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FOREWORD

In his 1977 Environmental Message, President Carter cGirected the
Administrator of the Energy Research and Development Administration,
the Secretary of Health, Education, and Welfare, and the Administrator
of the Environmental Protection Agency to establish a joint program to
identify the health and environmental problems associated with advanced
energy technologies and to review the adequacy of present research
programs. In response to the President's directive, representatives
of the three agencies formed the Federal Interagency Committee on the
Health and Envirommental Effects of Energy Technologies. As a result
of reorganizations, the Committee currently is composed of representa-
tives of the Department of Energy, the Department of Health and Human
Services, and the Environmental Protection Agency. The MITRE Corporation,
Metrek Division, is the Executive Secretariat for the Committee.

The goals of this Committee are to review and identify specific
health and Environmental issues and potential problems associated with
the development and commercialization of conventional and advanced
energy technologies, to identify the information required to resolve
the uncertainties of relevant impacts, to specify research projects to
‘provide such information, and to review the adequacy of current Federal
research with respect to these projects. To attain these goals, the
Committee is sponsoring a series of workshops, establishing working
groups, and initiating other approaches to address the health and
environmental consequences of energy technologies.

This report was prepared by the Health Effects Working Group on
Coal Technologies for the Committee. In this report, the major health-
related problems associated with conventional coal mining, storage,
transportation, and combustion, and with chemical coal cleaning, in situ
gasification, fluidized bed combustion, magnetohydrodynamic combustion, -
cocombustion of coal-o0il mixtures, and cocombustion of coal with municipal
solid waste are identified. The report also contains recommended research
required to address the identified problems.

Background information on the technologies addressed in this report
as well as those of coal gasification and liquefaction may be found in
documents previously released by the Committee and listed on the last
page of this report. In the near future, the Committee intends to release
additional advisory reports relating to ecological effects and transport
and transformation research needs associated with coal technologies. The
results of these and other activities sponsored by the Committee should
provide a basis for strengthening the Federal Program for ensuring safe
and timely development of our energy resources.

THE FEDERAL INTERAGENCY COMMITTEE
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EFFECTS QF ENERGY TECHNOLOGIES

iii



FEDERAL INTERAGENCY COMMITTEE ON THE
HEALTH AND ENVIRONMENTAL EFFECTS OF ENERGY TECHNOLOGIES*

DEPARTMENT OF ENERGY

"Hal Hollister

Murray Schulman (alternate)

DEPARTMENT OF HEALTH AND HUMAN SERVICES

National Institute of Environmental Health Sciences:

Philip Schambra

National Institute for Occupational Safety and Health:

Lynne Harris

ENVIRONMENTAL PROTECTION AGENCY

William Frietsch -

EXECUTIVE SECRETARIAT

Richard Brown

The MITRE Corporation

*
Committee Membership as of September 1980

iv



HEALTH EFFECTS WORKING GROUP ON COAL TECHNOLOGIES

Dr. Norton Nelson (Cochatirman)
Director

Institute of Environmental Medicine
New York University Medical Center

Carl Shy, MD (Cochairman)

Professor of Epidemiology

Institute for Environmental Studies

University of North Carolina at
Chapel Hill

Dr. Thomas W. Clarkson
Professor and Director
Environmental Health Science Center
University. of Rochester:

Dr. Robert T. Drew
Medical Department
Brookhaven National Laboratory

‘Benjamin G. Ferris, Jr., MD

Professor of Environmental Health
and Safety.

Department of Physiology

Harvard School of Public Health

Dr. Lawrence Fishbein

Director

Office of Scientific Intelligence

National Center for Toxicological
Research

Dr. Victor G. Laties

Professor ‘

Radiation Biology and Biophysics

University of Rochester School
of Medicine ‘

Dr. Morton Lippmann

Professor and Director

Inhalation Toxicology

Institute of Environmental Medicine
New York University Medical Center

Dr. Warren T. Piver

Office of Health Hazard Assessment

National Institute of Environmental
Health Sciences r

Dr. Adel F. Sarofim

Professor

Department of Chqnical Engineering
Massachusetts Institute of Technology

- Dr. Thomas Slaga

Biology Division
Oak Ridge National Laboratories



ACKNOWLEDGMENTS

The Health Effects Working Group wishes to acknowledge
the efforts of certain individuals who were instrumental in
the successful completion of this report. Judith Hushon
(MITRE) provided editorial and technical support. Shashi
Sood provided invaluable support in tracking down reference
citations. MITRE-produced strawman health effects problems
and information needs in the form of a working paper and a
MITRE-produced report on coal processes and pollutants, both
edited by Richard Brown, were utilized extensively. The
working group also wishes to recognize the numerous people
behind the scenes who provided clerical and logistical support
at various meetings of the working group and in the preparation
of this report. Dr..Steven M. Horvath of the Institute of
Environmental Stress, University of California also participated
in the initial planning meeting of the Working Group.

vi



3.2

4.0

4.1

4,2

4.3

TABLE OF CONTENTS

EXECUTIVE SUMMARY

Introduction
Approach

BACKGROUND

Overview Information on U.S. Coal Utilization
Coal Resource Description

EVALUATION OF EXPOSURE TO COAL-DERIVED POLLUTANTS
Generic Exposure Considerations

SOy

Particulates

NO4 :

CO and Hydrocarbons
Polycyclic Organic Matter

Wwwww
ot s bt
W8 WN -~

Measurement of Exposure

3.2.1 Occupational Exposure Measurements
3.2.2 Envirommental Exposure

EFFECTS SPECIFIC TO INDIVIDUAL COAL TECHNOLOGIES
Extraction, Transportation, anﬂ Storage of Coal
4.1.1 Coal Mining

4.,1,2 Coal Transport

4.1.3 Coal Storage

Proccosing and Conversion Technologies

4,2.1 Chemical Coal Cleaning
4.2,2 In Situ Gasification

End ‘Use Technolbgies
Conventional Coal Combustion
. Fluidized Bed Combustion (FBC)

1
2
3 Magnetohydrodynamics (MHD)
4 Coal-Cil Mixtures (COM)

5

vii

. Cocombustion with Municipal Solid Waste (MSW)

29
30
3%
35
41
42
42
47

48
57

67

67

- 67

80
81

83

- 83
91

94

94
105
109
112
112



6.2

6.3 .

6.4

6.5

6.6

TABLE OF CONTENTS (Concluded)

EPIDEMIOLOGICAL STUDIES

Introduction

Epidemiological Assessment of Community Exposure for
the Expanded Use of Coal Technologies
Evaluation of Carcinogenic Risk to Populations

EXPERIMENTAL STUDIES
Pulmonary Effects

6.1.1 Introduction
6.1.2 Process—Specific Problems

Skin Effects

6.2.1 Introduction

6.2.2 Process-Specific Problems
Gastrointestinal Effects

6.3.1 Introduction

6.3.2 Process-Specific Problems

Behavioral and Neurotoxic Effecté'

1 Introduction
+4.2 Process-Specific Problems

Other Systemic Effects

6.5.1 Introduction
6.5.2 Process—-Specific Problems

Carcinogenic, Mutagenic and Reproductive Dysfunction

Effects

1 Introduction
2 Carcinogenesis
.3 Mutagenesis
4 Reproductive Dysfunction

REFERENCES

REPORTS OF THE FEDERAL INTERAGENCY COMMITTEE ON THE
HEALTH AND ENVIRONMENTAL EFFECTS OF ENERGY TECHNOLOGIES

viii

Page
115
115

118
122

123
123

123
126

133

133
135

137

137
139

141

141
144
149
149
151
157
157
160
167
172
191

202



Tabie ﬁumber

I

II
I1I

1v.

VI
VII
vILI

IX

X1

XI1

XIIT

X1v
XV

XVI

XVI1

LIST OF TABLES

Major Pollutants, Disturbances and Control
Technologies Associated with the Coal Energy
Cycle ‘

Coal Consumption Forecasts

Estimate of Coal-Fired FBC Potential

Major Inorganic Elements in Coals

Major Minerals in Coals

Mean.Analyticél Values for 101 Coals

Estimates of National Emissions of Benzo(a)pyrene
Estimated PAH Concentrations in ESP Hopper Ash
Annual Deaths, Injuries and Work Days Lost for
Uncontrolled Coal-Fired Electricity. Systems
Associated With a 1000 Megawatt power plant
with a Load Factor of 0.75

Fatal, Disabling and Nondisabling Injuries of
1978 for Coal and Metal/Non-Metal Mines

'InJury Rates in Selected Injuries (1973)

‘Quality of Surface and Grouﬁd,Water in a

Pennsylvania Coal-Mining Region

Expected Health Effects of Sulfur Oxide/

Particulate Air Pollution on Selected Population '

Groups

Agents and Processes of Interest for Potential
Carcinogenic, Mutagenic, or Reproductive Effects

Presently Known Causes of Developmental Defects
4in Man

Comparative Gestational Development

Metals Tested for Embryotoxicity in Animals

ix

Page

10
11
15
19

21

76

77
78

86

98
162
175
182

185



. Figure Number

1

2

10

LIST OF FIGURES

Electric Generating Capacity Projected for U.S.

Projected Coal-Based Electrical Generating
Capacity, Tighter Standards

National Energy Consumption and Equipment Trends
for Packaged Boilers

Industrial Atmospheric FBS Market for Large Steam
Generators

Air Residuals Levels for 1985, 2000 Relative to
1975

Dependence of the Average Concentrations of AS,
NI, CD, and S on Airborne Particle Size in Coal

- Fly Ash

Diffefential Mass Particle Size Distribution at
the Inlet of the Electrostatic Precipitator

Differential Mass Particle Size Distribution at
the Outlet of the Electrostatic Precipitator

Chromatograms of Extracts of Coal and Kerosens
Soots '

Total Suspended Particulates in New York City

- (1930-1976)

11

12

13

14

New York Citywide Annual Average SO,
Concentration (1954-1976)

Some Potential Modes of Reproductive Dysfunction

Diagram of the Homeostatic Devices that Tend to

- Protect the Mammalian Embryo from Chemicals

Absorbed Into the Maternal Blood Stream

Schematic Representation of Human Development
and Sensitive Periods for Production of
Maldevelopment .

