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EXECUTIVE SUMMARY

Roy F. Weston, Inc. (WESTON), under a subcontract to the
Coalition of Northeast Govefnors (CONEG) Policy Research Cen-
ter, Inc. was retained to analyze the impact of residential
wood combustion on ambient air quality and public health.
Strategies to control the impact of residential wood coﬁbus-
tion on air quality have recently been implemented in Oregon
and other western states. The primary objective of.this
study was to determine if similar strategies need be - imple-
mented in Northeastern states. The secondary objective of
this study was to provide a resource documént for the states
when pursuing the analysis of localized problems ;esulting
from residential wood combustion.

Specific tasks performed under the contract include assign-
ing emission rates for total suspended particulates (TSP)
and benzo(a)pyrene (BaP) from wood burning stoves, estimat-.
ing the impact on ambient air quality_from residential wood
combustion and elucidating the policy options available to
Northeastern states in their effort to limit any detrimental
effects resulting from residential wood combustion. Ancil-
lary tasks included providing a comprehensive review on the
relevant health effects, indoor air pollution and toxic air

pollutant studies.
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INTRODUCTION

Roy F. Weston, Inc. (WESTON), under a subcontract to the Coa-
lition of Northeast Governors (CONEG) Policy Research Cen=
ter, Inc., was retained to analyze the impact of residen-
tial wood combustion on ambient air guality and public
health. The analysis was performed under a grant from the
U.S. Department of Energy (DOE) No. DE-FG05-830R21389. The
analysis proceeded under the advisement of a group consist-
ing of representatives froﬁ Northeast States Coordinated air
Use Management - (NESCAUM), the U.S..Environmental Protection
Agency (U.S. EPA), state air quality offices in the eleven
state region, and the wood stove industry.

The specific tasks completed by WESTON relating to residen-
tial wood combustion under this subcontract were as follows:

. 1. Compiling studies relevant to residential wood
combustion in the topical areas of emission cha-
racteristics, ambient air guality, hea}th ef-

fects and policy options.

2. Reporting the nature and extent of the impacts
on public health and ambient air quality caused

by residential wood combustion.

3. Examining the growth of residential wood combus-
tion within the eleven (1ll) state region.



SECTION 1

COMPILATION OF RELEVANT STUDIES

The objective of this section is to compile air quality stud-
ies used to determine wood stove emissions. An extensive
bibliography has been compiled and placed in Section 9.0 of
this document. Wood stove emission studies are divided into

two categories:

® Emission Characterization
e Impact Analysis.

Table 1-1 contains a detailed chart of the critical param-
aters studied 1in emission characterization projects. Total
suspended particulates (TSP) was found to be tHe most well
studied pollutant, followed by carbon monoxide (CO). Both
benzene extractables and benzo(a)pyrene were characterized
in seven studies. Other polynuclear aromatic compounds were

included in six projects.

A variety of short-term biological model systems are avail-
able for assessing the effects of wood smoke exposure. These
systems are characterized by the use of end points to mea-
sure genotoxicity. In general, a battery of tesls are con-
ducted which allow evaluation of toxic effects, mutagenesis,
DNA damage and repair,'chromosomal alteration and neoplas-
tic transformation. One such test, the Ames assay, utilizes
bacterial systems to get a measure of the mutgenic potential



TABLE 1-1

CRITICAL PARAMETERS CONTAINED
IN EMISSION CHARACTERIZATION STUDIES

REF. STOVES EMISSION FACTORS FUEL COMBUSTION PARAMETERS
NO. ZSTED POM TSP BE BAP PNA CO HC M OK PN FR_OT CE HT OE CT FR EA
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KEY TO ABBREVIATIONS USED IN TABLE 1l-1

EMISSION FACTORS

TSP = Total Suspended Particulate -

BE = Benzene extractable organic matter
BAP = Benzo (a) pyrene

PNA = Other polynuclear .aromatic compounds
AM = Ames testing

CO = Carbon monoxide

HC = Unburned nydrocarbons

FUEL CHARACTERISTICS

M = % moisture

OK = Oak

PN = Pine

FR = Fir

OT = Other wood fired

COMBUSTION PARAMETERS

CE = Combustion efficiency

HT = Heat transfer

OE = Overall efficiency

CT = Combustion chamber temperature
FR = Firing- Rate

EA = Excess ailr



of organic compounds or compound mixtures. Ames assays were

conducted in three characterization studies.

Several experiments have been conducted on animal eXposure
to wood smoke. One research group conducted animal tests on
exposure to smoke from finished home products. Other groups
performed studies which use products of combustion from fire
wood. A list of reference numbers and study categories for

health effect studies are shown in Table 1-2.

There are two methods which exist to conduct source impact
analysis studies. The classical method is source-dispersion
modeling, This'modeling method combines information about
emission factors and meteorological dispersion parameters to
predict the impact at a receptor. The EPA has many approved
models to determine the impact of point, line and area sour-
ces. The more recently developed method -employs receptor
modeling to apportion the contribution of particulate matter
to each source category. Mathematical _methods employed in
receptor modeling include chemical mass balance, factor anal-
ysis and multiple regression. Physical and chemical measure-
ments are regquired as a precursvr to performing receptor
analysis.

Impact Analysis studies most often couple a measurement pro-
gram with a modeling study. The Tennessee Valley Authority
used measurements to calibrate and validate dispersion model-
ing results. The "portland Aerosol Characterization Study"
employed c¢hemical mass balance methods in a receptor model-
ing study to determine the cuntribution of vegatative burn-

ing to the total ambient particulate mass. Table 1-3 com-



TABLE 1-2

HEALTH EFFECTS STUDIES

REFERENCE ..
" NUMBERS DESCRIPTION
1, 14, 23 Ames assay conducted on wood stove emissions
53-56 Animal exposure tests on combusted finished
wood products
59, 60, 63 Epidemiological survey
61 Indoor air pollution and prevalence of lung
: disease
62 Patheological research
64 annual inhalation studies on wood smoke
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TABLE 1-3
CRITICAL PARAMETERS CONTAINED IN IMPACT ANALYSIS STUDIES

REF. ‘ MEASUREMENTS MODELING
24 CH,cl, FP CEB

25 : TSP, BaP N.P.

26 TSP, FP, Cl4 CMB

29 cl4 " CMB

31 NAA EI (TSP, FP)
32 NAA EI DM (TSP)
33 TSP, 504; RP, NO,, NAA J ANOVA

34 TSP, PAH ' N.P.

35 - TSP, PAH, SEM DM

36 TSP, PAH, SEM DM, CMB

37 NAA DM

KEY to TABLE 1l-3:

MODELING

CEB = Chemical Element Balance

CMB = Chemical Mass Balancc

E.I. = BEmissions Inventory

DM = Dispersion Modeling

ANOVA = Analysis of Vvariance (across sites)
N.P. = None performed

Measurements

CH.Cl = Methylene Chloride

FP = Pine Partimmlate Matter

TSP = Total Suspended Particulate

Cl4 = Carbon 14

BaP = Benzo (a) pyrene

Rp = Respirable particulate Matter

SO, = Sulfates

NO = Nitrogen Dioxide

N = Neutron Activation Analysis (metals)
PAH = Polycyclic Aromatic Hydrocarbons
SEM = Scanning Electron Microscope (particle differentiation)



piles the parameters examined in these and other impact anal-

ysis studies.

.As shown in Table 1~3, TSP is the most frequently measured
parameter of ‘impact studies. Other common pollutants mea-
sured include PAH,. carbon monoxide and fine particles (FP).
Physical <characterization techniques such as neutron activa-
tion analysis (NAA) and scanning electron microscopy (SEM)
are employed to measure many parameters simultaneously. X-
ray fluorescence, an important physical technique is used
frequently. Of the impact analysis studies reviewed, about
half use dispersion modeling techniques while the other half
selected receptor modeling to characterize the ambient

aerosol.

In summary, 42 studies were compiled and analyzed in Section
1. TSP was found to be the most well studied pollutant both
in the emission characterization studies and the impact
assessment studies. Other important pollutants, such as Ben-
zo(a)pyrene were studied to a lesser extent. Health effect
studies were conducted on three levels: human pathological
and epidemiological surveys, animal respiratory system and
bacterial cell line mutation. Finally, both dispersion and
receptor modeling studies have been performed by research

scientists to assess the impact of residential wood combus-

tion on ambient air guality.



SECTION 2

. ANALYSIS OF IMPACTS ON PUBLIC HEALTH
AND AMBIENT AIR QUALITY FROM RESIDENTIAL WOOD COMBUSTION

2.1 ASSESSMENT OF THE CURRENT - STATUS OF AIRSHEDS IN THE
NORTHEAST

The existing primary standards for Total Suspended Particu-
lates (TSP) are 260 ug/m3 averaged over a 24-hour period
and 75 ug/m3 annual geometric mean. The secondary stan-
dard for TSP is 150 ug/m3 averaged over a period of 24
hours. The value of 60 ug/m3 " annual geometric mean is
used for the secondary standard by regulatory agencies for
planning purposes.

WESTON's National Air Quality Data System was used to deter-
mine which counties in the study area have had exceedences
of the primary or secondary standards in the iears 1380-
1982. A data base from the 11 states is created by extract-
ing annual frequency distributions and means from the Natio-
nal Air Quality Data System. Next, the 1l state data base
was examined to determine which counties could experience
the greatest impact on ambient air quality from increased re-
sidential wood combustion. The following c¢riteria were

used:



e Sites with annual average means, based on three
years of data, in exceedence of the secondary stan-
dard were defined for use in subsequent impact analy-

ses.

e Sites with 24-hour values greater than the secondary -
standard were defined for use in subsequent case stu-
dies.

The results are shown in Table 2-1 and Table 2-2. Table 2-1
lists the states and counties where exceedences of the annu-
al secondary standard occur. A total of 30 counties in the
11 state study are 1listed in this category. A subset of
this listing contains six sites which have annual geometric
means greater than 75 ug/m3, the primary standard. Many
of the counties shown in this table have multiple monitoring
locations.

Data from all the monitoring locations in a county were
grouped together to arrive at the annual mean concentration.
Therefore, counties which contain 1ndividual sitas showiag
exceedences of the secondary standard but did not average
greater than the secondary standard across all sites were
not 1included in Table 2-1. An example of this phenomenon is
found in Penobscot, Maine. There are seven monitoring loca-
tiong in Penobscnt. Three aites show annual averages dgreat-
er than 60 ug/m3, while four sites are below that wvalue.
The county-wide average for the seven sites during the study
years is 55.2 ug/m3, While county-wide averaging 1is not
used by regulatory agencies,it is used in this study for two
reasons. First, the TSP problem in the Northeast 1s perva-

sive, and therefore this technique is used. - to limit the size



COUNTIES. WITH EXCEEDANCES OF THE ANNUAL PRIMARY (75 ug/m3)
" OR SECONDARY (60 ug/m3) STANDARD FOR TSP

- STATE

NJ

NY

PA

TABLE 2-1

STUDY YEARS (1980,

COUNTY
oxford

Baltimore
Anne Arundel

Essex
Hudson
Middlesex
Union

Brie
Niagara
Onondaga

Allegheny
Beaver

Berks

Blair
Bradford
Cambria
Carbon
Chester
Cumberland
Dauphin

Erie
Lancaster
Lawrence
Mercer
Northampton
Philadelphia
Washington
Westmoreland

Washington

NO.
SITES

2

= U [N 2N i N o = w

HNWVMWENODHEFEFRFEFEFEODREDEEOS

+—

1981,

1982)

ANNUAL MEAN

3

CONCENTRATION (ug/m=)

60.3

69.
62.

O v

65.
72.
68.
63.

O wWw

72.

63.
62.

N

73.
54.
67.
65 .
60.
75.
1.
55,
64.
68.
60.
76.
81.
75.
68.
63.
64.
35 .

WWWOWH FPJONOTNROOU N J W

61,

Ut



STATE

CT

DE

MD

NJ

TABLE 2-2

STUDY YEARS (1980, 1981,

COUNTY

" Fairfield

Hartford
New Haven

New Castle

Aroostook
Cumberland
Franklin
Kennebec
Knox
Oxford
Penobscot
Washington

Baltimore
Allegany
Wicomico

Berkshire
Cantral ,
Pioneer valley

Belknap

Coos
Hillsborough
Straford

Essex
Hudson
Middlesex
Union

NO.
SITES
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TABLE 2-2 (CONT'D)

NO. NO. NO NO

STATE COUNTY SITES YEARS 150 ug/mé 260 ug/mé
NY Albany 3 3 8 0 .
Chautaugqua 1 2 2 0
Dutchess 1 3 5 0
Erie 7 3 163 10
Nassau 1 2 4 0
Niagara 5 3 27 0
Onondaga 4 3 17 2
Schenectady 1 3 4 0
Ulster 1 2 3 0
PA Allegheny 7 3 37 2
Beaver 6 2 25 2
Berks 1 2 2 0
Blair 2 3 13 1
Bradford 1 1 1 Q
Cambria 3 3 21 0
Carbon 1 2 12 2
Chester 1 2 15 3
Cumberland 1 3 4 0
Dauphin 1 2 3 0
Erie 1 1 1 0
Lackawanna 1 2 4 1
Lancaster 1 3 5 0
Lawreance 2 3 20 0
Mercer 2 3 10 1
Northampton 2 3 13 0
Philadelphia 5 3 17 3
Schuylkill 1 1 1 0
Washington 2 3 5 0
Westmoreland 1 3 18 2
York 2 1 30 2
RI . Providence 1 1 3 0
VT Chittenden 1 1 4 0
Washington 1 3 3 )
Windham 1 1 1 0



of the study to the counties with the highest TSP levels.
Second, it eliminates using counties where the TES problem
is highly localized or only marginal.

Table 2-2 lists the state and counties where exceedences of
the 24-hour secondary standard occur. Exceedences are shown
to occur in each of the 11 states in the study. Fifty-nine
(59) counties show exceedences of the 150 ug/m3 value with-
in the study years. The second numerical column in Table 2-
2 indicates the number of years during the three year study
period which exceedences of the primary or secondary sfan-
dard occurred. The majority of the counties listed have had
violations in all three of the study years. The third and
fourth numerical columns indicate the total number of viola-
tions of the secondar§ or primary standard, respectively, ih
the county at all sites. It is possible, then, that coun-
ties with muitiple sites will show violations at more than
one site on a violation day. This would be counted, then,

as multiple occurrences in the county.
. ]

in summary, seven states contaiun counties which have exceed-
ences of the annual secondary standard. All 1l states con-
tain counties which have exceedences of the secondary 24-
hour standard. The counties listed in Tables 2-1 and 2-2
are those exhibiting problems meeting the current ambient
air quality standards for TSP. The counties listed in these
tables define the data base which will be used in subsequent

data analysis.

2-6



2.2 ESTIMATION OF IMPACT ON AMBIENT _AIR QUALITY FROM
RESIDENTIAL WOOD COMBUSTION

'2.2.1 Determination of Emission Factors for Wood Burning

Stoves

2.2.1.1 TSP Emissions

Fourtesen emission characterization studies were analyzed to
detefmine the mean emission factor for TSP. The mean and
standard deviation for each study are shown in Figure 2-1.
The "results of Study 1 show that the mean emission rate from
the stoves tested in extremely low, therefore, the results
of Study 1 were treated as an outlier in the calculations
for this study. The mean emission rate from RWC stoves cal-
culated across the thirteen studies with a total of 198 ob-
'servations is 12.8 g/kg. The standard deviation for these
studies 1is 8.3 g/kg and the 95% confidence interval about
the mean is 12.8 ¥ 1.2 g/kg. As shown in Figure 2-1, the
calculated mean emission rate for this study is below both
the EPA and Orsgon DEQ assumed values. The EPA emission
value 1is one standard deviation away from the calculatad
mean. The EPA emission rate 1is a highly conservative
value, i.e. a high emission rate is used when compared to
the mean emission rate. This emission rate of TSP will be

used to perform the impact assessment because it is the emis-

sion factor ©presented by EPA. However, for comparative pur-

poses, the mean emission plus the upper 95% confidence inter-

val calculated in this study will also be shown.

2.2.1.2 DBaP Emissions

Five emission studies were analyzed to determine the mean
emission factor for BaP. The mean and standard deviation
for each study are shown in Figure 2-2. The mean emission

-/
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rate calculated across these studies with 40 observations is
0.56 mg/kg. The standard deviation for this study is 1.2
mg/kg and the 95% confidence interval about the mean is 0.56
+ 0.37 mg/kg. Too few observations were available for
other POM to meaningfully calculate mean and standard devia-
tions for emission rates. Since the EPA estimated the TSP
emission rate to be equal to the mean emission rate plus one
standard deviation, that critarion will be applied to esti-
mate a BaP emission rate. Therefore, an emission rate of
1.76 mg/kg of BaP is nsed to perform the impact assessment.
Again,'for comparative éurposes the result of using the mean
emission rate plus the upper 95% confidence interval will be

shown,

In-addition to POM, dioxins have been found in wood smoke
studies. Dioxins in samples from wood-fueled stoves and from
the chimneys of wood-fueled furnaces have been reported in
the Lliterature.’® The samples were collected from rural
areas of the United States where fuel wood was expected to
have had minimal exposure to pesticides and herbicides and
where no industrial or municipal incinerators were locatad
nearby. The wood was not treated or processed..The c¢oncentra-
tion of dioxin in the samples from the stoves was 170 ppt te-
trochloro-dibenzodioxin (TCDD). Samples of chimney particu-
lates around the region contained dioxin concentrations as
high as 4,925 ppt for TCDD. Additivual data suggest that the
production of dioxins from the combustion of natural wood
may b%e a qeneral phenomenon.’’ Toa few data are available

to generate an emission rate value.



2.2.2 Estimated Contribution of RWC to Annuai Ambient Air
Quality

2.2.2.1 TSP

The TSP emission factor given in EPA, AP42 is 21 é/kg wood .
This emission factor is combined with annual meteorclogical
factors, county-wide areas and estimated wood Dburning rates
to estimate the impact of residential wood burning on ambi-
ant TSP levels. The procedure is described below.

Counties which showed a violation of the annual secondary
standard for TSP, listed in Table 2-1 were used for this as-
pect of the study. An annual residential wood fuel consump-
tion rate developed for the New England states was based on
a series of studies conducted by the United Stated ©Depart-
ment of Agriculture38-42 For other states in the study,

the empirically derived formula: 37

Cords used per household = 3.087 - 0.322 log (population
per 104 Degree Days density)

was used to determine wood fuel usage. The determination of
wood fuel usage for the subject counties is shown in Table
2-3. Also shown in Table 2-3 are population and area data.
Wood usage 1is shown to vary greatly over the counties stud-
ied, from. a low value of 9,200 cords per year for Hudson,
New Jersey to a high value of 192,441 cords per year for Al-
legheny, Pennsylvania. Figure 2-3 shows the empirically de-
rived relationship between population density and wood fuel
usage.37 Also shown in Figure 2-3b is a correlation study
on observed and estimated wood burning using this rela-
tionship. According to this study, states surveYed use fire-
wood in the same manner as New England, where detailed sur-



TABLE 2-3

ESTIMATED ANNUAL WOOD FUEL USE (1978-1979)

STATE COUNTY POPULATION AREA USAGE

(sgq.mi.) (cords)

CT Hartford 807,766 739 121,193
New Haven 761,337 610 149,715

DE New Castle 399,002 396 62,894
ME Aroostook . 91,331 6,721 64,282
933,722 Cumberland 215,789 876 104,565
: Kehnebec 109,889 876 71,427

Oxford 48,968 2,053 38,815

Penobscot 137,015 3,430 76,615

MD Allegany 80,548 421 18,574
3,923,897 Ann Arundel 370,775 118 66,380
Baltimore 655,615 598 112,565

Wicomico '64,540 379 15,606

MA Hampden 443,018 618 64,731
Worcester 646,352 1,513 152,970

NH Cheshire 62,115 711 35,242
737,681 Coos 35;147 1,804 20,10%
NJ Essex 880,451 127 43,329
7,171,112 Hudson 556,972 46 9,200
Middlesex 595,893 316 76,212

Union 504,094 103 36,352



TABLE 2-3

(continued)
STATE COUNTY POPULATION AREA USAGE
' (sg.mi.) (cords)
NY Albany 285,909 524 58,565
18,241,584 Erie 1,015,472 1,046 172,282
Niagara 227,101 526 49,506
Onondaga A 463,324 206 30,294
Schenectady 149,946 206 30,294
PA Alleghany 1,450,085 727 192,441
11,800,766 Beaver 204,441 436 41,035
Berks 312,509 861 65,841
Blair 136,621 527 27,900
Bradford 62,919 1,152 33,882
Cambria 183,263 691 40,647
Carbon 53,285 384 13,553
Chester 316,660 758 71,341
Cumberland 178,037 547 38,612
Dauphin 232,317 528 49,694
Erie 279,780 804 61,482
Lackawanna 227,908 461 48,812
Lancaster 362,346 952 72,800
Lawrence 107,150 363 23,488
Lycoming 118,416 1,237 36,382
Mercer 128,299 672 31,624
Northampton 225,418 376 46,447
Philadelphia 1,688,210 136 27,200
Schuylkill 160,630 782 36,800
Washington 217,074 958 50,718
Westmoreland 392,294 1,033 78,3994
York 312,963 906 63,953
RI Providence 571,349 416 51,852
vT Chittenden 115,534 540 25,412
Washington 52,393 787 23,147
Windham 36,933 787 23,147
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veys were conducted, and no supply constraints are appar-
ent. -Note that the curve reaches a méximum at 6,000 persons
per square mile indicating that wood consumption peaks _in
moderately dense cities. Wood fuel usage in very dense cit-
ies is shown to be equivalent to consumption in more sparse-
ly populated regions. |

Using the annual wood fuel usage, it is possible to calcu-
late the source strength, Q, for each county. éource
strength is a parameter used in dispersion meteorology which
is in wunits of mass per area times time.. The source
strength and annual average wind speed were then input to a

box model to the estimate the impact of wuod burning on am=
bient air quality.

