AGE AND CHRONIC EXPOSURE TO
OUTDOOR AND INDOOR AIR POLLUTION
Manfred Neuberger, Michael Kundi und Wolfgang Wiesenberger
Dept, of Preventive Medicine, Inst, of Environmental Hygiene, University of Vienna, Austria

INTRODUCTION
Early signs of lung function impairment have been found correlated with annual concentrations of
outdoor air pollutants (1) and with passive smoking (2). To investigate the combined effects ofboth
indicators of chronic exposure to air pollution we examined pulmonary functions in all elementary
and high school children of an Austrian town for 5 years.
MATERIALS AND METHODS
In the county capital of Upper Austria 85% of elementary and high school children participated in
standardized flow volume measurements (3,4) auscultation ofthe lung and interview (supplemented
by parents questionnaire) with assessment ofindoor pollution in the child's home. To assess outdoor
pollution, data from 9 stations monitoring TSP, SO2, NO2 and O3 were analysed. Each child was
assigned the average value of each air pollutant obtained from the concentration isoline cutting the
location of the school for the winter half year proceeding the spirogram. From a total of 18106
pupils who were examined in 87 schools 7561 boys and 7484 girls (age 9,3 ± 2,6yrs) were selected
who were non-smokers, free of acute respiratory infections and met test criteria of the American
Thoracic Society (4) except exhalation time. For volume data (FVC and FEVi) about 90% of the
variance and for flow data (PEF, MEF75, MEF50, MEF25 and MMEF) between 40% and 70% ofthe
variance could be explained by standing height, weight and age. Since the ratio of the lung function
measurements and reference values (3) were found to be log-normally distributed, the logarithm of
this ratio was used as a metameter of the deviation from normal lung function. These data together
with indicators for indoor pollution (passive smoking and gas cooking) and the assigned outdoor
pollution indicators were subjected to standard multivariate linear regression analyses with a
tolerance value set to 0.01. Additionally, regression analyses including interaction terms for within
and between indoor and outdoor pollution indicators were performed. Since none ofthese analyses
yielded significant weigths for the interaction terms only the results from the standard linear
regression are reported.
RESULTS
In winter pollution was generally higher than in summer except for ozone. For the latter and for
summer air pollution in general no effects on lung function could be found. Means and standard
deviations for all schools and 5 winter half years were (in mg/m3): 58,5 ± 19,23 for TSP, 38,3
± 20,o2 for SO2 and 50,7 ± 10,48 for NO2. NO2 showed (traffic-related) distributions different from
(industry related) TSP and SO2 and less decrease over time. SO2 and TSP effects were found
difficult to seperate because of high correlations of these pollutants in winter (r=0,53). Partial
correlations between indicators of winter air pollution and lung function were found significantly
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negative for S02 with FEV,, PEF, MEF75 (p<0,001) and FVC, MMEF, MEF25 (p<0,01), for TSP
with PEF (p<0,01) and MEF25 (p<0,05) and for NO2 with MEF25 (p<0,001) and MEF50 (p<0,01).
Passive smoking correlated significantly (p<0,001) with all indicators of small airway dysfunction
(MEF25, MMEF, MEF50) and with MEF75 (p<0,05). Cooking with gas correlated with MEF75
(p<0,01) and PEF (p<0,05) only and is not included in table 1.
Table 1: Effect of an increase in concentration of air pollutants and in exposure to passive
smoking on lung function parameters for children of age 10 and average height and weight and
related increase in proportion of children with severe impairments of lung function.
pass.smoking
TSP
N02
S02
%inc [ml]
%inc [ml]
%inc [ml]
[ml]
ml/s
ml/s
ml/s
ml/s
Parameter % of reference
male female
male female
male female
male female
- 13 [13] [12] 14 [13] [13] FVC
81
28 [23] [22] 19 [16] [16] 12 [11] [10] 2 [2] [2]
81
FEV,
- 60 154 146 49 130 123 PEF
71
MEF75
70
39 99 94 20 55 52 19 53 50 11 31 29
12 30 30 19 45 46 26 61 61
18 43 43
65
MEF50
35 49 52 26 39 41 33 47 50 19 29 31
57
MEF25
%inc...estimated percent increase of children with severe impairments of lung function under
the assumption of a 2a-increase in concentration of respective air pollutant
ml, ml/s...estimated decrease of average volume or flow respectively due to a 2a-increase in
concentration of respective air pollutant
2.5%-limit

%inc

In table 1 the results are expressed as the effects of a 2cr-increase in outdoor pollution in each
school district and as the effect of at least one smoker living with the child in the same household
compared to non-smoker household. The first column gives the 2,5. percentile of flow volume
parameters in percent of reference value (3). A 60% increase of children felling below this limit is
estimated for PEF if S02 increases 2a and at the same time an average loss of approximately 150
ml/s in all children (154 ml/s in boys and 146 ml/s in girls). The effects of outdoor NO2 and indoor
passive smoking were found most pronounced on endexpiratoiy flow rates (MEFis^o).
DISCUSSION
Effects of air pollution on respiratory child health have been detected by crude methods in earlier
years when and where concentrations of pollutants were much higher (5). Spirometric population
studies usually test lung volumes (2,6,7), but it was already suspected that PEF could be a more
sensitive indicator of the effects of air pollution (1). This seems to be confirmed by our study for
S02 and TSP (industry related air pollutants). The late components ofthe flow volume curve could
be even more important for the assessment of air pollution effects (3), because they show not only
acute, reversible declines (8) but also chronic effects of irritants such as NO2, O3 or sidestream
smoke. Our study found small but significant, impairments of these late components of the flow
volume curve in healthy school children related to passive smoking and outdoor NO2 (traffic related
pollutant).
We cannot exclude that effects of air pollution are underestimated due to the rough classification of
exposure. Passive smoking was encoded primarily from child's interview, without consideration of
room sizes, ventilation, etc. Lung function decrease was less pronounced in children living with one

smoker than in children living with two or more smokers, however, nrisclassification might have
flattened dose response relationships. For outdoor exposure misclassification could have been even
more important, though almost all children lived within 1500 m oftheir schools, but their time spent
outside was not registered and we have to assume that misclassification of exposure led to a
decrease of observed lung function effects. On the other hand large populations can only be surveilled by air monitoring networks and not by personal air samplers. Therefore medical studies
should use the same air monitoring data which are used for air quality standards and alarm plans.
The observed reduction in pulmonary function is unlikely to reflect changes only with the
physiological range (9). Small average decrements of volumes and flows found in the total
population of school children free of acute respiratory symptoms and signs are expected to be
accompanied by a considerable increase in the percentage of children With severe reduction in
pulmonary function as shown in table 1.
Although there are inherent limitations of a cross sectional study, table 1 could also be interpreted as
improvement of lung function with improvement of air quality. The effects of outdoor air pollution
which we found on lung function may disappear over time if TSP, SO2 and NO2 continues to
decrease and summer 03 stays low. Traffic related components are still a matter of concern,
especially fine aerosols and NO2. The decrease ofNO2 was much less pronounced than the decrease
of SO2 and because of its lower solubility in upper airways NO2 penetrating to the deep hmg may
contribute to small airway disease as indicated by the correlations which we found with impaired
MEF25 and MEF50. Also the effects of passive smoking on the late components of the flow volume
curve are a matter of concern. Even though these effects are small at school age they could be early
symptoms of chronic inflammatory changes in small airways and indicate risk for later chronic
obstructive pulmonary disease. 58 % of children examined have to live with one or more smokers
and this percentage did not decrease during the observation period. The very small decrements
associated with gascooking are difficult to interpret because they are limited to 2 hmg function
parameters which are more effort-dependent and not compatible with effects observed for outdoor
NO2, however, it may be mentioned that in an earlier study in another town where cooking with gas
stoves in small homes was more frequent, an effect on respiratory symptoms had been found after
adjusting for outdoor SO2, NOx and indoor heating system (10).
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INTRODUCTION
Already in the 1960s a lot of cross-sectional studies were conducted to determine the effects
of air-pollution on respiratory diseases or symptoms of children. According to the then
dominating type of air-pollution, effects of SO% and TSP were mainly studied [1,2, 3].
Usually SO2 and TSP were highly correlated and their effects could not be separated
satisfactorily.
Such a high correlation was not seen when comparing annual mean concentrations in different
towns of East and West Germany in 1989. The range of SO% values was from 20 to 310
gg/m3 whereas the range of TSP was narrower, from 65 to 123 jig/m^- In 1991 we therefore
started a study to compare the effects of different types and amounts of air pollution on
children's health. The results of the first cross-sectional study, in 1991, were presented at the
9th World Clean Air Congress [4]. It was found that airway diseases and respiratory
symptoms were clearly related to the SO2 pollution load. This was not true for allergic
manifestations. Since 1990 there is a considerable reduction of SO2 pollution in East
Germany. The aim of this presentation is to show that the associations which had been found
on an spatial scale can be seen on an temporal scale, too.
METHODS
Study Areas
The areas in East Germany were chosen to represent a broad range of S02-concentrations:
Leipzig, Halle
industrialized cities in Saxony and Saxony Anhalt with high pollution
Magdeburg
the capital of Saxony Anhalt with comparatively moderate pollution
Altmark
(Salzwedel, Gardelegen, Osterburg) small district capitals with lowest
pollution in Saxony Anhalt
The areas in Northrhine Westphalia are prescribed by the clean-air plans (Luftreinhalteplane)
of that state. In the following we restrict ourselves to those areas where at least two studies
were conducted between 1991 and 1994:
Duisburg
highly industrialized town in the Ruhr Area
Borken
small district capital north of the Ruhr Area with fairly low pollution

Study Design
Cross-sectional studies are repeated every year in East Germany and every third year in West
Germany. Every third year 9-year old children having participated in the study three years ago
are seen again.
All boys and girls entering elementary school and living in the geographically defined areas
were chosen. A letter was mailed to the parents asking for participation and for completing a
questionnaire at home, to be checked by a physician on the day of the medical examination
immediately following the health check-up compulsory for all first-graders. All studies took
place in spring of the corresponding years.
Participation rates
The participation rates in the different areas are given in table 1. The participation rate in East
Germany was lower in 1994 than in 1991 and is now similar to the rate usually found in WestGerman towns.
Table 1. Participation rates
Area
Leipzig
Halle
Magdeburg
Altmark
Total East
Duisburg
Borken
Total West

1991
n response
571 96%
1240 89%
1334 94%
929 96%
4074
3171 76%
383 93%
3554

1992
n response
562
94 %
391 * 93 %
366 * 92 %
952
96 %
2271

1993
n response
263* 88%
431* 98%
314* 79%
896
95%
1904
406
406

93%
93%

1994
n response
337
65%
1649
83%
1381
67%
915
94%
4282
373 * 72%
294 * 93%
667

^central parts of the area only
Statistical Analysis
Logistic regression models were used to determine the effects of air pollution on disease
frequency after taking confounding factors into account.
RESULTS
Air Pollution
The measurements of one to three fixed stations run by the state governments are taken to
characterize the air pollution situation in each study area. Figure 1 shows that the SO2 annual
mean values in the most polluted areas declined dramatically between 1989 and 1993. But
there was still a difference in the degree of SO2 pollution between the areas ini 1993.
Figure 2 shows that there was also a decline in TSP values from 1989 to 1993. In 1993 the
TSP concentrations in all areas were very similar.
Comparable NO2 measurements were available from 1991 on. In all investigated cities of East
and West Germany the NO2 annual mean values were between 35 and 40 (ig/m^ whereas the
values in the control areas were between 20 and 25 pg/nA
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Figure 1. Annual mean values of S02 in the study areas, 1989-1993
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Figure 2. Annual mean values of TSP in the study areas, 1989-1993

Borken

Airway diseases and allergic manifestations
Thirteen different airway diseases, respiratory-symptoms, and allergic manifestations have
been asked for (in the last year: number of colds, tonsillitis, dry cough, frequently running
nose, reddened eyes, attacks of sneezing, swellings; ever diagnosed by a physician:
pseudocroup, pneumonia, bronchitis, asthma, hay fever, eczema). Up to now the data from
1991 to 1993 were completely analyzed. Children of non-German nationality and those living
less than two years in the area were excluded. Age, sex, education of parents, number of
children in the bedroom, damp flat, mode of heating, passive smoking and month of
investigation were included as covariates in the logistic regression model. SO2 and TSP were
used as exposure variables.
Symptoms of allergies, hay fever, eczema, pseudocroup and pneumonia displayed no
associations with SO% or TSP concentrations, bronchitis was more closely associated with
TSP whereas all other variables showed a somewhat stronger association with SO2 than with
TSP.
A first descriptive comparison of the results gained from 1991 to 1994 can be seen in figures 3
and 4. Figure 3 shows that there was a decline in the number of colds in East Germany
between 1991 and 1994. The frequencies in Duisburg are higher than expected considering
given SO2 concentrations. Similar are the results for the other infectious diseases and
irritations of the airways. Figure 4 shows the results for hay fever. As is true for all other
allergic diseases, rates in Duisburg and Borken are higher in 1994 than in 1991.

Leipzig

Halle

Magdeburg

Altmark

Duisburg

Borken

Figure 3. More than 4 colds in the last 12 months German children living at least two
years at their places of residence

DISCUSSION
The spatial and temporal associations between SO2 or TSP concentrations on the one side and
infections and irritations of the airways on the other seem to be indicative of a causal
relationship. The differences between the control areas and the other areas, however, are too
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high to be explained by SO2 or TSP alone. Other factors (e.g. lifestyle, traffic pollution) need
consideration to explain this phenomenon.
In 1992 we expected that the differences in frequency of allergic diseases, being higher in
West than in East Germany would vanish, but this was not the case. This unexpected result
cannot be explained yet.

%
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Figure 4. Hay fever ever diagnosed, German children living at least two years
at their places of residence
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INTRODUCTION
In 1994, public hearings were held in Quebec city concerning a 120 megawatt (MW) gas
cogeneration project that was to be coupled with an already existing pulp and paper mill in
the downtown area. Cogeneration plants are often described as highly beneficial from the
point of view of local environment It is well known that the burning of natural gas emits far
less sulfur dioxide (S02) and particulate matters (PM) than the combustion of oil or coal.
However, the use of any fossil fuel, brings up questions on global climatic change issues and
their potential indirect health effects.
The Quebec city metropolitan area is composed of 13 municipalities representing a population
of 490,000 inhabitants. The downtown area has been affected for many years by PM and S02
air pollution. However, various private and public investments have recently been directed
towards improving this situation. Nevertheless, individuals of the downtown area, because of
socioeconomic and demographic reasons, are still considered vulnerable to many health
problems. Previous studies have shown that respiratory diseases, in particular asthma, as
evidenced during emergency room visits, were twice as frequent in the downtown area than
among the general population. Low socioeconomic status was correlated with this finding,
as was smoking as well as indoor and outdoor air pollution1.
The proposed plant would use high pressure vapour from a nearby incinerator plant and
natural gas to produce low pressure vapor for the paper mill industry as well as electricity.
The cogeneration plant would allow the paper mill to stop burning heavy oil. By using natural
gas instead of heavy oil, the new cogeneration-papermill complex (CPC) is expected to
reinforce the recent trend and willingness towards improving downtown air quality.
On the other hand, the CPC would emit more C02, due to the production of additional
electricity. According to the Rio de Janeiro Agreement ratified in 1988, Canada is commited
to stabilize its greenhouse gas emissions by the year 2000. Nevertheless, the cogeneration file
is a new option considered by the Quebec Provincial Govemement in its last energy triennal
plan. However, it must be specified that the Province of Quebec contributes to less than 15 %
of the total Canadian C02 production although it represents more than 25 % of its population.
Furthermore the maximum production of electricity by this file has been set to 250 MW. It
is a very small fraction of the total production of electricity in Qudbec, which is 200 TW.
The QPHC studied the proposed cogeneration project to determine the potential impact on
public health both at local and at global levels. In light of the results, recommendations have
been issued to public authorities.

METHODS
In accordance with the Quebec "Quality of the Environment Act", the promoter produced an
environmental impact study of the project2. Annual emissions of S02, PM, carbon monoxyde
(CO) and nitrogen oxyde (NOx) were determined. Dispersion modelling (ISC) was use to
predict maximum ambient air concentrations with a "worst case scenario" approach. Annual
carbon dioxyde (C02) and methane emissions were also estimated.
The QPHC analysed these data by following a four-step risk assessment approach. First, as
for hazard identification, a validation and a documentation of pollutants were made. In the
second step, hazard assessment, scientific literature was revised to assess a dose-response
relationship for each pollutant. In the third step, exposure assessment, data generated by the
worst case scenario were analysed. Furthermore, to determine the net impact of the CPC at
the local level, other local sources were taken into account in a multi-source integrated
approach. Local industry and mobile source emissions inventories as well as data from the
Quebec city air surveillance system were used to approximate the fraction of exposure that
would originate from the CPC. To assess the importance of "C02 exposure", comparisons
with local, national and international anthropogenic emissions were made. Finally, risk
characterisation has been made in a semi-quantitative way.
RESULTS
AT A LOCAL LEVEL
Air quality.
The impact study showed an expected decrease of S02 (-87 %), PM (-25 %) and NOx (-10 %),
but an increase in CO (+168 %) and COV (+30 %). No exceedance of S02 Canadian
guideline (0.34 ppm) was predicted in the worst conditions. The highest levels would be
0,17 ppm. For PM, the 24-hour period guideline (120 pg/m3) would be slightly exceeded with
a 141 pg/m3 concentration.
Public health
Because CO, NOx and COV originate mainly from natural and mobile sources, projected
variations of emission of theses contaminants by the CPC would have no significant impact
on the local environment or on public health. Anyhow, their concentations are at present quite
below levels that could affect health.
The situation is quite different for S02 and PM. The 1-hour recommended guideline for S02
is 350 pg/m3. The 24-hour and annual recommended guidelines for S02 combined with
particulate matter are 125 pg/m3 and 50 pg/m3 respectively3. These guidelines aim to prevent
respiratory distress and infectious diseases among asthmatics and sensitive people. They also
aim to prevent long term increase in death rate, hospitalization and decrease in pulmonary
function.
Up to four years ago, downtown monitoring stations have regularly shown S02 and PM levels
close to or even exceeding standards. Significant improvements have recently occurred.
However, it is recognized that S02 concentrations in the atmosphere originate almost entirely
from anthropogenic activities, especially industrial sources4. The paper mill represents the
major source for this kind of air pollution in the area. Thus, it can be seen that a decrease
of 87 % in S02 and 25 % in PM emissions by the CPC would have a significant impact on

local air quality. The new expected improvement in ambient air quality, resulting from the
CPC, could prevent some exacerbation of respiratory problems of a small proportion of
sensitive people in the residential area surrounding the project site. On a local respiratory
health basis, the impact would thus be positive.
AT A GLOBAL LEVEL
Air quality
The net C02 and methane emissions would be 360,000 and 32,5 tons yearly.
Public health
Future trends about greenhouse effect forecast an increase in the range of 0.5-3.0°C for the
next 50-100 years. The direct effects of global warming on health include an increase in the
risk of heat stroke and heat exhaustion, altered distribution of allergenic vegetation, and altered
distribution of insect vectors. Most of the health effects, though, would be indirect and related
to environmental degradation, desertification and rises in sea level5.
-The net C02 emission by the CPC would represent an increase of 0,5 % for the Province of
Quebec. On a planetar point of view, 700 new plants of this kind would need to be in
operation to increase the global C02 emissions by 1 %. Even though this rise could seem
negligible, any modest increase is undesirable in regard to the Rio de Janeiro Agreement.
Furthermore, even if the net quantity of CH4 emissions is around 10,000 times less than C02
emissions, its impact on the greenhouse effect is, for every molecule, 20 times greater. On
a global public health perspective, the impact would thus be negative.
DISCUSSION
Sustainable development is based upon three strategies : energy conservation and use of
renewable sources, most efficient use of fossil fuels and finally prevention of environmental
health problems6. Then any new project should protect environment as much as possible at
both local and global levels.
From an environmental and public health point of view, decision making is not an easy task
when a project appears to be positive at a local level but negative at a global level. Since the
project is not positive on both levels, one could already decide to reject it. However, positive
and negative impacts should also be compared to evaluate the general acceptability of the
project. There exists no recognized methods on which public health can rely on to make this
comparison. In table 1, there is a set of five characteristics used to compare health impacts.
Positive local health impacts are obvious, and based on a good degree of certainty. On the
other hand, global health impacts appear potentially serious on a long term basis. However,
they are more uncertain. At the local level, best available control technology (BACT) and as
low as reasonably achievable (ALARA) principles should maximise positive local impacts.
At the global level, there are few control and mitigation measures to compensate the
greenhouse gas emission.