16

17

33

37

38

39

45

101

102

177

179

181



1.0 EXECUTIVE SUMMARY

l.1 Introduction

co

ey
! 1

With increased emphasis being placed on coal as a source of
energy, the concern over potential impacts on human health from this

technology has incteased as well. .Ihe Fedetal_agenciesuregoonelble-
for funding energy-related health research»are aware'of thls ih—
creased level of concern and are improving and'uooating‘thelt o
programs to assure theﬂtimely and safevdevelopment and expansion of
' coal-relateo technologies. To this end, and in response to the 1977
fregidential mandate, the Department of Energy, the Department_of '
Health and Human Services, the Environmehtal Protection Agencythave
formed the Federal Interagency Committee.on the.Health and o
Envirohhental Effects of Energy Technologles. The tepott that
follows has been prepared by the Health Effects Worklng Group on Coal
Technologles, as advisory body to the Commlttee. The obJectives of
the Working Group are to identify the potential human healthAeffects‘
associated with the conventional coal cycle and advanced coal‘
processing and combustion teohnologies and to suggest relevant
research needs. The technologies considered in this report include:

e conventional coal (mining, transport, storage, combustionj

e chemical coal cleaning

e in situ coal gasification (a reevaluation of previous work)

o fluidized bed combustion



e magnetohydrodynamic combustion

e combustion of coal-oil mixtures

e cocombustion of coal with municipal solid waste
1.2 Approach

The Federal Interagency Committee on the Health and Environmen-
tal Effects of Energy Technologies selected the following approach to
facilitate identification of health effects and related research
Aneeds for the conventional -coal cycle and fqr advanced coal proces-
ses. A working group of experts in various health-related fields was
identified by the cochairmen who had previously been selected by the
Committee. This group was given a day-long presentation on the

energy technologies themselves. This background information is also

presented in a companion report entitled Health and Environmental

Effects of Coal Technologies - Background Information on Processes

and Pollutants (DOE/HEW/EPA-04). Following these presentations, the

group met to define the scope and organization of the product they
would produce and to assign the primary authorship of various sec~
tions. The panel members then reconvened severalimonths later after-
first drafts had been prepared and circulated. These were read,
revised, and combined as necessary. At this point the report was
submitted to a rigorous editing and was then recirculated for com-
ments. The result of this group's effort is the following report.
The Health Effects Working Group was asked by the Committee to

analyze the coal fuel cycle and, in light of the current state of



knowiedge, to indicate potential problems that should be studied in
greater detail to'identify and assésé health impacts which may be
assoéiated with use of this natural resource. This charge included
identifying safety hazards as well as the biolbgical effects of pol-
lutant exposure. dThe following are caveats: 1) Effects in these
areas werebconsidered for both the general and occupational popula-
ﬁions, but emphasis was placed on detection of possible occupational
effects since they may serve as indicators of more subtle effects in
the general populatioh. 2) In the assessment of the potential health
effects and determination of research ngeds contained within this
repbrﬁ,'it was assumed that Best Avéilable Control Technolbgy as
defined unde; the 1977AAhendments to the Clean Air Act would be in
effect. -

In 1977 é Committee on Health and Environmental Effects of
Increased Coal Use headed by Dr. David Rall (Director, National
Institute of Environméntal Health Sciences) submitted a report to the ‘
Secretary of Héalth, Education, and Welfare (Rall 1977). That com-
mittee dealt primarily with broad problems relating to conventional
coal combustion. Some,of the areas suggested'by the Rall Committee
as requiring research have not yet been adequately éddressed; there-
fore4these were reaffirmed by the Health Effects Working Group and °
appear amongttheir recommendations. The interagency Health Effects
Working_Group"has also tried to focus on details of the'éoal tech-
nologies to identify particular unit processes, pollﬁtants, and

" effects likely to be of concern rather than on broad problems.



Based on a preliminary identificafion of problem areas,'need for the
following types of research was expressed:

o Pulmonary Effects “

e Skin Effects

e Gastrointestinal Effects

e Behavioral and Neurotoxic Effects

e Other Systemic Effects

e Carcinogenic, Mutagenie¢ and Reproductive effects
In addition, the Health Panel felt that the whole area of exposure
assessment should be addressed both in general and for the individual’
technoiogies. One means of assessing exposure, epidemiological
studies, could be used to assess many of the types‘of effects listed
above.

Of the teéhnologies being considered by the Health Effects Work;
ing Group, some are commercially available while others are entirely .
deve10pmentai. This greatly affects the amount of data ;vailable and
ﬁence the nature of the research requirements. More basi; research
is needed for ;hé newver technologies to identify potential érobleﬁ
areas while for coal mining or qombustion résearchﬂshould be fdcdseq
on identifying doge respoqgé relationships,.pollutant interactions,
and reasons for susceptibility to identified po}lu;ants. 4Patticular
emphasis is placed on those techqologies eipected to fea;h commer-

cialization in the next 5-10 years.



The Working Group recqgnized the existence of generic problems
that relate to many aspects of coal technologyvas well as technology
specific problems. For example, coal dust eprsure occurs during
mining and is also associated with those combustion technologies that
require preliminary crushing and grinding of the coal. Chapter 3 of
this report focuses on these more generic exposure‘iséues while Chap-
ter 4 addresses the.coal sub-technologies individually and defines
the health hazards unique to each sub-technology. This same dual
concern is existent in the organization of Chapter 6 which focuses on
particular ﬁypes of effects-both generically and then as a funétion
of the sub-technologiés. The Working Group felt that this organiza-
tion would facilitate research planning. It.permits identification
of the specific suﬁ-technology research needs that can be emphasize&
no: de-emphasized in parallel with national and agency priorities |
while pérmitting identification of generic researéh that should bé:
allowed to proceed unaffected by these minor shifts in program
.emphasis. |

The Working Group also strongly recommends that there be a long-
term coﬁmitment to characteriéation of the chemicals and:mixtures
assoéiéted with coal utilization technologies. This characterization
should bé.an iterative process from bench scale to commercial-sized
plants. In a coordinated éffort, the health and safety effects of
these characterized materials should be identified. This will re-

quire continued close interaction between health scientists and those



responsible for process design to assure that health effects of tech-

nology developments will be addressed in a timely manner.

The Health Effects Working Group has included in this report at

the ends of the relevant textual sections over 160 recommendations

for coal technology-related research.

The following list represents a summary of some of the high

priority research areas recognized by the Health Panel.

The effect on worker's health from the increasing use of
diesel powered machinery in mines should be investigated.

- Tests need to be developed to more rapidly prediét placental

transport of pollutants and subsequent reproductive dysfunc-
tion, especially for metalloids.

Because increased coal combustion will result in higher
levels of volatized trace metals and carbon monoxide, the
potential for low level, long-term exposure to result in
behavioral effects should be investigated.

Epidemiological studies of both workers and populations liv-
ing near various coal combustion facilities are needed to
define the impact on human health, especially regarding
cancer and lung disease, from the use of coal as a fuel.

Research is needed to identify indicator compounds to be used
for exposure assessment and as predictors of health effects
including cancer.

Coal workers' pneumoconiosis remains a significant health
problem associated with coal mining. Research is needed to
increase understanding of the disease process and to devise
means of minimizing its effects. '

The magnitude of the impact on .the health of the general pop-
ulation from radionuclides released as a result of coal com-
bustion is not known and should be more thoroughly investi-
gated.

The effects of the following technology-specific pollutants/

~agents need to be investigated:



- microwaves from the G.E. coal cleaning process

- metal carbonyls from the Magnex coal cleaning process

- acid mists from the PETC and JPL coal cleaning processes
- magnetic fields from magnetohydrodynamic combustion

- chlorine and cadmium from cocombustion of coal and refuse
derived fuel.

Characterization of air emissions, water effluents, and solid
wastes from the conventional coal cycle and from advanced
coal combustion technologies is needed to serve as input to
exposure and toxicological assessments.

Monitoring can be used to determine exposure to coal-related
pollutants; but additional development of personal samplers
and area monitors is required, especially for organometal-
lics.

Because coal combustion results in the generation of large
amounts of solid waste, monitoring should be instituted to
ensure that toxic substances do not leach from the disposal
sites into groundwater, a potential source of drinking water.

Mining and transportation accidents associated with utiliza-
tion of the coal resource are significant and means must be
sought to eliminate the causes of these accidents.

General research is needed to define the biological mecha-
nisms and the disease processes associated with effects to
the skin, gastrointestinal tract and other organ systems
(e.g., liver, kidney, heart) following exposure to coal-
related pollutants.

Techniques are needed to more rapidly assess the carcino-
genic, cocarcinogenic, and promotor activities of complex
pollutant mixtures associated with coal combustion technolo-
gies.

High noise levels are associated with many of the coal tech-
nologies and means of preventing otological damage need to be
developed.



2.0 BACKGROUND P

2.1 Overview Information on U.S. Coal Utilization

All phases of the'coal cycle, from extraction,.through proces-
sing, conversion, and power generation, to final disposition of re-
sidual wastes, produce.enyironmental/occupatibﬁal impacts that could
1imit the utility of &oméétic éoal resources."Thesé problems can be
controlled, but at a cogt. ’Tdble_I indicates some of ;he
environmental/occupationai problems associated with the ma jor phases
of the extraction, processing and utilization of coaltconsidered in-
this report.