A simple but physically realistic model is adequate for esti-
mating pollutant concentrations due to area sources. Area
source emissions can be regarded as the sum of numerous
small point sources across a broad area. In the context of
this report, space heating units will make up the area
source., In urban areas, box models have been shown to per-
form nearly as well as morc complex models.’> NA compari=
sons have been performed in rural areas because, until re-
cently, there has been little concern over exceedences of. am-
bient air quality standards outside of metropolitan areas.
There are several limitations to using this . approach.
First, terraine factors are not accounted for in the model.
Second, it is only possible to calculate values Dbased on
long averaging times and large surface areas. An annual av-
eraging time and county-wide area are selected for this esti-
mation brocedure. While it might be desirable to model shor-

ter averaging times (probably 24-hours) and small areas



{such as one neighborhood), it is not possible to perform
this modeling within the confines of this project.

The results of the dispersion modeling are shown in - Tables
2-4A and 2-4B. The assumptions used in the calculations are
as follows: '
1. The emission factor is 21 grams TSP per Kilo-
gram of wood burned in Table 2-4A and 14 grams
TSP per kilogram of wood burned in Table 2-4B.

2. Particulates are dispersed uniformly over the
county. ' .

3. Pollutant is released at a uniform rate.

4, A cord weighs 5000 pounds (this corresponds to

the density of ash, birch, hickory, and

maple).

Using the EPA AP42 emission factor, Coos, New Hampshire
shows the minimum estimated annual impact wvalue of 0.7
uq/m3 or 0.8% of the annual mean concentration. The
maximum estimated impact is 10.9 wug/m3 in alleghanv,
Pennsylvania or 14.9% of the measured annual mean TSP
concentration. Using the alternative emission factor, the
estimated annual impact on ambient air gquality ranges from A
low of 0.5 ug/m3 in Coos, NH to a high value of 7.3
ug/m3 in Alleghany, PA.

These results seem quite reasonable in light - of a recently
published article26, Utilizing receptor modeling techni-
ques, that study found that residential wood combustion co-
ntributed between 7% (in industrial areas) to nearly 44% (in
residential areas) of the TSP fraction in Portland, OQregon.

In Washington state, residential wood combustion was found



TABLE 2-4A

ANNUAL ESTIMATED TSP IMPACT FROM RESIDENTIAL WOOD COMBUSTION
EPA EMISSION FACTOR '

Annual Mean Estimated Relative
' Concentration Impact Impact
State____County ____{ng/m3) ngém3l {percent)
ME : Oxford 60.3 0.9 1.5
MD ann Arundel 62.9 6.0 9.5
Baltimore 6Y9.5 7.5 10.8
NH Coos 97.7 0.7 0.8
NJ Essex 65.3 - 10.1 15.5
Hudson 72.9 5.2 7.1
Middlesex 68.0 8.0 11.8
Union ©63.1 . 10.1 16.0
NY Erie 72.4 5.4 7.5
Niagara 63.6 2.8 4.4
Onondaga 62.8 3.9 6.2
=3\ Alleghany 73.4 10.49 14.9
Beaver 64.7 3.6 5.6
Berks 67.2 3.9 5.8
Blair 65.5 2.1 3.2
Bradford 60.0 1.1 1.8
Cambria 76.0 2.4 3.2
Carbon 6l.6 1.5 2.4
Chester 65.6 3.8 5.8
Cumberland 64 .2 2,8 4.4
Dauphin 68.0 4.5 6.6
Erie A0 7 2.6 4.3
Lancaster 76.7 4.0 5.3
Lawrence 81.6 2.4 2.9
Mercer 75.9 1.6 2.1
Northampton 68.8 5.7 8.3
Philadelphia 63.3 6.5 10.3
Washington 64.3 2.2 3.4
Westmoreland 85.9 3.3 3.8
vT Washington 6L.5 1.3 2.1



TABLE 2-4B

ANNUAL ESTIMATED TSP IMPACT FROM RESIDENTIAL WOOD COMBUSTION
MEAN EMISSION RATE PLUS UPPER 95% CONFIDENCE INTERVAL

Annual Mean _Estimated Relative

. Concentration Impast Impact
State ___County (ng/m>) (ng/m>) (percent)
ME Oxford 60.3 0.1 1.0
MD Ann Arundel 62.9 4.0 6.4
Baltimore 69.95 5.0 7.2
NH Coos 97.7 0.5 0.5
NJ Essex . . 65.3 6.8 10.4
Hudson 72.9 5.5 4.8
Middlesex 68.0 5.4 7.9
Union ) 63.1 6.8 10.7
NY Erie ' 72.4 3.6 . 5.0
Niagara 63.6 1.9 2.9
Onondaga 62.8 2.6 4.2
PA Alleghany 73.4 7.3 i0.0
- Beaver 64.7 2.4 3.8
Berks 67.2 2.6 3.9
Blair 65.5 1.4 2.1
Bradford . 60.0 .7 1.2
Cambria . 76.0 1.6 2.0
Carbon 6l.6 1.0 1.6
Chester 65.6 2.5 3.4
Cumberland 64.2 1.9 2.9
Dauphin . 68.0 3.0 4.4
Erie 60.7 1.7 2.9
Lancaster 76.7 2.7 3.2
Lawrence 8l.6 1.6 1.9
Mercer 75.9 1.0 1.4
Northampton 68.8 3.8 5.6
Philadelphia 63.3 4.4 16,9
Washington 64.3 1.5 2.0
Westmoreland 85.9 2.2 2.5
vT Washington 61.5 9 2.1



to contribute between 61% and 93% of the fine fractién { 2.5

um) in a 24-hour period.
2.2.2.,2 BaP

The estimated impact of benzo(a)pyrene (BaP) emission from
residential wood combustion is calculated in the same manner.
as for TSP. The results of these calculations are shown in
Table 2-5A and 2-5B. The estimaled annual BaP impact i3
shown to range from a low value of 0.08 ng/m3 in Oxford,
Maine te high valne nf 0.98 nq/m3 in Alleghany;
Pennsylvania. Only four annual measurehents were available
for comparison from literature sources. The alternative
projections provide estimates of 0.04 ng/m3 BaP in Oxford,
ME and 0.52 ng/m3 Bap in Alleghany, PA.

Table 2~6 is included for comparative purposes.43 The au-
thors of that study estimate that wood fired appliances con-
tribute 34.8% of all polycyclic organic material (POM) to
the ambient environment in the U.S.A. This would make such
dppliances by far the larqgesf single source in the United
States. However, in high density urban areas there is
ligtle wood burning and therefore it is more likely that mo-
bile sources are the primary contributors to ambient air POM
in densely populated urban areas.

2.2.3 Review of Short-Term Monitoring Studies

Three short-term studies have been conducted recently to ex-

amine the -‘contribution of RWC to ambient air pollution.48‘
50



TABLE 2-5A

ESTIMATED ANNUAL BaP IMPACT FROM RESIDENTIAL WOOD COMBUSTION
MEAN EMISSION RATE PLUS ONE STANDARD DEVIATION

Annual Mean Estimated

Concentrition Impast

State County (ug/m>) (ag/m>)
ME Oxford NA 0.08
MD Ann Arundel NA 0.5
Baltimore 0.6 0.6

NH Coos NA 0.06
NJ Essex 0.8
Hudson 1.0 0.4

Middlesex (Newark) 0.7

Union " 0.8

NY Erie NA 0.5
Niagara NA 0.2

Onondage NA 0.3

PA Alleghany NA 0.98
Beaver NA 0.3

Berks NA 0.3

Blair NA 0.2

Bradford NA 0.09

Cambria NA 0.2

Carbon NA 0.1

Chester NA 0.3

Cumberland Na 0.2

Dauphin NA 0.4

Erie 0.30 0.2

Lancaster NA 0.3

Lawrence NA 0.2

Mercer NA 0.1

Northampton NA 0.5

philadelphia 0.7 0.5

Washington NA 0.2

Westmoreland NA 0.3

VT Washington NA 0.1



TABLE 2-5B

ESTIMATED ANNUAL BaP IMPACT FROM RESIDENTIAL WOOD COMBUSTION
MEAN EMISSION RATE PLUS UPPER 95% CONFIDENCE INTERVAL

Annual Mean Estimated

Concentr%tion Impact

State County (ug/m*>) (ug/m3)
ME Ooxford NA 0.04
MD Ann Arundel NA U.2b
Baltimore 0.6 0.32

NH Coos NA N.03
NJ Essex 0.42
Hudsen 1.0 0.21

Middlesex (Newark) 0.57

Union 0.42

NY Erie Na 0.26
Niagara NA 0.11

Onondage NA 0.16

PA Alleyhany NA 0.52
Beaver Na 0.16

Berks NA 0.16

Blair NA 0.11

Bradford NA 0.05

Cambria NA 0.11

Carbon NA 0.05

Chester NA- 0.16

Cumberland Na 0.11

Dauphin NA 0.21

Eria 0,30 0.11

Lancaster NA 0.16

Lawrence NA 0.11

Mercer NA 0.05

Northampton NA 0.26

Philadelphia 0.7 0.26

Washington NA 0.11

Westmoreland NA 0.1l6

VT Washington Na 0.05



TABLE 2-6

ESTIMATES OF ANNUAL POM EMISSION BY SOURCE TYPE
ON A NATIONAL BASIS

Estimated annual Percent of
POM emissions, total POM emissions
Source type metric tons from all sources
Residential heating
o Wood-fired total. 3,837 34.8
.0 primary heating. 1,383 .
o auxiliary heating 2,376
o fireplaces 78
o Coal-fired 102 0.9
o O0il-fired 7.4 <0.1
o Gas-fired 9.8 <0.1
Open burning sources ‘
O Agricultural open burniné 1,190 10.8
o Prescribed burning 1,071 9.7
o Forest wildfires 1,478 13.4
o Coal refuse piles 28.5 0.3
o Land clearing waste burning 171 1.6
o Structural fires 86 0.8
Mobile sources
o Autos-gasoline 2,160.8 19.6
o Autos-diesel ) 1.2 <0.1
0 Trucks-diesel 103.5 0.9
Coke production 632 5.7
Industrial boilers
o Coal ' 69.0 6.3
o O0il 1.3 <0.1
o Gas : 2.1 <0.1
o Wood/bark 1.2 <0.1
o Begasse 0.3 0.1
Incinerators
o Municipal 0.3 <0.1
. 0 Commercial 55.8 0.5
Utility boilers
¢ Coal 12.9 0.1
o 0il 0.3 <0.1
o Gas 0.3 <0.1



TABLE 2-6
(continued)

Estimated annual
POM emissions,

Percent of
total POM emissions

from all sources

Source type metric tons

Carbon Black . 3.1
Charcoal manufacturing

o uncontrolled batch kilns 0.8

o continuous furnace production 0.7
Asphalt production

o0 Saturators 0.2

o Air blowing 0.2

o Hot road mix 3.9
Barium chemicals

(Black ash rotary kiln) 0.3

TOTAL 11,031

Adapted from Reference 43.

<0.1l

/N

~
cc
.

o

<U.1
<0.1
<0.1

<0.1



A study was conducted in two New Hampshire towns during the.
1979-1980 heating season. 48,49 Concentratigns of POMs
were determine& in ambient air samples in the small commuhi-
ty of Lyme Center, NH, where wood was the dominant heating
source. Although occasional atmospheric conditions led to
POM concentrations comparable to those reported in large ur-
ban areas (BaP = 1 ng/m3j, the ambient air quality most
commonly reflected the lower POM values associated with the
surrounding rural area. By contrast, POM measurements in
the larger town of Hanover, New Hampshire, regularly ap-
proached the typical urban values. The Hanover samples were
also surprising in that the fingerprint given by relative
concentrations of various POMs did not differ appreciably
from the Lyme Center pattern, despite the fact that oil is
the dominant domestic and commercial heating fuel 1in Han-

over.

Another study was conducted during the winter of 1981-1982
in Western Massachusetts.>? This receptor modeling study
was designed to allocate the fraction of TSP attributable to
RWC. The results indicated that in suburban areas of West-
ern Massachusetts residential woodburning accounts for about
36 percent of the TSP and in urban areas about 15 percent of
the TSP. '

Exceedances of the 24-hour TSP standards were not observed
in either study. In only one of the five locations monitored
in these studies did the highest observed TSP value approach
60 percent of the secondary standard. There are no ambient
standards for POM or BaP. The highest BaP values observed
were close to the levels measured in major metropolitan

areas.



2.3 ESTIMATION OF IMPACT ON PﬁBLIC HEALTH FROM RESIDEN-
TIAL WOOD COMBUSTION

2.3.1 Review of Pertinent Health Effects Studies

The environment is a major contributor to the development of
a variety of pathological conditions 1in humans. It has
been estimated that as much as 13 percent of all human
deaths from cancer may be attributed to exposure to pollut-
ing substances in the environment.®® This section de-
scribes the bieleogiocal adtivity of wnod smoke and scveral of
its POM components. The review includes tests conducted on
cell 1lines (Ames assay), whole animals (respiratory physiol-
ogy) and human populations (pathology and epidemiology).

2.3.1.1 Cell-line Tests

Products of incomplete combustion contain POM, many of which
are suspected human carcinogens. A relatively inexpensive
short-term biological model used to assess mutagenic poten-
tial o©f wood exhaust and its companents is the Ames assay.
Ames tests use bacterial systems to measure parameters indi-
cating DNA damage. Three Ames assay laboratory studies have
been conducted on wood smoke.

Table 2-7 is presented in order to compare the mutagenic po-
tential of wood stove emissions to other sources of residen-
tial heat. Although residential il furnace organics ars
1.5 to 6 times more zmutaqanic than woad stoves, the wood

stove tested emitted 400 times more particulate organic mat-



B COMPARISON OF MUTAGENICITY rl: ZITIDE!

TABLE 2-

7

HOME HEATING DEVICE-
*REVERTANT Ng ORGANIC  *REV. x 107 °
: per per per
SOURCE FUEL ug Organic Joule Joule
Woodstove Pine 1.3 508 900
Woodstove Oak 0.9 187 169
Residential No. 2 2.0 0.5 1.0
Furnace Fuel '
Residential No. 2 5.1 1.5 7.6
Furnace Fuel
*
Revertants in Ames assay using bacterial T98

69 activation.

Adapted from Reference 73.

with



ter per kilogram of fuel burned. Therefore, when the
sources are compared on a fuel heating value basis, wood
stove emissions contribute significantly more ootentially
hazardous organic material into ambient.air than the residen-

tial use of No. 2 fuel oil.

2.3.1.2 Animal Studies

Hilado and colleagues§3'56 have reported considerabvle mor-
hidity in experimantal animals that were exposed to the prod-
ucts of cowmbustion of hard woods,such as birch and oak, or

{1

soft woods, such as fir and pine; they noted no differenc
in toxicity between the products of these hard and soft
woods. The ptoblem of ihterpceting these rasults is compound-
2d by the presence of presecvatives and other additives in
the wood. It is often difficul:t to establish whether. any ob-
served toxicity is caused by the combustion products of Ethe
wood 1itself or of a contaminating additive. Aad iz has aot
been escablished whether the particle-bound POM gen=rat=d

during combhiustian contrivute nocre Lo the ebserved toxigizy

1
!
1

"
”

than tlhe gaseous producks. CTonsiderainle addizlional we
with subacute and chronic exposurz is raquirzsd to charactac-
ize toxicity.

A study commissioned by the Northeast States €for Coordinatad
Air Use Management (NESCAUM) was conducted to examias fa-
creasad potential- for respiratory diszase from inhalation of
soud  smowe. 84 Ruespicable particl2s  generatad {oom a wooud
stove were implanted in the trachea of hamsters. The ra-
sulcs snowed that the response to wood combustion products
was less than the response to coal products, but elevata

ovar inhalation of a nontoxic dust. No unigue, discernable



pathological effects were noted, i.e., the response resem-

bled inhalation of other smoxkes.

2.3.1.3 Epidemiological and Pathological Studies

Numerous epidemiological and pathological studies have been

conducted over the past 20 years to examine the incidence of .
lung disease in New Guinea natives.39-63 rhe disease ob-
served resembles chronic bronchitis and empaysema common in

Westarn nations. It is possible that =sanvironmental Iactors,

such as exposures to domestic wood smoke, or acut= repeatad
infection of lungs in infancy causes the disease.b9 As in-
dicated in Section 2.4, the level of air pollution in nativs
huts is extremely high due to wood fire. Observation of pa-
thological samples supports epidemiological =svidence that 2n

vironmental pollution plays a minor role in the pathogene-
sis, while repeatad lower raespiratory tract infection is a
ma jor contributor to luhg. disease.62 While the studies
r2 inconclusive to date, ongoing investigations should pro-
vide insights into the emphysemic effect of chronic sxposurz

to nigh concentrations of wood smcxe.

2.3.2 Quantitative Risk Assessment

Quantitative risk assessment is a developing, rather than a
precise science. The use of different assumptions or a2xtrap-

N

olations <could lead to very different conclusions. Tha cai-
culated risk at ambient concentration is not an absolut= in-
dicator of risk, but is intended to represent a best asti-

mate between the upper and lower bounds of risk.



At present, there are only two sources of human exposure to
POM on which data are reliable. These sources are occupa-
tional exposure to coke ovens and cigarette smoxking. The ma-
jor known human cancer associated with axposure to chemical
mixtures containing POM is lung cancer. While much is xnown
about the quantitative relationship between <cigarette smok-
ing and lung cancer, far less is known about exposurs to oth-

er PAaH containing mixtures aud lung cancer.

studies of the effects ot exposurs to yeneral air pollution
have uncoverad a consistently higher lung cancer rate in ur-
ban areas than rural areas. Interpretation of this observa-
tion has oeen confounded by the lack of detailed information
on smokihg history. Urban-rural comparisons have only pro-
vided a very weak basis for evaluating the effect of general

~air pollution on lung cancer rates.

The EPA has not assigned a unit risk value for exposure to
wood smoke. Furthermore, there have been neither guidance
documents nor criteria set to perform a risk assessment.
Studies Aras presently being conducted by EPA £2 defarmine 12
2nissiunsg £rem weod couwmbustion are similar o  theose  from
other combustion sources. Assuming that there are no unigue
harmful effects attributable to wood smoke, the following
procedura 1s adopted 1in this study to estimate cumulative

risk.