Table 1. Health impact characteristics related to air quality at local and global levels

Characteristics

Local level

Global level

Population exposed

High risk group
Few people

General population
Large population

Type of exposure

Direct
Toxic pollutants
Significant decrease

Indirect
Non toxic pollutants
No perceptible increase

Health effects

Positive
Precise
Immediate

Negative
Less well determined
Very long term

Degree of certainty

High
Good evidence
Monitoring available

Low
Modelling
No monitoring

Mitigation

ALARA - BACT

No control technology
Reafforestation - recycling

Benefits of the project at the local level were judged worthwhile as air quality and public
health were concerned. Some measures, reafforestation and recycling, for instance, were
proposed to mitigate the negative impact related to C02 emission. Final decision has not been
taken yet.
Local air quality is at the present improving in many cities because mitigation measures for
local pollutants have been developed and implemented. Research and development is needed
in the field of C02 and CH4 control and mitigation for cogeneration but also for other types
of industry. Energy savings and alternatives to the burning of fossil fuels should be priorised.
However, mitigation and control measures should not be neglected to avoid the environmental
and health consequences of the greenhouse effect.
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INTRODUCTION
Levels of nitrogen dioxide in Swedish towns and cities are greatest in winter and are mainly the
result of production from motor vehicles and dispersion conditions. The levels are relatively low
compared with those reported in epidemiological studies. The aim of this study was to assess, for a
general population, the relationship between level of background exposure and the presence of
annoyance reactions related to moderate traffic pollution. A specific objective was to study the
importance of other potential risk factors and determinants as confounding factors.
METHODS
Questionnaire information
Random samples, each consisting of 150 subjects aged 16-70 y, were selected from among people
living in the vicinity of 55 urban air quality monitoring stations in towns and cities throughout
Sweden. The total sample included 8 060 subjects, after the exclusion of subjects who, during the
course of the study, were found to be living outside the chosen areas.
The postal questionnaire was sent early in March 1990 and two reminders were sent about two and
four weeks later. The questionnaire was presented as a broad study of the local environment, work
environment, environmental annoyance and health. It also included questions on occupation, place
of birth, smoking habit, commuting to work or school, access to a car and houshold members.
Three questions were concerned with how often the outdoor air in the residential area was perceived
as being irritant, smelly and dirty or sooty during winter. Three additional questions dealt with
similar aspects of the outdoor air in the town or city centre. Responses were "never/almost never”,
’’sometimes/perjbdically ” or ’’daily/almost daily” with the last alternative considered to consitute
serious annoyance. The response rate was 76 percent.
Pollution information
Study areas were selected from maps in order to be representative of the vicinity of each air
monitoring station. Rarely did any part of the selected area lie more than 700 m from a station. The
Swedish Urban Air Monitoring Network is run by the accredited laboratory of the Swedish
Environmental Research Institute (IVL) in collaboration with the local environmental health offices.

Locations were chosen so that the results would not be dominated by single sources, and
measurements were usually made 5-6 m above the ground in streets in city centres accessible only
to pedestrians, or in the open areas without specific sources of pollution. The average values of
Black smoke, sulphur dioxide (volumetric) and nitrogen dioxide (volumetric) were analysed for 24 h
each day from October to March (a 6 month period). Motor vehicles were the main source of air
pollution in all areas. Air pollution levels at all monitoring stations fell well below the WHO air
quality guidelines for Europe and Swedish air quality standards. The 6-monthly average for
nitrogen dioxide ranged between 9 and 32 ^g/m3 with 19 as mean value for all 55 stations. The 3rd
quartile included values of 18.9 - 21.8 /tg/m3.
Analysis
A descriptive analysis was made by correlating the prevalence figures from each town or city with
the levels of air pollution measured, and these data were plotted on scattergrams. The importance of
factors other than the level of air pollution from road vehicles, as indicated by nitrogen dioxide, has
been simultaneously tested using multiple logistic regression analysis. Pollutants were included as
category variables with three levels; lst-2nd quartiles, 3rd quartile and 4th quartile. The other
factors were sex, age (6 categories), and questions regarding whether children lived at home, asthma
symptoms, access to a car, the home was next to a highly trafficked area and smoking habits
(3 categories). Answers to all the questions included were provided for 94.5 percent of the
respondents.
RESULTS
A greater proportion of subjects reported that they were troubled in various ways by the air in the
town or city centre than by the air in their residential area.
The strongest correlations between measures of air pollution and prevalence of annoyed subjects by
town or city was seen between the 6-monthly average nitrogen dioxide level and the prevalence of
subjects who daily or almost daily experienced the air as irritating during winter in the town or city
centres (r=0.66) or residential areas (r=0.65). A direct age standardisation with six age classes had
little effect on the correlation coefficients, the coefficients for the two later correlations were 0.64
and 0.65, respectively, using age standardised data. Figure 1 shows a plot of the proportions of
subjects (age standardised) who reported that they daily or almost daily found the air in the
residential area irritating against the nitrogen dioxide levels.
The effect of adjustment for potential confounders on the estimated odds ratios for nitrogen dioxide
levels was studied using a number of models representing theoretical situations for confounding
control. Odds ratios from a model with only nitrogen dioxide have been compared with more
complete models (Table 1). The second model takes the levels of sulfur dioxide and black smoke
into account, the third includes also age and sex, the fourth includes also smoking habit and asthma
symptoms; and so on.
Confounding control had a larger impact on the model for the air in the residential area compared to
the model for the city centres. The confounding odds ratio based on the full models was about 1.4 in
the first case and 1.1 in the latter.
Confounding variables which were significant (p< 0.05) in the full model for the residential area
were: asthma symptoms (OR = 2.8), lack of access to a car (OR = 3.1) and a home abutted on a
highly trafficked area (OR = 1.6); and for the city centre model were: asthma symptoms (OR = 2.8),
lack of access to a car (OR = 1.9), a home abutted on a highly trafficked area (OR = 1.7), sulphur
dioxide 4th quartile (OR = 1.4) and female gender (OR = 1.2).
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Figure 1. A plot of the proportion reporting that they daily or almost daily found the air in the
residential area irritating versus the 6-monthly average nitrogen dioxide levels.

Table 1.

The effect of the local 6-monthly average nitrogen dioxide level on the prevalence of
subjects, who during the winter daily or almost daily experienced the air as irritating in
their residential area and the city centre respectively.

Variables in model

N02 (only)
+S02 + Black smoke
+ age + sex
+ smoking + asthma
+ children at home
+ access to a car
+ trafficked area

Residential area
Odds ratio for N02
3rd quartile
4th quartile
1.7
1.6
1.6
1.6
1.6
1.3
1.2

2.5
2.3
2.3
2.2
2.2
1.9
1.8

City centre
Odds ratio for NO?
4th quartile
3rd quartile
1.8
1.8
1.8
1.9
1.9
1.7
1.6

2.5
2.4
2.4
2.4
2.4
2.3
2.2

DISCUSSION
The study shows that there is a dose-response relationship for annoyance reactions in town or city
centres even at mean winter half-year nitrogen dioxide levels below 33 fig/m3. The level of nitrogen
dioxide in this situation may be regarded as an indicator of the population’s exposure to vehicle
exhaust fume-related air pollution, while the individual dose probably vary considerably within
each town or city.
This type of quantitative relationship has not existed before in the context of annoyance reactions to
vehicle exhaust fumes, while the importance of person-based factors for the reporting of annoyance
in different situations has been reported. The presence of asthma symptoms gave, as expected, a
substantially higher risk.
In this large study with 55 areas from all over Sweden adjustment for various potential confounding
factors moderately changed the estimated effect of the average nitrogen dioxide level.
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BACTERIAL CRITERIA OF OUTDOOR AIR POLLUTION ABOUT THE
POULTRY FARM

Kullike Birk, Liidia Leesment, Elin Lokk, Riina Raud
Laboratory of Environmental Biological Pollution, Institute of Preventive Medicine, Tallinn,
Estonia

INTRODUCTION
The data of medical statistics indicated higher morbidity of population in settlement Loo,
where a poultry farm was located , compared to the other settlements in the same Harju
county. Great poultry farms are substantial sources of organic and inorganic pollution
contaminating the ambient air and environment by their emission. The emission of poultry
farms contains unwholesome chemical compounds (ammonia, carbon dioxide, hydrogen
sulfide etc.), dust, and microorganisms. Those substance give a specific smell to the
poultry farm emission and the majority of them have a toxic effect on inhabitants and
provoke health disorders.
In order to evaluate the entrainment by bacterial criteria in the region of the poultry farm
a study of snow and ambient air was undertaken.
MATERIALS AND METHODS
Tallinn Poultry Farm is situated in the settlement Loo, 12 km from Tallinn. In the
settlement is living about 2000 residents. As far back as 1937 in the same place in
homestead Loo was established one of the greatest chicken farms in Estonia. At the time
of our surveillance the poultry farm had 14 poultry-houses in which 134 million eggs were
produced yearly, besides this poultry, feather, feed, and manure.
For the evaluation of pollution the air sampling network was located over the whole
distribution area of the poultry farm emission. The air pollution survey was carried out in
18 constant observation points at the settlement during a year once a month. The sampling
points were located at the distances of 100 to 1000 metres from poultry processing plant
that was the greatest emission source in the farm complex. The control points were
situated at the distance of 3 km in the field and of 6 km in the forest.
About the pollution of environment was judged by the collection of snow samples in
winter and by the air samples from the spring to the autumn. Samples of snow were
collected into 10 dm3 sterile metal vessels with sterile metal ladle. Snow samples were
investigated after the thawing in the laboratory in the same way as water by application of
membrane filter method. In all samples were determined count of bacteria and they were
investigated for enterococci, coliforms, lecithinase-positive staphylococci, Salmonellae and
pathogenic enterobacteria. Air samples were studied bacteriologically by the method of
sedimentation (V.Vlodavets and N.Makhonko, 1982). Five Petri plates with adequate
culture media were simultaneusly exposed for 10 minutes and then incubated at 37°C

during 24-48 hours. After that CPU were enumerated and the count of different bacterial
standards were calculated in 1 m3 of air.
RESULTS
At the beginning of February and March fresh-fallen snow samples were investigated and
therefore they directly demonstrated the air pollution in the day before the sampling.
Enterococci were detected in limited area: in front of the poultry farm (100 m from the
main pollution source, point No 1), and near the post-office (150 m from the pollution
source, point No 3). However, they were also found between dwelling houses at two
different points No 14 and 15 at a distance of 700 m from the pollution source. At the
other 14 sampling points and at two control points enterococci were not detected. In case
of third sampling the samples of old snow were collected, in which the pollution was
concentrated all the winter. On the ground of those samples we could suppose that
enterococci were transmitted by air to the whole area of the settlement, but we could not
exclude completely that part of them could be emitted from the dwelling houses
themselves.
It is remarkable, that enterococci had been asserted in the area more extensively and
numerously than coliforms. It is possible that enterococci, as well as other gram-positive
cocci, are more survival than enterobacteria in atmospheric air.
Lecithinase-positive staphylococci were detected in fresh-fallen snow samples in front of
the poultry farm (point No 1), at the kindergarten (150 m from the pollution source, point
No 5), and again in point No 15 in the distance of 700 m from the pollution source.
Staphylococci were never found at the control points. Pathogenic enterobacteria were
never isolated from the samples of snow or air.
After melting of the snow air samples were only investigated. During seven months
enterococci were detected only in October in six samples, 50-300 CPU in 1 m3 of air.
Enterococci were determined in front of the poultry farm (in a distance of 100 m, point
No 1), and at kindergarten (150 m, point No 4). Lecithinase-positive staphylococci were
not detected in 81 samples out of 140 (57.9%). However, there was the tendency for
increasing of the quantity of staphylococci from summer to autumn. Analogical tendency
was also noticed in bacterial count.
To present in brief, bacterial pollution of outdoor air was detected more frequently
directly in front of the poultry farm (100 m from pollution source, point No 1). Around
the kindergarten (150 m from source) the instability of air quality was demonstrated.
Occasional bacterial pollution of outdoor air was manifested at the 700 m distance from
the pollution source in the middle of dwelling houses section (points No 14 and No 15).
DISCUSSION
Air-bom transmission of microorganism from the poultry farm to ambient environment is
effected by the ventilation systems of the farm at which the level of pollution depends on
the level of bacterial dissemination inside of chicken houses. In the air of the poultry farm
the major part of microorganisms were staphylococci and streptococci, and only few of
them belonged to enterobacteria.

As poultry processing plant, chicken hauses, kindergarten and dwelling houses were built
closely side by side, according to convitions of that time, then now became evident that
inhabitants of settlement had been exposed all the time to the bacterial emission of the
poultry farm. 288 questioned persons of settlement were divided into two groups
according to residing time in the settlement Loo: 1. with the residence under 5 years, and
2. over 5 years. Persons of last group complained about bad feeling of health and
discomfort more often. They had more frequently dizziness and headache. 19% of
inhabitants complained that they had often smelled bad odour at home, 36% - seldom, and
45% of them had not been observed that (R.Silla et al., 1987).
The study of snow samples showed, particularly, that the transmission of air-borne
bacterial infections could take place throughout the settlement though dwelling houses had
been built to windward side from the poultry farm.
CONCLUSIONS
The air pollution survey carried out around the poultry farm in the settlement Loo showed
that the emissions of the farm can extensivly influence the quality of air in residential
district.
Result of investigation permitted to conclude:
1. the air quality in settlement Loo had effect on the feeling of health and comfort of
inhabitants;
2. the study of snow and air samples showed the bacterial pollution directly around the
poultry farm as well as in surrounding residential district;
3. the air-bom transmission of potentially pathogenic bacteria from the poultry farm to all
area of the settlement.
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AIR POLLUTION IN A FERROUS INDUSTRIAL AREA AND
RESPIRATORY DISEASES IN CHILDREN

Manole Cucu, Elena Andronache, Carmen, Marinescu, Stela Sachelarescu, Viorica Oranici
Department of Environmental Health; Institute of Hygiene, Public Health, Health Services
and Management, Bucharest, Romania

The study was performed in a steel industry area with ferro-manganese and ferro-chromium
factories. The air pollutants are represented by respiratory irritants (total sedimented particles
- TSP, S02, NOg) and heavy metals, especially manganese, iron, cadmium, chromium and
lead.
Suspended particles measurements showed high values which oscillated during last years
between 197-381 gg/m3 air with a mean of 83.9 - 54.2 gg/m3 air.
The sedimented dust concentrations recorded high values between 33-35 g/m2/month with an
annual of 10.89 g/mVmonth.
S02 values weren't very high but high levels of sulfates were detected: 21.1 gg SO/'/m3
air/24h in total suspended particulates (TSP) with a median of 12.65 SO42"" gg/m3 air/24h.
Concerning heavy metals:
- manganese levels in the air emphasized values between 4.38-9.05 gg/m3 air/24h; the 1.0 gg
manganese/m3 air reference value exceeded in 25% of samples;
- the manganese level during short term sampling (30 min) was estimated at 24.05 gg/m3 air;
- the highest level of manganese was detected in the sedimented dust (L6,472.7
gg/m3/month), with a mean between 645.5 - 4.184 gg/m3/month; meantime, the maximum
value of manganese oscillated between 191.7 -16,472.7 gg/m2/month;
- chromium was detected at values of 0.05 gg/m3 air as median and 0.27 gg/m3 air as
maximum;
- iron in sedimented dust was detected at levels between 5,737.7 pg/m2/month as maximum
and 3,517 gg/m2/month as mean;
- iron in the air (iron aerosols) recorded a mean between 1.2 - 1.6 gg/m3 air/24 h and a
maximum value of 14.6 gg/m3 air.
The air pollutants values recorded in this area pointed out that manganese is the most noxious
substance.
For the health impact evaluation the present study was performed in 1084 children aged 7-11
years old with a control group of 715 children. An international questionnaire for respiratory
symptoms was applied and some pulmonary functional tests were performed in children
(forced expiratory volume - fev 0.75 sec; forced vital capacity -fvc; peak expiratory flow rate

- pef).