Estimation of the health effects‘resulting from the different
phases of the coal c?cle will depend upén the amount and type of coal
processed, the uncontrolled rate of emission, the procgssnused and
the control technology adopted. The ﬁrojected increase in coal cén-
sumption during the period 1975 to 1985 is summarized in.Taﬁle Ii.-
The majority of the coal is used by the utility industry, a situation
‘which is expected to continue at least through the yeér 2000 (Figure
1. |

qut of the coal used by the utility industry Vill be bgrned in
convenﬁional pglverized coal boilers modified to incorporate advanced
pollutibn.conﬁrgl devices to reduce the emissions of nitrogen oxides
(NOX),isulfurquides (S0y4), and particuléteé. Several advanced
energy éonversion,teéhnologies are‘currently at the bench or pilot-
scale stage of dévelopment. EstimatesA(Cain et al. 1979) of ﬁoséible

rates of commercialization for these technologies are shown in Figure
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TABLE 1 '

MAJOR POLLUTANTS, DISTURBANCES, AND CONTROL TECHNOLOGIES
ASSOCIATED WITH THE COAL ENERGY CYCLE

EXTRACT [ION/TRANSPORTAT ION/STORAGE

PROCESSING CONVERSION

GEHERATION AND WASTE DISPOSAL/CONTROL

Underground Mining
Air Particles
Noise/Vibration
Diesel Exhaust

Control/Ventilation .

Acid. Drainage------Contain/Neutralize
Solid Waste--~----- Well-Managed Landfill

Surface Mining

Runoff Solids
Acid Drainage

Sediments
Air Particles

Solid Waste

Well Managed Mine

Coal Refuse Piles
Particulates, CO
NO_, SO , HC's

x %

Storage

Run-ofE---f---neu:fal1zatlon/sed1mencat£on

Transportation
Pugitive dust
Engine exhaust emissions (truck, train)
Spills (barge, pipeline)
Water Contamination (pipeline)

~w==-Control/Treatment of Runoff

Bestoration and Revegetation

Physical Coal Cleaning

Air Particleg-=~w—=—r==--] Dust Control

High sulfur Solid Waste--Recaver Sulfur
Runof f Solids- ~=-Contain

Acid Drainage ---=Contain/Neutralize
Solventg=—-~===eeerc——aea

Chemical Coal Cleaning
Magnex, Syracuse, Meyers, PEIC, GE,
Battelle, JPL, KVB, Amers, Arco.,
Emissions and control strategy
are gpecific to the individual
processes

Underground Casification
Fugitive/Accidental
Release of Toxina
Carcinogens
Runoff and Leaching

‘Underground Gasification represents components of both the extracticn
and processing steps of an energy technology sequence

Combustion (Conventional, MHD, Fluidized
Bed, Coal-011 Mixture)
Sulfur Oxides—=---- ~=~Scrubbers, in-situ
Capture
. Cleaned Coal
Nitrogen Oxi{des~~--- Scrubbers Combustion
Modification. Flue
Gas Treatment.
Flyash znd Smoke
Particleg-====== -~ Cyclones, Baghouses,
Electrostatic

Precipators Scrubbers

Solid Waste(Ash)---- Well-Managed Landfill
Spent scrbent------- Well-Managed Landfill,
Regenerate
Trace Tcxic Metals - Baghouse, Scrubbers
drganic Compounds - Baghouse, Scrubbers.
Cleaned Coal
Radioactive Compounds

Co:ombus;ion with Municipal Solid Wastes

Trace metals, pathogens, HCl, additional
coal to the pollutants expected from
coal combustion
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TABLE II- COAL CONSUMPTION FORECASTS**%
(million toms)

Utility Industrial Metallurgical

- Export Other Total
1976 Base. Case - : 444 65 85 65 6 665
1985 Estimates
Business as Usual ' . 763 01 105 90 7 1066
NEP (1977 National Energy P;an) 779 278 - 105 90 13 1265
House/Senate Conference 779 198 - 105 90 13 1185
National Coal Agsociation 820-850 130-160 80-110 80-110 7 1117-1237
American Gas Association | 680-705 170-375% - - 850-1080

Sources: *Combines industrial and metallurgical consumption.

Business as usual and NEP, official DOE estimates; House/Senate Conference is an information gues-—
stimate by DOE staff; NCA most current staff estimate; and AGA based on very restrictive inter-

pretations of Clean Air Act Amendments (PL 95-95).

Source: Rall 1977
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2. Based on these projections, emissions through 1990 will be pri-
marily from pulverized coal fired boilers; atmospheric pressurized
fluidized bed combustion is the only advanced technology that may
have an impadt on national émissions prior to 2000 (see Table_III).
The growth in coal use by the industfial sector is much less

certain and is strongly dependent upon theAimp}ementation of ghe
provisions'in the National Energ& Act aimed at promoting the
industrial replacement of imported oil by coal.. Shipménts of qoal to
inqdétrial users were decreasing up to 1975 (from 97x106 tons/year
- in" 1969 to 52x106 tons/year-in 19;5). Most of this coal was‘used
in.sﬁoker-fired boilers"with the balance used in larger pulverized
coéljfired units. The tréndAin coal USe_by'industry has been
4ré§erée&, and one‘esﬁimate (Waterland~et al. 1979) shows an
approximate doubling of tpe'use of coal in package boilers from 1978
to 2600 (see Figure 3). Atmoépheric pressﬁre fluidized béds have a
majbf potential for dispiacing stoker-fired boilers in the induétrial
sector if demonstration plants currently under consideration or
‘construction prbve the technology to be-ecdnqmically yiable. It is
.estimated (Daman 1979) that atmosphefic pressure fluidized beds will
be burning the equivalent of 0.99 quads/year (=125x106 tons/yeaf)
by the year 2000 (see Figure 4).

| The increase in coal utilization projected above is a conse-
quence of a normal growth in coal utilization in regipns of the U.S.

that have traditionally relied on coal as a fuel and by major

13
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‘TABLE Iil ESTIMATE OF COALPFIREb FBC POTENTIAL

INDUSTRIAL COAL UTILIZATION

Cumulative Number

T ~1000 5b1/day
Quads/Yr . o of 0il

Year. of Industrial FBC
_ _ 'sgéqm Generators A Equivalent
1980 . 7 0.01 . ' 5

- 1985 200 0.29 - : 136
1990 685 099 - 462
1995 1170 1.69 793
2900' '.2050 ”2.97 ) . 1400
Source: 'Dm}a’n 1979.
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Only coallconsumption‘is shown by equipment types. The
values of the energy consumption in this Figure have been
. revised but the predicted trend toward increased coal
consumption by the industrial sector remains unchanged.
(H.B. Mason, personal communication, March 1980).

Source: Waterland et al. 1979

FIGURE 3
NATIONAL ENERGY CONSUMPTION AND EQUIPMENT TRENDS
FOR PACKAGED BOILERS*
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increases in utilization of coal in certain regions, primarily the
West and South; where little use of coal has been made in the past.

2.2 Coal Resource Description

The potenpial'emissions from coal are strongly related to the
concentration of trace species present in the carbonaceous matrix
which constitutes the bulk of the coal. The elements of major con-
cern are sulfur which is responsible for the emissions of SOy,
nitrogen which contributes a major fraction of the'NOx emis—
sions, and other inorganic constituents, especially trace metals.

The organic carbon (C) and hydrogen (H) contents of coal are
predominaﬁtly in the form of aromatic and hydroaromatic groups and to
a lesser extent in aliphatic sidechains. The aromaticity of a coal
increases with rank. The oxygen (0), sulfur (S), and nitrogen (N)
are present in both heterocyclic groups and in functional groups such
as OH, -COOH, -O-, -SH, -S-, —NH, -NH,, -N=. The compounds formed
during tﬁe cleavage of linkages during thermal processes will bear a
strong relation to the structure of the parent coal.

Most of the inorganic coal components were deposited either as
sediments in the original bed or as secondary materials during the
formation of the coal; however, some of the trace or minor elements
in coals were probably present originally in the plant material from
which the coal was originally formed. The most abundant inorganic |
elements in coals (excluding S, N, and 0) are listed in Table IV.

These are the elements that, for the most part, form the major
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TABLE 1V

 MAJOR INORGANIC ELEMENTS IN COALS

ELEMENT ' RANGE (WTZ%)
SILICON - 0.6 - 6.1
IRON 0.3 - 4.3
ALUMINUM 0.4 - 3.1
CALCIUM 0.1 - 2.7
“POTASSIUM 0.1 - 0.4
MAGNESIUM 0.1 - 0.3
TITANIUM 0.0 - 0.3
SODIUM 0.0 - 0.2

Source: Wewerka et al. 1976
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ﬁinerals found in coals. These minerals fall into the four main
classes listed in Table V. They are the aluminosilicates (sodium
(Na), potassium (K), aluminum (Al), silica (Si)), the sulfides (Iron
(Fe)), and the carbonates (calcium (Ca), magnesium (Mg), and iron
(Fe), and silica). Generally, the aluminosilicates (clay materials)
and quartz tend to be chemically stable. Neither is volatile or
likely to be leached from'the coal. During combustion, these
minerals will fragmenf and fuse to form small particles (flyash) that
mix with the stack gases. The car$onates also form ash during
combustion. In addition, they are partially water soluble and may be
leached out of coals or wastes, These materials can also contribute
significantly to the particulate occupational exposure. Uhderground
coal mining may generate very high levels of airborne dust unless
adequate controls are instituted. There can élso be considerable
noise and vibration and the exhaust from diesel enginés can
additionally contribute to the 6ccupational exposure in the few mines
in which they are used.

Among all of the coal constituents, environmental contamination
caused by pyritic materials is the most severe. At ordinary tempera-
tures, the sulfides are not particularly soluble or volatile, but
when pyrite (or marcasite) is exposed to atmospheric conditions, it
can interact with air and water at ambient temperatures to produce
soluble iron sulfate and sulfuric acid (Wewerka et al. 1976). This

reaction of the iron sulfides in coals is, in fact, responsible for
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TABLE V

' MAJOR MINERALS IN COALS

ALUMINOSILICATES SULFIDES (0-40%)
(10-80 -WT%) ' o
PYRITE
, MARCASITE
ILLITE
KAOLINITE

MIXED LAYER CLAYS _

SILICA (0-20 WI%) CARBONATES (0-10 WI%)
QUARTZ . CALCITE
. DOLOMITE
SIDERITE _

Sburce;, Wewerka et al. 1976



the formation of acid mine drainage, a most serious.water—pollution
problem. Also, at combustion’ temperatures, the sulfur in the iron
sulfides (along with added amounts of organic sulfur) is oxidized to
sulfur dioxide (S032), a siéﬁificant air contaminant associated with
the burning of coal.