Thera 1s considerable animal and occupational data iandicat-
ing thal POM, or some of the pravalent compounds in a POM
mixture, is carcinogenic. Estimate of cancer rates per unit
axposura can only be made through the use of crude indices.

BaP is a commonly used index for this purpose.



t

There are difficulties with the use of such an index: (1)
BaP may be a minor constituent compared to other POM com-
pounds, (2) the biological activity of a POM mix may be pri-
marily in other fractions, (3) the fraction of BaP in the
POM mix varies from one situation to another, and (4) BaPp
may ©oe less chemically stable than other POM compounds. . The
use of BaP as an index may stem morse from familiarity than
sound réasoninqoss BSF, another ©POM compound, has also
been used as an indicator but it has not demonstrated consis-
tent ra2sults with bacteriological mutation tests. A com-
oletz list of organic compounds measured in one RWC test ser-

ies i3 enclosed in Appendix A.

There is little altarnative for Qquantitative estimatass at
this point. Use of a range of estimatés overcomes some prod-
lems; Meyers et. al. suggests an annual rats of 10-40 <fatal
cancers oper 106 person-ng/m3 BaP, assuming exposur= to
the entire mix of combustion products indexed by Bap.69

Lung cancer rates in nonsmokers have been found to fi: an em-
pirically derived equation relacing air pollutica to <cig-
arette smoking.44 If the observed lung cancers wer= lue
totally to BaP pollution, the estimate is:

42 ng/m3 BaP-U.S. = 1 U.K. cigaratcte

This may ve considered an upoer limit of the opotancy of

BaP - U.S. pollution in nonsmokers. U.K. cigaractes wers
used pbecause the study was conducted in Wales and extrapolat-
ad lung cancer risk to U.S. air pollution levels. The cumu-

lative 1incidence of lung cancer for a lifetime exposurs,

[\S]
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taken as 70 years, was estimated to be 2,524 per 100,000 or
2.52% for inhalation of one U.K. cigarette per day.

In Section 2.2, it was estimated that residential wood com-
bustion, contributed 34.8 percent of the POM to ambient air

on a nationwide, annual average basis.

In the four urban aresas where annual mean 3aP concentrations
are available, the level ranges from 0.3 ng/m3. to 1.0
ng/m3. Assuming that 34.8 percent 1is contributed Dby R®C
then the effective levels for this analysis ranges from 0.1
ng/m3 to 0.35 ng/m3 Bap. According to the above equa-
tion, this would be equivalent to a ourden of smoking 0.002
to 0.008 U.K. cigarettes per. day, or 0.7 to 2.8 «cigar=attes
per year. For a lifetime exposure, this translates to a cum-
ulative incidence "of 5 to 20 lung cancers per population of
100,000 or 0.005 percent to 0.020 percent. Due to the uncer-
tainties associated with using BaP as an index, the level of
uncertainty with the measurement tachnigue and with the popu-
lation distripbution, the estimate providad is only jood wizh-

in a factor of 1v./l

The above analysis is given to present an order of wmagnitude
for the RWC problem. A wmore rigorous analysis of cancsar
risk from wood smoke requires far more data than are avail-
able to date. Other weaknesses in the approach taxen ian-
clude a lack of supporting biocassay studies by which compari-
sons can be made, a true estimate of wood smoxe <concriou-
tion ' to ambient air pollution levels and an estimate of un-
certainty in the equation used to perform the risk assess-
ment. In addition, the ar=as of concern are the rural or

semi-rural valley ar=as whera pollutant trapping occurs, not



TABLE 2-8

COMPARISON OF MEAN INDOOR POLLUTANT LEVELS

GROUP
Pollutant Units Sunmer - Winter Control Wwintar Combustion
Formaldehyde pgb 75 £ 31
NO ppb 5 5 30
NO, opo 13 9.5 40
0 opm 1.7 1.8 2.7
O, ppm - 600 1000 .
TSP ug/m R 20 40
’SP ug/m3 24 21 33
Volatile Organics ug/m3 260 136 125

Source: Reference 58.
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TABLE 2-9

INDOOR-CUTDOOR RESPIRABLE SUSPENDED
PARTTCUIATE CONCENTRATIONS

NUMBER  OUTDOOR | INDOOR :
WOODBURNER  OF DAYS  CONCENTRATION® CONCENTRATION®
STUDY tO. IN HOMER SAMPLED  (ug/m>) (ug/m3)
Spengler( 33) No 24 11.5(2.4=-22.7) 15.2(8.4-23.0)
No 0 10.9(2.4-18.3)  29.9(7.6-72.4)
Yes (W) 30 12.5(4.8-24.0)  27.3(8.4-60.3)
Yes (F) N 10.3(3.7-21.6)  17,9(5.6-61.8)
Moschandreas( 74) Yes (W) 14 34.2(22.6-57.6)  49.0(14.3-72.5)
No 14 27.4(13.9-53.7)  28.0(23.9-3L.6)
Yes (F) 1 30.3 159.9
Ho 14 11.0(7.3-21.8)  40.9(21.7-66.9)
Yes (F) 1 6.0 67.6
No 14 17.9(7.7-30.5)

18.8(6.3-239.0)

a - (W)A woodstove, (F) fireplace.

b - The concentration range is in parentheses.

ND - not determined.



ulate matter is measured indoors when comparad to outdoor

concentration.

A stuay of indoor air pollution levels was conducted in Na-
tive Huts +1in the highlands of New Guinea.®l Native 959_
ulations in New Guinea have a high prevalence of chronic non-
tuberculoan lung disease which could be causad by =axposursa
to wood smoke. In huts with open, uncontrolled firas, the
average concentrations of wood smoke, aldehydes and carbon
monoxide are 666 . ug/m3, 1.08 ppm and 21.3 ppm, ra2spective-
ly. Peak concentrations of these substances, generally
occurring soon after fire start-up, ar2 4362 ug/m3, 3.8
ppm and 150 ppm, respectively. A discussion of Aa=alch

effects relavent to this study is providad in Section 2.3.1.

2.5 REGULATORY ALERT: A NEW PARTICULATE STANDARD AND
PROMULGATION OF A POM STANDARD .

2.5.1 Particulate Standard

The existing primary standard for T3P ar= 253 ag/m3  a
aged over a 24-nour period and 75 ug/a3 annaal gJaomeccic
mean. The secondary standard is 150 ug/m3 avaraged over a
period of 24 nours.

The proposed primary standards ares basad on particles in the’
0-10 micron diameter range (PMLO)'67 T9a concentration
will be in the range of 130-25¢ ug/m3 averaged ov=2r 3 24-
aour period and 50-65 ug/m3 -ahnual arithmecic mean. The
secondary standard will be an aannual TSP valus in cthe range

of 70-90 ug/m3 Arithmetic mean.



.the urban areas where annual average BaP concentrations are
‘known. No long-term monitoring has been conducted to deter-

mine ‘ambient air levels of PAH in rural or semi-rural areas.

The significance of exposure to this level of BaP or tne as-
sessment of cumulative incidence for a 70 year exposurz can-
not be determined. It can, however, be unequivocally stated
that the ambient cohcentration of BaP has decreased steadily
and consistently in urban areas since 1966. This observa-
tion, shown in a recent journal article,?7 was attributed
to the decrease in residential coal combustion. Therefore,
while we have determined that residential wood combustion
contributes significantly to existing levels of ambient BaP,
it cannot be concluded that these levels are cause for con-

cern.

2.4 INDOOR AIR QUALITY

Indoor pollutant concentration ma& be significantly diifer-
ent from ocutdoor levels. The Oak Ridge National Labbratory
‘took measurements in 40 homes during the period -April 1982
through February 1983.38 " Qe objective of the study was
o determine if RWC contributed significantly to the level
of indoor air pollution. Results from the moniivring pro-
gram are shown in Table 2-8. The authors conclude that com-
bustion sources, especially unvented sources, significantly
increase levels of indoor CO, NOx and particulates. Very
high concentrations of TSP (200-400 ug/m3) ara observed in
houses where incorractly operated wood stoves ara locatad.
Table 2-9 shows the results of several indoor-outdoor stud-

ies. 1In general, a 1.5-5 told increase i{n respirable partic-



PM;, Mmeasurements in ambient air are usually 0.35 to 0.65,
the concentration of TSP in any given location. The average
conversion factor of calculating PMlO from TSP measure-
ments is based on studies in U.S. cities. The values common-
ly cited are 0.5 and 0.6. The currgnt annual TSP standard
(75 ug/m3 geometric mean) is roughly equivaleat to an ar-
ithmetic mean of 50 ug/m3 of PM;5. Note that the Admini-
_strator is requestidAg a range of 50-65 ug/m3 be consider-
ad adequate, hence, a slackening of the standard. The value
of the 24-hour TSP standard, 260 ug/m3 is roughly equiva-
lent to 140 ug/m3 PMig. The Administrator has re-
commended a value in the range of 150-250 ug/m3 e con-
sidered. Again, unless the lowest recommended value is selec-

ted, more ambient particulate mattar will be allowed.

2.5.2 Promulgation of a POM Standard

The attached orief from Inside EPA, August 10, 1984 summa-
rizes the EPA's position on a POM standard. 1In brief, whils
the EPA believes "POM compounds pose a significant risk at
amoient concentration levels" and that rasidential wood and
coal combustion contribute significantly to this «cisk, the
ageacy 1s unlikely to regulate wood and coal oaraing in tae

near-futureae.’
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' §éying POM nosas significsnt risi

CANNO!4: WOODBURNING STOVES MAJOR POM SOURCE, BUT REGULATION UNCERTAIN

EPA Air chiel foseph Cansnca this week saia the agency’s decision against regulating polycyclic
orgapic matter (POM) under the Clzan Air Act is oot based, as was an earlier proposal, on an inability to
coniclude that ‘“PCM compounds pose a significant risk at ambient concentration levels.” In a briefing

with reporters explaining the POM decision,

Cannon said he had become.convinced in recent months that

residentiai wood 2nd coal burning (which produce 44% of POM emissions) present a major hesith pro-
bicm, but would oot comrmit 1o a specific date for an- agency decision on whether und liow wocdburning
stoves should be reguiated. Cannon stressed that the agency decision against regulating POM, which EPA
admits is a carcinogen; was i largs part an effort to avoid having the agency placed on an overly strict

- dimeframe to reach tough mgul&tcry decisions. As EPA ponders whether and how it should regulate

. woocburning stoves, C4maT added, PCM emissions from mohile sourcss (40% of total emissions) and

stationars .oun::e ire. expecteg, 1o decrease as a result of current regulartions.
s ;2 POM1.OuUS of a few eelected pollutants for which rhe 1977-CAA amendmcnes required EPA to

"vithin one. yexz atsess 2l relevant information and determine whether the emicsions into ambient air ““will
 guse; er'comribute i, sit polludon which may reasonably be anticipated tc endarger sublic heaith.”
" " The amendaients. further due:ted‘.“_PA if an endangerment determination were iade, (o regulate PCM
" under either section 109 (by setfing a national ambient air quality standard), section 111 (by settirg new
source performance standards), under section {12 (by setting national emissions standards for hazardous
air pollutants), or under a combination of these autliorities. EPA’s recent decision against regulating
POM responus to a U.S. District Court order that a final decision ve reaci.ed Aug. 2.

Canaoa said that draft resuits of an EP A-staff six-moath study on e toxics problem ‘summary

reprinted beiow) ‘‘leads us to oelieve that POM is a significan: carcinogen.”

Sut Cannon said that the

study wis not crepared ‘1o a level of scientific credibility’’ necessary to sugport a regulatory decision.,
The staif study, Cannon said, was compiled to assess ‘‘the dimensions of .he toxics prchlem in ihe United
States” and was not meaat to be used ‘‘as a reguiatory tool.”” The ccatroversial study fouad tha: POM

emissions zéocount

for 61 % (around 800 cancer cases) of total - ~Yic air pollutant-relat«d cancers. CPA, in 2
press reiec:se inoourncing it decision, said that because POM ‘‘is a largs class of «

hiemicals composed of

hundreds of compounds, :he release of POM. for the most part, has ot been measursd, and arr=mots to
estimate the amount »f PCM compounds generated nationally ars unreiiabie.”

Cannog said tbat preliminary studles show it is cost-effective 0 contrl new wood burning stoves ‘o
addr=ss the POM problem, and that he ‘‘is nct horrified at the prospect of”' developing zew .ource per-
rormarnce standards regulating woodburning stovss. But Canncn stressed thai ae doesn’t know how long

it will be before the agency decides whether in N3PS shouid be developed, and

kat once thar Jdeterminz-

tion is maZs it would still take the agency “‘at least’’ three additional vears. wid a sigmifica:i resource
commiiment on the order of $500,000 per year, to ;ropose an NSPS.

Despite strong agency interest in regulating new woodburning stoves, Tannon .ndxcmed itis verv
unlikely the agency wili move to regulate existing residential wood and coal burning. Following is the rext of
he summary of FPA s1aff’; six months toxic study draft:

Executive Summary

This report summarizes the results of 1 project which was
designed to define the dimensions of the air toxics problem in
the United States. The analyses that make up this study ex-
amined four basic questions concerning tne magnitude and
nature of the air toxics probiem:

(1}What i3 the approximate magnitude of the air toxs
ics probiem, as represented by numerical estimates of cancer
incidence associated vtk air pollution?

()What is the pature of the air toxics problem in

" terms of major pollutants and major sources, and what is their

relative impo:tance?

(3) Does the air toxics nroolem vary geograohicaily,
and if 50, in what ways?

(4) Are curremt air toxics data bases adequate, and
what are the significant data gaps?

We limited the study 10 casncer caused by direct inhala-

. tion, since other heaith effects and pa:hwavs couid not be ade-

quately quastified. Cancer unit -isk factors were obtained
trom EPA’s Carcinogen Assessment Group (CAG) and Cie-
ment Asscociates.,

Feur majcr analyses formed the guantiiative core of the

INSIDE E.P.A. — Auguat 10, 193¢

study. The Ambient Air Monitcring Studv used air :cxics am-
bient data for f(ive metals, Il organic compounds. and
benzo(ajpyrene (B(a)P) 0 <ctinate cxcess cancer incidence
and indjvidual risks. Ambu:m data were available for approx-
imately !70 sites for the metals and for about 50 sites for BaP,
wheress fewer data were available for voiatile organic com-
pounds,

A second study reviewed epidemioiogic™i studies thar
evaluated the association between aur pollution and ‘ung
cancer using heaith statistics. [n this analysis, ambient and cc-
cupationai B(a)P dara were used as an indicator for poilutants
associated with incomplete combustion (PIC). A dose-
response coefficient refating lung cancer and 8(a)P concentra-
tons was generated from these studies. Cancer ‘ncidence
associated with exposure (o PIC was cstimatec by appiying this
dose-response coetficient to current ambieu: B(a)P concegira-
ticns.

The two other core analyses (the NESHAPS study and the
15 County Studv) nsed exposure models to estimate wicicden.e
and maximum risks. Exposurs modeling combines smissions
sstimates. metrological dispsrsion models, population
distribuzzion data, and cancer potency numbers to estimate an-
nual cancer incidence :nd maxdmum b!:time individua! nsks.
The NESHAPS Stucy nrovides narionai estimates (o about 40

2-38 i



SECTION 3

PROJECTED GROWTH OF RESIDENTIAL WOOD COMBUSTION

The use of wood for primary and auxiliary heating has growa
at a steady rate over the past few years. Wood usa surveys
were conducted by the U.S. Departineat of Agriculture in New

b

3!

r25-

\

England over the years 1976 through 1980. A plot of

o
idential wood use in five states is shown in Figure 3-1. As,

can be seen, a steady rate of wood growth 1is exhibitad ia

all states surveyed. :

A description of the best fit line for each stata2 is provid-
ed 1in Table 3-1. The correlation coefficient £or =sach staca
is shown to be gquits strong, in sach case gr=atar than or
aqual to 0.97. This, however, 1is an arcifact due £o tin2 low
numoer of years sampled in =ach state. Tha mean va
the slope, e2xcluding Rhode Island is 87.8 thousand cord
year. The 95 percent (95%) confidence interval constructed
about this mean is 87.8 + 20.5. In other words, the

est expected growth rate in W~New England 1is 67.3 thousand
cords per year and the hignest expected growtih rate is 108.3
thousand cords per year. As indicated ia Section 2.2, wood
use in other parts of the councrv duriag the late 197C0's ap-
oear to be similar to Wdew 7Fngland,3’ therefore, Ulhis ax-
trapolation will be applied to the projected emission impact
analysis.

WESTON requestad CONEG member states to submit data on wood
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TABLE 3-1

DESCRIPTIVE STATISTICS FOR GROWTH OF WOOD USE
IN NEW ENGLAND STATES .

STATE BEST FIT LINE CORRELATION COEFFICILIENT
ME y = 93.9x + 334 r = 0.97
MA y = 102x + 505 r = 0.998
NH v = 82.7x + 165 r = U0.99
RI y = 122 + 72 : r =1
CT y = 72.5x + 457 r = J.987

mean slope = 87.8
standard deviation = 12.9 ;
953% C.I. about mean = 37.8 23.5



use for the previous four (4) winters. New Hampshirs . re-
plied with data indicating that wood use had increased by an
average of eight percent (8%) per year from the winter of
1980-1981. This wood-use estimate will also be applied to

calculate a projected TSP emission impact.

Table '3-2 shows the projected linear annual increase of ras-
idential wood use. The minimum annual increase 1s dased on
67.3 thousand cords per state per year as discussed above.
Similarly, the maximum projected increase uses the 108.3
thousand cords per state per year value. The numpers ar=
calculated Doy assuming that wood use is proportional to pop-
ulation. As shown in Figure 2-3, this assumption .is appro-

oriate except for very densely populatad cities.

The average annual increase across the five ©New England
states surveyed .is 19.5 percent ({19.5%). Jsing either the
box modeling approach adopted for Task 2 or a linsar coil-
back scheme rasults in the same conclusion, thac is, 19.5
nercent (19.5%) more ambieat TSP. The al:tzrnats projection
estimates .an .incresase of =2ight percent (38%) par y=2ac 1I ail
other Wortheastern states follow the New Hampshirz pattara.
Given the fact that all of the assumptions used in the mo-
deling and projections are fairly conservative, it is estima-
ted that many counties presently in violation of the second -
ary standard will be in violation of the primary standard
within five years. This statement is only valid if the very

high growth rate in wood use persists. I: the statas follow

the growth pattern of N¥New Hampshire, then, the primary stan-

dard will not be exceeded due to RWC within the next decade,



STATE

TABLE 3-2

PROJECTED ANNUAL INCREASE OF RESIDENTIAL WOOD USE

COUNTY

ME

MD

NJ

NY

PA

VT

Oxtford

Baltimore
Anne Arundel

Coos

Essex
Hudson
Middlesex
Union

Erie
Niagara
Onondaga

Allegheny
Beaver

Berks

Blair
Bradford
Cambria
Carbon
Chestear
Cumberland
Naiipnain

Erie
Lancaster
Lawrence
Mercer
Northampton
Philadelphia
Washingt.on
Westmoreland

Washington

USAGE 1978-79
(CORDS)

38,815

112,565
66,380

20,401

43,329

9,200
76,212
36,352

172,282
49,506
96,847

192,441
41,035
65,841
27,900
33,882
40,647
13,553
71, 341
38,612
49,649
61,482
72,800
23,488
31,624
46,497
27,200
50,718
78,994

20,294

MINIMUM ANNUAL
INCREASE (CORDS3)

MAXIMUM ANNUAL
INCREASE (CORDS)

3,529

11,245
6,359

3,207

7,981
5,227
5,592
4,731

3,746
840
1,709

3,270
1,166
1,782

779

359
1,045

304
1,806
L,015
1,325
1,596
2,066

611

732
1,457
9,628
1,238
2,237

7,928

5,680

18,095
10,233

5,160

12,843
3,412
8,999
7,013

5,029
1,348
2,751

13,308
1,876
2,868
1,254

577
1,682

139
2,906
1,634
2,132
2,560
3,325 .