The statistical evaluation highlights significant differences for the prevalence (%) of the
morning cough, day/night cough and chronic cough (three month/in the last two years cough )
- see Table 1.
Table 1. Prevalence (%) of respiratory symptoms in children in the polluted and control areas
symptoms
morning cough
persistent cough
3 month/year cough
dyspnoea (recent)

polluted area (%)
25.67*
25.29*
10.11*
8.80*

control area (%)
11.75*
11.05*
2.94*
3.50*

* p<0.01
The analyses of the respiratory diseases showed an increased prevalence of the bronchitis +
pneumoniae, chronic and acute rhinitis (Table 2).
Table 2. Prevalence (%) of resapiratory diseases in children in the polluted and the control
areas
diseases
bronchitis+pneumonia
chronic rhinitis
acute rhinitis

polluted area (%)
52.1
21.4*
14.1*

control area (%)
42.3
10.2*
6.4*

* p<0.01
Concerning lung function tests the peak expiratory flow rate (pef) presented significant
differences only for some children's groups (Table 3).
Table 3. Peak expiratory flow rate (pef) related to the children's height in the polluted and
control areas
height (cm)
bellow 115
115-119
120-124
125-129
130-134
135-139
140-144
145-149
150-154
155 and over
* p<0.01
** p<0.05

polluted area
242.7
263.9
279.5
304.1
322.9
344.6
371.5
353.8
440.0
0.0

control area
267.5
277.2
290.8
315.3
330.9
360.6
360.5
381.6
370.0
0.0

differences
1.4
1.6
3.6*
3.8*
4.3*
0.3
2.7*
3.1*
2.5**
0.0

Forced expiratory volume 0.75 sec (Table 4) and forced vital capacity (Table 5) showed
differeces with statistic meaning only for some groups of children (*).
Table 4. Forced expiratory volume (fev 0.75 sec) related to children's height in the polluted
and control areas
height (cm)
bellow 115
115-119
120-124
125-129
130-134
135-139
140-144
145-149
150-154
155 and over

polluted area
135.5
144.5
154.5
173.3
191.2
210.0
222.9
236.1
250.0
0.0

control area
140.0
142.6
154.3
169.8
184.3
200.7
220.9
234.1
231.0
0.0

differences
0.8
0.5
0.1
2.3**
6.1*
7.1*
0.9
0.3
3.5
0.0

* p<0.01
** p<0.05
Table 5. Forced vital capacity (fvc) related to children's height in the polluted and control
areas
height (cm)
bellow 115
115-119
120-124
125-129
130-134
135-139
140-144
145-149
150-154
155 and over

polluted area
145.8
158.9
171.1
193.9
215.2
237.1
264.2
283.6
302.5
0.0

control area
156.2
152.9
179.0
189.7
206.9
228.7
245.0
265.1
265.0
0.0

differences
0.6
1.4
1.0
2.2*
7.1*
7.4*
4.7*
1.8
2.6
0.0

* p<0.01
The results obtained in children from this area pointed out that the ferrous industry may
induces specific respiratory diseases with disfunction which is assessed by the high
respiratory morbidity level, especially bronchitis, pneumoniae and rhinitis.
The conclusions are:
- the respiratory irritant pollutants (total sedimented particles -TSP, sulfates, SC^NOg)
associated with heavy metals like manganese, iron, and chromium increase the frequency of
pulmonary diseases and pulmonary function impairments in children.
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FLUORIDE EXPOSURE IN THE PHOSPHORIC ACID
WET-PROCESS PRODUCTION
Ivan Eskinja1 and Grozdana Avirovic2
^Faculty of Chemical Engineering and Technology, University of Zagreb, Croatia
^Department of Research, INA-Petrokemija Kutina, Croatia
INTRODUCTION
Fluoride containing pollutants are released in the atmosphere by a variety of
industrial processes. One of them is the production of phosphoric acid. The three
major steps in the production of phosphoric acid are digestion, filtration and
evaporation. All the three involve gaseous fluoride pollution. Wet phosphoric acid is
manufactured by mixing phosphate rock and sulphuric acid in a reactor forming
calcium sulphate as a by-product. The reaction can be written as:
Ca10(PO4)6F2CaCO3 + 11 H2SG4 + n(llH20)

-»

6H3P04 + llCaS04nH20+ 2HF + C02+ H2Q

(1)

where n= 0, 0.5 or 2.
With an excess of silica hydrogen fluoride further reacts as follows:
4HF + Si02

-+

SiF4 + 2H2G

(2)

Hydrogen fluoride and silicon tetrafluoride are considered to be a specific type of
atmospheric pollutants because of their high absorption through respiratory tract.
Although a few studies (1-4) on occupational exposure to fluoride in industry have
been carried out a proper relationship between urinaiy fluoride content and
atmospheric fluoride exposure has not yet been established (1).
The aim of this paper was to estimate the level of fluoride exposure in workers
employed at a phosphoric acid production plant by biological and personal air
monitoring and to determine the relationship between urinaiy fluoride content and
atmospheric gaseous fluoride concentration.
MATERIALS AND METHODS
Area and personal monitoring
Personal and semi-automated stationary area monitoring were conducted to estimate
the exposure of workers to atmospheric gaseous fluorides (5-7). Fluorides in samples
of air collected by personal and area monitoring were measured by a fluoride specific
electrode and short-term airborne fluoride concentrations by means of indicator
tubes. The results of analysis of personal samples were directly compared to long-teim
exposure limit edicted by the Croatian Ministry of Labour and Public Welfare (8).
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Biological monitoring
Biological monitoring included potentiometric determination of fluoride concentration
in urine samples collected before and after exposure (preshift and postshift) to enable
eva-luation of past exposure to fluoride and to validate the atmospheric monitoring
(9,10).
The subjects in the study were 48 exposed workers employed at a phosphoric acid
plant and 40 control workers from a sulphuric acid plant. Investigations were carried
out in March 1990 and included all the employed in the phosphoric acid production
process with the exception of those who were exclusively and/or predominantly
exposed to phosphate dust with about 3.5 % F during work shift. Fluoride
concentrations were determined in pre- and postshift urine samples after three or
more consecutive workdays simultaneously with area and personal exposure
monitoring.
Urinaiy fluoride concentrations in a preshift sample of 4 mg L'1 and in a postshift
sample of 7 mg L"1 are acceptable as biological limit values (11).

RESULTS
Area monitoring
The gaseous fluoride concentrations in the work atmosphere (8-hour samples) were
below the threshold limit value of 2.5 mg m"3. Short-term airborne fluoride concen
trations determined above a reactor located in the open air reached 19.47 mg m'3
when exits were open. The values measured above a phosphoric acid storage tank
were as high as 8.30 mg m'3 . To these areas the workers went only occasionally
wearing a protective mask.
Personal and biological monitoring
Table 1 gives the means and ranges of fluoride concentrations in personal samples
and fluoride content in the urine of exposed and control workers.
The correlation between fluoride concentrations in the work atmosphere (personal
samples) and the difference in urinaiy fluoride concentrations between postshift and
preshift samples are shown in Figure 1.
DISCUSSION
The results of measurement of personal exposure to fluoride and of short-time
fluoride concentrations in the work atmosphere agree with those reported by other
authors for similar plants (4).

Table 1. Personal exposure and urinary fluoride concentrations of
phosphoric acid plant workers

Concentration
in air
F mgm"3

Group

Exposed
workers

Control
group

Concentration of florides in urine
preshift (YJ postshift (Y2) (Y2-Yt)
F mgL'1
F mgL'1
F mgL"1

n
mean
SD
range

48
0.102
0.202
0.002-1.310

48
1.48
0.91
0.25-4.70

48
3.86
2.62
0.90-16.00

48
2.38
2.67
0.00-15.50

n
mean
SD
range

263*
0.006
0.003
0.0005-0.026

40
1.06
0.66
0.27-2.80

40
2.07
1.135
0.42-4.00

40
1.01
0.98
-0.22-2.90

2.5

4

7

Limit values

* results of fluoride concentration monitoring in factory area atmosphere
n = number of workers, i.e. samples
SD=standard deviation

O) 10 *

r

8-

N=48
r=0.45
y=5.92x+1.76

P=0.001

X mg/m3

Figure 1. Correlation between fluoride concentrations in
work atmosphere (personal exposure, X) and
difference of urinary fluoride concentrations in
postshift and preshift samples (Y2 - YJ

-

The estimated gaseous fluoride concentrations in the work atmosphere (personal
exposure, mean 0.102 mg m"3) correlated with the difference in urinary fluoride
concentrations between postshift and preshift samples (r= 0.45, P= 0.001).
The average urinary fluoride levels of the exposed workers before and after work shift
were below the biological limit values, but the after shift values were two times higher
than those of controls. The postshift urinary fluoride concentrations did not exceed
7 mg L"1 (NIOSH Criteria Documents) except in three cases, confirming the results of
some earlier investigations (2), according to which urinary fluoride concentrations for
similar exposure conditions are usually below 5 mg L"1.
Though the number of workers with high postshift urinary fluoride concentrations was
rather small it calls for further investigation to prevent individual health risk of osteo
sclerosis as well as to make additional technological improvements and achieve good
industrial hygiene conditions. Besides recommendations for improvement of working
conditions results of this investigation have been used to develop medical criteria for
preventing and reducing occupational exposure to fluoride.
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INVESTIGATION OF THE POLLUTION OF HUMAN HAIR BY
HEAVY METALS IN THE KINESCOPE FACTORY

Aloyzas Kapustinskas1, Kestutis Kvietkus2, Stasys Valteris1 and Darius Cebumis2
'Department of System Control, Lithuanian Institute of Energetics, Kaunas, Lithuania
2Ecological Spektroscopy Laboratory, Institute of Physics, Vilnius, Lithuania

INTRODUCTION
Different materials, with heavy metals Pb, Cd, Ba, Sr, Zn in their composition, are used in the
production of the kinescopes. Such metals pollute the air in the working area, accumulate in the
human organism and can cause negative health effects (1). Therefore, investigations on the
pollution by heavy metals in kinescope factories, on the intoxication degree of working people
and on the influence of different production-demographic factors are very important.
MATERIALS AND METHODS
The methodics is based on the fact, that a certain part of heavy metals in the human organism is
accumulated in the hair (2). Therefore the quantity of heavy metals, accumulated in the human
hair, characterizes his intoxication degree. The investigations were carried out in the following
way. A system of production-demographic factors (such as working place (department), character
of the job (worker, engineer or technician, administrator), sex (woman, man), age and work
record), which could influence the intoxication degree, was chosen. The structural model of the
factory was formed on the basis of this factor system, i.e. all working people of the factory were
divided into groups, e.g., the workers - women of the department ST1, the engineers of the
department M with the work record 3-5 years, etc. (see Fig. 1, 2). The total number of the
working people being large (about 7000), a smaller representative contingent of the working
people (about 1000), with the same structure and proportionally smaller groups, was taken in
order to decrease the investigation expenses. The groups were formed from corresponding factory
groups by applying the random selection method (3). Hair samples of each member in the
representative contingent were taken and element analysis was carried out.
Samples, containing 0.5 g of hair, were boiled in 5 ml of concentrated nitric acid. After
evaporation at 95 - 100° C to a few millilitres, samples were brought up to 50 ml volume with
deionised water, and after that heavy metals - Pb, Cd, Ba, Sr and Zn - were analysed by means
of graphite furnace atomic absorbtion spectrophotometer "Perkin-Elmer, Zeeman / 3000".
Concentrations were expressed in pg/g of hair. Each 35th sample was taken as a test sample. It
meant, that this sample followed all the preparation procedure but without adding the hair.
Concentrations of the test samples were subtracted from the measured hair sample concentrations.
Considering the preparation procedure, some uncertainties, concerning measured concentrations,
should be taken into account. Hair samples were not washed before analysis, but the people were
asked to wash the hair before cutting them. Hair samples were also not dried before analysis,and
that meant, that concentrations could depend on the humidity of the hair. As the number of

samples was large enough (about 1000) it is stated, that these uncertainties are not likely to
influence the results considerably.
RESULTS AND DISCUSSION
Statistical analysis of the heavy metal concentrations in the hair samples was carried out. It was
shown, that the concentrations are distributed by the logarithmic-normal distribution law. The
mean and the variance estimates were calculated for each group of the working people and for
each heavy metal, after eliminating the values, which were not subjugated to the logarithmic normal law. The results show, that the factor of the working place has significant influence on the
human organism intoxication by heavy metals : the working people of the department I have
considerably more acumulated metals (Pb, Sr, Ba) in the hair than the others (Fig. 1).

Figure 1. The averages of heavy metals quantities in working people hair with respect to different
production-demographic factors. G - all factory, T, I, ST1, ST2, SU1, SU2, M - departments with
corresponding names, K - other departments of the factory. The averages are presented for each
department in the following sequence: for all working people in the department, for all men, for
all women, for all workers, for all engineers and technicians, for all administrators. RM - Reference
Man, TP - town-people

Different mixtures, prepared for the production of kinescope glass tubes in this department,
contain heavy metals Pb, Sr, Ba and, naturally, are spread in the surrounding air. Relatively larger
pollution by Cd is observed in departments SU1 and SU2, where the mixtures, containing Cd, are
used in the assembling operations of kinescopes. Only pollution by Zn is almost the same in the
all departments. In general, the intoxication of men is larger than to that of women and that of
workers - larger than that of other working people (Fig. 1). The intoxication by heavy metals
increases with the age and work record, except the intoxication by Zn,which has decreasing
character (Fig. 2).
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Figure 2. The averages of heavy metal quantities in the hair of all the working people of the
factory with respect to the age (1) and the work record (2). The age groups are: a - < 20, b -2125, c - 26-30, d - 31-35, e- 36-40, f- 41-45, g - 46-50, i - 51-55, j - > 55 years. The work record
groups are: k - 5 2,1 - 3-5, m - 6-10, n - 11-15, o - 16-20, p - 21-25, q - 26-28, r - > 28 years
Similar hair analysis was also accomplished for a town-people group (38 people) in oreder to
determine background concentration level in the human hair (Fig. 1). The data of Reference Man

data (2) may be also considered as the background intoxication estimate (Table 1). Relative
intoxication of the factory and the most polluted departments were determined (Table 1). They
show, that the intoxication by heavy metals of the factory working people is almost the same as
that of the Reference Man. However, the factory pollution is significantly higher, because the
intoxication of its working people is on the average 1.3 - 6.6 times larger than the town-people
intoxication, and the average intoxication in the most polluted departments is 3 - 18 times larger
than average intoxication of the town-people. An exeption is the intoxication by Zn, which is
aproximately equal to the background intoxication.
Table 1. Background and relative intoxications (RI)

Background intoxication

Metals
Pb

Zn

Cd

Sr

Ba

Reference Man (RM)

50.0

260.0

0.5

50.0

5.0

Town-people (TP)

2.75

236.4

0.19

13.1

2.5

factory

0.36

0.91

0.93

0.33

1.15

most polluted department

1.0

0.997

1.23

1.12

3.16

Wg)

RI with respect RM:

RI with respect TP :

-

factory

6.56

1.0

2.43

1.27

2.35

most polluted department

18.3

1.1

3.23

4.27

6.42

CONCLUSIONS
Although the intoxication of the kinescope factory working people is aproximately the same as
that of the Reference Man in the world, the factory is a significant polluter in the town.
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RELEVANT RESULTS OF STUDIES PERFORMED IN NORTH RHINEWESTFALIA DEALING WITH HEALTH EFFECTS OF AIR POLLUT
ANTS DUE TO MOBILE SOURCES, COMPARED WITH HEALTH EF
FECTS OF OTHER URBAN POLLUTANTS

Eckehard Koch*
^Ministry for Environment, Regional Planning and Agriculture, North Rhine-Westfalia,
Dusseldor£ Germany

INTRODUCTION
In 1975 in North Rhine-Westfalia, Federal Republic of Germany, according to the Federal
Immission Control Act (1), five areas with high air pollution were determined. For these areas
Clean Air Plans were drawn up. Clean Air Plans shall comprise a representation of emissions
and immissions established for all or specific air pollutants, information about the impacts
recorded for assets worthy of protection (human beings, animals and plants, water, the
atmosphere etc.), any findings obtained as to the causes and effects of such air pollution, an
assessment of any forthcoming changes in emission and immission conditions, details on
immission levels and characteristic immission values and the measures envisaged for the
reduction and prevention of air pollution. In accordance with these requirements
epidemiological investigations of adults and children were performed in connection with the
Clean Air Plans. The aim of the studies was to examine, if there were any effects of air
pollution on human health, and in the case, there were, to prove, which specific air pollutants
were causal for them. Furthermore the results of the studies should give hints, if there were any
changes of the observed effects in the course of years. Conclusively the studies - in
combination with the other parts of the Clean Air Plans - should prove if the purpose of the
Immission Control Act (to protect human beings... against harmful effects on the environment)
was fulfilled, or, if not, should lead to measures for reduction and prevention of air pollutants.
METHODS
The latest studies the data of which were analysed and the results were published were
executed in the Rhine-Area 1987/88 (2) and in the Ruhr-Area 1990/91 (3) A total of 4439 6year-old children and 1674 55-year-old women in the Rhine-Area (towns Koln (Cologne),
Leverkusen, DQsseldorf a.o.) and in Borken, a low polluted rural town as control area, as well
as 4865 6-year-old children and 2203 55-year-old women in the Ruhr-Area (towns Duisburg,
Essen, Gelsenkirchen, Dortmund and Borken) was examined. In addition to these crosssectional studies women in the Ruhr-Area (Bottrop, Gelsenkirchen, Heme, parts of Essen and
Dortmund, Borken) who were 55 years old in 1985 were examined again in 1990 when they
were 60 years old (1195 women). Target variables were respiratory diseases and symptoms,
pulmonary function parameters and parameters of the internal pollution burden (blood: lead,
cadmium, benzene, toluene, xylene a.o.; urine: cadmium, arsenic a.o.). For example in the
Ruhr-Area about 55 target variables were examined. The study participants filled in a
questionnaire concerning respiratory and allergic diseases and symptoms as well as possible
confounders (living situation, smoking / passive smoking, burden at the workplace, indoor
pollution etc.). Subcollectives did lung function tests and gave blood and urine samples. The
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results of immission measurements (S02 N02, SPM, dust deposition, benzene, lead, cadmium
etc.) were used in order to find possible causes for certain effects. Multiple regression analysis
was used for evaluation of data after taking the immission concentrations and confounding
factors into account.
RESULTS
The studies brought forth many interesting results. For details consult the references. Some im
portant results are the following:
1. The investigations in the Rhine-Area showed much higher concentrations of benzene and
toluene in the blood of 6-year-old children at Cologne (centre) than at Borken. Obviously
the differences were caused by the different traffic burdens in both towns (table 1). The
lung function tests showed worse results in the higher polluted areas, especially for the
women in Leverkusen, compared to Borken.
Table 1. Geometrical means of internal burden (blood) for 120 children at towns with
high (Cologne) and low (Borken) traffic burden
Town

Cologne-Centre

Borken

Quotient
Cologne-CV Borken

0,11
0,52
0,92
5,18

0,07
0,33
0,60
4,70

1,57
1,58
1,53
uo

Target Variable
Benzene
Toluene
COHb
Lead

[pg/1]
[pg/1]
[%]
fug/lOOmll

2.

In the Ruhr-Area the pollution caused by S02, dust deposition and deposition of heavy
metals has decreased from 1985 to 1991. Only in certain parts of Duisburg a relative
higher pollution can be observed. Here the concentrations of blood-lead and -cadmium
were found low, but higher than in the other study areas and were connected with the
immission concentrations. The women in northern Duisburg proved to have more
respiratory diseases and worse lung functions than in the other study areas.

3.

The longitudinal section study on women in 1985-1986/1990 showed that parallel to the
decrease of pollution by lead and cadmium the blood-lead and -cadmium concentrations
decreased as well (about 30 % and 20 %). For cadmium a significant decrease can be
observed from 1985 to 1986, but there was no significant change from 1986 to 1990
(tables 2, 3). A decrease of certain respiratory diseases was found in the Ruhr-Area; but
the frequency of hay fever was higher here in 1991 than in 1985 (8,1 % as against 7,1 %,
related to a total of 733 woman), and the change in disease status was connected with the
change in exposition to automobile exhaust.