In addition to these major inorganic elements, cgals also con-
tain a wide variety of trace or minor elements. An indicétion of the
concentration levels of trace metals and variation in composition
between coals is provided by the anélyses reported for 101 coals by
the Illinois State Geological Survey (Ruch et al. 1973) and summa-
rized in Table VI. More refined analyseé of density-graded coal
'fractions (Zubovic 1975; Gluskoter 1975) indicate that certainAele-
ments (barium (B), germanium (Ge), beryllium (Be), titanium (Ti))
tend to concentrate in the lighter or organic phase and others
(mércury (Hg), manganese (Mn), chromium (Cr), cadmium (Cd), lead
(Pb), zinc (Zn), arsenic (As)) in the heavier or inorganic phase.

The metals contained in the organic part of coal probably occur
as chelated complexes (Zubovic 1975). The trace metals in the inor-
ganic portion of the mineral matter probably substitute for metal
ions of similar size and valence state in the lattice of the dominant
minerals.consisting mostly of aluminosilicates, sulfides, sulfates,
and carbonates.

In coal, the trace radioactive elements of concern include

235y, 238y, and 2327y and their associated daughter products.

»
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TABLE VI ,
MEAN ANALYTICAL VALUES FOR 101 COALS

Standard
Constituent o Mean deviation Min Max
‘Arsenic, ppm . 14.02 17.70 0.50 93.00
Boron, ppm 102.20 54.65 5.00 224.00
Beryllium, ppm 1.61 0.82 0.20 4.00
Bromine, ppm e 15.42 5.92 4.00 52.00
Cadmium, ppm . 2.52 7.60 . 0.10 65.00
Cobalt, ppm : : 9.57 ©7.26 1.00 43.00
Chromium, ppm 13.75 7.26 4.00 54.00
Copper, ppm 15.°6 8.12 . 5.00 61.00
Fluorine, ppm . 60.94 20.99 .25.00 143.00
"Gallium, ppm o 3.12 1.06 1.10 7.50
Germanium, ppm '6.59 . 6.7 1.00 43.00
Mercury, ppm . _ 0.20 0.20 0.02 1.60 °
ldanganese, ppm 49.40 40.15 6.00 181.00
Mol ybdenum, ppm 7.54 © 5.96 i 1.00 " 30.00
Nickel, ppm . 21.07 " 12.35 3.00 80.00
Phosphorus, ppm 71.10 - 72.81 5.00 400.00
Lead, ppm o : 34,78 - 43.69 4.00 218.00
Antimony, ppm o - 1.26 . 1,32 - . 0.20 . 8.90
Selenium, ppm - ] 2.08 - 1.0 0.45 7.70
Tin, ppm : . 4.79 6.15 1.00 51.00
Yanadium, ppm - 32.7 12.03 11.00 78.00
Zinc, ppm ' 272.29 . 694.23 . 6.00 . 5,350.00
Zirconium, ppm ) 72.46 57.78 8.00 "133.00
Aluminum,- %. C 1.29 0.45 0.43 3.04
Calcium, % i 0.77 0.55 0.05 _ 2.67
"Chlorine, % . ©0.14 0.14 : - 0.01 0.54
Iron, % . -1.92 0.79 0.34 4.32
Potassium, % . - 0.16 0.06 0.02 0.43
Magnesium, % ’ 0.05 0.04 0.01 0.25
Sodium, % ST 0.05 0.04 0.00 0.20
Silicon, % C 2.49 0.80 - 0.58 6.09
Titanium, % . 0.07 . 0.02 0.02 0.15
Organic sulfur, % 1.41 0.65 0.31 3.09
Pyritic sulfur, % 1.76 0.86 . 0.06 3.78
Sulfate sulfur, % 0.10 0.19 0.01 1.06
Total sulfur, 2° 3.27 - 1.35 0.42 - 6.47
. Sulfur by X-ray . : o , :
fluorescence, % : 2.91 - 1.24 0.54 5.40
Air-dry loss, % .. . 170 3.47 . 1.40 16.70
Moisture, ¥ 9.05 ’ 5.05 : ©0.00 ' 20.70
Volatile matter, % 39.70 4,27 - 18.90 52.70 -
Fixed carbon, % - - 48.82 . 4,95 34.60 65.40
- Ash, % S : 11.44 - . 2.89 2.20 25.80
Btu/1b . 12,748.91 464.50 11,562.00 14,362.00
Carbon, & . 70.28 3.87 . 55,23 80.14
Hydrogen, % . 4.95 0.31 4,03 - - 5.79
Nitrogen, .% -1.30 0.22 0.78 . 1.84
Oxygen, %. B 8.68 2.44 . 4,15 . 16.03
High- temperature ash, % 11.41 - 2.95 - 3.28 25.85
Low-temperature ash, % 15.28 -~ . - 4,04 3.82 . 31.70

SOURCE: Ruch et al 1973  , °
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The concentrations of trace radioactives in coal vary less than those
of other trace elements. The national average concentrations of
uranium and thorium in coal afe 1 ppm and 2 ppm respectively

(VanHook 1977);

Major differences exist between the compositions of coal from
different mines, and even, in a given mine, between seams. With
current interest in greater utilization of Western Coals, it should
be noted that these generally have a higher alkali metal content,
lower sulfur content, and higher ash content than Eastern coals. Any
assessment of health hazards must obviously take into account the
wide variation in amount and chemical composifion of the mineral
matter between coals.

In suﬁmary, most of the major environmentgl pollutants from
coals originate as impurities in the coal structure., These include
" various organic compounds, minerals, inorganic radionuclides, and
trace elements that may be released into the air and water whén coal
ig mined, processed, and utilized. -These substances can enter the
environment eigher as airborne or waterborne pollutants. In the
occupational enviromment it is the coal dust and associated inprganic
dusts that make up the major exposure,

Recommendations

l. In order to ensure that-the high levels of control mandated
by the Clean Air Act Amendments of 1977 will be attained and
maintained, there is need for a vigorous, continued research
and development of the pertinent control technologies. Al-
though this report has not focused specifically on control
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technologies, it has been assumed that adequate control
technologies would be available. The interdependency of
control technologies should be recognized in designing
measurement programs. For example, staged combustion for
NOy control may result in changes in emissions of carbon
monoxide and hydrocarbons, in the formation of submicron
inorganic particulates, and in the alteration of the
sulfite/sulfate ratio in combustion products with a possible
consequence change in the collection efficiency of electro-
static precipitators. Specifically, research is needed on:

e improved flue gas desulfurization (FGD) processes

e improved utilization of acceptor stone (limestone or
dolomite) for SO, adsorption in fluidized bed com-
bustors '

e regenerable processes for both FGD and FBC units

e control of NOy emissions from conventional, magneto-
hydrodynamic (MHD), and atmospheric pressure fluidized
bed combustors ‘

e understanding of the production of submicron inor-
ganic particulates and the development of methods of
reduction of -particulates in the respirable size range by
both combustion modification and development of improved
particulate collectors '

® regeneration of potassium sulfate produced in MHD power
cycles and disposal of sulfur residue during potassium
regeneration '

e control of hydrocarbons and CO from small industrial
coal-fired combustors. : :

To characterize emissions, assessment of emission indices
for the different categories of pollutants and the different
processes are required. Certain problems in the characteri-
zation of emissions should be recognized. The emissions
statistics from conventional technology need to be constant-

. ly updated to reflect changes in fuel, in operating condi-

tions, and in control technology. Inasmuch as certain
pollutants, e.g., hydrocarbons, are emitted primarily during
periods of operation at transient, nondesign, operating
conditions, it is imperative that measurements be made over
periods that will produce statistically reliable estimations
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of emission factors. For processes at the bench- or pilot-
"scale state of development, it should be recognized that
significant changes in emissions may result with scale-up.
Another problem in the cost of complete characterization of
the organic and inorganic aerosols is such that complete -
characterization cannot be required on a routine basis.
Specific research needs include: .
® Characterization of the composition and projected rates
of emission from underground coal gasification. Measure-
ment of emissions from coal seams burning out of control
might provide interim estimates until data are obtained
from field demonstrations.

e Characterization -of the emissions of total hydrocarbons
from coal combustors of different design and scale.
Measurement programs should be designed to recognize the
role of upsets or deviations in the operating conditions
on emissions and the higher potential emissions from
small-scale industrial combustors.

e Extensive characterization of the organic emissions by
chemical type and distribution between gas phase, con-
densation products, and adsorbed phases on ash and soot
should be carried out for selected cases. The distribu-
tion of the condensed and adsorbed species between dif-
ferent size fractions needs to be determined. The
detailed information should be used to (i) narrow down
the compounds and size fractions that need to be measured
on a routine basis (ii) determine indicator compounds,
e.g.,methylated polynuclear aromatics, which may be used
to distinguish coal-derived organics from those from
other combustion sources in ambient aerosols.

o Measurement of emissions of inorganic particulates from
coal utilization facilities in the respirable size range
having potential human health effects.

e Detailed characterization of the combustion-generated,
inorganic aerosols to provide guidance to potential
health effects. The detailed characterization preferably
should be focused on those aerosols in the smaller
size/surface area ranges. For toxic trace metals, the
chemical and valence state of cation and anion, crystal-
linity, and physical form of the particulate should be
determined. The difference in combustion temperature and
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history of particles produced in fluidized bed com-
bustors, stokers, conventional pulverized, and MHD com-
bustors should be noted in the design of the measurement
program. The data should be used to identify the need to
provide, on a routine basis, detailed characterization of
the aerosols produced by combustors. :

The possibility for adverse synergistic effects of co-
combustion of coal with oil or refuse-derived fuels ‘
should be examined. Three possible effects are (a) the
catalytic conversion of coal-generated SO; to SO3 by
vanadium in fuel o0il; (b) increased vaporization of the
trace metals in refuse-derived fuels due to exposure to
higher temperature when cocombusted with coal than those
encountered in incinerators, and {(c) the impact of the
chlorine in refuse-derived fuels on the composition of
coal combustion products.