983
1,177
2,069

15,493
1,992
3,600

12,754
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SECTION 4

TOPICS IN‘RESIDBNTIAL WOOD COMBUSTION
REQUIRING FURTHER RESEARCH

Throughdﬁt the course of this project, deficiencies 1in data
have been noted in many topical areas. Further, research is
needed in topics ranging form wood use pattsrns to sampliang
and emission characterization. The'data needed to further
the analysis WESTON has started in this project ar= listad

in this chapter.

Wood Use Patterns

® Follow-up surveys on wood use in New England ar=
needed to determine 1f the trands detsct=ad ian the
lat2 1970's nave continued.

25 other
*

® Surveys need to be initiated in study state
ical corr=-

than New England to determine i1f the empir

lation is_a good fit for these areas.

e A statistical study needs to be conducted on these
wood opurning data to determine i1f the projections of

future wood use are valid and within what bounds.



Source Contribution to Ambient Air Quality

Receptor modeling studies need to be conducted in
the Northeast to determine if the aerosol composi-
tion is similar to areas where studies have been con-
ducted, i.e., Portland, Oregon and Dehver, Colorado.
These studies should examine TSP, FP and targetad or-
ganic compounds,

An expanded database is needed on ambieat BaP aad
nther organic ecompounds if meaningful risk analyses

are to be conducted.

Sampling Methodology and thardcterisation nf Emjissions

Standard sampling and analysis methods need to be de-
veloped for emission characterization, There are
many methods which have been reported in the techni-

cal literature. Comparability of results between

.methods i35 gquestionable.

The sampling method for ambient PAH needs to iaclude
a resin trap to capture volatile and semi-volatile
compounds. There is a lack of consistency in the

sampling methods reviewed for this study.

A careful Look should se takan ar all of the engl-
aeering and emissions data on residential wood com-
cusatriaon. A statistical study could dev=rmline
underlying relationships between TSP and other pol-
lutants, such as CO, BaP and benzene extractables.
Understanding these relationships would ©ve userful
for impact analysis, tor planning purposes and K €for

developing low-cost sampling methods.



Risk Analysis

e A unit risk value for wood stove PAH is required Dbe-
foree the concern risk associated with high density
wood stoves can properly be assessed. A formal risk
analysis should be prepared to understand the impact

of wood smoke on public health.



SECTION 5

CONTROL STRATEGIES

Potential control strategies to reduce wood buraning opartic-

ulate emissions include the following:

1. Woodstove education.
2. Firewood seasoning.
3. Home weatherization programs.
. 4. Pollution control devices.
5. Energy subsidies.
6. Woodstove certification/standardization oro-
gram. '
7. Restricted use.

5.1 WOODSTOVE EDUCATION

Woodstove education has been recognized in Oregon as aa im-
portant element of air pollution control. Several woodstove
publications specific to Qregon have been widely distribut-

ed. A series of video public service announcements were pro-

duced. Numerous presentations have been made to interestad
groups. Newspapers, television stations and radio stations
have provided extensive coverage. Many state ana local agen-

cies, especially the Oregon Department of Energy (ODOE),
ODEQ, and the Oregon State University Extension Service,

nave been invoived in this woodstove education effort.

U
]
—



Table 5-~1 contains a list of woodstove publications avail-

able from the Oregon DEQ.

5.2 FIREWOOD SEASONING

There are two effects of burning wet wood as comparad to dry

wood : o
1. The heating value of the wet wood is less and
thus more wood must be ourned to acnieve the
same heating.
2. More particulates per pound of wood burned arz

: 7
emitted from the unseascned wood. 2

The heating valde of unseasoned or wet wood i35 less Dd2cause

==

more energy must be used to vaporize the wate

n

=0
[
cr
o}
()
o
=)
(]

wood. More particulates per pound Dburned ar2 =2mitted Dbe-

cause the additional steam 1in the combustion ar2a ca2duces
the firebox tamperature, rasulting in less counolets combus-
tion of the wood tars and hydrocarbons given off as the wonad
dora2aks duwn in the cempusting  proyess. Tabla 3-2 iitus-

-

tratas these two affacts.

Wall-seasoned wood stored in a very dry location will hava a

moiskture content of 15 percent to 20 percent. Conversiy

fresh cut wood will typically have a molsture contant in the
40 to 50 percent range. Wood seasoned for cvuly G monthe
will have a moisture content in axcess of 50 percant. Scug-

las fir slash in the furest =2wxpnsed to n2avy molistura duging

the rainy winter season, even if downed for six months and



TABLE 5-1

OREGON WOODSTOVE PUBLICATIONS AVAILABLE FROM OREGON DEQ

Woodstoves: Energy Solution or Air Pollution?
Woodstove Bibliongraphy

Interpretation of Woodstove Emission Testing Results
Oragon Woodneat Handbook

Burn Wood Better

'DEQ Views on Woodheating



TABLE 5-2

IMPACT OF MOISTURE ON WOOD NET HEAT CONTENT AND PARTICULATE EMISSIONS

Relative Relative

Particulacea Particulate
Emissions Per " Emlssions Per
Wood Moisture* Relative Energy Pound wWood Net BTU Contant
Content (%) Contant Burned oL Wood Burned
10% 4 1.00 1.0 1.00
20% .38 1.2 1.3A
30% .67 1.5 2.25
10% ) .39 L.y 3.22
303 . . .47 2.4 5.10
. ANet basis, 1.2. 1l0% moisture content = 10 lo. watsar

10 Ib. watc=ar + YU Lo. «
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partially cutup, would typically have a moisture content of

abnut 35 percent ur greater.

A sample comparison from Table 53-2 shows the impact of mois-
ture content. Wood with 40 percent moisture content has on-
ly 67 percent of the heating value of an equal amount of
wood with 20 percent moisture content wood. Thus, about 1l-
1/2 times as mucn of the 40 percent moisture wood must De
ourned to produce equivalent heat. In addition, the partic-
ulate emissions per unit of heat output ar=2 2.4 times as
high, because the gasas and tars are burned less completaly.
Hence, overall emissions are higher than dry wood. The diZf-
"ference is solely due to higher crsosote and hydrocarbon pac-
ticulate emissions. Individuals should seex to burn Jdri=r

wood for three reasons:
‘1. The heat content is higher;

The creosote emissions would be c¢cut in nals,
resulting in safer stove operation and rzaduced

cleaning requiraments; and

3. Air pollution emissions ar= less.

Although information is not available ko know pr=cisely the
average moisture content of wood burned in the Northeast, it
is probably in the 25 percent to 30 parcent range. Assuming
an average moisturs content of 28 percent, significant raduc-
tions in particulate emissions could be obtained if the avar-
age molsture ' content wera reduced to 20 percent. The heat

output from burning 20 percent moisture wood would be 22 per-



cent higher. Assuming that all stove owners and one-fourth
of the fireplace owners would burn less wood with higher
heat gontent, particulate emissions would be reduced -by 26
percent, giyen an eight percent (8%) reduction in fuel mois-

ture, because of more efficient and complete combustion.

Regulations to reduce the average moisture content of wood

burned could include:

1. Reguiring commercial wood suppliers to specifty
the average moisture content of the wood they
sell:;

2. Requiring suppliers to specify the time elaps-
ed since the wood has been cut and split and
where it was stored;

3. Cooperating with the Forest Service to allow
National Forest wood cutting only under drier
summer -type c¢onditions,

4, Prohibiting the sale of inadequately seasoned
woaod or wood with a moisture gontent above a

certain level, say 30 percent.

5.3 HOME WEATHERIZATION PROGRAMS

Improved residential ingulation and weatherization could ra-
duce particulate emissions by reducing the amount of space.
lisakring needed to maintain comfortable temperalures. A fLyp-
ical home requires about 121 million BIU's per ycur for

space heating. If each home were weatherized the amount of



energy required could drop as low as 49 million BTU's, a re-
duction of 60 percent. The effect of this program might'be
to increase indoor air pollution while reducing outdoor pol-
lution. A second point to note is that weatherization pDro-
grams can cost the government a considerable amount of re-
sources. Energy sﬁbsidies are discussed more fully in Sec-
tion 7.2. Finally, indoor air pollution could increase as a
result of weatherization due to a reduction in the exchange

rate between indoor and outdoor air.

5.4 POLLUTION CONTROL DEVICES

Three devices are in production and undergoing evaluation
which reduce emission and conserve fuel: '

1. Catalytic afterburners.
2. Air supply controls.
3. Stack gas ﬁemperature gauge.

Catalytic Afterburners

Catalytic aftasrburners are available on some new wood stove
models as well as separately for retrofit to some previously
Qurchased stoves. Stoves with built-in catalysts reduce emis-
sions by about 80 to 90 percent. Retrofit devices have some-
what lower reduction efficiencies (40-60%). Catalysts can

hnave net fuel savings of up to 20%.72

(4]
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JAir Supply Control Device

One variable which can play a key role 1in determining the
amount of emissions produced by wood burning is the rate of
air supply. If the air supply is excessively restricted on
an airtight wood stove, the particulate emission rate can
rise significantly because not enough oxygen is supplied for
complete fuel mixing and combustion to occur. Under such
conditions, more unburned hydrocarbons and wood tars are pro-
duced, either toAcondense in the stack as creosote or to ex-
it as particulate air pollution,

EPA has funded a two-phase research contract to:

1. Determine more precisely the relationship be-
tween creosote formation or particulate emis-
sions air supply rates; and

2. Develop an inexpensive electronic feedback de-
visa to regulate the air supply rate bsased on
certaln combustion process measurements.

This work should help clarify the effect of air supply on
particulate emissions and provide an indication of the effec-
tiveness and feasibility of reducing emissions and creosote
formation in this manner. In addition, stove manufacturers

are redesigning fireboxes for more efficient combustion.

Stack Temperature (audge

Temperature gauges are currently available at a cost of
about $10. Such gauges can help reduce emissions because
they provide feedback to the stove owner on the approximate

temperature of the existing stack gases. If the owner is so
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motivated, he can then regulate the amount of wood and air
supplied to the stove such that reasénably good air-~fuel ra-
tios are maintained." Such devices are commonly marked to in-
dicate that creosote forms at a very rapid rate at low tem-
peratures and that the stove is operating inefficiently (due
to excess heat loss) if stack temperatures are too high. An
owner can reduce the amount of creosote emissions and stove
deposits by determining what temperature his stove operates
at when smoke density from the stack is minimal (by visual
observation), and then by generally trying to maintain nor-

mal stove operation near that temperature level.

5.5 ENERGY SUBSIDIES

The State of Oregon has authorized the expenditure of §$14
million to provide relief for low income or =lderly res-
idents who cannot afford to'pay their space heating bills
and have not received assistance from any other programs.
These are direet 2peraqy subsidies ratiher than 1loans or
jrancs for home weatherization. While the effects of this
program are not guantifiable, it may help to laessean the rush
oL lower income nomeowners to utilize wood space heating as

a means for reducing their space heating costs,

The primary disadvantages of such a program would be: (L
its high cost, and (2) the fact that it would tend to sup-
port high levels of energy consumption rather than conserva-

tion.



5.6 WOODSTOVE CERTIFICATION

Woodstove manufacturers have claimed overall efficienéies of
70% or more in recent designs which include modified combus-
tion chambers and catalysts. Independent testing has ver-
ified some of these claims, A high efficiency woodstove
(70% efficient) is expected to burn about 25% less wood than
the average woodstove (50-55% efficient) to produce the same
heat output. In addition, the emission rates (lb/ton) from
some new woodstove designs are 70-80% lower than from the av-
erage woodastove. The cvumbinced effecrt of increased efficien-
cy and lower emission rate is a 50-55% raduction in emis-
~sions per unit of heat output.

The 1983 Oregon Legislature authorized the Oregon bepartment
of Environmental Quality to implement a woodstove certifica-
tion program. The test method and performance standard were
adopted in July 1984. The test methods which are acceptable
are the EPA Modified Methods and Oregen Methad 7, A
voluntary 1labeling program also begun in July 1984. Another
key aspsct to this legislature mandares that only low

emission woodstoves be sold in Oregon rafter July 1986,

5.7 RESTRICTED USE

Prohibition of More than One Stove or Fireplace Per Resi-
dence

Vail, Colourado recently adopted an ordinance to prohibit
more than one stove or fireplace being installed in any new
residential construction. Regulation assumed to slow the
rate of growth of wood combustion by 10 percent in Colorado,

would also nave the value of getting the message to home-



owners that wood burning is significant and increasing air

pollution problem.

Prohibition of Future Stove and Fireplace Installétions

A decision could be made that wood burning emissions are in-
creasing at too rapid a rate for particulate air guality to
be protected, and new stove installations ccould theoretical-
ly be prohibited. Such a policy would have significant opub-
lic opposition, and would probably requirz extensive documean-
tation of a very severe health problem before the necessary
support could be obtained from the legislature.

Table 5-3 lists control strategies presently in use or pro-

posed in various parts of the country.
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TABLE 5-3

CONTROL STRATEGY ELEMENTS IN USE/PROPOSED

Element

Public Education

Visible emission limits

Mandatory curtailment of
use during high pollution
episodes

Voluntary curtailment of
use during high pollution
episodes

Reduce wet wood burning

Weatherization requirements
for stove use

Restriction on wood burning
appliances:

e Number of appliances

e Design standards

e Emission standards
(stove certificatiqn)

e Residential permitting
requirements

® Require alternate
heating in new homes

Areas in Use/Proposed’

Alaska; Oregon; Missoula, Mt;
Colorado (ski communities &
elsewhers); Reno, NV

Juneau, AK; Missoula, MT

Medford, OR: Missoula, MT:
Beavercreek, CO; Reno, NV;
Juneau, AK

Reno, NV; Albuquerdque, NM;
Vail, CO; Juneau, AaK :

Juneau, AK; Medford, OR

Medford, ORy Crested Rutte. CO

Telluride, Aspen,
Crested Butte, CO

vail,

Aspen, Vail, Beavercreek, CO

Oreyvun; Misooula, MT
Missoula, MT; Beavercraek, CO

Medford, OR



SECTION 6

EVALUATION OF CONTROL OPTIONS

The expected outcome of various residential wood combustion
(RWC) control strategies vary with specific programs, their
goals, and assumptions made regarding future events. The ef-
fectiveness of the control stratégiés outlined in Section 5
is discussed in this section. First, a general discussion
is presented. on .- developing cost-effective control strat-.
egies; Next, these principles are illustrated by prasenting
the Portland Aerosol Characterization Study. The following
two sections present control strategy elements relevant to
RWC devices, and application of these control elemeants in
two urban areas. Finally, these strategies ars disgussad in
light of the air gquality problems in the Northeast=rcn

states.,

6.1 DEVELQPING A COST-EFFECTIVE CONTROL STRATEGY

Over the past several years techniques have been developed
that assist planners devise cost-effective control strat-
egies. 1In particular, the use of source apportionment mod-
als in cdmbidation with economic data enhance the develop-

ment of air pollution control stratasgies.



Figure 6-1 illustrates the relationship between various el-
ements in the air pollution control process. In the first
step, a question must be posed. Is the air quality satisfac-
tory? If so, than a monitoring program is adequate to en-
sure continuing quality. TIf not, than the goal of the con-
trol program must be defined. The most likely goal as ap-
plied to this program will be to meet, primary or secondary
NAAQS for TSP or CO. Next, a detailéd emission control plan
is davised. The plan might include some of Lhe elements Adis-
cussed in Section 6.2 for limiting TSP emissions from RWC de-
vices. At this step in the process, the information obtain-
ed in a receptor modeling program is essential for develop-
ing the most eaffective air pollution control strategy.
Finally, the control program is implemented and the effects
noted, returning the planner to the beginning of the cycle.

Figure 6-2 shows the steps involved in developing a costef-
fective air pollution control strategy. In the data gath-
ering step, information regarding emissions, air gquality, me-
teorology and control technology are assembled. 1In the pro-
ress sSteps, verifiable air guality models are used in con-
junction with thé alr quality obje¢tive Lo arrive at Lhe

least-cost optimization.

Using spatially resolved air quality models, it is possible
to identify montrol strategies that selectively abate those
cources responsible for hot spots in an air basin. Early
control strategy studies that attempted to acéount L[or atmo-
spheric pollutant transpourt employed Gaussian dispersion mod-
els. More recently, control stratcyias have been developed

for particulate matter using source apportionment methods.
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FIGURE 6-2 Steps invoclved in developing a cost-
effective air pollution control strategy.



The Portland Aerosol - Characterization sStudy2’ (pacs) em-
ployed chemical element balance techniques, a source appor-
tionment method, to identify the actual source classes con-
tributing to local particulate air guality. The air qual-
ity model was combined with data on the cost of available
abatement techniques. A strategy was identified that empha-
sized traffic control and road cleaning in selected arsas of
the city to suppress fugitive road dust. The other major el-
ement of the program involved phased-in control on residen-
tial wood combustion.

The PACS represents a new, advanced method to devise a cost-
effective control strategy. The objective of the control
strategy 1s to limit the control elements to only the wmajor
sources. In the case of Portland, Oregon, the control strat-
egy 1s designed to meet compliance with the. primary NAAQS
for TSP. By directing the control effort toward reducing fu-
gitive road dusts and RWC emissions, the Oregon DEQ has
cased their enforcement activities, while ensuring that

their goal will be met.

WESTON emphasizes that the PACS analytical methodology, but
not the study itself 1is recommended as an approach in
developing control strategies. The study has been
criticized on several counts, most noteably the timing of
the sampling period. Care must be taken to devise a study
that accurately reflects the air quality in the study area.

The methodology followed by the Oregon DEQ in devising a
cost-effective particulate <control strategy 1is germane to
the project undertaken by CONEG. Understanding the source
of TSP problem in the Northeastern states is essential for
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the development of an effective control strategy. The next
several sections will discuss elements of a control strategy
oriented toward RWC devices. In the final section, applica-
tion of these control elements to the TSP problem in the

Northeast will be discussed.

6.2 CONTROL STRATEGY ELEMENTS

Actﬁal air quality benefits of RWC control elements depend
on site-specific faerors such as guantity of wood aurned,
availability and cost of alternative fuels, qgrowth rates,
population density and meteoroslogy. This section presents a
range of costs and benefits esﬁimated by application to de-

signated urban areas.

6.2.1 Public Education

Public education is recognized as an essential component of
RWC ~ cnntrol strateqies. Public education programs ara pro-
posed or implemented in Oregon, Colorado, Alaska, Montana

and Nevada. The benefits from this strategy are difficult

(1}

to quantify and in general, it is unlikzly that a signifi-
icant fraction of the public alter their oehavior as a rz-~

sult of an education program.,

Oregon DEQ estimales that public educatinn programs have ra-
duced emissions by 13 percent. Survey data indicate that
more than 75 percent of the residents follow the ODEQ'S sug-
gestions on wood seasoning (6-% months of air drving) and
cutting practices.(45) Firswood seasoning 1Is s=stimated to
reduce emissions Dby 6.2 percent., Proper sizing of stoves,

i.e., the use of the correct size stoves to prevent over or



under charging, reduces emission proportioned to wood charge

size,

One other operator controlled variable is the size of the
firewood. Smaller pieces of firewood have more surface arsa
and therefore release volatile components at a faster rate
than large pieces of firewood. The result of this volatil-
ization is incomplete combustion due to an oxygen deficien-
cy. Increasing average wood size from the 2-6 inch diameter
range to the 4-6 inch range can reduce emissions by 33 per-
cent, (43) It is estimated that this éontrol element can
be 50 percent effective through public sducation. Both dis-
tributors and wood fuel users need to be educated on option-

al fuel dimensions.

Retrofitting RWC devices with temperature gauges and cat-
alysts could be encouragad through a public education pro-
gram. Temperature gauges arsa inexpénsive and provide useful
information regarding stove operating conditions. Maintain-
ing optimum operating temperature is advantageous to the
operator since 1t reduces used consumption and creosotz form-
ation. Same retrofitted catalysts are effective for reduc-

ing creosote. Catalysts cost $50-$70 for replacement =1-

ements and temperature gauges cost approximately $10.



6.2.2 Mandatory Emissions Labeling

Similar to EPA's gas mileage rating of automobiles, new
stoves <could be required to have labels affixed indicating
the results of emission tests and energy rating. This stra-

teagy was estimated to reduce emissions Dby 25 percent in

Oregon.(45)

The program was estimated to reduce emissions
by 11 percent in 20 years, with additional reductions taken
when combined with the energy subsidy program for 1low TSP
emitting RWC devices. Examples of labels for the proposed

Oregon program are shown in Figure 6-3.