Table 2. Decrease of average heavy metal deposition and air concentration 1985 - 1990
in the Ruhr-Area and at Duisburg (as an example)
Lead

1985
1986
1987
1988
1989
1990

deposition
Ruhr-Area
fng/m2dl
178
131
126
80
149
91

Cadmium
concentration
Duisburg
[pg/m3]
0,46
0,39
0,32
0,29
0,27
0,20

deposition
Ruhr-Area
[" pg/m2-d]
2,7
1,9
1,9
1,2
1,6
U

concentration
Duisburg
[pg/m3]
0,008
0,005
0,004
0,0038
0,0036
0,0034

Table 3. Decrease of internal pollution burden (heavy metals) 1985/86 - 1990
(longitudinal-sectional study on women)
Blood-lead [pg/100 ml]
Area

geom. mean

geom. mean

Quotient

N

1985/1986
7,49/

1990
5,12

1990/ 1985-86
0,68

1985/86
41/

8,14/

5,34

0,66

56/

IS,95
6,65/5,45

4,57
4,49/4,701

0,78
0,68/0,86

/ 91
75/63

geom. mean

geom. mean

Quotient

N

1985/86
0,50/

1990
0,41

1990/1985-86
0,83

1985/86
41/

0,49/

0,37

0,77

55/

0,41
0,42 / 0,431

1,04
0,80/1,02

/ 92
74/64

DortmundEving/Centre
DortmundHorde
Heme
Borken
Blood-cadmium [pg/1]
Area

DortmundEving/Centre
DortmundHorde
Heme
Borken

/ 0,41
0,54/0,43

1 women first investigated in 1986

4. The investigations in the Ruhr-Area showed that the lung function of people living at main
streets with much traffic was debased; here the frequency of respiratory diseases and aller
gies is greater. The internal burden caused by benzene and other traffic-induced pollutants
is greater for children and women who live in dense traffic areas. The average bloodbenzene concentration of women who lived in Essen (centre) was higher by 50 % than in
Borken (0,073 pg/I (N=39) as against 0,048 pg/1 (N=40)).
DISCUSSION
The results show a decreasing importance of the exposition to general urban pollutants. A
general reduction of SOz, dust deposition and deposition of heavy metals could be observed in
the Ruhr-Area in the last years. The internal burden (blood-lead, blood-cadmium) decreased
during that time. On the other hand the results show an increasing importance of the exposition
to automobile exhaust. The results found in Cologne led to the execution of a control study in
1993 to prove whether the children's blood-benzene concentrations were as high as in 1988.
Furthermore a detailed study is planned to verify exclusively the influence of traffic-induced air
pollutants on health taking still more confounders into account. But the studies reported here
show significant connections in a negative medical sense between respiratory diseases and
symptoms and the traffic burden; for allergic symptoms or immune and lung function
parameters adverse effects were found; the higher blood-benzene concentrations indicate a
higher risk of leukaemia. The detected adverse health effects are weak, but they complete the
results of earlier studies (e.g. 4, 5). In general the results show that additional provisions are
necessary for both reducing automobile exhaust and the traffic densities in cities.
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HEALTH STATUS OF THE 50-64-YEAR-OLD WOMEN IN HARJAVALTA
DISTRICT, FINLAND

Tuija Leino, Helena Mussalo-Rauhamaa, Jaakko Kaprio and Kauko Heikkila
Department of Public Health, University of Helsinki, P.O. Box 21,
00014 University of Helsinki

INTRODUCTION
Harjavalta has been one of the most polluted areas in Finland (1). There are two important
metal ore refineries situated at the town area. Niemisen Valimo Oy produces metal
products and Outokumpu Harjavalta Metals Oy has functioned over 40 years producing for
example sulphuric acid, copper and nickel. The pollution at the area consists mainly of
particle deposits, heavy metals and sulphur dioxide. After environmental efforts made by
the companies, the amount of pollution has decreased during the last decade. The average
year concentrations of sulphur dioxide have been 19-49 pg/m3 during the last ten years.
Respectively, the year concentrations of particle deposits have been from 28 to 51 ug/m3
(2) . In Harjavalta the depositions of arsenic and cadmium have been higher than anywhere
else in Finland. The amount of arsenic released to the environment from the refineries has
been 50-120 tons/year and the amount of cadmium 4-23 tons/year during the last decade
(2).
It is known that the high concentrations of air pollutants in Harjavalta have damaged trees
as well as the normal functioning of the soil bacteria. Certain areas in Harjavalta are free
of groundlichens due to the heavy metal pollution. There is also some evidence that the
birth weights might be lower in Haijavalta area when compared to other areas in Finland

(3) .
The purpose of this study is to compare the health status of elderly women living at the
Harjavalta area to those living at the neighbouring communities without marked air
pollution. Due to the air pollution the amount of respiratory symptoms as well as the
amount of respiratory infections was expected to be higher in Harjavalta.
MATERIALS AND METHODS
During the study questionnaires were sent to all 50-64 year old women living in
Harjavalta (n=799). A comparison group was 1000 women living at the neighbouring rural
communities Parkano, Laitila and Ikaalinen. The size of each of these subgroups is related
to the population in each community, and together they are refered to as country area. To
be able to consider the possible effect of different lifestyle in town areas compared to the
countryside, 1000 women from the city of Pori were selected to act as a second control
group refered to town area.
The questionnaires designed contained detailed questions about general health status,
smoking habits, social status, the amount of medical care required during the last 12
months, amount of daily contacts with children and pet animals kept by the family. The

amount of various respiratory symptoms were inquired. A compoud variable of chronic
bronchitis was asessed based on the answers of three separate questions concerning cough.
The person was considered to have chronic bronchitis, if she had suffered several periods
of cough during the last 12 months, and if at least one period of productive cough had
lasted more than 3 months.
In Haijavalta 637 women answered and that correspondes to a response rate of 80%. In the
control areas 77% answered, 781 in rural areas and 743 in Pori. Inhabitants of the
communities were fairly stationary, as 90% of women had been living more than 15 years
in their present home community, and only 3% had resided less than 5 years.
In statistical analysis Haijavalta was separately compared with the country and town areas
using chi-squared test and t-test.
RESULTS
The age distribution and the amount of daily contacts with children did not differ
statistically between the three groups. The family income, number of pet animals and
distribution in social classes differed between the country area and Haijavalta, which is
mostly due to the greater amount of farm owners in the country area (table 1). The women
in the country area smoked statistically significantly less than in Haijavalta (table 2).
Passive smoking at home was more common in the town area than in the other areas.
Table 1. The differences in background variables between Haijavalta and both of the
control areas tested separately, ns = not significant, * = p<0.05, ** = p<0.01.
Harjavalta/country

Haijavalta/town

age

ns

ns

daily contacts with children

ns

social class

ns
**

family income

**

ns

number of pet animals

**

ns

ns

Table 2. The differences in active and passive smoking between Harjavalta and both of the
control areas tested separately.
Harjavalta

County

Town

%

%

P

%

P

ever smoked

24

17

**

27

ns

present smoker

12

9

*

15

ns

37

17

**

41

passive smoking at home

6

7

ns

9

ns
*

passive smoking at work

18

15

ns

19

ns

>20 cigarettes/day

The respiratory symptoms and diseases inquired are presented in tables 3 and 4. Only the
prevalence of pulmonary emphysema differed statistically between Harjavalta and the town
area. In the town area pulmonary emphysema was slightly more prevalent, although it was
a rare disease in all of the areas. Around 60% of the women in this study answered that
their health was either good or fairly good, and less than 3% considered their health poor.
The areas did not differ in this respect.
Table 3. The differences in the prevalence of respiratory symptoms and diseases between
Harjavalta and both of the control, areas tested separately.
Harjavalta

asthma
allergic rhinitis
pulmonary emphysema
discomfort of the eyes
chronic bronchitis

Town

Country

%

%

P

%

P

4

6

ns

6

ns

14

13

ns

17

ns

0.3

0.8

ns

1.6

*

29

34

ns

32

ns

2

2

ns

3

ns

Table 4. The differences in general health during the last 12 months between Harjavalta
and both of the control areas tested separately.
Harjavalta/country

Harjavalta/town

P

P
*

> 3 respiratory infections

ns
**

ns

health status (own opinion)

ns

ns

amount of medical care required

ns

ns

at least 1 respiratory infection

DISCUSSION
This initial analysis indicates that the elderly women in Harjavalta did not seem to have
more respiratory symptoms or diseases than women in the areas without marked air
pollution. This study showed only one difference between Harjavalta and the country area,
there were more women who had suffered more than 3 respiratory infections during the
last 12 months in Harjavalta than in the country area. Women of Pori and Harjavalta,
however, did not differ significantly in the amount of respiratory infections during the last
12 months. As women at the country area smoked less than the women living in Harjavalta
or Pori, smoking habits could be a part of the explanation behind the difference seen in the
amount of respiratory infections. Further analysis which adjust for smoking, age and other
covariates, will indicate whether there are differences in respiratory symptoms and diseases
between Harjavalta and other reference areas.
It is known that air pollutants such as sulphur dioxide can cause respiratory symptoms
when present in high concentrations. In Harjavalta, however, the acidic deposition has
decreased markedly during the last decade. Other types of health effects could be caused
by the heavy metal pollutants and they are yet to be studied.
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RESEARCH OF THE INFLUENCE OF AIR CHEMICAL POLLUTIONS
ON THE HEALTH OF URBAN POPULATION
Tatyana Naumenko, Michail Smirnov, Petr Amvrosiev, Galina Kurganskaya and Tatyana
Gritsenko
The Byelorussian Sanitation and Hygiene Research Institute, Minsk, Belarus

INTRODUCTION
The main problem of environmental hygiene in the Republic of Belarus is ecological situation
health effects extent determination and risk assessment.
The different epidemiological studies of ecological risk for public health due to atmosphere
industry emissions, directed to hygiene standards correction and epidemiological and
ecological situation management were conducted by our Institute. We studied atmosphere
pollution of heavy industry enterprises, pharmaceutical production, the electric power stations
and its impact on people morbidity in adjacent and sanitary-protection areas.
The objective of our research is hygienic assessment and determination of public health
changes, caused by atmosphere pollution, and preventive measures programs elaboration in
such industrial cities as Brest, Gomel, Minsk, Grodno, Mogilev, Novopolotsk.
METHODS
The retrospective epidemiological adult and infant population incidence level analysis has been
conducted on the city outpatient clinic partial data basis.
The hygienic estimation of air pollution danger degree was conducted according to a summary
index ‘P’, accounting danger class of a substance and multiple of a maximum permissible
concentration. Our classification includes 5 degrees: permissible, weak, moderate, strong,
dangerous.
Chromato-mass-spectrometer LKB-20-91 with data processing system 2130 including
substances amalgamation data bank was used for air samples analysis.
We have used the usual statistic methods — Analysis of Variance and Regression Analysis.
RESULTS
The atmosphere pollution level hygienic estimation in unfavorable from ecological aspect cities
such as Mogilev and Grodno, was made both by specific and diffused pollutants, and by total
integrated air pollution index.
Chromato-mass-spectrometric method points to the lack of coincidence of chemicals variety
declared by industrial enterprises as atmospheric emission and really revealed composition of
pollutants (by example of cities of the Republic of Belarus).
37 21081
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The chromato-mass-spectrometric analysis of air samples in studied towns gave the large range
of organic chemical compounds polluting the atmosphere in respect of seasons.
About 200 organic chemicals have been detected, the most part of them are alkanes (24),
aromatic hydrocarbons - derivatives of benzene (18), cycloalkanes (8) by quantity, as well as
by concentration.
Supplementary revealed chemicals are probably conditioned by the process of their chemical
transformation under the influence of thermobaric processes and reactions with natural oxides
(ozone, ultraviolet).
The estimation of morbidity level by the correlation and regression analyses shows that there is
an increase of confidence degree in association between the morbidity level of population and
atmosphere air pollution while including into the mathematic model besides typical air
pollutants and some chemical substances - chemical transformation products.
The retrospective epidemiological analysis of the primary morbidity level and the extension of
some diseases: thyrotoxocosis, diabet, hypertension, cardiac infarction, angina pectoris,
tonsillitis, pneumonia, bronchitis, asthma, iron deficiency anemia, congenital anomaly and etc.
in adult and infant population made possible to characterize the ecological situation in that
studied towns as unfavorable. We have revealed the growth trend for some of diseases in
cities Brest, Vitebsk, Gomel, Grodno, Mogilev, Minsk.
Also we have studied air pollution combinational impact and social-economical factors on
morbidity in adult in different regions of Minsk. We have established that 2 times increase of
air pollution summary index, 5 % increase smoking people number and 10 % daily migration
leads to 1.6 times increase of respiratoiy morbidity. If supplementary 2 times increase people
living in poor flat conditions 2.2 times increase the respiratory morbidity.
The cardiovascular disease level of men first of all depends upon extension of the leading
factor risk: smoking, which contributes to the morbidity is 13 %, but the intense air pollution is
9 %. According to our calculation the 10 % decrease of smoking people extension may 1.2
times decrease of the cardiovascular morbidity in adult man, what is equal to several time air
pollution decrease. By method of the multifactorial analysis we have ranged the studying
environmental and social factors for extent of influence upon general morbidity in following
range: air pollution, smoking, the high density and the inferiority plan of flat, the daily public
transportation, low incomes, alcohol abuse, the harmful condition of work, low education,
social status.
Recently certain air pollution decrease was observed and in 1993 this process was continuing
because industry found itself in extremely difficult situation.
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ACCURACY OF ODOUR ASSESSMENT BY SNIFFING TEAMS

Wilfred Smith, C.J. Valk en C.J.M. Anzion.
Witteveen+Bos Consulting Engineers b.v., Deventer, The Netherlands.

INTRODUCTION
Witteveen+Bos Consulting Engineers has used sensory assessment by sniffing teams to
investigate odour pollution for several years. Although this method is not standardized in the
Netherlands, it has gained general acceptance. Odour assessment with sniffing teams is
conducted in several ways as described in the Netherlands Government policy document (1).
Witteveen+Bos and DHV were commissioned by the Netherlands Ministry of Housing, Spatial
Planning and Environment to produce a document on Odour Measurement and Assessment,
which includes various methods for odour assessment by sniffing teams (2). The document
states that it has not been possible to establish the accuracy and reproducibility of these
methods. However, Witteveen+Bos’ experience with a number of projects has led to to a first
indication of the accuracy of the method.
Sniffing team methods
Two methods are used in sensory assessment of odours with sniffing teams: the walking
method; and the seat method.
In the walking method, the team members are mobile and estimate the distance between the
odour source and the point where the odour can be detected by 50% at ground level. This is
the sniffing boundary. The strength of an odour source can then be estimated using the
Gaussian plume model to calculate short-term mean concentrations.
With the seat method, the team members are stationary and assess the frequency of the odour
at several locations around the source. The source strength is then determined by means of the
Hogstrom model (calculated from the odour frequency) developed by the Department of Air
Pollution of the Wageningen Agricultural University, the Netherlands.
These two methods are used in different situations and for different purposes. The present study
deals with the walking method, which is the method used mainly by Witteveen+Bos in odour
investigations with sniffing teams.
On each measurement day, the team makes two assessments of the odour distance, that is the
distance from the source to the place where half the members of the team can detect the odour.
For this purpose, at least five different places in the plume of the source are tested to establish
the furthest distance which any member of the team can detect the odour and the closest
distance at which all team members can detect the odour. If necessary, the team may go to the
source in order to acquaint themselves with the odour.
A number of preconditions need to be met in order to carry out odour measurement with a
sniffing team:
- The team must have at least 6 members.
- Team members must be selected on the basis of their individual odour threshold to n-butanol
according to NVN 2820 (3).
- The odour to be investigated should be clearly distinguishable from the background odours.

i

- The area in the vicinity of the odour source should be accessible in the direction of the
plumes and diagonal to the plumes.
- The assessment must be supervised by the team-coordinator, who does not participate in
the observation.
- During the assessment, team members must not discuss their assessments with one another.
- The assessment period per place must be two minutes.
- There are meteorological preconditions:
* The wind speed at 10 m above ground level must be greater than 3 m/s and less than
10 m/s.
* The wind direction during an assessment run must not vary more than 30°.
* Assessments are not to be done when it is raining; and 15 minutes are allowed to lapse
after a rain shower before an assessment run can start.
* Assessments are not to be made at temperatures below 5 °C.
All assessments by a sniffing team are recorded on pre-printed forms and collected by the
sniffing team-coordinator.
The sniffing boundary is determined from the field assessments. The odour distance is
calculated according Dravnieks in conformity with NVN 2820 in which the dilution steps are
replaced by distance.
With the aid of a short-term model, the strength of the odour source is calculated on the basis
of distance and meteorological conditions. These calculated source strengths can be tested on
odour norms using the distribution calculation model, the LTFD model.
ACCURACY OF SNIFFING TEAM ASSESMENTS
Standardized methods for odour measurement together with quality control procedures are set
out in NVN 2820. Reference gases with reducing dilutions are also given which can be used
to test the geometric reproducibility (R’) and the geometric repeatability (r’) of odour
assessments on a set of criteria. The criteria for R’ en r’ are related to n-butanol and are as
follows.
Geometric reproducibility (R’): Geometric reproducibility R’ is the value for which there
is a probability of 95% that the highest relationship between two single assessment values
obtained using the same method, with an identical sample under different laboratory conditions,
with a different investigator and equipment and/or time interval will be less than that value.
This requirement in NVN 2820 is R’< 4.
Geometric repeatability (r’): Geometric repeatability r’ is the value for which there is a
probability of 95% that the highest relationship between two single assessment values obtained
with the same method, with an identical sample under the same laboratory conditions, using
the same investigator and equipment and/or time interval will be less than that value. This
requirement in NVN 2820 is r’< 3.
For geometric reproducibility (R’) and repeatability (r’), at most two measurements vary from
one another by a factor of 4 and 3 respectively with 95% reliability.
Because sniffing teams from Witteveen+Bos were considered, with an identical sample under
different laboratory conditions, with a different investigator and equipment and/or time interval
will be less than that value, the geometric reproducibility R’ was estimated.
The results of five sniffing team investigations were used to calculate the geometric
reproducibility (R’). In four of the five investigations, the source strength of the odour was
assessed twice a day on four days. In the other study this was twice a day on ten days. Because

or

the geometric reproducebility depends on the assessment values, the most unfavourable
repeatability was calculated per set. This can be called the maximum geometric reproducibility.
The geometric reproducibility was calculated for every possible combination of 2, 3, 4 and 5
assessment days for each investigation. The highest R’ was taken for each combination of
assessment days in each investigation, that is R’max. The maximum geometric reproducibility
(R’max) for the sniffing teams assessments was estimated by first calculating the standard
deviation (s) as follows:

s = V (2j (xrm)2 / n-1)
where x,- the natural logarithm of the estimated odour source strength of the sniffing team, m
the natural logarithm of the mean assessments of the source strength of the sniffing team and
n the number of measurements and R’max according to:
= e(t+sV2)

where t is a factor from the t distribution dependend on the (n-1) values of a 95 % confidence
interval, s is the standard deviation andV2 indicates that r’ is related to the difference between
two assessment values. The maximum geometric reproducibility (R’max) for the five sniffing
team investigations is given in Figure 1.