The rates of leaching from storage piles of ash and solid
wastes should be monitored for different methods of im-
poundment. Because of the dependence of the physical
state of ash and waste on combustion conditions, measure-
ment of the leaching potential of ashes produced by dif-
‘ferent conventional. and advanced technologies is needed.



3.0 EVALUATION OF EXPOSURE TO COAL-DERIVED POLLUTANTS

The health and environmental effects resulting from the expan-
sion of existing.coal utilization technologies and from the intro-
duction of new technologies, will be dependent upon the physical
and chemical characteristics of the effluents and on their source
strengths and distribution patterns in space and time. Effects on .
health will also be influenced by the amounts of time that the indi-
viduals are exposed to the various effluents, their levels of
activity while exposed, and their individual susceptibilities to the
v#rious biological effects. It is usually difficult to characterize
the biological responses to exposures to the various coal utilization
technologies; effluents because they involve complex mixtures of
widely different materials. The effects produced may also not be
specific to one kind of exposure and may have a background incidence.

Quantitative evaluations of exposure are importan; in any char-
acterization of health or environmental effects. Where dose-response
relationships are alfeady established and environmental standards.ex—
ist,Ameasurements of exposure provide a basis for decision making
concerning control effectiveness and performance. Where causal rela-
tionships are known or suspected, but quantitétive exposure standards
have not been established, the detection of contamination levels
higher than background indicates that greater atteﬁtion to the con-
trol of emission sources is warranted. In such cases, it is also de-

sirable to keep a close watch on both levels of exposure and health
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indices in the exposed populations in order to establish dose-
response relationships which can be used to provide a basis for
better controls in future operations and to stimulate the develop-
ment of more sensitive indices of exposure and effects.

Research needs concerning exposure evaluations can be identi-
fied in several specific areas including sampling strategies, sam-
pling techniques, equipment development, and techniques for physical
and chemical separations and analyses. Within thesé general topics,
the neeas will vary depending on the receptors of interest, i.e.,
occupationally exposéd-populations, populations exposed to effluent
streams from the plant, and envirommental receptors (vegetation,
livestock, aquatic life, etc.).

Further breakdown is needed by coal utilization technology,
since the technologies are so diverse. On the other hand, there are
some generic elements involved, and these will be discussed first in
order to minimize the necessity for repetitive discussions under each

individual utilization technology.

3.1 Generic Exposure Considerations

Among the process steps common to almost all of the techmologies
are coal mining, transport, and comminution (size-reduction). In all
of these, there is a significant amount of dust gene;ation_énd
‘release and it may be necessary to perform physicél and chemical
characterization of the dusts and their temporal and spatial distri-

butions by concentration and size distribution.
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Similarl&, hoal.éombustion iz a proéess common to many of the
teéhnologies under consideration. The amounts and compositions of
the cumbustion.effluents will depend on the tempefatures and resi-
dencé times in the combustion zones. Even with relatively complete
combustion, there will still‘be significant amounts of‘suifur oxides,
nitrogen oxides, mineral ash, and volatile ﬁetals. With less com-
plete combustion, there will also be a large numbér of organics,
including byroiysis products and the products of pyrosyﬁthesis withiﬁ
the fuel-rich flame. Such mixtures may be expected to‘include carbon
monoxide (CO), poélynuclear aromatics (PNAs), aidehydes, ketones, and
epoxides. | |

In situ coal gasification represents a special case,.as the com-
-Bustion occurs at a lower temperature underground and is inﬁéntiopal—
.1y oxygen deficient. The mixture of products oflthé partial combus-_
tion which occurs ﬁill therefore be very different from those in ﬁhe'
other proéésses'and will include much higher proportions of aromatics
and oxidized hydrocarbons as wéil as substantial amounts of.hydrdgep
suifide (H2S), carbonyl sulfide (COS), mercaptans, and thiols
.(Bragnstein et al. 1977). Suéh potent mixtures are, of course,

" expected to be collectéed and pfocessed at an anve ground ﬁlant and
not released to the environmment. Some releases are, howevér, inevit-
able thrdugh vents in'fhe~underground rbck strata which cannot be

controlled.
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In order to develop a perspective on the extent of community
exposures to pollutants generated by the coal utilization technolo-
gies, it is necessary to consider the best available projections on
total coal usage, the anticipated applications of the available coal
utilization technologies, and the collection efficiencies of the ﬁesﬁ
available control technologies. In terms of air pollution by the so-
calléd criteria pollutants, projections by MITRE (1977) of emissions
of SOy, NO4, and pérticulates for 1985 and 2000 are shown in
Figure 5. 1Included are scenarios 6f projected coal utilization for
pre-National Energy Plan (NEP) with business as usual for NEF and for
pre-NEP with best.availagie control technology (BACT) corresponding
to 81 percent scrubber efficiency for S0z, 0.05 1bs/106 Btu for
particulates, and 0.7 1bs/106 Btu for NOy. These.projections
suggest that the major impact of increésed coal utilization through
2000 wili be a moderate increase in SO, emissions and a significant
increase in NOy emissions. The problems anticipated from increased
coal utilizationlare localized, generally occurring in the indus-
trialized areas where ambient levels of pollutants are high or in the
South and Wést where the increasé in coal utilizatién will be large.
A méjor shift is expected to occur in the fractions of the total coal
mined and used west_of the Mississippi. It is projected that in_the
period 1975 to 2000, the fraction of the coal mined in the Western

states Qill increase from 0.14 to 0.44 and the fraction of coal used
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in industrial and utility boilers west of the Mississippi will in-
crease from 0.11 to 0.38 (MITRE 1977). These data do not reflect
production changes related to the energy Security Act of 1980.

Problems associated with the development of control technologies
for the major pollutants can be identified.

3.1.1 S04

The projected moderate increases in total emissions of SO, are
based on the assumption that the high levels of control mandated by
the Clean Air Act Amendments of 1977 will be attained and maintained.
Further research and development efforts in control technology to
meet the intent of BACT is needed. In addition, it is necessary to
improve the efficiency and reduce the cost of regenerable flue gas
desulfurization processes in order to eliminate the problems asso-
ciated with sludge disposal. A different set of disposal problems
from those encountered with sludges from flue-gas desulfurization
processes is expected for fluidized bed combustors as a conse-
quence of the high alkali content of the solid waste produced.

Sulfur capture in fluidized bed combustors is achieved by the
introduction of a sorbent, usually limestone or dolomite, into the
fluidized bed. The amounts of sorbent required to attain high sulfur
capture efficiencies are usually in excess of twice the stoichio-
metric amount, with a consequent aggravation of the solid disposal
problem. Regenerable processes are under investigation and offer a

potential longer range solution to the disposal problem.
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Fér MHD power plants, a high efficiency of sulfur capture is
achieved by the nearly quantitative capture of the sulfur>oxides by
the potassium carbonate seed. The possible emissions from the seed
reprocessing plant are potential problems.

3.1.2 Particulates

Iﬁ is recognized that regulation of total particulate emissions
_does not address the particulates of concern to human health, and
that the eﬁission of particulates in the respirable-size rangé may be
increasing if the-decrease in total emissions is achieved by the pre-
ferential reduction in emissions of larger particles which account
for most of the mass of emissions. AdditionalAeffort is needed in
the develﬁpment éf céntrol téchnologies‘for fine particulates and in
dévelbpiﬂé a reliable methéd for mpnitoring‘the:pa:ticles in the size
rahgé of éoncern;

The role of particulates in promoting advérse health effects 15 }
not clgar. ‘Detailed characterizaiion‘of the_ghemicél and physic;l.'
form of particulateé emitfed by coal combusto;s is ﬁeeded for pur-
poses of a £atioﬁa1 evaluation of‘potentia} health effects. Signifi-
cant progress has been made recently in characterizing the fine
particulates from pulverized coal combustion. Certain trace elements
are found to concentrate preferentially in the smaller size fractions
. of flyash (Davidson et al. 1974; Kaakinen et al. 1973; Klein et al.
1975; Keyser et al. 1978; Natusch‘etAal.’1974; Coles et al. 1979)

with an increase in concentration in proportion to the reciprocal of
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the particlé diameter (Figure 6)f This is a consequence of the
vaporization and recondensation of volétile species.

As would be expected, the surface layers of the flyash are
greatly enriched in the concentration of the volatile’spgcieé.
Selected ratios of surface to bulk concentrations.measured by ion’
microprobe mass spectrometry (Linton et al. 1976) are 10 (Te),

11 (Pb), 7.2 (Zn), 6.0 (Be), 313 (Cr), 7.6 (K), 15.2 (Na), and 7.7
(S8). These concentration ratios were considered to be minimum values
because of background interference in their mass spectral analysis
and correction of the background for Pb.and Te increased the esti-
mates of surface to bulk concentration to 30 and 50, respectively.
These studies underline the fact,thaﬁ, because of preferenti&l con-
centration of volatile species on the surfaces of the smaller par-
ticles, bulk concentrations of elements in flyash are a poor indica- '
tion of potential health effects.