6.2.3 Restricted Use

The implementatién of restricted use ordinances falls in two
categories.- The first category 1is exemplified by ths air
pollution strategy used in Colorado: Vail, Aspen and other
ski communities throughout Colorado have adoptad ordinances
to prohibit the use of more than oune stove £rom Dbeing in-
stalled in a new residence. This strategy is designed :to
slow the growth rate of RWC but has no effect on reducing im-

mediate TEP problems.



. FIGURE 6-3 EXAMPLES OF RWC DEVICE LABELS
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The second category of restricted use is exemplified by pro-
grams 1in Missoula, Montana and Medford, Oregon. In this air
poilution control strategy, the.use'of RWC devices 1is re-
stricted or curtailed durind pollution episodes. Compliance
based on a voluntary prograia is expected to be in the 25-30
percent raange, while a mandatory program with fines levied
for non-compliance is expected to make the program 75-100
percent eftective, (48) In Medford, Oregon curtailment dur-
ing air pollution episodes is expected to result in a 5-15%

raduction in TSP while in Missoula, Montana curtailment is
expected to reduce TSP by 23-44% if 100 percent effective.

The dJdiffersnce Dbetween these two estimates of TSP raduction
in primarily due to differences in the particulate emission
inventory. Medford 1is both more urbanized and industrial-
ized than Missoula, therefore, a‘smaller part of its invento-
ry is éttributable to RWC.

6.2.4 Certification

Programs which allow only <clean burning residential wood~-
heating appliances to be sold are an inteqral element of the
TSP air pollution control strategy in Oregon and Colorado.
The objectives of the certification program are to lower
amissions, conserve resources and promote safety. Resources
will be conserved by opurning fuel more efficiently in the
certitied stoves. Fire safety will be promoted by requiring
inspections during the time of installation of a new stove,
The Oregon DEQ estimates that a certification program will
pacome fuliy effective after  15-20 years and will reduce
emissions by 68-75%. In Missoula, Montana the proposed <cer-

tification program is expected to take 15 years before it is



fully implemented and is expected to reduce emissions by 92

percent.

Colorado has not issued numbers on the projected effective-
ness of i;s program., However, since the TSP problem in Col-
orado is located in ski communities, an 85-95 percent re-
duction in TSP emissions could be expected. This range is
based on an emission inventory that is dominated by RWC emis-
sions. Mobile source and industrial . point source are ex-
pected to constitute minor elements of the emissions particu-

late inventory.

6.3 PROJECTED BENEFITS OF URBAN-WIDE CONTROL STRATEGIES IN
USE

6.3.1 Medford, Qregon

The wood stove and fireplace control strategy adopted for
the Medford, Oregon aresa is part of the Oreqgon DEQ's overall
strategy to achieve the primary NAAQS for TSP. The portion
of the overall strategy pertaining to RWC is projected to ra-
duce the annual ambient TSP concentration by 16 ug/m3 in
1985, (47) Specific elements of the RWC strategy ars out-
lined in Table 6-~1. Weatherization of homes with stoves is
projected to be a more effective air pollution control el-
ement than weatherization of homes prior to installation of
stoves because many stoves were installed in the 1970's pri-
or to the onset of the weatherization program. The firaswood
seasoning control element will incresase spring -cutting by 40
percent, thereby increasing the amount of time to dry the fu-
el. On a tonnage basis, the Medford strategy is projected



Table 6-1

Projected Effect of RWC Control Strategy
on TSP Air Quality in Medford, Oregon

on

Implementation Effect
Control TSP Reduction Time Air Quility
Element (tons/year) (years) (ug/m">)
Weatherization prior 133 3-10 3.2
to new stove installation
Weatherization of homes 289 3-10 5.5
with stoves
Firewood seasoning - 147 2-3 4.2
Episode Curtailment 117 1 2.6
Certification® 505 15-20 9.6
. Source: Reference 47.
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to reduce RWC emissions by 40. perceht from the 1979-1980
baseline of 1557 tons of TSP.

The time for these control strategies to become fully effec-
tive ranges from 2-10 years. Curtailment during episodes
would have an immediate effect on air quality. Improved
stove operation and spring cutting, both public education
programs, would not become fully effective for 2-3 years.
The weatherization program is expected to require 3-10 years
before it is completely effective. -

‘The Medford strategy to attain the secondary NAAQS for TSP
by the year 2000 is based on the continuation of the afore-
mentioned control elements and the implementation of the .
wood stove certification program. The Oregon DEP estimates
the expected chahge in emission is a reduction of approx-
imately 70 percent by the year 2000.

6.3.2 Missoula, Montana

Missoula, Montana presently has an episode curtailment pro-
gram. This voluntary program is believed to reduce emis-
sions by 6-12 percent, based on an estimated compliance rate
of 30 percent. A mandatory curtailment program with 100 per-
cent compliance 1is projected to reduce emissions by 23-44

percent.

6.4 POLYNUCLEAR ORGANIC MATERIAL

Although POMs are the product of every combustion process,
developing a cost effective pollution control strategy re-

quires focusing on the quantitatively important sources. As



is shown in Table 2-6, the important sources on a nationwide
basis are the following (in descending order):

Residential wood combustion
Mobile sources

Open burning

Coal-fired industrial boilers
Coke production

Incinerators

Other combustion sources

Light duty gas vehicles and residential wood combustion ¢on-
tribute approximately 50 percent of the annual POM on the na-
tional 1level. It 1is estimated that open burning, which in-
cludes agricultural burning, prescribed burning and . forest
fires contributes another 30 percent to the nationai POM bud-
get. Coke production and coal-fired industrial boilers con-
tribute another 12 percent. The remaining 8 percént are con-
tributed by other mobile and stationary sources.

In April, 1984, the Administrator of the U.S. EPA announced
that he would not bae seaking regulatory control of POM emis-
sicns. One lucal authority, Pulladelphia AM8 has an  awabient
standard for  BaP (0.7 ng/m3), several states are
considering implementation of BaP or POM standards.

As shown in several recent research papers (48,49,50), when
ambient levels of TSP are high in rural areas, the POM level
approaches or exceeds that observed in many urban areas; It
should be noted, though, that ambient levels of POM in all
urban areas monitored have decreased several-fold  over the
past 20 years. Background levels of TSP, except in areas

with significant fugitive dust sources, as well as POMs are
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usually well below that of urban areas. Recall that POM
health problems relate to long term exposure only. In gener-
al, control strategies which limit emissions of TSP also lim-

it emissions of POMs.

Public education, a control strategy designed to enhance the
use of well seasoned firewood, proper stove size and fuel
wood size, effect TSP emissions and POM emissions by improv-
ing combustion characteristics. Energy subsidies and curtail-
ment strategies effect -both TSP and POM ambient air levels
by reducing the amount of wood combusted. Catalytic devices
are designed to oxidize flue components with more complex
structures to CO, and water. This is true of both TSP and
POM. Finally, certification programs, when fully enacted,
will improve both emission and combustion characteristics:.
which effect TSP and POMs.

‘Thege are presently no cdntrol strategies designed to-
specifically address the reduction of ambient 1levels of
POMs. Developing a cost-effective control strategy for POMs,
requires the following elements: Emission inventories on the
local level, control technologies, modeling methods and air-
quality objectives. A comprehensive control strategy would
include limiting emissions from mobile sources, RWC devices
and other important local sources. Until ambient air quality
goals are defined for POMs, and data gathering and process-
ing techniques are improved, an effective POM control stra-
teqgy cannot be developed.



6.5 COST

The cost of implementing a comprehensive RWC air control
strategy is distributed between individual RWC device users,
regulatory agencies and stove manufacturers. Strategies
which rely on reduced use of wood for home heating are only
effective through a weatherization program. While tax incen-
tive can be providéd, the homeowner must co-pay for the cost
of the insulation. Also, less wood use results from burning
fuel more efficiently. Burning fuel more efficiently can re-
sult from public education campaign, a cost incurred by the
requlatory agency, and using new, more aefficiant stoves.
The cost of developing more efficient stoves is burdened by
the manufacturer.

" Control strategies using curtailment during high pollution
episode, have significant costs to both individual homeown-
ers and regulatory agencies. In Oregon, where a voluntary
program was adopted, curtailment is expébted to increase av-
erage home heating costs by $50/year.(5l) The regulatory
agency costs include real-time ambient air monitoring, data
processing, public announcements and enforcement. Establish-
iﬁg a real-time ambient alr monivoring station including pro-
fessional time could cost as much as $50,000, and an addi-
tional $10,0004annually for manning and maintenance.

A strategy based on new installations of low emitting RWC de-
vices will have costs to regqulatory agencies, the wood stove
industry and the stove purchasing individual. The Oregon
DEQ estimates its costs for the stove certification progfam
to be $6,000 per stove.(32) The additional cost to the
purchasing individual could be $300-$500 over the cost of a
standard model. However, since the stove is more efficient
than the standard model, the operating cost will offset the



purchase cost over a l0-year period. .If a catalytic convert-
er is included, an additional cost of $50-$70 is incurred by
the homeowner for replacement every two years. Eétimating
the éost for redesigning RWC devices is complex and no costs
were cited in the technical literature. To encourage the
purchase of new, low polluting RWC devices, a tax credit
could be offered in the $300-$500 range.

Weatherization is another RWC control measure with high ini-
tial cost. Weatherization is estimated to cost $1400-$1500
per household in. the Portland, Oregon area.(43) -~ phese
costs will eventually be offset by reduced fuel usage.

The direct costs of the wood stove certification program was
estimated to be $500/ton of TSP, while the cost of the volun-
tary pollution episode curtailment program was estimated at
$1900/ton of Tsp.(47) These costs compare favorably
against those 1incurred by industry for particulate control.
Table 6-2 shows the comparative energy and economic impact
of control measures implemented in Medford, Oregon. Table 6-
3 shows the economic analysis for the cost of new RWC device
technology. Table 6-4 shows which party would incur costs

for the implementation of each control element.

6.6 DEVELOPING A RWC CONTROL STRATEGY IN THE NORTHEAST

The promulgated list of TSP non-attaining counties for 1983
is shown in Table 6-5. Several trends are evident upon exam-
ining this table. First, outside of Connecticut, only 2
whole coun;ies, New York, New York and Hudson, New Jersey,
are not in attainment for TSP. Second, only & countles are

not in attainment with the primary standard. Only 1l of these,



TABLE 6-2

ENERGY, ECONOMIC AND EMISSION IMPACTS OF
MEDFORD CONTROL MEASURES

MEASURE

Residential
Weatherization
Firewood seasoning
wWoodstovvée curtallment
Woodstove certification

Industrial
Cyclone controls
Veneer dryer cgontrols
Small boiler controls
Large boiler controls

PARTICULATE EMISSION REDUCTION PQTENTTAL

-CONTROL

Curtailment during pol-
lution episodes

Improved operation and
firewood seasoning

Weatherization and proper
stove sizing

Cerlification program (for
high efficiency/low emis-
sions designs)

Overall

FENERGY

REQUIREMENT

Net Savings
Net Savings
No change

Net Savings

350 hp/ug/m3
450 hp/ug/m

350 hp/ug/m3
No change

TTME )
IMPLEMENT
(YR)

1/2

ANNUAL COST PER TSP

REDUCTION .
er ton er ug/m3

Net Savings
Net Savings
$1,850

350

1,000
4,500
17,000
3,400

TIME TO
ACHIEVE

SIGNIFICANT

BENEFTIT
(YR)

1-2

SOURCE: Reference 51

Net ‘Savings
Net Savings
$48,000
18,000

130,000
500,000
130,000
129,000

PARTICULAT

EMISSION

REDUCTION

PQOTENTTAL
(%)

5-15
10=20

30-50

75-85

80-95



TABLE 6-3

BCONOMIC CONSIDERATIONS IN RWC DEVICE TECHNOLOGY

COST PER  SAVINGS FUEL PAYBACK TIME
YR. CATA-  PER VR. SAVINGS -  FOR INCREMENTAL
MARGINAL ~ LYST RE-  CHIMNEY PER INVESTMENT .IN NEW
_CASE oosT? PLACEMENT  CLEANING® YEARC TECHNO

Trade in ex- $500 $50 $50 $206 2.4~
isting stove $900 ' . 4.4 years
for cata- :

lytic stove

Trade in ex- $800 0 $50 $116 4.8 years
isting stove

for improved

non-catalytic

stove

Buy catalytic $200 $50 $50 $206 1-

stove instead : 2.9 years
of conventicnal .

stove

Buy improved $500 ’ 0 $50 $116 3 years
non—-catalytic '

stove instead

of convention-

al stove

Buy catalytic $140 1~

add-on for $200 $50 850 $124 1.6 years
existing .

stove

a. Assumptions: Cost of catalytic stove $700-$1100; cost of non-catalytic stove $1,000;
trade-in-value of existing conventional stowve $200; cost of add-on devices $140- $200-
conventional stove cost $500.

b. Assumptions: Only one cleaning per year instead of two will be necessary, and the cost
per cleaning is $50. (Actual need for cleaning can only be determined by inspecting
the flu; whenever the crecsote deposit is 1/4 inch thick or more, cleaning is
advisable.)

c. Assumptions: 6 cords per year burned in conventional stoves; wood costs of $100 per
cord; Average Efficiencies: Catalytic stove - 70%, Improved Non-catalytic Stove - 57%,
Catalytic add-ons - 58%, Conventional stove - 46%.

d. Assumptions: Interest, inflation, etc. not included.

SCURCE;: Reference 52
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TABLE 6-4

CONTROL ELEMENT PARTY INCURRING COST

Public Education State government for planning,
implementation and maintenance

Control Devices Consumer

Energy Subsidies Cost. usnally shared between
' consumer and state government

Episode Curtailment State and/or 1local government
for planning, operation, enfor-
cement, and maintenance

Certification State government to accredit
test laboratories, reviewing
test results, enforcement. In-
dustry incurs the cost of per-
forming the tests. Industry
might pass the costs of these
tests on the consumer.




TABLE 6-5

COUNTIES NOT MEETING THE NAAQS FOR TSP IN 1983

COUNTY

Fairfield Co.
Hartford Co.

. Litchfield Co.
Middlesex Co.
New London Co.
Tolland Co.
Windham Co.

Kennebec Co.
Knox Co.
Penobscot Co.
Washington Co.

Berkshire
Bristol
Essex
Hampden
Middlesex
Norfolk
sutfolk
Worcester

g
I

=
I

The whole county

Part of the county

CONNECTICUT

POPULATION

807,143
807,766
156,769
129,0917
238,409
114,823
92,312

MAINE

109,889
32,941
137,015
34,963

MASSACHUSETTS

145,110
474,641
633,632
443,018
1,367,034
606,587
650,112 |
646,354

T S P

PRIM SEC
W

W

W

W

W

W

W

P

P

P

2

2

P

P

P

P

P

P

P P



COUNTY

Coos Co.
Hillsborough Co.

Providence Co.

Chittenden Co.
Rutland Co.

Camden Co.
Essex Co.
Hudson Co.
Middlesex Co.
Cumberland Co.
Union Co.

Albany GCo.
Bronx Co.
Chautaugua Co.
Erie Co.
Greene Co.
Kings Co.
New York Co.
Niagara Co.
Onondaga Co.
Queens Co.
Richmond Co.

TABLE 6-5 (Cont'qd)
NEW HAMPSHIRE

POPULATION

35,147
276,608

RHODE ISLAND

571,349
VERMONT

115,534
58,347

' NEW JERSEY

471,650
851,116
556,972
595,893
132,864
504,094

NEW YORK

285,909
1,168,972
146,925
1,015,472
40,861
2,230,936
1,428,285
227,354
463,920
1,891,325
352,121

g

g

vy Lo 'Y

' g0 'U E tgg o 0o



TABLE 6—5 (Cont'd)

MARYLAND
T S P

COUNTY POPULATION PRIM SEC -
Anne Arundel Co. 370,775 P
Baltimore Co. 655,615 P P
Baltimore 786,775 " P 4

PENNSYLVANIA

Allegheny . 1,450,085 P
Beaver Co. 204,441 P
Berks Co. 312,509 P
Blair Co. 136,721 P
Cambria Co. 183,263 P
Chester Co. 316,660 P
Erie Co. 279,780 P
Fayette Co. ' 159,417 P
Lackawanna Co. 227,908 P
Lancaster Co. 362,346 P
Lawrence Co. 107,150 P
Lehigh Co. 272,349 P
Luzerne Co. 343,079 . P
Lycoming Co. 118,416 p
Mercer Co. 128,299 P
Montgomery Co. 643,621 P
Northampton Co. 225,418 , p
Philadelphia Co. 1,688,210 P
Washington Co. 217,074 ' P
Westmoreland Co. 392,294 P
York Co. 312,963 P

g
i

Part of the County

=
i

The whole county

SOURCE: EPA-450/2-83-004 MAPS DEPICTING NON-ATTAINMENT AREAS
PURSUANT TO SECTION 107 OF THE CLEAN AIR ACT - 1983



counties, Coos, New Hampshire is located in a rural, non-
industrial ‘area. Third, in most Northeastern states, less
than 25 percent of the counties exceed the secondary NAAQS
for TSP. Finally, of the counties listed as not meeting the
NAAQS for TSP, almost all are in highly industrialized ar-
eas. In summation, Table 6-5 shows the following:

e TSP problems in the Northeast are local in nature.

@ Only 6 countico in’ 11 ctatcc do not meet the primary
NAAQS standard.

e Fewer than 25 percent of the counties in the north-
east exceed the secondary NAAQS standard.

e Most of these counties are highly industrialized.

The analysis of Table 6-5 presented above, begs the question
to be asked: Are we missing local hot spots in rural or moun-
tain  towns due tu 4 lack of wonitoring? While there are few
data available, three studies have been conducted 1in the
northeast.(48-50) rhese studies were designed to demon-
etrate the contribution of RWC to the ambient level of TSP.
The results. are shown in Table 6-6. In only one of the five
locations monitored did the highest observed TSP value ap-
proach 40 percent of the secondary standard. The one out-
standing location is Springfield, an industrialized city in
Western Massachusetts. The highest value in this city neared
60 percent of the secondary NAAQS.

At the onset of Section 6, the relationship between elements
in the air pollution control strategy are outlined. The

o)}
1

24



TABLE 6-6

) MEASUREMENTS OF TSP AND BaP
IN RURAL AND SEMI-RURAL NEW ENGLAND TOWNS

MAXIMUM 24-HOUR  MAXIMUM 24-HOUR

TSP CONCENTRA- BaP CONCENTRA-
LOCATION REF TION (ug/m3) TION (ug/m3)
Lyne, NH 49 52 3.8
Brigham Hill, NH 49 48 3.7
Hanover, NH 49 6l 6.2
Easthampton, MA 50 48 —_—-
Springfield, MA 50 94 -——

'Primary 24-Hour TSP Standard: 260 ug/m3

Secondary 24-Hour TSP Standard:

150 ug/m3



first steps involve determining if the air quality is accept-
able and defining the air quality obﬂective. In the counties
where the primary NAAQS for TSP is not being met than the ob-
jective is to reach attainment. Since these counties are
highly industrialized, éxcept Coos, NH, than probably the‘
large stationary and mobile sources are the major source
categories. In the many counties where the secondary NAAQS
for TSP is not being met, source inventories must be esta-
blished to determine which souée categories contribute signi-
ficantly to the ambient level of TET.

Decvecloping a contrel strategy which includes residential
wood stoves will most likely result from concern ovér fine
particulate matter or toxic air pollutants. Some local
agencies, such as the Philadelphia AMS have air toxic
regulations which include ambient 1levels for BaP. Several
state agencies, for example Massachusetts, are in the
process of promulgating air toxic regulations which will
include POM and other pollutants emitted from wood burning
stoves. As these reqgqulations are established, control
strategies will be implemented which reduce the levels of
these toxic air pollutants. Controlling emissions from wood
Anrning arnaven cald hecnme  an important element @f these
programs.