Number of measurement days
d
a

Project A
Project D

+
x

Project B
Project E

«

Project C

Figure 1. Maximal geometric reproducibility for number of maesurement days
Calculation of the distribution factor
The distribution of assessment values in the investigations and also the accuracy of the estimate
of the actual value is expressed as the distribution factor:

The confidence interval is as follows: m / (s . tn / Vn) <m<m*(s.tn/Vn)
The size of the t factor depends on the number of assessments n and the degree of reliability
selected. The distribution factor in relation to the number of measurements for the 95%
confidence interval is presented in Figure 2.
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Figure 2. distribution factor in relation to the number of measurement days.
CONCLUSION
On the basis of the statistical analysis of the data from five sniffing teams, R’max (with a
probability of 95%) is less that 4 for two sniffing team assessments on each of 4 measurement
days. Furthermore, it can be concluded that for these five investigations the distribution factor
for four measurement days each with two sniffing teams assessments is less than 1.5.
Sensory assessment by sniffing teams therefore appears to be just as accurate as studies
undertaken with sensory odour measurement by using an olfactometer.
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ANNOYANCE CHARACTERIZATION AROUND ODOUR-EMITTING
INDUSTRY IN FINLAND

Mona Tbrronen
VTT Chemical Technology, P.O.Box. 1403 FIN-02044 VTT Finland

INTRODUCTION
In Finland the degree of annoyance caused by odour-emitting industry is evaluated case by
case and no uniform practice for the evaluation exists for the moment. There is a steadily
increasing need of tools for the authorities to determine odour annoyance and to define an
acceptable annoyance level.
In order to set the criteria for acceptable odour annoyance and odour abatement, information
is needed on the population's reactions to different odours, as well as on the relation between
odour immission and odour annoyance. This was clearfied in an odour annoyance study
around a number of odour emitting-industries in Finland.
METHODS
The odour annoyance investigation was carried out as a questionnaire study in 1994. In total,
4 600 questionnaires were sent to people living in the vicinity of 16 different odour-emitting
plants in 8 localities in Finland. The selected activities were chosen to represent as well as
possible the odour-emitting activities in Finland. The following sectors were selected:
cellulose production (3)
tobacco production (1)
sewage plants
(2)

food industry
oil refinery
foundry

(3)
(2)
(1)

chemical industry (1)
metal and coating (2)
rubber production (1)

The chosen case studies varied according to the type of area, including both cities and
sparsely populated areas. The number of questionnaires distributed around each odour source
varied between 200 and 1 000 according to the extent of the odour plume. The questionnaires
were distributed randomly but geographically evenly around the odour source.
The first part of the questionnaire included general questions about the environmental and
odour annoyance and social-emotional reactions to odour. In the second part the residents
were asked to specify what kind of odours occur in their environment, to evaluate the fre
quency of each odour type and rate how annoying they percieved the occurrence of each
odour type. The degree of annoyance was rated on a scale from 0 to 5:
0 = not annoying
1 = minute annoyance
2 = slightly annoying

3 = clearly annoying
4 = very annoying
5 = extremely annoying

Similar annoyance rating scales have been used in odour nuisance studies, e.g. in Germany
and Denmark /l, 2/.
The returned questionnaires were treated both at an individual and group level. The groups
represented zones around the odour sources, defined by the distance from the source and the
number of returned questionnaires (min. N > 20).
Based on the description of the odour types, the contribution of the investigated odour source
on the total odour immission and nuisance was determined. The odour frequency was calcu
lated as the percentage of odour hours compared an with annual 8 760 hours. The average
odour frequency around each odour source, the proportion of people rating the odour >3 on
the annoyance scale (clearly to extremely annoying), as well as the average annoyance rating
in different zones were calculated for all plant-specific odours.
RESULTS
The average response rate was 35 %, varying betweeen 25 % and 50 % according to the
overall odour load in the areas studied. The response rate in areas with high odour immission
was substantially higher than in areas of low odour exposure.
The results showed a clear correlation between odour frequency and odour annoyance. The
Spearman correlation coefficient beween plant-specific odour frequency and the annoyance
ratings was 0.80. Also odour nuisance, quantified as the percentage of clearly annoyed people
correlated significantly with plant-specific odour frequency (r = 0.83).
In Figure 1, odour nuisance is plotted as a function of odour frequency. The figure shows a
clear relationship between the percentage of clearly annoyed people and odour exposure.

Y = 9.8 + 4.6 X

odour immission, % h/year
Figure 1. Odour annoyance vs. odour exposure (zone average).
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In Table 1, the results are grouped into 3 classes according to the odour load. The average
odour frequencies have been calculated from the linear regression data in Figure 1, and the
mean annoyance rating from individual responses with corresponding reported odour
exposure.
Table 1. Ranking odour load according to the mean annoyance rating of the odour, the
proportion of clearly annoyed inhabitants and the odour frequency.

1
2
3

Annoyance rating
0-5

Percentage of inhabitants
experiencing the odour
clearly annoying

Average odour
frequency

0-1
2-3
3-4

< 10 %
25%
50%

1%
3%
9%

Significant odour nuisance can be defined as an odour load which people percieve on average
as clearly annoying (rating 3). According to Table 1, at that odour level 25-50 % of the
population are clearly annoyed by the odour and the corresponding odour immission level is
3-9 %. The lower range (3 %) represents, then, very unpleasant odours of high annoyance
potental, and the upper range (9 %), again, odours of more varying hedonic character.
Figure 2 illustrates the annoyance potential of different odour emissions as the relation
between the frequency of clearly annoying odours and the total plant-specific odour
immission. The immission values were calculated as average frequencies in zones at different
distances around the odour sources.

1. sewage plant
(.84)
2. metal coating
(.79)
3. metal processing (.76)
4. chemical industry (.76)
5. oil refinery
(.74)
6. cellulose
(.73)
7. rubber
(.69)
8. foundry
(.65)
9. tobacco
(.66)
10. coffee roastery (.62)
11. malteiy
(.55)
12. vegetable oil
(.52)
and feed
1

2

3

4

5

6

7

8

9

10

11

12

Figure 2. The proportion of clearly annoying odour (> 3) of the total odour immission of each
case study. Overall mean = 0.78.

Among the case studies, the odour of sewage plants was regarded most annoying, 82 % of the
odour reported was rated as at least clearly annoying (> 3). Odorous emissions from the food
industry seemed in general to be more acceptable, although this varies from case to case
mainly according to the hedonic character of the odour.
DISCUSSION
In the study a clear relation between odour exposure and odour annoyance was found, and
from the findings a definition of significant odour nuisance was suggested. These exposure
limits for significant odour annoyance can be used to indicate the justification for actions to
reduce odour emissions.
As large individual differences exist in the reaction to exposure to odours, the findings should
be validated by repeating the study in the same investigation areas and by checking whether,
or to what extent the results of the present study may be generalized across other sources.
Also, as the data were based on individuals’ own evaluation of the odour frequency in their
environment, the reported immission values should, when possible, be verified with emission
measurements and dispersion models.
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ASSESSMENT OF INDOOR ENVIRONMENT OF BUILDINGS
Youchen Fan, Keijo Kovanen
VTT Building Technology, Indoor Environment and Systems, Espoo, Finland

ABSTRACT
The synthetical assessment ofindoor environment has become world-wide topic
in recent years. Many research evidences have shown that the quality ofindoor
air is a multi-factor influenced issue. Building Research Establishment (BRE)
in United Kingdom has worked out a series of assessing methods for different
kinds of buildings. Whereas, in Finland, National Building Code of Finland has
been used for many years. The comparison between the two approaches in
assessing indoor air quality will be addressed in this paper. Each issue
considered in the above two approaches is discussed by referring the recent
research highlights.

INTRODUCTION
In order to minimize the adverse effects of building production and operation
on the global and local environment while promoting a healthy indoor
environment, indoor environment must be considered at the very beginning of
building construction. BRE environmental assessment method (BREEAM) has
been widely used in Europe recently. If this method is suitable for Finland,
further considerations must be made.
An assessment method of environments may stand it's feet on the following
issues:
— to enforce the correct use of standards, guidelines and etc., and recommend
possible methods which can be used to satisfy the requirements specified by
the standards or the likes;
— to encourage the use of proved research highlights so as to make the building
be more friendly to environment and health of human-being;
— to save the unnecessary costs during the long operation period of the
building from the very beginning — the design stage;
-- to incorporate the strong points of different disciplines in relation with the
environment.
The BREEAM has been developed specially for British situation, although
many research highlights have been used. Thus it is necessary to compare the
requirements specified by BREEAM and the requirements outlined by the
Finnish code before it can properly be used in Finland. In this paper, the detail
discussions on BREEAM will limit only in the indoor air conditions. The

required indoor air conditions in Finland has been addressed by National
Building Code of Finland D2 (NBCF)1.

METHOD
Comparison method will be used in this paper together with referring to the
recent research findings.

RESULTS AND DISCUSSIONS
In BREEAM, a crediting system has been used with respect to many issues.
For assessing indoor air quality (IAQ), eight issues are considered. 7, 10, 11
credits in total may be awarded for commercial, office and residential
buildings, respectively, based on the evaluation of each issue. The details are
listed in Table 1.
Table 1. The crediting system of BREEAM for indoor issues
Issues

Credits
Office3

Commer.4

Home2

legionnaires' disease

1

1

-

ventilation/ local ventilation

3

2

2

2

3

4

lighting

2

1

3

thermal comfort

1

-

-

fire control

-

-

1

storage for hazardous substance
and medicines

-

-

1

indoor noise

1

-

-

hazardous materials

■

The comparisons between BREEAM and NBCF in technical issues are listed
in Tables 2, 3 and 4 for commercial, residential and office buildings,
respectively.
Table 2. Technical issues in BREEAM and NBCF for commercial buildings
Issues

BREEAM

NBCF

IAQ

controllable natural
vent., separate
smoking area

not specified

Others

same as in office build

same as in office build

Table 3. Technical issues in BREEAM and NBCF for residential buildings
Issues

BREEAM

NBCF

Vent, rate, ach

0.5-KMV); 1-2(PSV)

0.4-KMV&PSV)

Local vent.

30-591/s(MV)

201/s (MV); 50 1/s
otherwise

VOC

controlled use of urea
formaldehyde foamed
insulation (UFFI)

no UFFI, but allow
.15 mg/m3 of
formaldehyde for new
build., .3 mg/m3 for
old build.

Prior occupation vent.

yes

not addressed

Lighting

high-frequency ballasts not specified
external light fitting

Non-gaseous pollutant

controlled use of man
made mineral fibre
(MMMF) and wood
preservatives(WP). no
asbestos and lead

no limit to MMMF &
WP. asbestos < .5
fibers (> 5pm; lead <
10 pg/m3

Table 4.Technical issues in BREEAM and NBCF for office buildings
Issues

BREEAM

NBCF

Vent.

8 1/s.person (no
smoking), 16 1/s.p
(light smoking), 32
1/s.p (heavy smoking),
steam-humidifier,
natural vent.

4 1/s.p (no smoking),
10 1/s.p (smoking). Not
specified for other
issues as in BREEAM.

Hazardous

controlled use of UFFI.
no asbestos, lead and
WP

if concentration is
lower than the limits
in Table 3. no limit to
use them

Thermal comfort

dry resultant temp, is
20 °C, RH = 40-70 %

air/effective temp. =
21/20 °C

Noise

< 40 dB (small house),
< 45 dB (large ones).

< 35 dB for
unfurnished room

Lighting

high-frequency ballasts not specified
window design based
on British standards

SUMMARY
By comparing the BREEAM and NBCF, it can be found that buildings
designed according to NBCF will get few credits if the criteria of BREEAM is
used. It is true that the requirements specified by an assessment method
should be higher than that outlined by standards or guidelines, otherwise it
will lose its value of existence. However, if BREEAM were to be used in
Finland, some requirements will result in large increase of energy
consumption, e.g. the required fresh air flow rates. Whereas some
requirements in BREEAM are lower than that in NBCF, e.g. noise levels in
offices.

Un-even crediting in BREEAM to different issues has been clearly shown in
Table 1. The problem may be that BRE has not worked out a common scale to
evaluate most of IAQ issues. It is believed that the assessing procedure must
be divided into main sectors - qualitative and quantitative evaluation.
However, BREEAM indeed acts as a connection between standards or the likes
and forefront of research highlights.
In NBCF, air tightness of the buildings should be specified. The building
materials that contain non-gaseous pollutant must be phased out. Otherwise,
serious healthy consequence may occur, e.g. asbestos5.
As a conclusion, a similar crediting system as in BREEAMs could be used in
Finland. However, many researches are required to make the assessing method
work in the Finnish situation. We first need a common scale for quantitative
evaluation to IAQ. Secondly, the detail strategies how to get the results
outlined in the assessment method is required, which right now is still missing
in BREEAMs.
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MEASUREMENT OF ASBESTOS FIBRES: RESULTS OF AN
INTERLABORATORY COMPARISON TEST
Norbert Hofert1, Reiner Konig2, Ullrich Teichert3
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INTRODUCTION
In the past, low-density asbestos-containing products have been widely applied in public
buildings such as schools, gymnasia and administration buildings, in industrial buildings
of all kinds as well as in private residences. This means that thousands of people were
liable to be exposed to asbestos fibres in buildings.
In order to assess the fibre potential that may be released by low-density asbestoscontaining products into the indoor atmosphere and to meet the arising health hazards,
the Guidelines for the Assessment of Weakly Bound Asbestos-Containing Products and
Remedial Actions (Asbestos Guidelines) were established and made part of the federal
building regulations in May 1989. Air monitoring is used to control and assess
abatement actions. The prescribed standard method for the determination of asbestos
fibres in indoor air is the complex and sophisticated SEM/EDXA method (Scanning
Electron Microscopy / Energy Dispersive X-Ray Analysis) described in Guideline VDI
3492 Part 1 and Part 2 (1, 2).
Abatement actions are considered successful, if - in the case of renovation - less than
500 fibres/m3 are measured, the upper limit of the Poissonian 95% confidence interval
being less than 1,000 fibres/m3. Provisional measures are considered successful if the
post-abatement measurement yields a fibre concentration of less than 1,000 fibres/m3.
With the increasing demand for services of the asbestos abatement industry the demand
for asbestos fibre measurements increased, too. A lot of laboratories participated in this
growing market, the technical competence, however, not being assessed by adequate
proficiency testing programmes.
In order to improve the situation and to allow the laboratories to demonstrate the
reliability of the data they are producing, a group of institutions, including the
Commission on Air Pollution Prevention of VDI and DIN and two accreditation bodies,
organised the first global interlaboratory comparison test on the measurement of asbestos
fibres using the SEM/EDXA method.
LAYOUT OF THE INTERLABORATORY COMPARISON TEST
When determining performance characteristics (precision, repeatability, reproducibility)
of a test method, interlaboratory tests are usually performed according to ISO 5725 (3).

Minimum requirements for an adequate scheme for proficiency testing of laboratories
are based, for example, on the International Harmonized Protocol for the Proficiency
Testing of (Chemical) Analytical Laboratories (4).
PROCEDURE
A major problem was the realization of the first item of the scheme, i.e. the preparation
of the test samples. The analysis method requires fibre-loaded capillary pore filters to be
examined in the SEM. At present it is not possible to prepare test filters with a defined
and reproducible particulate loading in order to be able to provide the participating
laboratories with identical samples, as required, for example, in ISO 5725 (3). The
alternative way, i.e. to circulate the same test samples among all participants is not
realizable, either. A preceding trial has shown that one sample can be examined by 5 to
6 laboratories on average, leaving the loading unchanged or the filter specimen
undamaged.
The actual test samples originated from real measurements in connection with the
control of abatement actions and were thus representative for routine analysis. Each
participant had to examine three filter specimen with different fibre loadings.
The assigned values for the different fibre classes (chrysotile, amphibole, other inorganic
fibres) were determined as the consensus values of two expert laboratories. This method
is well-proven (5) and in accordance with the Harmonized Protocol (4).
72 laboratories participated in the trial; the preparation period of the test took about 5
months, the distribution and examination of the test samples about 11 months, the
evaluation of the results about 3 months, so that the overall duration of the trial was
about 18 months.
ASSESSMENT OF PERFORMANCE
The assessment scheme consisted of two parts:
1.

formal aspects
filter examination
documentation of the fibre-counting procedure
fibre-counting rules

2.

fibre count results
weighted difference of the count result and the assigned value
specific requirements concerning the count results on asbestos fibres
systematic error of ± 20% permissible
minimum assessment score

Part 2 of the assessment scheme was designed to enable the calculation of a single value
(score) by arithmetic combination of 24 individual scores representing different fibre
classes on the three filter specimen. Thus the overall performance of the laboratory can
be characterised by just one single score.