An additional findiné is that constituents of the combustion
vapors nucleate homogeneously to form submicron particles. This
results in a bimodal distribution of the ash particles produced as a
function of size. Illustrations of the size distribution before and
after electrostatic precipitafion at a SZO‘MW coal-fired utiiity
boiler are shown in‘Figureév7 and 8 (Ensor et al. 1979). The
particles produced ﬁy the ;bndensation of vaporized species show é
peak in diameter between 0.1 and 0.2 ph. It is evident from a
comparison of Figures 7 and 8 that the collection efficiency for

these particles is low in relation to the larger particles. It is
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important that the processes governing the production of these
submicron particles be understood in order to design air pollution
control devices that will meet the high performance requirements of
the New Source Performance Standards (NSPS) under the Clean Air Act.
| Although progress has been made concerning the characterization
of the elemental composition and size distribution of aerosols
emitted by coal combustors, little is known about the chemical form,
of both cations and anions, or crystallinity of the particles
emitted. Routine, complete characterization of the part;culate
emissions is unrealistic. The nature of the flyash from stokers,
fluidized bed combustors, and MHD plants will reflect the very
different temperatures to thch the ash has been subjected. The
temperatures in fluidized bed combustors are, by design, below the
ash fusion temperature. The flyash from FBCs is'therefore loosely
sintered, friable, and irregular in shape (Carpenter et al. 1978) in
contrast to the predominance of fused glassy spheres in the ash
produced in .pulverized coal flames (see Fisher et al. 1977 for
morphological characterization of ash from conventional ﬁtility
boilers). The smaller size fractions of the flyash from fluidized
beds are also enriched in Qolatile‘trace elements, but the enrichment
factor appears smaller than that reported for pulverized coal flames.
The temperature of operation of MHD combustors is high enough to-
ensure fusion and extensive vaporization of the ash. The ash carry-

over will depend upoh the design of a piant. The flyash from MHD
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uhits is expected to consist of glassy spherical'particles,.or con-
densed products with a smaller particle size and higher trace element
concentration. These particulates wiil also be more alkaline than
tﬁose froﬁ con@entional pulverized coal boilers.

3.1.3 NO,

The NOy emissions from coal-fired plants are generally higher
than those from gas— and oil-fired power plants because of the con-
tribution to emissions by the nitrogeﬁ organically bound in the coal.
Without development of improved control -technologies, the emissions
of NOy would increase substantially with increased coal utiliza~
‘tion. Therefore, a need exists for continual research and develop-
ment of Stfategigs<for reducing th'e-NOx from coal. Modification of
the combustion process showé promise for achieving lgvels of emis-
sions from coal comparable to those currently attainable with oil
(Martin 1979), but care must be taken that the changes in the com=-
bustion process do not alter the emissions of other pollutanfs.
APreliminéry studiés of the impact of NO, control strategies on the
emissions of other pollutants show little effect on SOy and
particulates and a slight increase in concentrations of organics
(Waterland et al. 19Y79).

The bulk of the emission data ffom pilot units for expected
operating temperatures of fluidized bed combustors (1090 to 1150°K)

lie between 0.3 and 0.6 1b N0x/105 Btu, which is less than the
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current NSPS (Henschel 1977). Pressurized fluidized beds show con-
siderably lower emission levels, on the order of 0.2-0.3 1bs/106
Btu (Hoy and Roberts 1972).

High concentrations of NO4 are produced in the combustion
chamber of open-cycle MHD power plents. Strategies for reducing the
NOy emissions by fuel rich operation of the combustor and comple-
.tion of the combustion.after cooling the combustion products at a
controlled rate downstream of the MHD channel have been developed
(Bienstock and Maslennikov 1978). Verification of the control
strategies on pilot and demonstration units is needed.

3.1.4 CO and Hydrocarbons

Total emissions of CO and hydrocarbons are expected to de-
crease, largely because of the reduction of the contribution from
mobile sources. The major potential for emissions of CO and
hydrocarbons from coal combustors will be from the smaller units
utilized by the industrial sectors. The major issue deeding reso-
lution is the characterization of the compositionAand amounts of the
organic eonstituenﬁs.

3.1.5 Polycyclic Organic Matter

Polycyclic organic matter (POM) is an indicetion oflineomplete
combustion and is present in highest concentrations in phe products
from poorly controlled combustion‘systeme sueh as coal refuse
burning, hand;stORed residential coal—furnaces,vand syetems starved
of air such as coke ovens. The large number of compounds present in

polycyclic organic matter, their complex distribution between the
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particulate and gas phases, their low concentrations, and their reac-
tivities all contribute to the difficulty of coliécting and measuring
their concentrations in combustor effluents. The data base is vefy
sparse and makes evaluation of national emission inveﬁtgries_diffi-
cul;ﬁ Measuremeﬁts made on a small sample of coal-fired combustors
_1n the 1960s (Cuffe et al. 1964; Faoro'1§75; Gerstle et al. 1965;
Hangebrauck et al. 1964; and Hangébrauck et al. 1967) represented the
only available data during the 1970s. They were used by the National
;Acadgmy of Sciéncés to provide the estimates in Table VII of the
emissiqns of benzo(a)pyrene froﬁ major sources in the U.S. Although
the estimates are highly questionable, they underline the fact ghat
it is the poorly controiled combustoré which dominate the emissioné
of POM. They also suggest tﬁat the major sources of POM from the use
of coal are refuse piles, coke production, and hénd-stoked furnaces
if coal should again become a significant fuél fgr residential
heating.

"~ The major contribqtors to POM in the atﬁosphere need to be re-
' assessed for the chapging mix of combustion sources with more de-
tailed chemical and physical characterization of the POH. Det;iled
characteriéatioﬁ.of the POM from coal burning plants (Griest 1979;
Natusch and Tomkins 1977) shows side chgin substituted POM in addi-
~ tion to the major POM peaks observed in the products of combustion of
pétroleum (see Figure 9). The side chain substituents may serve as

tracers for POM generAtgd by coal sources. Heterocyclic POMs
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TABLE VII

ESTIMATES OF NATIONAL EMISSIONS OF BENZO[A]PYRENE

SOURCE
CLASSIFICATION SUB-CATEGORY ESTIMATE [tons/year]
Vehicular 22
Heat and Power Hand-stoked furnaces 420
Generation Coal Stokers ) 10
Power-plants 1
0il 2
Gas 2"
Wood 40
Industrial Petroleum 6
Asphalt air-blowing <1
Coke production -200.
Refuse-burning Enclosed incinerator:
, Municipal 4
Commercial 10
Domestic 10
Forest & Agricultural 140
Vehicle disposal 50
Coal refuse piles 340.

Source: NAS 1974,
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TABLE VIII

ESTIMATED PAH CONCENTRATIONS IN ESP HOPPER ASH

Peak Concentration

No. Tentative Identification in Ash, ng/g
5 Phenanthrene 0.5

10 2-Methyl Phenanthrene 0.1

12 C)-Phenanthrene <0.05

13 1-Methyl Phenanthrene 0.06

16 2-Phenyl Naphthalene 0.1

19 Co-Phenanthrene 0.02

22 C2-Phenanthrene 0.06

23 Co-Phenanthrene 0.05

24 Fluoranthene 0.4

26 Pyrene 0.1

27 m-Terphenyl 0.8

28 p-Terphenyl 0.9

29 Benzo(a)fluorene 0.2

32 Benz(a)anthracene 0.05

33 Chrysene/Triphenylene 0.2

34 Benzo(e)pyrene 0.1

35 Benzo(a)pyrene 0.03

36 Benzo(ghi)perylene 0.03

TOTAL 3.75 ng/g
Source: Griest et al. 1979.

46



containing N and S are expected ip coal combustion products, but
their concentrations have not yet been reported.

POMs have been measured in extracts of flyash recovered from a
hopper of electrostatic precipitator (Table VIII). Data are needed
on the distribution of POMs in stack emissions for those in vapor
phaée and those adsorbed on different particle fractionms.

The cost of detailed characterization of the POMs precludes
routine ﬁnalysis of stack samples. It is likely thaf large continu-
ous cqmbustors are minor sources of POMs relative to combustors that

operate intermittently.

3.2 Measurement of Exposure

The adequacy of existing tgchnology for measurement Qf éxposure
varies considerably-with the pr&cesses and pollutants of concern, as
well as with the sensitivity required. 1In sﬁme cases, an analytical"
technique may be adequate for occupational exposure assessments, but
inadequate for community air quality evaluations where the permissi-
ble concentrations are much lower. In the workplace, the influence
of other air confaminants on the analyses may be negligible or sub-
ject to correction by suitable calibratiomns. In community air, how-
ever, there may bg many more co—contaminants which can influence the
results and the mixtures may be too complex for the applicatién of
calibration factors.

In general, there are many more measurement options for gases
and vapors than for aerosols, especially with regard to direct

reading instruments and personal alarms and exposure monitors.
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Direct reading instrumentation for aerosols is limited to measure-
ments of particle number or mass concentrations. Determination of
the concentrations of specific chemical species in the aerosol gen-

_ erally requires the extraction of the particles from the air onto a
collection surface over a specified saﬁpling interval. The time
delay between sample collectioﬁ and determination of concentration is
limited by the time required to perform the chemical separations and
analyses.

The situation is particularly complex for aerosols arising from
the‘handling, processing, and combustion 6f coal. In many of these
operations, the number of individual chemicals associated with the
aerosol is so great that a complete analysis is not feasible either
téchnically or economically. If the chemical species in these mix-
tures having the greatest potential.impacts on inhalation hazards or
environmental duality were established, then the modern analyst could
develop the analytic procedures to identify and quantify them. 'Un-
fortunately, the extent of the hazard associated with many of the
materials present in these mixtures is not known Qhen they are pre-
sent alone or in representative mixtures.

3:2.1 'Occupatiohal Exposure Measurements

The primary purpose of workplace monitoring is to evaluate expo-
sures so that controls can be instituted to protect the health of the
worker. Examples of additional ways in which occupational and envi-

ronmental monitoring can be used in coal utilization facilities

include: -
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monitoring the performance of engineering controls

developing design requirements for new engineering controls
documenting exposure levels

testing for compliance purposes

measuring process losses to the environment

selecting suitable respiratory protection devices
identifying contamination sources

assessing emergency conditions

The instrumentation required is often a function of the purpose

of the exposure evaluation. An in-depth evaluation of instrumen-

tation requirements should address conditions that are:

high risk, immediately hazardous

high risk, but not immediately hazardous or

moderate risk and not immediately hazardous.