In conclusion, the Portland Aerosol Characterization
Study,(23) which utilized‘ source receptor modeling, demon-
strated how to unravel source contribution to ambient TSP
levels. No study to date in the Northeast demonstrates with
any degree of confidence that controlling RWC on a region-
wide scale would significantly reduce ambient TSP levels.
Furthermore, although elevated TSP levels have been demon-
strated to exist in mountainous areas, these levels never ap-
proach the secondary NAAQS. Finally, most counties which



exceed the secondary NAAQS ‘are in urban, industrialized

areas. . " . -

The 6nly significant change in regulatory structure over the
near future is altering the primary particulate standard
from TSP to PM;,. It is not possible at this time to eva-
luate the full effect of the standard shift since neither
the primary nor secondary concentration levels have been
set. Comprehensive studies will have to be conducted to
determine if areas meet the new NAAQS for particulate matter
prior to devising an inhalable ,pérticulate control
strategy.



SECTION 7

RESIDENTIAL WOOD STOVE CERTIFICATION

Certification programs have been enacted in two states, Ore-
gon and Colorado. In both states evidence indicates that RWC
devices are primary contributors to high ambient 1levels of
TSP. Certifying stoves to meet defined emission criteria
will help alleviate a significant portion of the TSP problem
in those two states. The Oregbh DEP estimates that the am-
bient TSP level will be reduced by 70 percent over present
day levels within 15-20 years. This section analyzes the at-
tempts by the Oregon DEP and the Wood Heating Alliance (WHA)

'to establish an equitable certification program.

7.1 OREGON CERTIFICATION PROCEDURE

The Oregon certification procedure is the result of over 2
years of work by members of the wood, heating industry, rep-
resented by the WHA, and members of the Oregon DEQ. The test
procedure consists of four tests over various burn rates,
starting from a hot start, using dimensional lumber and, us-
ing the calorimetry room or stack loss method to. determine
efficiency. The WHA lobbied for use of the hot start and the
room calorimetry method. Both of these methods are incorpor-

ated into the final test procedure. More precise results
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from the certification procedure result from the use of di-
mensional lumber instead of éord wood, as weil as starting
with a hot stove. Precision, aor reproduceability,is essen-
tial to provide an equitable basis for comparison between
stoves.

Support for the RWC control strategy came from the Portland
and Medord Air Quality Advisory Committees composed of nume-
rous representatives of public, industrial, government orga-
nizations and elected officials. The Environmental Quality
Commission udhanimously supports implementation of a wood-
stove certification program. The Associated Oregon Indus-
tries Board of Directors has passed a unanimous resolution
in support of such a program and other agencles such as the
Oregon Department of Energy and Bonneville Power Administra-
tion favor implementation of a woodstove certification pro-
gram. '

In addition, safety testing labs and fire insurance compa-
nies should support an emission certification program as it
would be the only type of a program that would have a signi-
fieant effect on ercosote formatinn in flues which is a siqg-
nificant causa »f chimney fires.

7.2 WOOD HEATING ALLIANCE (WHA) DEVELOPMENT OF A LOW_COST
TEST METHOD .

A study commissioned by the Oregon DEQ showed that there is
little correlation Dbetween particulate emissions and emis-
sions =f hydrogarbons nr . carbon monoxide. The <correlation
study was performed because it is less éostly to monitor car-
bon monoxide or total hydrocarbons. Both total hydrocarbon



and - carbon monoxide analyzers are real-time monitors and
could be used as an inexpensive method to estimate the emis-
sion rate of particulate matter. Unfortunately, no statisti-
" cally valid studies have been conducted which shows a strong
correlation coefficient for these (and probably other simple
measurements) parameters. These inexpensive methods could be
used in the future if such studies were conducted and were
shown to be valid.

The Condar sampler is another inexpensive method which is
used to measure particulate emissions. The Condar sampler
did not meet the equivalency criteria established by the WHA .
and the ODEQ. The Condar sampler, however, can be used as an
inexpensive, pre-certification sdreening tool. Results of
the equivalency tests indicate that the Condar sampler provi-
des results within + 25 percent of the U. S. EPA Modified
Method 5.

Most recently, the WHA has decided to support the efforts of
the American Society of Testing and Materials (ASTM) to es-
tablish a consistant, accurate-national test method. The pur-
poses of the ASTM standard are to, "establish a uniform pro-
cedure for appliance operation which can be used in conjunc-
tion with a standardized test method for obtaining thermody-
namic perfurmance and emissions data, specify the types of
test equipment and establish standard performance requira-
ments for test equipment, specify data required and calcula-
tions to be used; define terms used in testing; establish
guidelines for certifying and labeling appliances." ASTM
procedures are designed to assure full participation in the

standard-making process by all interested parties. The ASTM



process avoids domination or distortion by special interest
groups because it operaﬁes on a democratic principle. The
result of such procedures is the establishment of credible
standards. U.S. EPA, as well as the WHA supports the ASTM
effort to develop a testing and certification standard.

An ASTM test protocol for testing RWC devices will not be-
come available until late in 1985. Other than the Condar sam-
pler, the Oregon Method 7 and the EPA Moditied #Method 5, the
ASTM will consideéer the use of a non-condensing dilulion tun-
nel as an alternative measurement technique. The ASTM test
protocol will become available long hefore the Oregon 1988
limits for RWC device emissions become enforced.



SECTION 8

CONCLUSIONS

An analysis of the technical literature on emissions from res-
idential wood combustion (RWC) devices indicates that total
suspended particulates (TSP) and fine respirable particulates
(FP) are adequately characterized. The benzo(a)pyrene (BaP)
emission rate, a component of polycyclic organic material
(POM), was determined in several studies. Other components of

POM do not have well characterized. emission rates.

Similar conclusions are drawn from an examination of: the
literature regarding impacts of RWC devices on ambient
air guality, i.e., TSP and FP are adequately character-
ized, BaP to a lesser extent is characterized and other

POM components are not well characterized.

The emission rate of TSP for RWC devices published in the
U.S. EPA document AP-42 1s equal to the mean emission
rate plus one standard deviation. This conservative emis-
sion value, when utilized 1in disbersion modeling exer-

" cises, results 1in an overestimate of the impact of RWC.

RWC contributes 1 to 15 percent of the existing annual
TSP levels in the Northeast, but as much as 50 percent of
the annual BaP levels, in the counties studied. These im-

pact estimates are similar to those found in Northwestern



U.S. communities. The two primary contributors to ambi-
ent air POM are mobile sources and RWC devices. While RWC
contributes significantly to the ambient level of BaP, it
cannot be concluded that the observed levels are cause
for concern.

Health effects of RWC products have been studied on three
levels: cell-line mutagenesis, animal pulmonary disfunc-
tion, and human pathology and epidemiology. On the cell-
line level, wood smoke .was compared to smoke from a No. 2
oil-fired furnace and found 1less mutagenic. However,
siuce wood stoves have a far higher emission rate tor TSP
and POM than No. 2 oii-fired furnaces, the overall effect
is to burden the environmental with more pollutant per
unit of energy consumed by using RWC devices.

Animal studies are less conclusive, An examination of
hamster lungs after tracheal instillation of wood smoke

indicates that there is no specific pathological effects
due to exposure. The pathological effects are less than
than that exhibited by coal smoke but above those shown

for exposure to non-toxic dust.

Finally, epidemiological and pathological~ studies have
been  conductad in New Guinea where natives are expcocsed to
extremely high concentrations of woed smoke, Rasearchears
found that . the turbercular type disease found in New
Guinea is most probably caused by childhood infection
with wood smoke as only a minor contributor to the man-
ifestation of the disease.

Indoor air pollution levels are most often higher than
outdoor levels when RWC devices are located in the home.



Several short-term monitoring studies in New England were
examined in an effort to determine if pollutant levels
were elevated on a '24Fhour basis due to RWC. None of
tﬁe studies showed TSP levels approachihg the 24-hour sec-
ondary standard. Rural BaP levels were shown to approach
levels'typiéally found in large urban areas. Since BaP,
and more generally. POM, 1is neither regulated nor its
health effects understood, it is not clear what the sig-

nificance is of the observed levels,.

Seven (7) control elements which pertain to RWC devices
are discussed in detail. These control elements are pub-
lic education, mandatory firewood seasoning, implementing
home weatherization programs, installing pollution con-
trol devices, providing energy subsidies, restricting
wood * stove use during pollution episodes and certifying‘
consumption rate and wood stove emissions. Those programs
requiring government intervention are expensive to initi-
ate and maintain.

The Northeastern states are urged to pursue further stud-
ies, in particular, source-receptor studies to delineate
the contribution of RWC on ambient air quality. To date,
inadequate data exist to determine if implementing any of
the seven (7) control strategies will substantially re-
duce ambient TSP levels in urban aresas. Inadeguate data
exist to determine if a particulate or air toxic problem

exists in rural, or semi-rural valley areas.

The primary impetus to implementing a control program on
RWC devices 1s not air pollution, but fire hazard. Many



fires are caused by RWC devices because of creosote build-

up or improper installation.

If the Northeastern states determine that a certification
program should be implemented, then WESTON recommends
that the states wait for the organization of a national
program. There are three reasons for this advise.
First, the ambient pollution problem needs further charac-
terization and the threat to public health is not immi-
nent., Several states already have regulatory authority
over residential wood burning by enforcing odér and - nui-
sance ctatutesa, Second, must RWC control strategies are
costly and difficult to enforce. Finally, uneven emis-
sion limits will <curtail further expansion of the cot-
tage, wood stove industry.
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APPENDIX A

COMPREHENSIVE LIST OF ORGANIC EMISSIONS
FROM RESIDENTIAL WOOD COMBUSTION

Source: Reference Number 70
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M.W. (min)d lacticulate Creosote Condunsible Total Coudensible
116 0.2448
96 20008 0 0538 1.1607 b.2145 2.4255
86 24.57 0.5154 2.1293 . 64417 .

92 ' not
computed
v8 240 .

1ia ho8d 1. .600 i. 1600 0.1065
114 25,490 0,042 0 2692 0.3114
114 2397 0.0992
1t 270109 (0 2449 3.2489
9y
NI 249,01 H.04492 1.166]1 1.21593
PO R N PR 1. 16601 1. 1061
) 190 1. lobl 1.1661 i1.3817



L01

Appeadix A (Cant'd)

Compeund

Polar Fraceion _

G.06 m Logs,
7.13 kg/ur

0.12 w Logs, 0.82 ky/lw Burn Rate _Burn Rate

I ime
oo
(min)

Collgtiy Cy-Turtural
Cylly 50 Ce~cther
CeHgl cyclic ketone
CoUyCN benzonitrile
CollgUymethyliaryl
carboxylate

ColHy g0 Cg-aleohiol

Collgts P

Cellgly Cy-cyclopenta-
none

Collygt),
tarturyl

Celh G- b

tetvabydro-
1k

aleoho

Collgls Co-turtaral

Noe Jdentiliad

Not ldent it ied

ColigUs methyltariaralh
CytlgUy Cr-methyltaryl -

ket one

M.W. Particulate Creosate Condensible Totul Condensible

1O '.“J.l')/o} O, 1588 | .HYH6 2.0%74 1.0725

1730 29.064 1.8946 I.8986 0.5385

90 - 0. 7386

103 3. 50 2,377 KR YAW/ 0. 3885

126 W .97 0.0728
(130) 3002 E 0.2573 0.2577%

110 .62 ¢ .

112 3212 O.0844 0.6844 0.1725

. .

102 33,14 049014 0.85%660 1.25H84 0.278%

1o 0.04973

124 ER 1Y) 0,203 0.2015

1oy ? 34 .00 04109 0.5109

[ I . 0h) 0. 2705 0.2765

110 .00 0.6 .64 0. 1754

124 B 08 0.40573 040473



SCGT

Appendix A (Cont'd)

Podar Fraction

0.06 m lLogs,
7.73 kg/hr

: 0.12 w Logs, 0.82 kg/hr Burn Rate Burn Rate
Tlmu1

Compound H.W. (min)’ Iarticulate Crevsute  Condensibla Total Condensible
ClgQ, I-hydrosvhen - y2: 0.0938

Z.’lhlc:ll\'(lt.‘
Cy or Cay-Kketeone 1160 . 0.7339
CiHa0, 2-hydhoxve-3- liz 36 .42 4.5189 4.5189

wethyl - 2—-coe lopentaen-

| -one . 3 . R, . sue
Cellgt) phenad 94 RY AR 6. 30073 6.D312 §2.3375 21,4295
Callgd) 4 -benaldelivel - 120 . 1.59289
Calle) Co=henzalbdehvds 10 0.7686,
Coelie Kerons P 1o 0. 1548
ot Identifiod 0.17378
CallyO Gy bonzaldehivdde 1.0 U.2947

1:t6 BRI 0.1482 ).1482

Mixrureh 116 WL 1A 0.918Y 9.918Y
Colgn methosvphienol 14 A0, 8G 01574 0. 1574 0.0797
Nt tdentitiod - : .03
Nt bdent il i | it a0 . 1
ol O met b e powenal (IR L1 .9 0,250 R.0U03 H.2909 0.0777
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Appendix A (Coar'd)

Palar Fraction

0.06 m Logs,
7.73 'kg/‘lu’
0.2 w logs, 0.82 ky/hic Burn Kate _Burn Rate

Time

Compound N.W. (miu)'l Particulate Creosote Condensible Totul Condensible
C'/“nl.-' o-¢resol Loy H1.74 0.8758 H.875%8 0.600LY
Not Llent it Pud [ U.21735
CollgUe methoxyphenaol 124 G058 .2961 0.2961

Not Tdent it icd 138 INNYY 0.2901 0.2961

Colly it Caeplenol Lo Al 0.3632 0. 3u2

oty uths, Mot tdentidied 1l 4,010 1).36732 (.36732

Cyle m-cuesol OB ah .0z .07y . 2.4084 24876 0.47364
Collall p- el LOY A v, 2ua .229% .an87 11375
Coully U phenyipropenal 1742 0.190Y9
Uty dplonylpraponal (I O.4606

Tolly gl L ||lu:||‘:|/ 12400044,

0. H849
Cymabeny I ketone

o). dinecthorybenzene 14 A1094 1.53%4 1.54%4%
ol daumethylphicnol 1.2 A A [V BT | . HEHO LUlS0 0.6190

85
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Appendix A (Cont'd)

Polar Friction

0.06 m Logs,
7.73 kg/hr

0.12 m Logs, 0.82 ky/hr Burn Fate Burn Rate

Time

Compound MW, (wmi.)" Particulate Creosote t:ondensible Total "Condensible
CaliyO phenvl propenat 142 0.2721
Cully o0y dimethoxybemzene |18 48,73 (L1602 4.1602

Cully o0y dimet horybenzene 138 e V8 0.2414 L2423 4.48137

Col: 0 vinyl benzaldebyde 1732 1.9188
Cully o0 dimerhy Iphenol 122 Se 18 0.2442 k.5718 1.8160 1.2811
Caotty 20 Cr-met hexybenzene 136 S8 L.5714 1.5718

tally 00 Cy-dimcthoxy- 152 .47 0. 1042 i Va0l 0.2449

benzene

ot tdent it aed 0.87370
Lthyl benzat:dehvde (W ) ' 1.5423
Colly 0 Cophonsl 122 u. 1867
Culy o) dimer by b phen. | 122 S51.60% th, 1998 0.195%8 0.0718
Cally 1 inedaone 1y SR RRTE (NTURY 1. 1069 L8113
Al 20 Cy-phonal I35 94 Gt a0/ r.0731

Catly 20z Gy cimet hoxy- 152 D40 Q. 1296 54820 3.8116

benzene

-~

Tl dvomeat e ketogeh 124 0.5219



1T

Appendix A (Cout 'd)

Palar Fraction

.06 w Logs,
7.73 kgl
0,12 w bogs, 082 kp/hye Burn Bate JBurn Rate

Time )
Compound MW, (mi,n)‘l ° Particulate Cruosute Condensible Total Condensible

Not bdent it ied l46 - ’ V40573

Not Ddentilied ] ' 0.0571
Al dphatic vaygen l:ulupd.h ’ 166675

Cslty Uy Co-methoxyphenol 150 56. 4 [UNTUTIT 1.2381 1385
Cypolly 0 Cy=alkenyl l4o ' 0.0607%
phieny b ketone

. 1
G.-benzopyran

Cyoll, y0 Cy~alkenyl 146 ) 0.05%03
phenyl hatone :
Co-bunzopyranh

Cpoll 20 Cy-alkanyl 146 ' 02795
phenyl ketone
(I-_.—lu:u;'.upyx'.nnl'

Crolly g0 Cu-alkeuyl 146 0.4197
phenyl ketone
(2-,.—I.»cn‘/_npyrzmh



Appendix A (Cont'd)

Polar Fracrion

0.2 m Lops, 0.82 kg/hr Burn Rate

0.06 m Logs,
7.73 kg/hr
Burn Rate

Time,
Compound MW (mlu]‘l Particulate Crzosote Condensible Total Condensible
Cpolty o) Cy-nltkenyl 143 0.5175
phenyl ketone .
Ca-benzopvean®
CLollg® napht lenaol Va4 0.55514
Crally a0 Gy phivnol I 50 0.2653
. -0 .
l'l(l”"“ - 0-1)83
U 0 aromat e getone! 14 0.1095
Cyally b 146 0.1549
ally o0 ¢ dimerhoxyphensld 15 58.07 4.5960 A 2409 19.8369
Oyl U peapsny hpoa- Xiv8 4.0 0.4294 0.4299
jacolb
Crolly 285 dimethozybens- 166 8.6 0.00479 ). 2206 07731 }.2985
thdehiyd,- .
Conll g0 14¢

0.0621



T e T R

Appendix A (Cont’d).