As the fibre count results according to Guideline VDI 3492 are ruled by Poissonian
statistics for low fibre numbers, the assessment scheme for the count results is based on
Poissonian statistics, too.
P{N,n) = ^ e~N
nl

(1)

where P(N,n) = probability distribution, N = estimate of the expectation (consensus
value), n = count result (participant)
The maximum of the probability distribution is determined by n = N or n = N - 1. If the
count result of the participant is equal to the consensus value, then:

Pmax(N,n=N) =

e~N

(2)

The quotient

B =

■ 100

(3)

*max

is the score for the respective fibre class.
Table 1 shows the individual factors for different classes for the calculation of the
weighted overall score which is the weighted average of the individual scores for the
different classes.
Table 1. Factors for the calculation of the weighted overall score (L = fibre length)
Class
Amphibole
Chrysotile
Other inorganic fibres
n < 3, N < 2
n > 3, N < 2
sum of a fibre type of the
three filters

38 21081

L > 5 pm
1
1
1
0.5
0
1

2.5 pm < L < 5 pm
0.5
0.5
0.5
0.5
0
0.5

RESULTS
Participating laboratories:
Not assessed (assessment scheme item 1):
Assessed:
Requirements not met (item 2):
Requirements met (item 2):

72
35
37
24
13

Only 13 out of 72 participating laboratories met all assessment criteria. Taking into
account that this interlaboratory test was the first one since the publication of the draft
version of Guideline VDI 3492 Part 1 in October 1989, the result is not astonishing. The
results demonstrated that the potential for better performance is just latent and needs to
be developed by additional quality assurance and quality control measures and
elucidation of the basic principles of the Guideline.
Much more astonishing is the fact that the performance of 35 laboratories could not be
assessed for formal reasons and because of procedural deviations which do not conform
with the rules of the Guideline. The deviation most often made (23 times) was the
operation of the SEM with a screen magnification too high (3000x to 4700x instead of
2000x to 2500x). These participants set the magnification in relation to the high
resolution CRT and not, as required by the Guideline and established as a convention, to
the monitor.
Concerning fibre finding and identification, the best results were achieved with
amphibole fibres (approx. 85% compared to the consensus values). The ratio of
participant results to consensus value was only approx. 0.5 for chrysotile fibres and
approx. 0.62 for other inorganic fibres.
Probably one of the most important effects of the trial is the fact that the participants
were forced to focus their attention to the requirements and the scientific background of
the Guideline which, in many cases, was not fully understood.
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INTRODUCTION
L' ouverture du metro en 1901, correspond aux premiers balbutiements d' une approche environnementale de la contamination chimique et surtout microbiologique de 1' air, deja amorcee
avec les travaux de 1' Observatoire Municipal de Montsouris autour des annees 1880. Elies seront poursuivies par le Laboratoire d' Hygiene de la Ville de Paris (LHVP), cree en 1910. La
surveillance de 1' ambiance du reseau metropolitain s' integre dans le cadre d' une approche
globale de V exposition des citadins telle qu' elle est con?ue actuellement. Nous nous proposons
de suivre au travers du temps, 1' organisation de cette surveillance, ses resultats et les
consequences qui en ont decoule. Au cours des six periodes envisagees, le reseau metropolitain
subira des phases de recession ou d' evolution favorable. Par ailleurs, la surveillance sanitaire s'
adaptera aux preoccupations des hygienistes, des parisiens et des decideurs.
MATERIEL ET METHODES
De 1901 a 1913, la surveillance comportait un volet ventilation et un volet pollution, incluant
les tunnels, stations (couloirs et acces de correspondance) et les voitures. La ventilation a ete
une preoccupation des le debut de 1' exploitation. L' etude de 1' atmosphere doit permettre de
"se rendre compte comment la ventilation est etablie et a quel point 1' atmosphere se trouve
viciee par la presence d' un plus ou moins grand nombre de voyageurs".
Les parametres mesures s' appuient sur les connaissances des annees 1900. Les chimistes
parlent alors d' acide carbonique et non de dioxyde de carbone (C02). Le C02 lorsqu' il est d'
origine respiratoire, est considere comme 1' indice de la presence de produits organiques gazeux nocifs, exhales en meme temps que lui par voie pulmonaire et cutanee. La Commission
Industrielle du Ministere du Commerce a fixe a 100 litres par 100 metres cubes (equivalent de
1000 ppm de C02), la quantite maxima d' acide d' origine respiratoire. Le Dr. Cambier (1)
souligne cependant que "bien que ce nombre soil un peu arbitrage, il est actuellement adopte
par I' ensemble des hygienistes". Il determine le degre de salubrite d' une atmosphere. Son
echantillonnage mis au point par A. Levy (2), consiste en un remplissage simultane au meme
point de trois poches en caoutchouc d' une contenance de 15 litres. Le C02 est ensuite dose au
laboratoire apres barbotage de 1' air contenu dans les poches, a travers une solution barytee.
Des l'annee 1905, un appareil automatique d' echantillonnage permet de prelever 1' air des
tunnels au cours de la joumee et la nuit en evitant la presence constante de personnel sur place
et d' obtenir un suivi des teneurs en C02 sur une longue periode.
D' autres parametres (ozone, ammoniaque, oxyde de carbone, thermohygrometrie, microbes)
sont egalement mesures. La recherche de 1' ozone semblait necessaire aux hygienistes qui considerait cette atmosphere influencee en permanence par des effluves electriques. Sa mise en
evidence, ou plus vraisemblablement celle des composes oxydants, se faisait a 1' aide d' un
papier ozonometrique qui bleuissait dans un air ozonise (2). L' ammoniaque recherche en tant
que compose azote resultant du metabolisme humain, est detecte par barbotage dans une solu

tion diluee d' acide sulfurique en presence de reactif de Neissler. L' oxyde de carbone redoute
pour sa toxicite, est detecte par decomposition de V acide iodique a 150°C. La temperature et
la tension de vapeur sont mesurees a V aide d' appareils enregistreurs. L' humidite en particulier
est une des preoccupations des exploitants et des hygienistes, qui la considerent, en tant que
telle, comme un traceur d' insalubrite. Des le debut de V exploitation le degre d' empoussierement etait juge important. Un aeroscope mu par un mouvement d' horlogerie, permet de recuperer les poussieres sur un disque de verre recouvert d' un enduit visqueux, effectuant un tour
complet en 24 heures. Enfin, suite aux travaux de Miquel, des recherches microbiologiques
sont effectuees. Deux cent quarante litres d' air sont filtres dans des tubes emplis de sulfate de
sodium sterilises pendant une periode pouvant atteindre 24 heures. Apres dilution des bourres
dans un demi litre d1 eau sterile, des aliquotes sont reparties dans 24 boites de gelatine. Ce
protocole assez lourd a mettre en oeuvre permet d' obtenir un denombrement de colonies
bacteriennes et myceliennes rapporte au metre-cube d' air.
DE 1916 a 1930, V etude de la ventilation est poursuivie. Ses effets benefiques sont maintenant
connus. Les techniques analytiques sont globalement les memes. Apres la guerre, la tuberculose est un fleau qui preoccupe beaucoup les autorites sanitaires, d' autant que sa propagation
dans des populations affaiblies par les annees de privation est favorisee et qu' il n' existe encore
aucun moyen de prevention. Des essais concemant la conservation de la virulence du bacille de
Koch, par inoculation a des cobayes et des recherches du bacille sont effectues dans la poussiere recueillie apres balayage des quais (3)
De 1930 a 1948, la surveillance s' effectue sur les memes bases que precedemment.
De 1949 a 1960, les techniques se modernisent: L' oxyde de carbone est mesure par la methode au sang. Les analyses bacteriologiques sont reprises a V aide d' appareils modernes. L'
impacteur a fente de Bourdillon (debit de 28 litres par minute) permet une recolte directe de
particules porteuses de bacteries sur les milieux de culture geloses. La filtration a travers un
papier amiante insere dans un porte-filtre permet la recuperation des bacteries a un debit de 1
litre par minute. Le filtre est ensuite place sur un milieu gelose en vue de son incubation a
37°C.
De 1962 a 1965, une enquete epidemiologique est lancee par le Dr Labonde, responsable du
secteur microbiologie au LHVP(4). L' echantillonneur a cribles d' Andersen pouvant fonctionner sur batteries est utilise pour la premiere fois d' une maniere reguliere et en particulier dans
le Metro. On utilise aussi les membranes filtrantes
A partir de 1970, La surveillance se perfectionne par 1' utilisation de methodes nouvelles d' ana
lyse et d' un materiel specialement adapte. Les poches en latex sont abandonnees et remplacees
par des sacs en matiere plastique attenuant les risques de contamination du prelevement. La
temperature et 1' hygrometrie sont mesurees a 1* aide de thermohygrographes a sonde et a cheveux puis electroniques. Les oxydes de carbone sont determines par spectrometrie infra-rouge.
L' indice de confinement, rapport des concentrations de C02 de 1' air du metro et V air exterieur pris comme reference est utilise pour apprecier le renouvellement de V air (5). Dans les
annees 80, la notion d' indice de qualite, prenant en compte les parametres CO, C02 et DTB et
des valeurs-guides, est introduce. Les essais bacteriologiques sont poursuivis avec V impacteur
d' Andersen et d' autres echantillonneurs plus maniables.
RESULTATS
Selon les criteres et les techniques de mesures des annees 1900, les premiers resultats paraissent alarmants aux hygienistes: les concentrations de C02 atteignent 1430 ppm. Des actions
sont entreprises pour ameliorer la qualite de V air. Les portes pleines permettant I' acces aux
quais sont remplacees par des grilles; le brassage des parois des tunnels et leur badigeonnage a
la chaux diminuent le degre d' empoussieremnt (de 16 % pour les matieres organiques, 74 %
pour le fer, 8 % pour la silice). L' humidite du souterrain (»60%) diminue le nombre de bac-

teries mais augmente le nombre de moisissures. On note un effet saisonnier non negligeable
avec un confinement plus eleve en hiver en raison d' une affluence plus importante associee a
une ventilation reduite pour temperer les rudesses de V hiver. On implante des ventilateurs et
on cree des bates d' aeration.
Des 1910, il est envisage d' eliminer les produits organiques volatils au moyen de pulverisations
acides. Puis en raison d' un trafic voyageurs grandissant, les teneurs en C02 ne cessent d‘
augmenter pour atteindre 3000 ppm sur un quai de la ligne 1 en 1923. Ce n' est qu' en 1932
que les prelevements en continu de C02 permettent de degager un cycle joumalier refietant 1'
affluence des voyageurs et 1' efficacite de la ventilation (fig.l & 2). C' est a cette periode que
les chercheurs concluent que 1' ozone n' a aucune action sur la qualite bacteriologique de V air,
du moins a des teneurs compatibles avec la vie. Quant au BK expose a V air du metro, il con
serve sa virulence pendant 3 ou 4 semaines, mais les cobayes exposes a V air des tunnels ne
contractent aucune lesion tuberculeuse. Dans les annees 70, le confinement augmentant
(teneurs en C02 de 1800 a 4200 ppm) en raison des attentes prolongees des voyageurs, un
programme de suppression des portillons d' acces aux quais associe a I' implantation de ventila
teurs est mis en route. Ainsi, de nos jours (6), les teneurs en C02 sont generalement acceptables mais la contamination bacterienne demeure elevee. La figure 3 illustre 1' evolution de V
indice de qualite au cours du temps.et dans les stations etudiees (7).
CONCLUSIONS
Quelle que soil la periode envisagee, les preoccupations des hygienistes se sont rejointes dans
le souci d' assurer de bonnes conditions de transport aux voyageurs malgre un trafic sans cesse
grandissant. En novembre 1992, il est interdit de firmer dans 1' enceinte du metro. Il importe de
rafraichir au maximum le tunnel et d' assurer un renouvellement d' air correct tout en mettant
au point des techniques efficaces de nettoyage, a defaut de disinfection. De nos jours, le role
conjoint de la ventilation et du nettoiement n' est plus a prouver. Des recherches portent sur la
contamination particulaire de V air et des surfaces ainsi que sur 1' elimination des produits
organiques volatils et odorants qui sont 1' objet de plaintes de plus en plus exprimees par la
population. La modernisation des precedes de nettoyage cree des axes de recherches en vue d'
evaluer objectivement leur efficacite en matiere de decontamination microbienne, tout en conservant un rapport qualite de service/ prix de revient acceptable par la collectivite.
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INTRODUCTION
Devolution de la contamination actuelle des environnements atmospheriques conduit a
prendre en consideration non seulement Pair exterieur urbain, mais encore les diverses
ambiances interieures auxquelles est sounds le citadin. Cette approche tend a mieux evaluer
['exposition, voire l'impact sanitaire, du aux diverses sources polluantes, en fonction de leur
importance quantitative et de leur proximite. Les transports en commun sont des modes de
deplacements les plus utilises a Paris et en proche banlieue, chaque jour 4,5 millions de
personnes utilisent le metropolitan!. Le Laboratoire d'Hygiene de la Ville de Paris effectue
depuis de nombreuses annees, en liaison directe avec la Regie Autonome des Transports
Parisiens une surveillance sanitaire de l'ambiance du metro. Les deux services se sont associes
a la demande de la Direction Regionale de l'Action Sanitaire et Sociale, pour realiser en
commun une etude sur la qualite de Pair a l'interieur des rames.
METHODES
Dans l'enceinte du metropolitan!, les contaminations atmospheriques sont dues a la presence
humaine, a l'exploitation des rames en circulation, aux infrastructures et aux echanges d'air
avec l'exterieur par le systeme de ventilation.
Choix des sites et dates des mesures
Pour les voyageurs, la duree du sejour dans l'enceinte du metro est constitue'essentiellement
par le temps de presence dans les voitures, aussi l'etude porte sur la qualite de l'ambiance a
l'interieur de voitures en circulation et en presence des voyageurs.
Tableau 1. Caracteristiques des lignes etudiees
Ligne

Lieu

Materiel roulant

Date (1993)

1
6
7
12

souterrain
aerien
souterrain
souterrain

pneu
pneu
fer ventilation mecanique
fer ventdation naturelle

14/01 et 07/10
28/01 et 17/06
04/03 et 16/09
11/02 et 03/06

Afin de mieux apprecier la qualite de Pair a l'interieur des rames, il est necessaire de comparer
ces informations a cedes observees, au meme moment, dans l'atmosphere de la vide de Paris.

Parmi les nombreuses stations de mesure du reseau de surveillance de la qualite de. l'air en
region He de France (1), il a ete decide de retenir trois stations de mesure de pollution de
fond, reparties sur l'axe Est- Quest et deux stations de proximite de la circulation
automobile. A partir des valeurs mesurees sur ces sites, sont calculees des valeurs moyennes
de "Fond" et de "Proximite"; dans la suite de ce rapport, la reference "exterieure" se rapporte
au niveau de pollution le plus eleve, c'est a dire a celui enregistre generalement a proximite de
la circulation automobile. Les teneurs exterieures en dioxyde de carbone, en ozone et en
particules ne sont mesurees que sur les sites de mesure de la pollution de fond.
Choix des indicateurs et methodes de mesures
• Les differents parametres climatiques (temperature, rayonnement, hygrometrie et vitesse de
l'air) sont mesures grace a l'appareil Indoor Climate Analyseur. Les indices d'insatisfaction
thermique (PPD) et de vote moyen previsible (PMV) suivant le confort thermique (echelle a 7
niveaux allant du froid au chaud) sont apprecies a l'aide de 1'indicateur d'ambiance thermique
regie sur une activite de 1,2 met (position debout) et une veture de 1 do en ete et de 1,2 do
en hiver. La norme AFNORNF X 35-203 recommande de rester dans les limites suivantes 0,5 < PMV < + 0,5 soit PPD < 10%.
• La qualite de Pair est appreciee par la determination de polluants provenant de l'exterieur du
fait de la ventilation (CO, NOx, COV, particules), et susceptibles de se former dans l'enceinte
du metro (N02, 03, COV, particules).
Les oxydes de carbone sont mesures selon le principe photo-acoustique d'absorption dans
l'inffarouge. Lateneur en monoxyde de carbone (CO) ne doit pas exceder 10 ppm (partie par
million par volume d'air) pour 8 heures d'exposition et 25 ppm pour 1 heure d'exposition. Le
taux de dioxyde de carbone (C02) ne doit pas exceder 1300 ppm (reglement sanitaire
departemental de Paris - Arrete 79-561).
Les oxydes d'azote (NO et N02) sont mesures par chimiluminescence (norme AFNOR 43018). Dans Pair exterieur, la teneur horaire de dioxyde d'azote (N02) ne doit pas exceder 150
pg.m-3 sur 24 h et 400 pg.m-3 sur 1 heure, valeurs definies par l'Organisation. Mondiale
pour la Sante (2).
L'ozone (03) est determine par absorption U.V (norme AFNOR 43-023). Dans Pair
exterieur, la valeur horaire a ne pas depasser, est de 150 - 200 pg.m-3 -(2).
La quantification de l'empoussierement est realisee par la technique des fumees noires (norme
AFNOR 43-005). Le principe de la mesure est basee la lecture en laboratoire de la noirceur
de la tache de poussiere recueillie par filtration.
Les composes organiques volatils (COV) sont pieges par filtration sur un charbon actif. Les
prelevements sont ensuite analyses en laboratoire par chromatographic en phase gazeuse et
detecteur a ionisation de flamme.
RESULTATS
Analyse par station
Les informations recueillies lors des campagnes de mesures ont ete enregistrees sur un pas de
temps de la minute; il est done possible d'etablir les concentrations moyennes joumalieres
observees dans chaque station de la ligne parcourue. De Petude de ces valeurs, chaque ligne
presente un profil qui lui est propre.
A litre d'exemple le figure (1) rend compte de l'insatisfaction thermique (PPD) rencontree sur
la ligne 1 qui est jugee plutot chaude. Cependant Involution du PPD n'est pas aussi marque
en raison de l'influence de la vitesse de Pair.
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La ligne 6 est en partie aerienne, ceci influence la qualite de l'air a l'interieur de la voiture
figure (2). Les niveaux en particules fines sont de 2 a 3 fois plus importances lorsque la ligne
a un trace souterrain.
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Figure 2. Concentrations moyennes de particules fines mesurees tout au long de la ligne 6
Analyse par ligne
Les niveaux exterieurs en dioxyde d'azote sont relativement du meme ordre de grandeur au
cours de 1'etude hivemale, il est done possible de comparer directement les lignes entre elles,
figure(3). La ligne 6 dont une grande partie du trajet se situe en aerien a plus de 5 metres du
sol est la moins polluee des 4 lignes.