For each of these conditions, the following questions must be an-

swered before a priority can be affixed:

What compounds are represented in this class?
Is monitoring technology available for present needs?
Is current technology compatible with future needs?

If not, is technology being developed to meet the projected
needs?

When will the technology be needed?

When will that technology be avaiiable?

" The increased emphasis'on occupational safety and health initi-

ated by legislative action in the early 1970s has resulted in some
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significant gains in the development of monitoring tools for occupa-
tional health surveillance. Reqﬁirements for more precise and
accurate evaluation of workplace exposures have led to the production
of noise dosimeters, passive dosimeters for certain éases and vapors,
portable real-time monitors for organic vapors, low flow rate pumps,
more sensitive and accurate detector tubes, more specific analytical
methods, heat stress monitors, and direct-reading dust monitors.
These improvements in monitoring technology have simplified the task
of those involved in monitoring employee exposures. Unfo?tunately,
most advances have been made in areas where traditional monitdring
techniques already existed rather than in areas recently identified
as potential health hazards. The emerging coal utilization
industries represeﬂt such an area since the base materials may
contain most of the elements found in ﬁhe periodic table and the
processes and conditions used can result in synthesis of a host of
highly toxic by-product éhemicals.

A review qf current industrial hygiene monitoring technology
Aindicates that thére are adequate tools for monitoring traditional
contaminangs——silica dust, carboﬁ monoxide, oxides of nitrogen, coal
dust, hydrogeﬁ sulfide, and éulfur oxides. However, some contami-
nants which pose a high potential long—tefm risk_(e.g.,organometallic
compounds) are not being monitored to the extent desirable because of
lack of technology, high costs, long analytical procedures, lack of
specificity, inadequate sampling, and/or inefficient recovery proce-

dures. Although current occupational health monitoring is locked
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into using technology and tools that are presently available, future
assessments of occupational health problems in commercial coal
utilization plants will require additional, more sophisticated tools.

Recommendations

1. Additional evaluation of current instrumentation under var-
ious conditions and interferences, temperatures, pressures,
humidity, and related variables is needed to ascertain
their appropriateness for future needs.

2. Research on aerosol concentration measurements should be
focused primarily on:

o improving extraction efficiency and separation tech-
niques for organic components absorbed or adsorbed by
particulates ' :

) spécifying chemicals as- a function of particle size in-
stead of by structure for organic compounds and by anions
and cations for inorganic compounds

e separating benzene soluble and insoluble particulates
during sampling. : :

3. Research is needed to develop monitoring methods for organo-
metallics which are potential hazards in fossil fuel conver-
sion and coal cleaning processes. These include compounds
containing arsenic, beryllium, cadmium, chromium, or
nickel. ' o

4., Instrumentation which can measure the contamination of the
skin of workers in coal processing industries should be de-

veloped.

5. Procedures are needed to identify human body burdens
resulting from several routes of exposire.

3.2.1.1 High Risk, Immediate Hazards. Six compounds have been

identified which are present in sufficient quantities that acute ex-
posure could occur with associated immediate and serious impairment

to life and health. These include:
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'o H2S - acute boison (reépiratory failure)

o CO - acﬁte chemical asphyxiant

° 'NOX -NOy - delayed pulmonary edema

e O deficiency

° coal and shale.dust - exﬁlosiop hazard

e Hp - explosionlhazard;
The working group believes that technology is available to provide
equipment which can be used as personal and area monitors with con-
tinuous direct reading and/or alarm capabilities for-HyS, CO, O,
and Hg. Technoloéy is presently lacking, however, for monitoring
explosive levels of coal dust and for NO,-NO, personal alarming
devices. Future needs may reduire personal monitors capable of
transmitting a signal to bring outside assistance in emergencies.
Phenols, hydrogen cyanide, metal carbonyls, and carbon disulfide
should also be included in this category if concentrations in the
wdrkplace are potentially hiéh. This may occur in connection with in
situ coal gasification.

In most éases, éxposure to life-thréafening'concentrations
should occur only as the result of a leak. Rather th;n relying on
. individual ﬁonitéring oé several hazardous materials, ; single indi-
caﬁor might be monitored to give warning of a-leak under otherwise
normal operating conditions. In gasification plants where the
process stream includes high concentrations of CO, this gas has- been

suggested as an indicator. However, in other situations:CO may not
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be the best choice. The indicator must be present in sufficient con-
centration to give warning in all process streams carrying immediate-
ly hazardous substances. For each type of plant it will be necessary
to determine the indicators appropriate for.leak detection for each
work area. Fixed alarm monitors are most appropriate together with
survey meters.

Recommendations

1. Instrumentation is needed to measure airborne concentra-
tions of coal dust in the explosive concentration range and
peak NOj; levels using a personal monitor alarm.

2, For immediately hazardous exposures, development is needed
of new sampling instruments which will facilitate automated
analysis and data recording to permit handling large amounts
of data generated during routine monitoring, e.g., opera-
tional personal gas chromatography units capable of multiple
compound analysis, miniaturization of existing devices, con-
tinued phototype development, and simplified analytical
procedures.

3.2.1.2 High Risk, But Not Immediately Hazardous. Substances.
which may cause irreversible effecfs to body organs or sysfems but
which are not present in sufficiént.quantities to produce acute toxi-
cologicél effects'include those compounds.whiéh are carcinogenic,
mutagenic, teratbgenic.and affect reproduction, as well as trace
metals, silica dust, and asbestos fibers. There is the potential for
exposure to so many of these substances that the working group
believes it to fe impracticable to monitor tHem routinely except when

dictated by regulatory requirements. The evaluation of one or more

indicator compounds is a logical approach.
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Some investigators have adopted or suggested benzo(a)pyrene
(BaP) as an indicator chemical for the polynuclear aromatic hydro-
éarbons on the basis that it is likely to be present in most mix-
tgres, it is a known and pétent animal carcinogen, and it- can be
routinely analyzed by techniques of proven reliability. While it is
likely to be present to some degree in most mixtures, its contribu-
tion by mass or biological activity is likely to be.highiy variable.

An epidemiological study of roofers exposed to very high concen-
trations of BaP found some excess lung cancer among those exposed for
more than 20 years (Hammond et al. 1976). The Standard Mortality
Radios (SMRs) for those exposed for 9;19, 20-29, 30-39, and > 40
years were 92, 152, 150 and 247 regpectively (the smﬁking histories
of the workers, however, were not known). Airborne>BaP concentra-
tions measured in roofihg~operation5‘range from 14 pug/m3 in the
roof-tarring areé, to 6,000 pg/m3 in the vicinity of the coal-tar
. roofing kettle (Sawicki 1967). The ambunts of BaP recovered from
‘ masks, which were worn by a minority of roofers studied, indicated an
average of 16.7 pg BaP inhaled per day (Hamhond et al. 1976).

Another group exposed to high éoncentrations of airborne BaP were
British gasworkers, who inﬁaled about 30 pg/déy (Lawtherjet al.
1965). o

In 1960, the mainstreém smoke of a cigarette wasushown to con-
tain 3.5 x 10-2 pg of'BaP, (Kotin and Falk 1960) although the levels
are lower now. Thus a 2 pack/day smoker inhaled 1.4 pg/day. Ambi-

ent urban air in 1958 contained about 6 ng/m3, (Sawicki 1967) which
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could account for an inhaled mass of 120 ng/déy, i.e., 0.12 ug/day.
Rﬁral ambient air has about 10 ﬂercent as much BaP.

| The lung cancer SMRs for rural nonsmokers, urban nonsmokers,
light smokers (5;1 pack/day), heavy smokers (> 1 pack/day), roofers
(20 years exposure, and including many smokeré) and gasworkers
(including smokers) are 14, 16, 124, 502 (Haenszel et al. 1962), 159
(Hammond et al. 1976) and 169 (Doll et al. 1965), wﬁile their daily
BaP exposures are of the order of 0.012,‘0.12, 0.70, 0.7 to 2.5,
17, and 30 pg'respectively. Clearly, BaP exposufes are not
particularly gooed indicators of lung cancer risks.

All of the éxposures cited involve a mixture of organic com-
pounds and other toxicants as weil,'but the influences of each, and
their interactions; cannot be determined. Since no single indicator
‘may be adequate, and different indicators may be ﬁeeded in aifferent
situations, further research is needed to study unit operations and
process streams from both the chemical and biological standpbints and
to identify indicators that'are reéresentative of the biological ef-
fect from the expected exposure. The strategy fecomﬁended is to
identify a variety of poﬁential indicators (e.g. one~half dozen), the
place whefe each is likely to be useful,.and the kind of monitoring
reéuired.' In general, personal or survey instruments will be appro-
priéte. The state—of;the—art for monitoring each compound by the
methods needed should be assessed and finally, if necessary, new
instruments should be developed. Since the final seleétionAand eval-

uation of specific indicators cannot be made until a commercial plant
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is built, it is necessary to have available at that time a number of
indicators to choose from for which instrumentation is avéilable.
Since this instrumentation will probably be group selective; a common
line of development will lead to instruments capable of measuring
several indicator compounds.

Recommendations

‘ls Research is needed to identify indicator compounds or groups
of compounds which can serve as surrogates for complex mix-
tures of organics in order to permit development of realis-
tic hazard indices for inhalation exposures. The ultimate
objective is to be able to measure the indicator compounds
with survey instruments and/or personal exposure monitors
that are light in weight and reasonable in cost.