- . & - et n e e . e .
Polar Fraction
0.06 w Lugs,
7.73 kg/ur
0.12 w Logs, 0.82 kp/hr Bura Rure _Burn Rate _
'l'lmcu
Compound M.W. (win) Particulate Creosote Condeusible Totaul Cuadensible
Cylig.P 146 G.3205
‘ | e
Al iphatic oxXygen Cotpad . ! 0.5057
= Cglig0y 4ll-1-benzopyran-  Lht 0. 6000
© 2-one
Not identifled 158 0.3772
Crollyo03 Cy—trimethoxy- g2 59.08 0.2304 0.3539 0.59473
benzene
Croll 00, structure T 0.0719
uneertain N
Cytig Cy-benzod aran® 132 0.0973
Alkylated phenolb 150 0.3064
CollgU3 vauiitio (4 hydro- 152 60.40 0. 5900 0.4239 10194 h.2053
xy=d-methory~-benalde - ’
hiyde) .
Crolh 20z propenybmcetho- 164 60 .40 00,2028 0.2028

unyphienol



Appendix A (Cont'd)

Compourd

tolar Fraction

0.12 w Logs, 0.82 kp/he Burn Rate

0.06 m Logs,
7.73 kg/hr
Burn Rate

PN TIT

Time
a ;
M.W.- (mln) Particulate Creosote Condensible  Total Condensible
CollgOs 4H-1-benzopyrin= 146 0.6489
4-one
Gy 20 Cr-benzofaran 160 0.0826
160 0.1349
Colly 204 tedmethoxy- 168 €1.96 %.9094 Y.1600 L. 17150
hoenzenn: ,
Crdlp»0, propenyl - loa €2.20 0.3952 0.470% (L 86061
pasiacal
G0 benzened ot i 0.0577
tophenol 16 0.5669
Cp ) naphichabdebovdee 196 0.7364
Cally p0q A-hivdvay o6 ¢y, 70 ) .41 0,183 (1.54970
met hioxybensophie, one
Co O naphithabde yide 1590 1.0594



€T1

Compound

Gy HyN cyauonaphcha-
fene

(:| u”( l“):‘ '::l‘ "|l\/d'|l',_',.'l| ol

CygiyeOe Cy~dimcthoxy-
buenzoene

Gyl U sropenyl
dimethoryphenol

Cyty 03
phenol

CrolypU 1=(l=naphitheny 1)
cLhiinone

t: :,ll‘|= ‘-}” 3.)21.-{:!;:1}“)’:?,‘[)"% Lul e
vimillin

Not Tdentidl iad

l:l |“||,Uj| l::,'“p)’l‘\l)',‘ll (]

(::{“l!l‘llllll'l lni.‘{‘,’ -

Appendix A (Cond'd)

Potar

Fract ion

Condensible

_0.12 w Logs, 0.82 ke/he Burn Rate

Tovral

‘l‘lmt:‘l
M.W. (min)‘ larticulatce Creosote
i91
[Es ] Y 4, W40
IR 65,17 O.61490
144 67.38 0.b140
Y0 (/.04 0.0085%0 21470
170
[X12)
142 6HY .54 0. 1844
186 JO. 440 O350
[RI10 7t.un 0.0

3.95879

L6hy7

L1447

U966
L H949Y

H.5027%
1,279
1,348

.0 36/

0.v29l

| . 198
U.6611

V.06 m Lougs,
7.73 kg/hr

JBurn Kate

Condensible

0.1051

0.2429
0. 392



Appendix A (Cont'd)

Polbar Fiaction

. : Q.00 m bopn,
S0 bpdin
C U2 e boge, 0L K/ Bura Endee M Nl w
Time

Compound . MW, (win) ravthevlate Crevsote  Londensible  Total Condensible
ol a0 9= luorene-9- 140 2.3221

e
Cralyaly Ch-pyropaliol 210 72,067 0.2372 (DI B R 0.3524
oy e0y Copyeoapad lol 210 Th. 1% (I LRl 0.1839

tmethoxv subst L)
Mot ddencilied 190 ' 0.2756
Mot ddent ibicd 180 ' I.4826
Phthalate enter 17.65 0.0567 0.0767
CyallnOs Yl=-xarrher-Y- ’

ang 196 (.5%581
Phitalate ester ' ' . 2.4658
CraBaO» mthracem =9, 208 0.4349

tO-dione
Not ddent ibiod /.4l .04919 0, 457 0299

.

b
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Appendix A (Cont'd)

. Patar Fraction L

0,06 m Logs,
1.73 kglhe

2012w bogs, 082 kp/he Burn Kate _Bury Rate

. 1 ime
Compound MW, (lllJll)“ Particulate Creosote  Condensible  Totual Condensible

Not ldentified 204 ’ (YR DTY

—
Yoo lighemolecular-weiyghn : . U.0%06
aliphatic ozypen

compoud

! GC reteation Lime for Jow-hurn-tate condensible sample.

b . . . .
Tentat ive assignuent when wo standard, o chiromatopraphic data, o ambipguous

mass spectral o data st



Appendix B.  Emisston Factors, mg/kg

0.06 m Logs,
7.73 kg/hrx

2 (Allthatic) Fractlon

G.12 m Logs, 0.82 kp/hr Bura Rate Burn Rate
Time,

Comyp ound H.W. (mln)u Particulace Creosote Condensible Total Condensible

Toluene a9z 12.81 0.0435 0.2847 1.€134 1.7416

Not Jdentified 0.2032 0.20732

(Sa—alk;mu 114 13.81 0.00186 0.0412 0.0326 0.1157

Cymalkane P PR (0. 00352 0.02494 0.:159 0. 2488 - o

Not ldentificd I . QA
X0
in 3

Cy-alkene 1z 15,40 0.00924 00075 0.("hY 0.1136 o

Cy-allane T4 5'3

Tetrachloramethane 154 0. 1586 0.1586 o

Cgmalkeneyseve bobwerane 4 6. 14 (. 005% 0. 1166 0. 2765 1. 19806 o

Cy-alkene R ! 18,04 000227 ). 0484 0.L2306 0. 1744 "‘g
» w

Cymadkane & alkeu 178 : 0,679 0.0293 oo,

1 I18.44 0. 00267 0.0206 0. 1S 0. 1332 et g
(fu‘-;n'l kane & allene 1-4 18,94 0. 0280 0.011720 0. 10 '(;
|46 . ’ . A
Fhyl bhenzeue l.b 19.451 O.012°% 0.0%% 0. 2444 0. 352731
whp sy e 176 20074 . 02736 U.304964 0. 4y

Cyralbane S abl e L.y (). 0580 0. 0580



Appendix B (Cont'd)

Uy (Atfipbaric) Fracpjon

0.06 m Logs,
7.73 kg/hr

0.12 m Logs, 0.82 kg/hr Burn Rate . _Burn Rate
Time |
Cowpound MW, (mln)d Parciculate . Creosote Condensible Total ‘Condensible
. 126 20.49 0.054) 0.0259 0.0802
o~xylene 106 21.28 0.00271 0.0471 0.1390 0.1848 !
Cg—ulkuue 126 21.80 0.0203 0.3008 0.1212
Not ldentified 85 21.9%¢6 0.00972 0.2203 0. 2300 g
Cg—alkgne & alxane 126 22,52 0.0127 0.0012 0.0695 0.0934 §~9
3
128 . -
n-propyl benzenc 120 24,13 0.00540 0.02738 0.3430 0.3722 :B: E
Not ldentified 24,72 0.00547 0.1210 0.1265 "
Cy-alkene 126 25.98 0.0109 0.0259 0.0368 ot
Isopropyl benzeane 120 27.%4 U. 00750 0.0320 0.1721 0.2116 a2
0 w
C3—benzune 120 1 27.83 0.018B6 0.0563 0. 2944 0.73693 § g
Cy-benzene 120 27.97 0.00877 0.0272 0.1644 0.2004 g.ﬂ
Cy-benzene 120 28.¢9 0.00684 0.0218 0.0966 0.1252 g
Ly~benzene 120 29.19 0.0268 0.0268
Uq-benzene 120 29,44 0.00702 0.0247 0. 0850 0.1167

L'y-hunzcnc 120 30. 40 0.06667 0.0182 0.0924 0.1173



Appendls B @Cont )

e AAL TPl e b b g lea

D 06 m barg,
1,13 ky/hr

0.12 m Logs, 0.82 kg/hr Burn Rate Burn Rate
T'ime

Compound MW, (mdn)’ Particulate Creosote Condensible. Tatal Condensible
Cpgmatkens 140 12,52 0.00218 0. 0556 0.0578
gt kane 142 0.0116 0.0242 0.0358
Gy -alkens 154 19.78 0. (1140 0.0140
Cpp-alkane 156 40,71 0.005L5 0.0426 (+. (Hab1) 0. 147 o
[ | -‘,"illk(.‘lh,: 168 41.62 0. 0836 0.08 6 'r\) o

' 53
Cpp-altkane 170 48.44 0.12141 0.12¥ - o
Cpy-ilkenn 182 5180 0.17318 0.118 ]
Gpymaltkane 184 96.139 0. 001750 0.00712 0.2067 0.215° E
Cpgralkene 196 5K.57 0. 2432 0.2632 o
Cpgratkane 198 549,04 0.00519 0.0122 0.9729 0.3901 ™3

O o

Cy imalkene 210 62.57 . 0. THRH 0. Y8 u(-‘: :2‘
Cpoyalkane i P O T 0.013; 0.0574 0. %604 0.67510 6e
€ it tkene PRI 66,09 0.0,4% 0. 0564 T 0.7371 §~
(f“,—;llk:nu‘ 226 [N/ 0. LR 0.5 180
(,'”—;nlln-ue: 238 [ RY] 0n.0126 (. 0% 0 0. 067,

Cy-alkene 28 b, 9K 0.0784 00787



Appendlx B (Concg'd)

My (Adlpbatic) Froction

0.06 w Logs,
7.73 kg/he

0.12 m Lops, 0,82 ke/hir Burn Rate Burn Kate
Time
Compound M.W.  (min) Partciculate Creansote Condeasible Tutal Condcusible
Cyy-altkene 238 69.29 0.0129 0. 0460 O.V30 . 0.4y
¢ .,-ulk.'uu: 240 69. 60 0.00)114 0.0195 0.9126 U992
Cyy-phytauc 40 700,94 4. 5367 (TERE 1Y)
G y-atkene 94 12.7% 0.60787 0. 0310 02709 0.3124 i
L‘]B-w.lkunc 2hb 1254 0.010U 1.0410 1.0813 1. 1323 o O
! 2o
. . . (Vi)
Upyratkene 208 15.04 0.0078Y9 0. 00940 0. 408 0.37441 -
¢ yulkane 2 4. 30 G119y 0.9524 1,072 =
Cogalkaene 280 17.69 0.804454 . (289 0. 4302 0.0 30 A
Uy tkane 72 11,94 TRRNY; 1.0209 RNt o o
(f_;l".llkum: 294 Ho. 214 0.002%Y 0.07%6"9 .40t ). 45968 :" .3
. Lo
G ~atkime 296 BO.44 01614 1475 RV T
Couo=t Tken: ’ Jui 2.0 T 04911 0. 5438 R
¢, lkan 310 $2.H 0. 00386 0. 1934 U979y VA o
Chmatkens ERAU B4, Y3 00417 0.4650 0. H06 2
Cypymit T Ratn: 324 8h.12 O.1670 13999 L.50/%
Gy tkenc 330 B7.i4 0,047 n.o4784 04757
Cog-alkiom: RNt 87.90 0.00514 O.0647 0. 4704 0.5 M4



Apendix B (Cont'd)

I, (Aliphatic) Fractlon,

0.06 m Logs,

7.73 kg/hr
0.12 m Lops, 0.82 kg/hr Burn Ra:e Burn KRate
'l'lmeu
© Compound M., (wir) Partizulate Creosote Condensible Total Condensible

Cag-alkene 50 89,471 0.00438 0.0720 0:07¢4 g P
o a bkane LY N TNV L 0.a6957 0.0151 02047 0.29% gg
li:;()—;lllu:m: ihh 9202 0. 1105 0.1105 g
Copmit ko 366 92.2) 0. G497 0. 1054 0.1110 e
(::7-.’1“(‘.!”('5 i a ;‘.’,
‘ o
. ) )
Cyy=alkane J4( 0.00429 0.00429 4 2
i 1)
o
) a0
o €

(2]

(ol

-

Q

3

a . . .
G retimtion time tor Tow-tairn-rate condensillc samp o



Compound

Cy~alkenc or ey

alkiane

Nout identdf icd

Tolucne
Cy-athane
Cyg-alkane

Cy-alkene
Cyclohexace
Uy-u Ihene
Cmaltkene
(::!l:I 4

Ug-alkane
- alkene
Cy-alkence
(Zu—u lkane
Cy-alkane

M.W.

98

Y2
114
114

(4
H4
112

112

166

L4
12
112
128
124

B (Aroma

13.
V4,
.68
15,

16,

1.

YU,
20,

Time -
(min)#

76

39
42

78

L4040

u'/'

16

Particulate

12

0.2:617

U. 00780

Crueosote

0.

ll.'
L0280

810
L0075

O30

0370

0,
6
u.
0.

(1
0.
(.
0.
0.

U,
0.
U,
0.
0.

fc) Fraction

Condensible

0.%360

20172

L8474

172
0755

2A8Y
[V RV
VERRY]
GL34
157349

1648
Ol ol
b4y
(V13111
0790

0. 12w bopgs, 0.82 kp/he Burn Rate

Total

0

0.

. 5360

2012
U841
L1240
A755

IR T B
0246
L0410
D4

). 0671

A0
068
L2064
e
L0790

0.06 m lops,
7.7 ky/hr
Murn kate

Condensible

0.59¢68
0.00515
0.00475

0.0100

0. 00660



Compound

Cg-benzene
Cq-benzene
Chu-benziene
Ch-benzine

b _(Aromatic) Fraction

0.06 m Logs,

Cyp-benzoluran

« |~->lu-nzni uran
Cp=benzoluran
Cr-benzene

Cy- indan

Cyp-indene

C)-iundan
Cy-indeee
C-benzen:
lI/.--lelf.t:m-
Naphtha fenie

7.73 kg/hr
0.12 w Logs, 0.82 kp/bir Burn Rate _Burn Rate
T lme
Qmjn)a Farticulate Creosote Condensible Total Condensible
0.0168 0.01hE
.62 0.03273 0.0323
0.01 80 0.9180
40071 0.0191 0.319 .
4109 0.0479 0.047% 0.0110
0.00572
Al 0.081) 0.0811 0.007172
“1. 8o 0.01473 0.0147
0.G14Y4 0.0149
ho.d1 0.058] 0.0581
0.07311 0. {1311
A4S 19 0.137% 0. 1375 (1.0668
0.0/ 0.0573
0.0180 (.0180
41,22 1,097 1.0927 14.1665



—em e e M (Arvwad f) Fraction

0.06 m Logs,
7.73 kglhe
Burn Race

e D012 woLogs, 082 kg/he Burn Race

Tiwme

Compound : MW, (min)“ Particulate Creusoie Coundensible Totul Condensible
Ca=—indan 14t 0.ul35 0. w0232
Co-indan 146 48, 64 0.u3%0 0. 07350 0.0248
Co-benzoturan V4b 48.94 ’ 1. 0539 0.09134
Cy-benzoluran 146 49,248 0. 1659 0. 1659 0.030Y
(,'_f—lu:llu)l'ufun 146 49,04 ' 0.0879 (.0874 . 0163
Cy-benzaturan 140 A¢ 873 . 0.1884 0.1885 0. 1091
Not idencified - BRI 00730673 B.0363 0. U'."‘.’(l
Not identificd - RIENEN 0.0214 0.0218 1. 0289
Cppipzto-indene /0y~ 144 3L 34 0. 0450 0. 0450 0. 0330
(lihyxh‘nnuphllmlunch
L) l“l‘_;lf-_:-l'nd«:llu / oy a4 D26l 0.0608 0. 0608 O.0167
dibydronaphthalen b
Cy |ll|'_>(22~-indullu / ) [E) haoud (. 1498 . 0. 14598
dihydronapht e Lo
Cpoatygta-indan / - 1496 KN .09 [DRFAIR]
alkenyl substituted
R RIYY ..“,.h
Py b [ RN

[AEELFNYS Yoo



U (Aromgtic) Fraction

0.06 m Logs,
7.73 kg/hr

0.12 m Logs, 0.82 kp/hr Burr Rate Burn Rate
'l'lmo.u
Compaound M.W. (min) Parciculate Creosote Condensible Tcetal Coudensible
Crolgiig-indan /G- 160 53.92 0.023% 0.023%
alkenyl substitsted
benzend
2=methy lnapht haleae 142 56,19 0.4%36 0.493¢C 0.7169
Cp2lipg Cymindan 160 ML B2 0.016 0.0916G
l=wethy bnaphthalen 142 .19 0.2749 0.2749° 0. 3514
Benzofuran 160 Y 0.1949 01949 0.0159
1,2, 3, 6-tetrahydro- 160 9%9. 81 0.0446 N.C446
unapbthalene
LA d—tetrahyvidre- 160 N0, 40 00462 Q. (862 0. 1181
napht halene
Cy alkenyd benzene!” 174 AR 0. OHR n.un'm' e
(:7-“““7“'“"") 176 N1.00 0. 0147 n .4 0.01496
I 174 VAN v.02177 .06/ 2 0.0199

Lyalkenvd bensen



Coupound

Co-ber zene?

J bervzene

Not dcentilicd
Cy=alkenyl bun

Bipheyl
Not
Cy-alkenyl Len

fcentil il

Co=naphthatenc
Crgthy

Co=naphchatenc
Co-naphthialene
Y "“ | 8(.:_/“ indan

Not ident iticd

Conaphichalen:

vo=naphthalen

Gt

e

AN BT

ls

0.12 m Logs, 0.82 kg/hw Burn Kate

'l'lnu.:u
M.W. (min) Parciculate
176 57.48
- 1,94
174
i% YH.573
s HY8.487
174 59.07
AYS 54,41
174 BN
156 M I
1.56
174
- [0 I
150 [TV |
150 [Ty}
[ [V RVEN

Creosvte

Condensiible

Tutal

0.0uv w Logs,
T.73 kg/hr

Burn Rate

Condensible

0.02409 0.0204
O.0208 n. 00Ul
O.4824 0.3324
0. 1504 U, 3h04
0.0156 .0 56
0,520l u.h201,
0,191 IV FY
0. H68S 0. 00N,
0. 2804 0, 2800
O 0768 h.0708
O.0444 0.045%4%
0.0210 0.0216
o164y 0. 16439
0.6 O. 1622

0.0199

0.6301

0.255%
O.0134
0.091Y9
0.0610

0. 0680
0.0092
0.05%31



—_ ——— et e - ——r v o

kB tAPOmar 1) Fract fon

0.06 m Logs,
1.73 kg/hr

0.12 m Logs, 0.82 kg/br burn Rate Burn Rate

Time
Compound M.W. (win) a Partfculate Creosote Condensible Total Condensible
Craflyy 174
Cy-henzene: 190
Co-naphthalene 156 6.3 0.2861 0.2801 {.0388
/‘.;:eeuuphl'lmlmw 152 .4y (). x99 0.4994 1.9159
¢ -naphthalene 15¢ 01,873 . 0. 10494 ) 0.1654 0. 73909
Uy My 1177
“lﬁ“!l) K10
Cy~benzene 190
Gl g i74 62,14 .24 .023%4 0.0225
Craling 188 02,5 0.0172 0.0172 0.0517
gl Ca Lirpene ' 204 6259 0.% 325 0.5125 0.0176
Cyaihyq avenaphitlcd ene 154 62,84 0.1462 O.1462 0.0822
Cua=brnzene 19%) Hhi. 00 08| u.0881 0.1114
Cy-benzene 19 63,36 0.:0/3 0.20713 0.0317
Cy-biphenyl 168 6 1.4k

Comnaphithalen.: 170 0.0340 0.0%6 0.0186



0.06 m Logs,
7.73 kg/he

0.12 m Logs, 0,82 kp/hr Burn Rate . Buen Rate
'l'iuu:il

Compound : M.W. (wmin) Particulate Creosote Condensible Total Condensible
Ci=biphenylt log
Crattay Cy-bonzenc/terpend? 206 63,71 0. 1087 0. 1087
NPT [Ri1 63.71 .
Cy—anaphthalene 170 63.97 (. 0967 0. 0067 0.0364
Dibenzoturan . 164 0428 0. 0108 0.948% 0.9497% 1.5185
C)sltyy Cy-bienzena/ 204 64,52 0L 1354 0. 1354 0.0171

cerpencl
Cl'i“"(o Cy~huenzone/ 204 b4, 74 .0478 0.0478

Lurpench
Comnaphitlesbeue 170 64 .74 .
Co=naphthalcne 170 04,90 0. 1096 0. 1696 V. 2084
(;'|"in:cllillihl.'u'lu 168 64,96 ) (. 04730 0,04 1
Cpytlyg Cy—hensoney 20y,

terpencl
Cp-acenaphthan loh
Cpstlyy, Cg=bencom Jterpene bros
Coymnaphthalene 170 bh, 2 .

1092 a. 1y 0.1094



e - MR (ATOWa L D LracLion,

0.06 m Logs,
7.73 kg/hr

_oB 2 moogs, 0,82 kp/hr Burn Rate Burn Rate
Time
Compound’ MWL (min) 4 Particulate Creosote  Condensible  ‘total Condensible
Gyl 2000 05,468 : (L 1H8Y 0. 1181 0.0229
Cy-naphtha. ene o
¢ 5“;;4 (a I.t:rpu-n-:)l‘ 204
Cy-naphthalene 170 69,62 0.0578 0.0578 0.011Y
Cy-naphtha lene T R R+ 0. 0640 0.0640
Cy=naphthalene 170 Lh. ) Vo215 0.1215% 0.0941
Not identified - 66,14 0.08173 0.048173 0. 1007
(:ll')“‘y_! 202 0.0274 00,0274
Fluorene 16:6 66,43 ' IR R 0.1 6.0733
Crgtg, 214
Cop-naphthadene 170 66.63 0. 19409 L L2949 0.1240
(WEA YA 204
Cy=dibenzalaran or €~ o8 ) a. 15740 AT n.0371
luacene .
(',|!.|||;r 1 81) 67,25 .00 D.0704% (DT IR
Not ident il icd - 0wl 3 0,065 1, 065Y 0).0209
Gty b 184 67,50 . u. 1301 a.01827



Time .

N
Compound M.W. (min)
Not ddertilicd -
Cy-dibenzotutran 42 o8, 01

l .