Lig ne 1

Ligne 6

Lig ne 12

Ligne 7

Figure 3. Concentrations moyennes en dioxyde d'azote sur les lignes etudiees et a l'exterieur
I
I
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Parametres d'influence saison
Les niveaux thermiques, plus eleves en ete, se traduisent par une augmentation
d'insatisfaction thermique de 10%.. Les niveaux en C02 sont plus eleves en hiver en raison de
la fermeture des fenetres et de la diminution du taux de ventilation des tunnels. Pour les
monoxydes de carbone et d'azote, il n'y a pas d'influence de la saison; par contre, l'oxydation
photochimique est plus marquee en ete a l'exterieur et par vole de consequence le rapport des
teneurs en N02 mesurees dans la voiture sur les teneurs enregistrees au niveau voirie est plus
eleve, de meme que les teneurs en ozone. Pour les particules, les niveaux internes et extemes
sont plus importants en hiver, mais le rapport inteiieur/exterieur reste voisin de 5 quelque soit
la saison.
CONCLUSION
Pour les quatre lignes etudiees, la qualite de Pair dans les voitures est liee d'une part a la
frequentation des voyageurs et d'autre part aux niveaux de pollution atmospherique enregistres
dans Fair exterieur et ceci quelque soit la periode de l'annee. A la prise de service (5h30) les
niveaux sont faibles, ils s'accroissent jusqu'a 8-9h en fonction de l'affluence, pour rester ensuite
stationnaires tout au long de la joumee. Les concentrations en dioxyde de carbone sont
toujours superieures aux teneurs exterieures. Les teneurs en monoxyde de carbone et oxydes
d'azote sont legerement inferieures aux concentrations enregistrees dans les postes de mesure
proches de la circulation automobile; la pollution particulaire est nettement plus elevee que
dans Fair exterieur.
Le trace de la ligne influence egalement la qualite de Fair dans les voitures, ainsi les trongons
aeriens de la ligne n°6 enregistrent des niveaux de qualite d'air beaucoup plus faibles que dans
les trongons souterrains. En aerien, les niveaux sont alors tres proches de ceux enregistres
dans les stations urbaines de fond.
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INTRODUCTION
Most ice resurfacing machines used in indoor ice arenas have internal combustion engines.
They use either propane or petrol as fuel. The main exhaust pollutants are carbon monoxide
(CO), nitrogen oxides (NOx), volatile organic compounds (VOC) and fine particles. In
general, propane engines emit more NO* than petrol engines, but their CO emissions are
smaller. The levels of these pollutants in indoor air depend on total amount of emissions,
volume of arena and effectiveness of ventilation (1, 2). However, due to large variations in
engine emissions the air quality in any single arena cannot be estimated without direct
measurements.
High levels of CO and nitrogen dioxide (NOz) have been measured in indoor ice arenas of
North America since 1960's (1,2,3,4), and it is only recently that high NOz levels have been
measured also in Sweden (5). In health studies, attention has been paid mostly to epidemic
acute poisonings among ice hockey players and spectators caused by large concentrations of
CO (3). However, some cases of acute NOz poisonings have also been described (6).
The aims of this project are:
1) to examine the air quality in Finnish indoor ice arenas,
2) to study associations between the air quality and the major technical features of the
arenas,
3) to assess personal exposures of ice hockey players, spectators and maintenance
personnel to CO and NOz,
4) to investigate short-term and longer-term health effects of CO and NOz exposures
on ice hockey players and maintenance personnel,
5) to inform the managers of ice arenas and the health authorities on the current air
quality problems and health risks in Finnish indoor ice arenas.
METHODS AND RESULTS
Air quality in five arenas with different features
In spring 1992 and 1993, five indoor ice arenas of different volumes, ventilation and
technology were selected from a total of 77 arenas in Finland at that time (Table 1). A large
majority of the ice resurfacers in Finnish arenas had either propane or petrol engines, and only
one had batteries, as power sources. In the selected arenas, air quality was measured near the
breathing level with continuously recording monitors and with passive samplers that were
placed inside the ice-rink and in the spectator areas. The CO concentrations were measured
with portable electrochemical exposure monitors. A chemiluminescence analyser and portable
electrochemical monitors were used for NOz measurements. In addition, Palmes tubes were
used both indoors and outdoors to obtain the average NOz concentration during a period of a

few hours or days. VOC samples were collected in Tenax TA absorbent and analysed with a
gas chromatograph. The ice was resurfaced usually every-1 to 2 hours between the training
sessions and at about hourly intervals during the matches.
There were remarkable air quality problems in all arenas, where ice resurfacers were
equipped with internal combustion engines (Table 1). The pollutant levels were similar to the
ambient outdoor air only in Arena 3, where an electric resurfacer was used. The air quality
was poorest in the new, small ice arenas (volume less than 30000 m3), because they were
tightly built and their ventilation systems were either missing or not used adequately. In these
arenas, the NO% concentrations were up to 20 times the 1-hour air quality quideline (400
pg/m3) of the World Health Organization (WHO) (7). The largest 1-hour average CO
concentration exceeded the WHO guideline value (30 mg/m3) only in Arena 2, where the
resurfacer was equipped with a petrol engine (Table 1).
Table 1. Technical information and the largest 1-hour pollutant concentrations in five Finnish
indoor ice arenas.
Arena

Year of
opening

Volume
(m3)

1

1980

81800

In /Out

2

1972
1987

50 000
54 500

1991
1991

3
4
5

Ventilation Resurfacer
system
power

CO
(mg/m3)

N02
(pg/m3)

VOC*
(pg/m3)

Propane

23

610

150

In /Out

Petrol

270

1200

Batteries
Propane

10

29 200

In /Out
None

33
2

20400

In /Out

Propane

20

7440

140
170

-

7770

900

*3-hour average concentration of total VOC compounds

Air quality and toxic symptoms during a junior ice hockey tournament
In September 1992, four junior ice hockey teams participated in a weekend tournament in
Kuhmo, a rural municipality in North-East Finland. The matches were played in a new, small
indoor ice arena. The 21100 m3 arena was tightly built without a proper ventilation system. A
large proportion of the 11-13 years old players and some adult spectators suffered from
headache, nausea and vomiting during the course of the first day, and some players could not
finish the 2-3 scheduled matches. On the latter part of the first day and on the second day, the
doors of the arena were kept open, as it was suspected that the exhaust gases of the propanefueled ice resurfacer played a role in the incident.
Less than two weeks later, the maintenance procedures of the tournament were repeated in the
arena, while the air quality was monitored continuously. The 5-hour average concentrations
of CO and NO% were 170 ± 20 mg/m3 and 3400 ± 200 pg/m3, respectively. The WHO
guideline for 1-hour CO exposures was exceeded by nearly sixfold and that for NO2 by nearly
ninefold. Seventy-six junior players, who had played in the tournament, filled in a health
questionnaire concerning the day of the incident. Among the players, there had been high
incidences of symptoms that are typical of an acute CO poisoning: headache 96%, tiredness
39%, nausea 32%, dizziness 18%, stomach pain 18% and vomiting 13%.
Technical features, NO2 levels and prevalence of toxic symptoms
In January - February 1994, a technical questionnaire was sent to the managers of all Finnish
indoor ice arenas. The questionnaire was returned from 77 arenas (94%). In March - April
1994, the weekly average NO2 concentration was measured with passive samplers in 68

arenas (83%). The measurements were done with two Palmes tubes inside the arena and one
tube outside. The prevalence during last six months of toxic symptoms typical of high CO
and NO2 exposures was screened with a health questionnaire among 15-21 years old ice
hockey players and among maintenance personnel. The questionnaire was returned by nearly
900 junior ice hockey players and 300 maintenance workers.
The weekly average NO2 concentrations inside the arenas varied between 0 and 1800 pg/m3.
The median concentration was 160 pg/m3. The NO2 levels by the rink side were usually 5 20 times higher than the levels outdoors, and they were at the same level as outdoors only in
arenas, where the ice resurfacer was equipped either with batteries or with a propane engine
and an effective catalyst system. The results of the health survey are being analysed.
Effects of a three-way catalyst system on engine emissions and air quality
In December 1993, a lambda sond and a three-way catalyst were installed in a propane-fueled
ice resurfacer in order to control the fuel supply and to reduce the engine emissions
effectively. The resurfacer was used in a new, small, tightly built arena with documented air
quality problems (Arena 5 in Table 1). The effects of the new technique on engine emissions
were tested in an emission laboratory at 0 °C, and the change in the indoor air quality of the
arena was followed until April 1994. The CO and NO2 concentrations inside the arena were
periodically measured with continuously recording monitors and with passive samplers. The
use of the ventilation system was controlled during the whole follow-up period.
The new catalyst technique reduced the engine emissions of CO, NOx and VOC
simultaneously by 91%, 96% and 90%, respectively. Inside the small ice arena with
controlled ventilation, the median 1-hour average NO2 concentration decreased from 430
pg/m3 to 58 pg/m3, and that of CO decreased from 4.4 to 1.5 mg/m3.
CONCLUSIONS
The NO2 levels in the indoor air of small, inadequately ventilated ice arenas can be 10-100
times higher than the levels in the ambient outdoor air. They can exceed the present national
and the WHO air quality guidelines by more than tenfold. In this kind of arenas, also the CO
levels due to emissions from petrol-fueled ice resurfacers or from malfunctioning propanefueled ice resurfacers can rise to levels that cause epidemic acute poisonings among the users
of the arenas.
Introduction of electric ice resurfacers, installation of effective three-way catalyst systems in
the present propane-fueled ice resurfacers and replacement of petrol-fueled ice resurfacers
should be considered as measures to improve the air quality in indoor ice arenas. Moreover,
there should be a sufficient, continuous ventilation in the arenas.
According to a follow-up study done in February - March 1995, more than 25% of the
Finnish indoor ice arenas have either started to use a new electric ice resurfacer or installed a
new three-way catalyst system in the present propane-fueled ice resurfacer. In addition, the
use of ventilation systems has increased, which further improves the air quality and reduces
the risk of adverse health effects.
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INTRODUCTION
It is well recognized that greater part of environmental radiation dose to human comes from
natural radiation, while its major contribution is from radon and radon short-lived decay
products in air. Their inhalation can induce lung cancer which has brought to popular notice.
The effect of indoor radon and its daughters in air on their health is concerned by human
because their main living space is indoor. Indoor radon concentration in air is about 20-30
Bq/m3 under normal living conditions of Chinese population. But it can change due to alter
some housing conditions, such as fixing family air conditioner. Along with the improvement of
Chinese people’s living standards, conditioners have already came into population’s home right
now. It has actual meaning to study its affect on indoor radon level as a previous research in
health physics field.
METHOD
The continuous Electrostatic Radon Monitor (GERM) and family conditioner are employed
under normal housing situations, i.e. closing doors and windows.
GERM system is shown in Fig. 1. The entrance of GERM is located 1.2 meters up the ground
of room center to simulate breathing height of sitting posture. The air to be measured goes
through a filter and a sampler into sampling system by a three way cock to control the flowrate
(11/min), enters GERM by way of phosphorous pentoxide dryer, and flows out the system via
the flowrate meter. The filter filters out all radon daughters in measured air, and lets only air
with radon to enter GERM. The radon in GERM decays to form 218Po (RaA), and its 80-90
% are positive ions in decay moment which is gathered on a collector by a -3000 V
electrostatic field. In order to overcome the affect of moistures in air on electrostatic
collection efficiency, measured air is got rid of the wet by phosphorus pentoxide dryer. Alpha
particles of RaA and its daughter 2I4Po (RaC’) go through the collector and enter into a
ZnS(Ag) detector to form photo-signal which is changed electro-signal by a photomultiplier,
then amplified and analysed by way of a preamplifier, main amplifier and single analyzer, finally
acquired and processed by a interface and NEC PC-8801 computer which can read out a count
every 10 min, get a radon concentration in air each a hour, and save automatically the data into
a floppy disk every day. Output results are shown in Fig. 2 and Table 1.
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Table 2. Influence of ventilation on indoor radon concentration in air
normal

ventilation

radon level*
27.9013.29
24.0212.09
ratio
1.00
0.86
• 3
* radon concentration unit: Bq/m3

exhaust

indraft

19.0512.03
0.68

18.9612.33
0.68

exhaust &
indraft
16.0613.32
0.58

RESULTS AND DISCUSSION
Family conditioner can ventilate, exhaust and indraft, and combine freely each other. The
observations are conducted under doors and windows are closed when clear and good
meteorological situations.
It is well known outdoor radon concentrations in air are very sensitive to wind and rain, and
outdoor one effect strongly on indoor. This experiment was conducted during windy
December of Beijing, China. For this reason, the affect of windy weather must be got over.
Expect the days that the wind is more than grade 3, preliminary results list respectively in Table
2 according to normal housing, ventilation, exhaust, indraft, and exhaust plus indraft (including
under heating or cooling mode).
Table 2 shows indoor radon concentration in air are not even although under closing doors and
windows, and stable meteorological conditions. Conditioner in ratio to normal. Maybe it is
due to indoor radon comes mainly from building materials, the radon emanated by wall, floor
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Figure 1.Continuous electrostatic radon monitor system
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Figure 2. Typical CERM output results picture
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and ceiling, its diffusion needs certain times, and ventilation accelerates well-distributed, thus it
reduces. Besides, atmospheric pressure is a little lower than normal when the ventilation, and a
few outdoor air can enter indoor through the seams of doors and windows, so that it reduces.
The conditioner has exhaust and indraft functions which are adjusted by a small opening in
ventilation way. They have certain effect on the concentration from Table 1. Although
adjusted wind is only about 10-15 % of the ventilation in order to save to energy, they have
same results i.e. 0.68 in ratio under above conditions. Both influences supplement each other
if both functions are used at the same time. Therefore, the ratio lower to 0.58. And outdoor
radon level in summer is lower than in winter, the effect of reducing radon in summer maybe
will be better than in winter.
It is noticed there are ventilators in many families, and its ventilation affect is better than the
conditioner because of its bigger wind. Radon levels in air drop from 19.11+4.03 to
11.47dk0.54 Bq/m3 when a ventilator of (j) 300 mm and 35 W operates. Its ratio is about 0.60,
and its effect of reducing radon is better than the conditioner.
However, experimental data indicates the action of the conditioner is very limited. Benefits for
reducing radon are got only conveniently when the air is conditioned. It is discovered in
practice that the strong wind affect is much larger than the conditioner. Indoor mean radon
concentration is about 12 Bq/m3 in strong wind (more than grade 3), and the ratio reduces
0.43. There are maybe two reasons in it. One is outdoor radon concentration lowers
obviously in December. And December in Beijing, China is a moon of the lowest outdoor
radon concentration in a year and the mean of it is 10.19+3.55 Bq/m3, but it lowers to 5-6
Bq/m3. Consequently indoor radon level in air follows outdoor to drop. Another is strong
wind can through the seams of doors and windows from outdoor into indoor although they are
closed. The air exchange both outdoor and indoor is violetly (flow sound can be heard) and
indoor concentration reduces rapidly.
SUMMARY
In a word, the influence of conditioned ventilation on indoor radon level in air is studied.
Under above conditions, present preliminary impression is as following. The effect is normal <
ventilation < exhaust or indraft < exhaust and indraft. Fixing family conditioner need seal the
room and cause to raise indoor radon concentration. But, turning on family conditioners are
good for indoor radon level reduction and radon daughter deposition in air because of air flow,
so that to drop the harm to human and be good for human health.
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STRATEGY AND POLICY OF AIR POLLUTION PREVENTION
Josef Lerach
Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety, Germany

INTRODUCTION
There continue to be major problems in air pollution abatement
at both at transboundary and global level. These even affect
the regions. Major problems include for example the threat of
climate change from additional greenhouse gases, the thinningout of the stratospheric ozone layer caused by chlorofluorocarbons, pollution of the soil caused by inputs of sulphur and
nitric oxide compounds, marine pollution and photo smog. For
preventative reasons, emissions of hazardous substances must
increasingly be reduced at source. This can only take place in
a spirit of international cooperation.
This paper presents elements for an air pollution abatement
strategy to limit emissions at source and combines preventati
ve action with technical progress.
PREVENTION THROUGH ADVANCED TECHNOLOGY
A long-term air pollution abatement policy is only possible in
line with the technology people have available. The challenges
of air pollution abatement must be met creatively using tech
nology .
Emission-related air pollution abatement strategy unites tech
nical progress with preventative action. It formulates sub
stantive requirements for prevention using standards derived
from best available technology. This includes procedures, in
stallations and modes of operation which are geared towards
technical progress and have generally been successfully tried
out in practice. In this way it is possible to avoid any pos
sible dangers and risks for the environment which cannot be

fully estimated at the moment using the means of modern tech
nology .
Limiting emissions in line with state-of-the-art technology
does not take the ambient conditions of the emitting sources
into account. This is why this strategy must be expanded to
include provisions on specific air quality objectives and li
mit values. Both strategies - quality-oriented and emissionoriented - are two independent but complementary pillars of
preventative air pollution abatement policy.
There is sceptiscism about only laying down air quality norms,
since experience has shown that emission standards are a much
quicker and more effective way of achieving success in air
pollution abatement. Moreover emission standards can also help
improve the quality of the air below the set quality norms
within the framework of sustainable development.
In principle, the following technical possibilities exist to
limit emissions of air pollution at source:
the use of low-emission substitutes and products
-

the rational and sparing use of energy, the use of waste
heat, the use of renewable energies
the use of effective flue gas purification processes.

The application of these measures must not lead to the
problems being transferred into other environmental media (wa
ter, soil, waste). Arisings of residual waste are to be avoi
ded as far as possible. Unavoidable residual waste must be
recycled or disposed of in a proper manner.
The use of low emission substitutes and products in particular
meets the principle of prevention since environmental pollu
tion is avoided from the outset and costly reduction measures
are not required. This applies in particular to small instal
lations in which operational and cost factors make it impossi
ble to introduce flue gas purification. The same is also true
for the use of substances and products outside installations,
where, again, flue gas purification measures cannot be

applied. Substance-related and product-related emission reduc
tion measures are therefore particularly suitable since they
remove the strain on the ambient air very quickly.

Energy-saving not only avoids emissions of hazardous substan
ces directly connected with consumer use. All strains on the
environment at every level of the production chain - from the
extraction of the primary energy to final consumption - are
reduced and finite resources are conserved.
The use of low-emission production techniques and installa
tions is often already initiated by economic incentives to
save energy and raw materials. Procedures such as this are not
only advantages for air pollution abatement but also for water
resources management and waste management.
Primary emission reduction measures are often insufficient for
reaching the low emission levels required of high-risk hazar
dous substances (e.g. carcinogenic substances, dioxines and
furanes). For this reason, high-effect flue gas purification
facilities will also be required in the future. Moreover, in
many cases, it is possible, using flue gas purification faci
lities, to introduce relatively simple overall optimisation of
an installation with regard to the avoidance and recycling of
residual substances.
Emission standards relating to facilities are most easy to
introduce when these facilities are new. The normal renewal
cycle of industrial installations however means that overall
national emissions of a hazardous substance can only be redu
ced very slowly. This is why existing installations are also
to be brought up to the emission standard required for new
installations over transitional periods, which may be graded
depending on the level of emissions from each individual in
stallation.
That this approach is correct can be seen in Germany, where,
over the last 10 years, programmes have been introduced in all
industrial sectors for the clean-up of existing installations.