Cr-dibenzabusian 52 .44
L4 -naphehaicnc 1444 OY. /b
':l‘,“y)h 00

lt“]“::‘) 2lu (AU IS
Cpedihenzoluran [ 0Oy, Yy
Ugmnaphthalene 184 0.4
Not identilicd (IR
Not identiticd (O
ity 0o /5
(:l—-‘-“)vl LZoluran 130 . 85
«.f“‘“_," ay 6H.9

P )

‘,:l."Ildlilllll:lll‘lll' [ 0.1/
Hot  ddent B0 ied - /0.0
Not fdenr i) il - ‘A'n' b
I‘Zm-lu-n::um_- Croll g, S 10,405
b b 2oi 10 14

e G (AL i) Fraclion.

Particulate

.0l

.02

0.0420

Craotiate

Condensible

0

0,
.

i

0.
.
u.
L0/

0O

e DeE2 mobogs, ULBY kp/hr Burn Rate

L0497

180/

Ly

IINEN

e
.
0.

07350
(h4ah/
VR
0638
sy
MRS N

ARV
S0
(IURY}

H.2b/6

.

L ]

Total

.04497
0. 1867
o2y
.09

(L I T O]
1,035
0, 04%7
.02
“. 0L 3
0, 0152
0. 00459

O 12457
. 1h2o
u. 1o/
00371

0.24822

.2573Y

0.06 w lLogs,
7.73 kglhc
Burn Rare

Condensible

U 1334
0.1324
0. 0308

0,029

0. 00927
0.0127

SuLuly

0.0459



M (Arpmaric) Yractlowoo )
0.06 w Logs,

: 7.73 kg/hr
0.12 m Logs, 0.82 kg/br burn Race _Burn Rate
Time

Compound M.W. (mln)‘l Particulate Creosote Condensible Tctal Condensible
(ST PAL ,(}’ 194 .04 0.u46 0.2275 0.2421 0.019%
Crgly s Cp=Tluaren. 180
Cg—naphthalene B4 H.a 0.0%68 0, 04068 0.0225
Cratyg Gy -benzend 22 N 00114 0. 1964 0.1578 0.0161
g~ naphthalene 184 71. 80 . 0,072 0,032t 0.07371
Cigllpg Cymavenaphthend 196 7207 : : 0. 1501 0. 1463 0.0127
lfl-,ll.“‘ 2794 72,31 [ARURTINY 0. 0365 l).l)'l 51
Cppliog €y p=benzens SR KRSV 0.0248 0.0248 0.0156
Phemamthrene 178 13.0% 0. d%4964 (0. 8.4 0.47499 2.2974
Anthracem: 178 ,
Cpprbenzens 292 } JANR) , 0. 7% ¢ 0. 24667 0. 2960
Mot ddent idicd 106G, 212
Co=TTuorene 194 1y 0o TR
Gyt 247 } . ‘
Not ddent il iced 194 i 73,84 0,047 O.0813
Caltay, 2 740,09 0.0 (0.0682

Not ident il icd - 77140 0.0%21 0.0421}



Compound

Not identiticd
Not ident ificd
I=pheny b waphe i lbene

Cp-anthiravene! phenan-

threne
Not idencibicd

Nut ident if il
(2“5”.‘

)
Z-mul'i\y U ophaeanthven

( 14 (1 EF N
N e- -
Nor ident il ied

Zomethy L anthvaveoe
by oM

Vot iyl pheaani b enee

¢ e coaplat b b

(RN ] (IR Y B B B I |

MW,

204

Ly

246
9
140
hh

192
19d)
1
RN

T imc]
(min)’

14.48
74. 84
75.06
75,37
75.61
75.92
76.1Y9
7(:. JI)
76.50

J6.178
16.499
171.14
11.00
11.00

e,

Particulate

e M _(Aromwaric) Fractio

0.12 w Lops, U.82 kp/he Burn Rate

Creosute

0.
(1.

L01H0

020

I
(1R 1))

4.0251
. 0.0162
0.047%3
0.01425

0.0250

0.00900
0.0487
0. 0944

0.1326

0.0949
u.0873
0. 0655
0.4
.08

Condensible FToral

0,06 m Lugs,
7.73 kg/he

Mucn Rage

Condensible

0.02%)
0.0162
0.047373
(.07325

0.0250

0. 00900

U.uan7
0. 1105

u. 1528

0. 0949
0. 1007
O, huaY
0. ul W
H.onj

(LY IR

0.1867

0. 11350

0.0142
0L 19
IR DS



—- M8 {(Avowarfc) Fracejon

0.06 m Logs,
7.73 kyg/hr

0.12 w Logs, 0.82 kp/hr Burn Rate_ Burn Rute
Time .
Compound M.W. {wi u)d Parriculate Crevsote Condensible Total Condensible
Coanthracenc/o.,- 206 80,473 0. 0298 0.0298 :
phicnanthrene N ’
Not identdfied - BO., b4 u.021) 40217,
Pyrene 202 HO. 83 0.u61 0.28%0 0.3111 1.3947
Coliyg PoM 202 81.45 0,01 38 0. 1633 01771 0.4742
Not identiticd - #1.91 U.0b87" 0.06873 0.022
Chgli “f fuorant hieme: 202 82.1a 0.0735%4 0.21a0 0. 2500 0. 1004
ok Srractured 218 82,34 : (. 0908 u.0908 0. 34580
Not identiticd - ¥ 0N 0.0278 T 0. 1Yal 0217 0. 1422
Not identdficd - ¥ ) 00455 0. 0655 0.1268
Not identibicd - ui. i . 1034 0. 1031 0.145%9°
Benz (a) Muoren 206 B3.9) 0. 1259 0. 12%9 0.0881
Not ident it fed . 84,7 . 0,1 1a% 0. 1445 0.16973
Cyranthiracene/Cy- 2200 851/ 0,013 0. 1624 0. 1957 0.07330
plicnanthrene
Muthyl-pyrenc 216 H4y. 18 ) 0.0%%7 0.04%37

Cy-pyrene 216 8. 9% 0. 0525 0.0525



e Ub (Arvwatdc) Fraction. o .

. 0.06 m Logs,

7.13 kg/hr

T 0.42 w Logs, 0,82 kp/hy Buen Rate Burn Rate

Time )
Compoud M.W., (ugin)‘I Particulate Creosote Condensible Tocal Condensible
Uy=-pyrene 230 H7.4% 0.0781 7 D.078)

senz (plei ) lnorene 226 BB. 70 0. 04040, 0.0444 .0972
g-phenylanthracene 226 HBR.94 Tu.0444 00444 0.1979
Benz (a)antlracene 90, In 0.1508 0. 1508 0.4769
Chrysene 224 50, HY 0.2929 ().2929 (1.8729
Hot ddentitivd - vy, 21 ’ 0.0626 1. 0626 0.07181
Not identif ied - Y2, 24 .06l n.a671 0.2%65
Nat ident it icd - 93,74 X g.014y8
Not identitied - 97.973 0.0190
Not ddent i1 ied - 100,50 0. 0819 0,089 C0.1614
Not identilicd - 101,46 0.0418
Not ddentificd - 104, 20 0. 5057
Not dduntilicd - - 0,49 . ' TR 0,021 0.2191

i, . . . - .
DC resention Cime Tor fow-hnro-rate coadensible sample

Prantan ive v Gment whon no stondard, no chromatopraphic data, or ambipoaons mass specteal dota exist,



APPENDIX B

STUDY DATABASE - EMISSIONS CHARACTERIZATION



2

. co FoM We ' ge M Ames Gemp  Faa, FoL FLL Feed  Exc
, L " BRy) (Bl Ealy) () Cai (‘2\3/ ) (s Gy () T Wy e %o
. 00001 1A 0.7 0.0 5.20 0.0 0.340 0.1u 3.3 0.630 0.190 16.0 842 4.2 3.5
00002 1B 0.3 0.0 5.10 0.0 0.540 0.027 3.6 0.000 0.000 16.0 932 7.0 3.4
0090 6 0,6-——0,0-—-— 6.00 --0,0-—0.,320~-—-0,190 - 5.,2-.0,000 0.063 16,0 e e 842 7.0 3.3 e
~ 120000 D - 1,5 0.0 .63,00 “o0 1. 000 1.900 15.0 0.000 0.030 41.0 ©,872 7.0 5.8
‘,;ggo} 1% - 0.8 - 0.0 140,00 0.0 6,300 3.300 25.0 0,000 0.110 16.0 842 7.0 2.8 °
1L 800 A~—188 96— 0,00—0.0—8.000——0,000—00—0,000—0,000--—35,9 264 —13.0 4.6
! oco07 2B, 10.0 0.0 0.00 o. 0.000 0.000 0.0 0,000 0.000 35.6 222 5.0 4.1
' 00008 2¢C  21.4 0.0! 0.00 0. 0.000 0.000 0.0 0.000 0.000 16.3 _ 311 4.0 2.5
00009~ 293008 oo—~—o—o——o 000———9000 - -8.0—-0:000---0,000 -~17,6 —-— - - —ece oo - 357 - 4.0 2.0 _
¢ I 9001 B 31,0 .9.0 0,00 Q, 8 0.000° ~ p.ood 0.0 0,000 0,000 .19.4 350 4.0 5.0
100001, c3® . 20.0-.0,0t Q.00 . 0.000 0.000 0,0 "0.000 0.000 17.} C314. 4.0 2.5
100013 8—23:9—"— 06 ——6:6 -o-—o—ooo———o—.eoe——-o +0—8-060—0.000—14-0 ' 490-——4.0--2.6
¢) 00013 24 50.6 0,0 0.00 Q.0 0.000 0.000 0.0 0.000 0.000 14.0 : 256 4.0 2.8
* 00014 21 9.6 . 0.0 0.00 0.0 0.000 0.000 ~ 0.0 0.000 0.000 - 15, o o 494 4.0 3.4
" 000 FE 09— 0500 v§—0:000———0:000--—0.0—0:000—0.,000-— 14,0 e ~ 3930 FeF - o e
CLBOE AR gl Bt 00 B 8000 D0 el 0000 b0 A4R piaems menucs h oie. 54
o d . Q7 £3'1 ' 5. ! A V.4 ’
" :’e‘l'. 3———9—1 ~ ‘4-&900—9:000-——010—558'4811 PRUCE —0-—0,0.-0,0-
b 00019 3c 150 0 ).0 0.0 0.000 0.000 0.0 EASTERN SPRUCE 0 0.0 0.0
00020 3D 0.0 0 0. 0 0.000 0,000 0.0 BASTERN SPRUCE 0 0.0 0.0
003k ? 8- 9-——4 - 00—9.00¢— .o—sasumsaaueg__r-— 90,000
¢ 00023 3Ry 0000 8 10,000 ooo.f; 0 JACK PINR i & i Q.- 0.9 0.0
00023 G- 30,0 7.0, M0, 00 q00° +Q JACK PINB. - "', r., 0 0.0 0.0.
"L ppoas3-g—34:0—0 = oo——orooo +0-JIACK—PIN - 0—0.0—0.0
¢ 00025 31 10,0 0 Q0 . 0 0,000 0.000 - 0.0 JACK PINE 0 0.0 0,0
% 00026 3 g 2.0 0 9 6 0.000 0.000 0.0 SOFT MAPLBE 0 0.0 0.0
09073 90— V- 00001000 ——0 0-EOPT-HAPLE —rrr———0 —0.0-- 0.0
Cal 90029 .- ; 8.6 D¢f 2 0eD00 % 0,000 70,0 SOFT. um,s foo 0 0.0 0.9
ol 00029 3 M. T18,Q ,009;" 0/0,000..,0.000 " - 0,0 BIRCH . . - 0 - 0.0 0.0
00030 Nl ho g 000-= +0-+-0-000—0,000——0,0-BIRCE 0—0.0-0.0
(“ 00031 30 10.0. .000 000 0.000 0.0 HARD MAPLE . 0 0.0 0.0
" 00032 ip '11.0 000 -~ 000 0.000 : 0,0 HARD MAPLE ' 0 0,0 0.0
JR9933 -1 ol "03*-01009———4 .o—wqu—asu-——r———r Y SR Y N | JE
¢l 99 g R 3.1 909 ' 0.00¢: 0 WHITE AGH - 2oL 6 0.0 0,0
ol:00038 - §: 6.0 000 :; ‘ n 000- . 910 BED ORE .. -0 0,0 0.9
100036 g §i3— 000 ‘?. 0000~ 0.0-RED-DAK 0——0.0-0.0
! ‘ 000 - 0 0,00Q : 0.0 RED OAK 0 0.0 0.0
o ' 0. 0,000 . 0,0 RED OAK 0 0.0 0.0
e 880008, p-RED-ORK -0 0.0--0.0
ol 8 ,’ggg“' 3 g asunsu ST , 3 g.g g.g.
1102000 " TERNOLOG ", Y/tes . @7 0,0 0.0
" oQo;-‘—-?qio_Sonzpm.xgqo_;p_e_:__L_o__o:o._o.n :
s 0’0.008 0.0 ' 394 '2.0 0.0
¢ ¢ 0.000 - 0,0 450 4.7 0.0
. —0v00¢——0, @y 4103,3.-0.0 -
Cu 9'0001 v uco o , : '( Lo 330 1-8 9.0
oF 000 - Q.9 EREREAERI Y370 4.5 0.0
~000—_0.0 : 490—10..3—0.0-
(: 000 0.0 425 6.4 0.0
- . . 000 0.0 1344 4.5 0.0
e £000-——8;000-—- —9:000-—-8,0 - e e = 245 - @0 T Qa0 e - e e
Ca , ‘o 000 - .d.000 ‘0 0.000 0.0 352 3.0 0.0
" 7 Q.000 0,000 0.0 0.000, . 0.9 358 3.3 0.0
: 0-006———0-000— 80— 000 00 302 —3,1—0.0
0.000 0.000 0.0 0.000 0:000 0.0 299 2.7 0.0
0.000" 0.000 4.0 0.000 0.000 0.0 N 282 2.2 0.0
—0:000 -——- 0.000----0,0 ~0,000--0,000---0.0- - T ioin 338 3.7 0.0 - o - oo
0.000 2.000 0.0 0.000 0.000 0.0 SEASONED OAK . . 493 6.9 1.4
0.000 8.400 6.0 0.000 0.000 0.0 BERSONED OAK. . 718 7.1 1.2 i
+00—0+0-2—~0+000———0,000——0-,0—0..000-—0. 000 0.0 SEASONED PINE - . 415.. 6.3—),5-
0.000 0.000 0.0 0.000 0.000 0.0 278 2,0 0.0, ,

Ve ® e

~ ~
¥ < Sy S— COD »ien



@ aV3y-23

[VEVEVET RS ) L* N b P ) VW (VIR VRV v.uv AV AV V) (VR VRV U At LV IR VEVAY) (VAR VEVAV) v.wv ARV PAPRY) V.
00064 8D 11.0 0.0 0.00 0.0 0.000 0.000 0.0 0.000 0.000 0.0 272 1.7 0.0
00065 8 E 10.7 0.0 0.00 .0.0 0.000 0.000 0.0 0.000 o0.000 0.0 308 1.8 0.0
00066 B F 9.9 0.0 0.00 0.0 0.000 0.000. 0.0 0.000 0.000 0.0 287 1.5 -0.0
p 00067 86 9.1 0.0 0.00 0.0 0.000 0.000 0.0 0.000 0.000 0.0 278 1.6 0.0
00068 8H 10.5 0.0 0.00 0.0 0.000 0.000 0.0 0.000 0.000 0.0 284 1.8 0.0
~0006§9——8—% 59 ~—0:0-—0:00 —0-0—0-000 -05060—- 0:0—0+000--0.000 -~ 0:0~--—— o . ... 313 - 1,8, 0,0 e
10007 .83 -7.6 . 0.0 0,00 0.0 0.000 0.000 0.0 0.000 0.000 0,0 321 1.8 0.0
100071 § & ".32.9 0.0 0.00 0.0 . 0,000 0.000 0,0 0.000 0.000 0.0 61 1.7 0.0
‘L0002 ——85—B8:F7-—0-0— 600 0+-0—0-000 0,000—0:0—0:000—0:000-——-0,0.- ~-321....1.6 . 0.0
. 00073 8M 15.0 0.0 0.00 0.0 0.000 "0.000 0.0 0.000 0.000 0.0 290 2.3 0.0
00074 8N 25.2 0.0 0.00 0.0 0.000Q . 0.000 0.0 0.000 0.000 0.0 297 1.9 0.0
' 00075 80— §:8——0;06———0700--—Q;0-—8;000--——0:000--—0;0-—0:000— 0000 - 0,0~ « - s o 277 lod 0.0 mmesem o
fo0076 " gp. 9.9 0.0 ~-0.00 0.0 0,000 - 0000 0,0 0.000 0.000 0.0 388 1.8 0.0
100077 89 - 5.3 -.0.0-%° 0,00 9.0 0.000 0.000 0.0 0.000 0.000: 0.0 296 1.8 0.0
[ 00078——8-R—33-3— 0. 0- 0:00——6-0—0:000-———0:000——-0:0-—0-000 —0:000-—-0.0 186 —-1.0--0.0
" 00079 . "85S .1 0.0 0.00 0.0 0.006 ° 0.000 - 0.0 Q.000 0.000 0.0 388 2.8 0.0
" 8T - 0.0 0.00 0. 0.000 0.000 0.0 0.Q00 0.000 '0.0 _ 260 1.6 0.0
84— ‘ ~87000———8:000-—0-0 —0;000— o,oog ----- 2.0 e 387 A8 000 e
: s 3 - ,000  £770.006 * 0,0 0.00¢0 0,000 0.0 . . . 287 1.9 0.0°
CiE .000 -5 9,000 0.0.0,000 0,000 0.0, . . ' 316 1.1 0,0
‘ : oe———-—o—eo 0—0-060—0,000—0-0— "> 943 .31 0,0
8 Y 0. 0.000 0,000 0.0 0.000 0,000 0.0 o 380 2.3 0.0 .
63 10.1 - 0 .0.000 0 0,000 0.000 0.0 . : 512 3.4 0.0
G ﬁ, AN ’ 3¢ 90— H Qa."_ ..-eyﬁ " T T 5--0.0 . T
A AB% 3.1 07 0.0 00 . 0070,000°/1.0,0 V100 : -
SRS BIA L 09> S 8 0.0 o
8—AD—5.8 86— 700 0 5 ——B- TE SO Y S S—
8AE 1.9 0.0 .00 ..0.000 0.0 0,000 0.000 0.0’ 433 2.3 0.0
8 AF 10.} 0.0 .00 " 0.000 '0.000 0.0 0.000 0.000 0:0 567 3.2 0.0
—AGT§ 050 700 .vecrv-—*o—nw——e:o 9700065000 — 059~ 292-—1.8-- 6.0
. g AR 2.4 0,0 60 - 00 0.00 0,0 0 - 0,0 2.6 0.0
AN 7.7 400000 09 - 0 00 3.2 0.0
n 39— 106,0— -00 ot --0:0—0.0
n 9B 4.3 63,0 Q0 0 _ 0.0 Q.0
. 9C- 6.4 106.0. 00 | .0 0 0.0 0.0
. o[ 00099 o303 39859+ 00~ ¢ —@ ~0--0.0 0.0 ----—
el e b 3 EBiR:
V61039 G d 60, 0L b, 66——0- 8- ' : 86— 0.0—0-0
s 00103 98 4.2 0:0. 00 .Q.0. .0,000 0 ‘0.000 12.7 OAK "0 0.0 0.0
. 00104 91 2.4 98.0.° 00 0,0 ' 0.000- 0 0,000, 15.9 HEMLOXX - 0 0.0 0.0
WA 93100 0500~ —R+8—6; ——&.oea—ls 3—uauz.ea= —Q-—0,0-9,0
"ol 00106- W0 A . 3.9 ¢ 80 J, 00 g' .} 0,000 T0q0 , 0,07 9,000 8 : 130 Q.0 0.0
{-00107% 10 8 1.4 20" 1,9 0¢ " 6.0°°:0,00 - 0.0 00,000 0,0 ‘194 - 0.0 0.0 -
00108 —10-6—~18-8——070 06—t ‘ e—p-0—6< 006050~ 64-—0:0—0.0
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