As yet, there is no comprehensive balance of the emission re
duction achieved using this programme; the results available
do however show that, already, there has been a considerable
reduction in emissions and tangible improvement in air quali
ty. For example, in the Feral Land of North Rhine-westpahlia,
emissions of carcinogenic substances have dropped by around
65 % since 1986; particulate anorganic substances (for example
heavy metals) have dropped by 60 %, gas and vaporous anorganic
substances such as S02 and NOx are dropped by around 50 %, or
ganic substances such as solvents have decreased by around
55 % and total dust emissions are downed by around 45 %.
FURTHER DEVELOPMENT OF THE INSTRUMENTS
Administrative law has proven the correct instrument for im
plementing high emission standards within given periods. Or
ders and prohibitions generally make it possible to achieve
quickly and reliably the type of conduct required to protect
the environment.
The framework of administrative law however must be expanded
to include economic instruments (for example fiscal incenti
ves, financial aid). Apart from economic instruments, modern
air pollution abatement strategies must also comprise research
and technological development and measures such as informa
tion, consultancy, training and education.
Air pollution abatement policy must not only be geard at na
tional, but also at international and global level, towards
the principle of prevention. Given the existing transboundary
problems in air pollution abatement, efforts to promote theprinciple of prevention at international level must be redou
bled. The goal is the international, above all European, de
termination and harmonisation of high standards of emission
control.
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FROM CLIMATE CHANGE UNCERTAINTIES TO STRATEGIC OPTIONS:
OBJECTIVES, INSTRUMENTS, TIMING ISSUES
Cedric Philibert1
1 French Agency for Environment and Energy Management, Paris, France
INTRODUCTION
The question of climate change is characterised by major uncertainties. For some, this means
that no action should be undertaken for the time being. For others, forceful action is needed to
avoid potentially disastrous consequences: targets and timetables for emission reductions must
be agreed.
This communication is an attempt to suggest a third alternative, with two main conclusions. The
international decision process should focus on instruments and degrees of effort, rather than on
"emission trajectories" (the evolution of emission levels over time), rather than on quantitative
objectives tied to precise timetables. In this perspective action can start right away.
I OBJECTIVES OR INSTRUMENTS ?
Climate change presents a certain number of characteristic traits that radically distinguish this
phenomenon from all other types of atmospheric pollution- including the destruction of the
stratospheric ozone layer. These traits are:
-

worldwide impact
long time lag between pollution and its potential effects;
potential non-linearity of damages;
irreversible effects, notably in emission trajectories;
high level of uncertainty concerning potential effects;
extreme diversity of actors and activities involved; all human beings, in many of their
activities;
- near non-existence of "clean-up" options in the usual sense of the term.
The United Nations Framework Convention on Climate Change has as its "ultimate goal" the
stabilisation of concentrations of greenhouse gases in the atmosphere "at a level that would
prevent dangerous anthropogenic interference with the climate system (...) within a time-frame
sufficient to allow ecosystems to adapt naturally to climate change, to ensure that food
production is not threatened and to enable economic development to proceed in a sustainable
manner".
What level would be acceptable, and in accordance with what timetable could it be reached? In
other words, what greenhouse gas emissions trajectory will ultimately be compatible with the
goals of the agreement? A workshop of the Intergovernmental Panel on Climate Change (IPCC)
was convened to study this question in October 1994 in Fortaleza (Brazil). This workshop
revealed the difficulty of defining this trajectory in scientific terms.
We know, however, that in order to stabilise the atmospheric concentration of CO%, the
principal greenhouse gas, it would be necessary to reduce emissions to roughly half their
present levels. All the predictive models developed so far show that emission levels will rise,
not only in the absence of any specific action, but also if only the commitments for emission
levels in the year 2000 so far agreed by the "Annex 1" signatories of the Framework
Convention are implemented.
In light of the first fifteen country statements submitted to the Convention secretariat, it appears
that only half of the countries involved have already taken the steps needed to cut their
emissions back to 1990 levels by the year 2000.
Given these circumstances it is legitimate to seek radically new methodologies that might allow
the international community to cope with climate change. In particular, should the traditional

approach of country-by-country emission quotas be the focal point of international
negotiations?
First of all, given the extremely diverse circumstances of each country at the outset, uniform
emission reductions would be simultaneously:
- cost-ineffective, because to obtain the same quantity of avoided emissions some countries
would have to undertake costly measures, while others could ignore inexpensive measures;
- inequitable, as the countries that are the least polluting at the outset would support
proportionally much higher costs than the heaviest polluters; furthermore significant
distortions in international trade would ensue.
However it seems by and large vain to hope that international talks will manage to set
diversified national objectives that would take each country's situation into account and also
represent meaningful steps towards the ultimate goal of the Convention.
Furthermore, it has turned out to be difficult to establish long-term emission trajectories. Costbenefit analysis is particularly tricky in this case, because:
- the benefits, i.e. the avoided damage, are highly uncertain;
- the costs are controversial;
- the use of discount rates to compare financial fluxes at different moments in time is highly
problematic over such long time-frames.
I will not now go into the uncertainties associated with the benefits. As far as costs are
concerned, it can be assumed that they will rise along with the level of action chosen. But there
remain at least four cost functions (see diagram) to be defined, depending on the factors used:

Damages

A
B
C
D

reduction
levels
gross micro-economic cost of a given reduction measure;
micro-economic cost of fossil fuel conservation, taking into account the micro-economic
benefits of these savings;
macro-economic cost of fossil fuel conservation, taking into account the microeconomic benefits and other environmental benefits tied to these savings;
the macro-economic cost of fossil fuel conservation, taking into account the microeconomic benefits and other environmental benefits, and the macro-economic benefits
that might be associated with the instrument used to elicit this action; for example a
carbon tax that would enable a lowering of economically costly taxes (the "double
dividends" concept).

z

These four cost functions reveal possibilities for no-cost, or "no-regrets", action on a rising
scale. The optimal action level, as determined by the intersection of the action cost curve with
the damages curve (in practice the latter is unknown), is quite different for each cost function.
Uncertainties about the costs of damage and controversy over the costs of action have logically
led analysts to espouse different positions, depending on which set of hypotheses they adopt in
these two areas. The extremes of this range of positions can be summed up as follows:
a)

the "environmentalist" position: damage may be considerable, the costs of action low;

b)

the "industrial" position: damage may be low, the costs of action high.

The countries who are parties to the Framework Convention may be attracted to one or the other
of these positions. Each country's outlook will depend notably on its assessment of the costs of
its own action, whether it is equitable or not in comparison to the efforts undertaken by other
signatory countries, and its effects on the country's competitiveness in the international
marketplace.
How can we get around these obstacles, and reconcile the extremes labelled "environmentalist"
and "industrial"? By a progressive and heuristic approach, focusing international negotiation on
the maximum acceptable cost, over a given time-frame, for one unit of avoided emissions.
This approach appears to meet the two basic criteria:
- cost-effectiveness: all the measures costing less than a given amount would be undertaken,
but no measure costing more would be mandatory;
- equity: the most-polluting countries would undoubtedly have to implement a greater number
of measures.
Would this approach be effective? No, if by effective one means measures guaranteeing certain
results in terms of avoided emissions. The results cannot be known beforehand. However, if
later the results seem inadequate, particularly in light of advances in the scientific understanding
of climate change, it will be possible to raise the maximum acceptable cost per unit of avoided
emissions.
Most importantly, with this approach the real potential for no-regrets action could be
demonstrated. If the macro-economic cost of action turns out in practice to be much lower than
the agreed marginal cost, the subsequent acceptance of higher cost levels will be automatically
facilitated.
This approach would therefore be reassuring for the proponents of an "industrial" point of
view, since expenditures to avoid emissions would not exceed a given unit cost. At the same
time the proponents of the "environmentalist" outlook who believe that there is significant
potential for no-regrets action would not be disappointed.
Rather than running the risk of getting bogged down in negotiations to fix quantitative
objectives country by country (even if these objectives were made more "flexible" by
introducing "tradable permits" or by "joint implementation"), the international community
would be better off concentrating its efforts on negotiations to establish instruments that would
provide incentives for the implementation of all measures below a certain agreed level. National
carbon taxes come to mind, of course; other regulatory standards or measures may be
appropriate in certain areas, particularly if the "price signal" given by taxation would not
necessarily produce the desired action.
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II TIMING ISSUES
Nonetheless, the existence of major uncertainties has led some analysts to recommend a "wait
and see" policy. According to this assessment it is best to wait until the risks are better known,
so as to avoid unnecessary expenditures. In addition, a more rigorous plan of action undertaken
at a later date could carry lower costs in terms of current value than less extensive action
undertaken today, due to the conjugated effects of the discount rate and technical progress.
This view gives short shrift to a number of crucial points. First of these is the fact that technical
progress does not occur independently of its economic and social context. Naturally there are
often unexpected developments, and energy efficiency, for instance, is advancing
spontaneously. But at the same time technical progress is guided by the demands of actors in
the economy, as a function of the signals they perceive. For example, when labour costs are
high and energy, raw materials and pollution costs low, research and development work
focuses on economising labour. If inversely labour costs are low, because of lower taxes and
charges, and energy, raw materials and pollution costs are high, researchers and engineers will
direct their efforts to work on "clean and appropriate" techniques. In other words, the technical
potential for avoiding greenhouse gas emissions in ten or fifteen years will depend in part on
signals given to actors in the economy as of today.
"Wait and see" strategy is also supported by an incomplete vision of irreversibility. Its
proponents generally underscore the irreversibility of the investments that would be made to
avoid emissions, and that would be "lost" if the menace ultimately turned out to be smaller than
anticipated. They neglect, however, the fact that a great many investments linked to emission
trajectories at term will be made in any event, as shown below.
For example, buildings will be built, with characteristics that will dictate their heating and
cooling needs; to modify these parameters later will require expensive measures, at a current
value cost that may be significantly higher than the cost premium, if any, for the construction of
a more efficient building at the outset. To give another example, transport infrastructures will be
built- motorways or railways which will by their nature dictate related emission levels for
decades to come. Even more significantly, decisions concerning land use and planning, the
implantation of economic activity and housing, will have long-lasting consequences for
lifestyles, residences and transport, and the associated levels of emissions.
In addition, the importance of irreversible effects in the atmospheric system itself must not be
under estimated. I will take the destruction of the stratospheric ozone layer as an illustration.
According to Professor Megie, director of the Pierre Simon Laplace Institute in Paris, if the
decisions reached in 1987 in Montreal had been made in 1980, and if CFC emissions had been
halved again in 1986, the concentration of chlorine in the stratosphere would never have
exceeded 2.12 ppb. There would never have been a "hole" in the ozone layer over the
Antarctic... and it would have been possible to continue using indefinitely roughly 20% of the
quantities of CFCs used in 1980. This lag of 7 to 10 years in the decision process has put back
by approximately 60 years the return to the state of equilibrium which preceded the
development of the "hole".
Those who defend a "wait and see" strategy also argue that it would be unreasonable to rapidly
replace large quantities of existing capital equipment because of the greenhouse effect. This is
self-evident. But it is precisely because no generation can afford to take on the excessively high
costs of rapid renewal of capital equipment that steps must be taken starting now to ensure that
the natural renewal of capital equipment does not perpetuate trajectories at high emission levels
that it would be very hard to reverse. In this way, regardless of the degree of climate change,
future generations will retain the flexibility to "meet their own needs"- by definition the prime
condition tied to the concept of "sustainable development".
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INTRODUCTION
The project FLORAM was formulated at the "Institute for Advanced Studies" of
the University of Sao Paulo. It aims at decreasing the level of carbon dioxide in the atmosphere
and thus curbing the green-house effect by way of a huge effort of forestation and
reforestation. The resulting forests when the trees mature, will be responsible for the
absorption of about 6 billion tons of excess carbon.
It represents 5% of the total amount of CO2 which is in excess in the earth's
atmosphere and represents 5% of the available continental surfaces which can be forested as
well.
Therefore, if similar projects are implemented throughout the world, in theory all
the exceeding CO2, responsible for the "greenhouse effect", (27% or 115 billion tons of
carbon) would be absorbed.
Regarding this fact, there would be a 400 milion hectar increase of growing
forests.
The authors have in mind that the problem of "greenhouse effect" will not be
solved simply by implementing this project. The facts and figures here presented are the
milestone to start up the process of making environmental and foresting, policies in a broad
sense.
FLORAM in Brazil aims to plant 20.000.000 ha., in 20 years at a cost of 20 billion
dollars. If it reaches its goals, that will mean that Brazil will have reforested an area larger than
two Portugal or almost half as big as France.
The presentation of this Project at the 10™ World Clean Air Congress & Exibition
was made possible by the entusiasm and personal contribution of the ABEPPOLAR - Brazilian
Association of Ecology and Air Pollution Prevention - Randolpho Marques Lobato.

ORIGINS
On the second half of 1988, in several countries, Brasil included, public opinion
was vehemently denouncing the assaults against nature being perpetrated at an international
scale. Alarmed by the outcry, the world's scientific community began studying ways to fight
those practices harmful to the environment.

Among the scientific meetings called to discuss this problem, the Conference
"Climate and Development" convened in Hamburg, November 1988, was probably the most
important one.
The meeting was assembled to debate the "green-house effect", but promoted a
confrontation between the researchers comitted to the environmental cause and the defenders
of nuclear energy. The conflict originated because the latter, though acknowledging the
environmental pollution resulting from excessive utilization of fossil fuel, recomended the
proliferation of nuclear plants as a solution to decrease the levels of carbon in the atmosphere.
This proposal was rejected by other members of the Hamburg meeting, in order to avoid
catastrophes similar to that of Chernobyl.
The discussions led professor Wilfried Bach, from Munster University, to suggest
to the Brazilian representation at the meeting the following: "Why is it, that Brazil, with such
enormous territorial extension, and a climate that favours rapid growth of forests, does not
promote a large reforestation project in order to fix in phytomass, the excess of carbon in the
atmosphere?". This question was appraised by the Brazilian Delegates, who repeated it to the
Brazilian scientific community.
THE UNIVERSITY OF SAO PAULO AND FLORAM
After this provocative question, formulated at the Hamburg meeting, Prof. Jose
Goldenberg, then Rector of the University of Sao Paulo, asked the Institute for Advanced
Studies, of the same University, to promote studies about this theme.
The importance of Brazil's cooperation in the global effort to fight the green-house
effect, was a main consideration in the undertaking of this task.
Thus, the question began to be studied by a group initially constituted by AZIZ
AB'SABER, WERNER ZULAUF, LEOPOLD RODES and JACQUES MARCOVITCH,
director of IEA/USP. In order to convert the proposal into a project, this group held several
sessions, to which were invited many experts, from different areas, to discuss the initiative. It
was then agreed that the project should be open to participation of all those engaged in
forestry - from activities of the environmental cause to industrialists interested on the produce
of the forests. The goal was defined to be the preparation of a Brazilian project for the capture
of carbon dioxide by way of a large scale afforestation.
Project FLORAM was originally conceived and outlined, on June, 1989, after due
consideration to the contributions and opinions of these many specialists. Its name derives from
the acronym of the Portuguese words Florestas (forests) and Ambiente (environment).
PREMISSES OF THE PROJECT
The Project is based on the principle that it is within our territorial possibility to
establish large forest masses, which will serve Brazil doublefold: they will significantly help an
international program to decrease the levels of carbon dioxide in the atmosphere and at the
same time, they will become a very important economic asset.
By means of a well structured project, our country will place itself in the moral
position to demand complementary measures from the highly industrialized countries - the ones
mainly responsible for CO2 release and its increasing level in the atmosphere. At the same
time, a reserve of phytomass, of large proportions, will be available for productive exploration.
Safeguards were included to warrant the ecological and social feasibility of the project.
Conceived to be a sum of regional projects, it bears consideration to an accurate
typology of forestation or reforestation. It encompasses levels of "social forests"; forests for
rehabilitation of soil; of forests to block desertifications; forests to make drainage perennial;
hybrid forests of socio-economical and cultural interest; forests to restrict urban expansion; of
woods and green-areas in towns, and revegetation and woods adaptable to the Brazilian semiarid regions.

AREAS TO BE REFORESTED
The project foresees three basic types of reforestation:
1. ecological - to be done mostly with native essences and assigned to the
formation of woods, for the protection of springs, fountains, headwaters and for the
reconstruction of areas of ecological and landscape interest;
2. economical - destined for industrial exploration, but also endowed with
important regional environmental objectives, namely the struggle against desertification and
erosion;
3. hybrid - where both the above mentioned objectives and others are mixed, such
as reforestation of certain areas of the Amazon, already endangered by an inadequate form of
occupation.
The diverse geographical and social spaces that constitute the vast Brazilian
territory represent a natural and historical inherintance which calls for totally differentiated
regional plans.
In the Amazon region, the main problem consists in finding adequate ways of
protecting the existing forests to the maximum possible extent. That is the reason why,
somehow paradoxically, the project gives priority to the reforestation of the non-amazonic
region. Its rationale is that to promote reforestation in low fertile or eroded soil areas, outside
the Amazon, will provide a strategic protection for the native forests of Brazil.
In the same vein the project does not address directly the question of the
"Pantanal", but it points out the pressing need to reintroduce native species to the plateaus
sorrounding this area, both in the "gallery-forests" (forests around the small rivers) and into
their escarpments.
As to the semi-arid Northeast backlands, the project calls for a dual reforestation
approach involving, in the sources and banks of its intermitent rivers, the reintroduction of
native species as well as the introduction of exotic ones, adaptable to the climatic and
ecological conditions of the region.
On the other hand, FLORAM does not deal with areas in which there are vigorous
agricultural activities.
The strategic vision of the project requires that a compatibility between history,
forest exploitation and environmental preservation be found. At the same time it endeavours to
find a common ground between the desired biodiversity and forestation with differentiated
clones, the industrial activities of large corporations and the "social-forestry" of small to
medium landowners. The viability of the FLORAM Project is based on balance.

MAIN ASPECTS OF FLORAM
In the first place, it answers an obvious need and offers the Brazilian society an
alternative to face environmental challenge with a feasible and profitable solution, that will pass
on from the present to the future generations.
Secondly, it was done by way of an interdisciplinary and interinstitutional effort,
avoiding the creation of new ad-hoc institutions. It is recognized that its complexity requires
the cooperative interplay of experts from different areas of knowledge.
Thirdly, it embodies the commitment of the University of Sao Paulo (USP) to act
as the meeting point where different actors of the Brazilian society may congregate and freely
discuss proposals for the public good.
At the same time, it is considered that FLORAM stands a fairly good chance of
success. This certitude results from the recognition that the University, the scientific
Institutions and the private Companies Research Centers have reached sufficient scientific and
technological levels to enable them to efficiently answer the requirements of the project.

THE NEXT STEP
The basic ideas behind the project were expressed, reviewed and analysed in the
second half of 1989. In February (1990) the draft documents were presented to the critical
comments of aproximately 100 experts dealing with the various aspects of forestry: scientists,
researchers, environmental specialists, managers of paper, pulp and logging companies.
The all day long meetings congregated more than 180 experts. The summary of the
discussions, then held, amounted to a widely favorable judgement of the ideas and the
objectives of FLORAM. These conclusions will be published shortly.
The third and even more laborious phase of this huge enterprise is just beginning.
On the one hand, the detailing of the studies has to be finalized. On the other hand, the project
has to be taken to parties interested and able to implement it. The making of FLORAM will
now depend upon its specification to suit the diverse areas of Brazil, its structuring in a
network that will help the interaction of the different sectors involved and also upon obtaining
the necessary financial resources.
As to this point, it is understood that several factors, from the cost of land to the
cost of planting will influence it. There are some encouraging signs indicating the possibility of
it receiving financial support from international agencies and also of it eventually being
benefited by the conversion of portions of the external debt.
At present, these are only hints and it is known that the making of FLORAM will
always rest basically on the support it may receive from the three levels of government:
national, state and municipal and essentially, on the entrepreneurial vision of private
companies. Because of the hugeness of the FLORAM Project enterprise, international
cooperation is required, particularly financial sponsorship.
The above represents a brief description of the "Projeto FLORAM", a platform
designed at the Institute for Advanced Studies of the University of Sao Paulo (IEA/USP).
Its main objective is to contribute to the solution of a world problem: the
contamination of the biosphere by excess carbon dioxide, and also to answer economic and
social interests of Brasil.
DETAILED PROJECT
The book containing full especifications, including the evaluation and data
computation methodology shall be available to all interested parts, in English and Portuguese,
at the Institute for Advanced Studies of the University of Sao Paulo - IEA/USP or at the
Secretariat for the Green and Environment of Sao Paulo - SVMA respectively at the folowing
addresses:
IEA/USP - Av. Prof. Luciano Gualberto, Travessa "J", Cidade Universitaria 05508-001-Sao Paulo-SP Fone: 0055-11-813-3222 Ramais 2519 e 2730
Fax 0055-11-211-9563
SVMA - Av.Paulista, 2073 - Piso Superior - 01311-940 Fone: 0055-11-283-1184
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