2. Further research is needed to identify direct biological in-
dicators of hazard (such as the Ames Salmonella typhimurium
test and the Tradescantia test system). There is a need to
refine protocols and to develop standard biological test
systems. These test systems must be compared with chemical
indicators; they have the potential of being used as one
means of evaluating chemical indicators.

3. Portable survey instruments should be developed and
" available for evaluating hazards to health during
. emergencies involving high risk, but not immediately
hazardous compounds.

4. Personal samplers that either internally record the results
of real-time analysis over the course of the day or collect
an integrated sample over a day need to be developed for
high risk, but not immediately hazardous chemicals. The
latter sampler could be inserted into a device at the end of
the day which analyzes and records the exposure automatical-
ly with precision and reproducibility.

3.2.1.3 Moderate Risk, But Not Immediaﬁely Hazardous. The

working group anticipates increasing demands to provide a comprehen-
sive record of all hazardous compounds to which a worker is exposed

which will require increased use of pérsonal monitors, automated
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chemical analysis, and computerized data-handling systems. The

appropriateness of using area monitors to assess potential health

hazards of individual workers should be evaluated.. Contaminant re-

. leases are likely to be localized suggesting possible limited use of

area monitors to measure exposures to individuals.

Recommendations

1.

Currently available personal monitors for gases require
additional evaluation under various conditions of inter-
ferences, temperatures, pressures, humidity, and related
variables to ascertain their appropriateness for future
needs.

It is likely that passive monitors will remain a primary
monitoring tool. Improvements needed include development of
new substrates to expand the diversity of measurable com-
pounds and to allow for higher sampling flow rates. This
area of investigation is likely to provide high payoffs
within a few years.

Current personal sampling pump flow rates need to be im-
proved to provide higher collection capabilities (5 to 10
lpm) for particulates and for biological test system samples
(e.g., Ames test). :

The working group encourages the development of new sampling
instruments which will facilitate automated analysis and
data recording to permit handling large amounts of data’
generated during routine monitoring, e.g., personal gas
chromatography units capable of multiple compound analysis,
miniaturization of existing devices and simplified analyt1-
cal procedures.

3.2.2 Environmental Exposure

The adequacy of measurement techniques for environmental expo-

sure evaluations.can only be defined in terms of specific contami-

nants.

Thus, in order. to define methodology problems in the measure-

ment of exposures to effluents and emissions of coal utilization
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technologies, it is necessary to define which contaminants are likely
to be encountered in concentrations sufficient to produce effects.
For well-developed technologies, the exposures of concern have been
characterized and techniques for their evaluation have, for the most
part, been established.

The major problems in exposure evaluations for coal utilization
technoloéies ére associated with the developing technologies. One
difficulty lies in defining the compositions and concentrations of
the effluents and emissions. Complex mixtures of org;nics exist at
various points along the process streams. Furthermore, the stream
compositions vary greatly from process to process, as functions of
the compositions of the starting materials and the operating para-
meters in each process. The exposures of downwind populations will
depend on the design and performance of the effluent recovery systems
.aﬁd the extent of fugitive emissions. Unfortunately; for the devel-
oping technologies,‘the only data currently available on effiuent re-
leases are from pilot—scale operations, and there are very few of
these. In any case, the %eéults have_limited predictive value for
full-scale plants because of likely variations in operating factors,
and beéause the effluents acceptable in a pilot-scale operation may
be unacceptable in a full-scale plant. Thus, the controls speéified
on the basis of the pilot-plant or demonstration plant experience may
not be sufficient'to prevent the release of hazardous effluents into

the community environment of .the full-scale plant.
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While the exact compositions of the process and'waste'sﬁreams.
from coal utilization technologies will be highly Qariable, it is
’clear(that maﬁy of them will contain large numbers of hydrocarbons
that may be mutagens, tetatogens,‘reprOductive hazards, carcinogens,
cocarcinogens, initiators, and tumor promoters. Short term screening
tests. for biological activity coupléd with chemical anal&sis can give
an indication of ;hé carcinogeﬁic/mutagenic activity of the mixture.
This seems to be the most logical approach to detefmiqing thé
~activity of mixtures.

Exposures to fuel cycle_pollutants‘can take place vié several
diffefent pathways, i.e., inhalatibn, skin absorption or penetration,
"and ingéstion. Therg can also be ekbosures to exceséiVe.levels 6f
: physicaliagenté including noise, ioni;ing<radiations (x and Yradia-
tion, short AUV) and ﬁonionizing radiations (long XUV, visiblé
Iight, IR, microwaves); Measurements of the concéntrafioﬁs of chemif
cals in the air, drinking watef, and food can frequently be supple-
mented by measurements which determine toxicant accﬁmulations or ef-
fecté, e.g., measurements of in viquBurdens,.concenfrations in bodyA
- fluids or tiséues, and concentrations in excreta such as urine, . |
feces, hair, and exhaled air.

Airborne effluents which are inhaled can cause deletefious ef-
fects on the respiratory tract or can affect more distant organs if
taken up systemically via the airways or géstrointestinal_ﬁract.

They can also reach human receptors via more indirect routes, i.e.,
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via deposition_on vegetation, soil, or surface waters and incorpora-
tion into life forms participating in food chains of relevance to
human diet. Along these Foutes,'theAcontaminanté may undergo bio-
_transformations and/or biomagnifications of concentration which may
enhance their potential for adverse effects..

Liquid .and solid effluents of the coal utilization technologies
may also -contribute to human uptake. of toxicénts-via aqueous leaching
of the wastes from mines, storage piles, and waste burial sites.
Draining of such wastes into streams and/or groundwater which serve
as sources of irrigation or drinking water can provide a pathway to
human ingestion.

Current community air monitoring technology is highly developed
for some of the chemical contaminants of interest, yet grossly inade-
quate for others. There are quite adequate continuous monitors. for
CO,.SOZ, N02, 03, and nonmethane hydrocarbon vapors, and they .can
provide accurate and reliable indications of -both peak and time-
averaged concentration levels.

Sensitive analytical tecﬁniques appropriate for determining tﬁe
contents of tissues, excreta, and air and water samples are éenerallf
available, altﬁough research and development of techniques for con-
centrating and/or separating .the contaminant from. its matrix or samp-
ling medium may be necessary. There are relatively few cases where a

_judicious selection of separation techniques and laboratory analyti—.
cal techniques fails to yield satisfactory analytical capabilities

for an environmental analysis of interest. However, there may be
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cases where the technology is too time consuming and/or expensive for

the particular application.

Ong major area in which our capacity for environmgntal assess—
ment is technology limited is in the evaluation of inhalation expo-
sures to complex mixtures of airborne organics. Another area is
direct-reading instrumentation for chemicalé which produce effects
associated with their transientlpeaks rather than with theif cumuia—
tive expésures. The need for direct-reading instrumentation is
greatest fqr chemicals present as aerosols. Great progress has been
made in the past decade in the developmeﬁp of confinuous direct-
monitoring devices for specific'airborne gases and vapors; In con-
trast, there are no instruments available for the continuous measure-
ment of the airborne concentrations of specific chemicals present in
the atmosphere as aerosqls. It is not possible, for instance, to
curren;ly monitor the concentration of sulfuric acid mist. The
inabili;y tovdo so has conﬁributed to the failure to characterize the
roles and effects of the various components of the'overall S0,
mixtures generally présent iﬁ ghe ambient air; The-oﬁly direct-
reading aerosol monitors currently available are thosé wﬁichvmeasure
4phys;ca1 paramgters of the aerosol, e;g., size distributions, overall
number or mass concentrations, aﬁd light scatter or extiﬁction.

Human exposures to coal utilizétion effluents via drinking water

contamination are relatively easy to monitor using available sampling

61



protoqois and analytical procedures. Exposures via food are, on the
other hand, much more difficult and costly. Dietary sources among
human populations are much more variable in composition and geograph-
ic origin, making it very difficglt to do representative sampling.

In addition, most of the contaminants generated by coal utilization
technologigs are also‘generated by a variety of other sources as
we;l, making source attribgtions extremely difficult in most cases.
Despite the real and potential difficulties, methodologies should be
developed to assess the impact of coal use on toxic substances in
food chains leading to man. Toxic trace elements such as Cd, Pb, and
Hg, known to accumulate in biota, are of special interest. The U.S.
Food and Dfué Administration conducts regular market basket surveys
for severalltoxic trace‘metals to assess human dietary exposure.. The
National Dairy Panel survey has developed fish consumption patterns
for the U.S. p0pu1atioﬁ; this information, combined with analysis of
trace contaminates in edible species of fish, allows quantitative es—
timation of the range of human intake. This . approach has been used
.in assessment of human exposure to mercury and PCBs due to consﬁmp-
tion of fish (National Research Council 1978).

The best, and perhaps only way, to determine the potential
impact of the leaching of liquid and solid wastes on human tissue
burdens via their transmission through irrigatiop and drinking water
supplies is to détermine the extent of the leaching from the drainage

sites. Population exposures to certain toxic trace elements may be
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affected by reduced .pH of ambient waters due to precipitaﬁion of acid
rain. For example, when mercury is present iﬁ sediments in lakes,
rivers, and other aquatic bodies, it is subject to methylation to
both monomethyl and dimethylmercury compounds depending on tﬁe pH of
- the water. Low pH favors the formation of the monomethyl compounds
that are more avidly accumulated in aquatic food chéins (Ségerstrom
and Jerelov 1972). Consequently, levels of methylmercury in several
species of edible fisﬂ have become elevated above federal safety
guidelihes.

Low pH in rain water may increase conceptrations'of such tréce
metals as aluminum due to leaching. bAquatic species ére the primary
target for aluﬁinum‘toxicity, but human exposure mayvoccur Qia drink-
ing water or through water used in hemodialysis (artificial kidney)
machines. Lead levels in drinking water have also become elevated
due to reduced pH which results in leaching of lead from mefal pipes.

Thg adequacy of measurements made to evaluate the potengial for
health effects in a given situation can be judged by a variety of
criteria or combinations of criteria. Theée include:

e Sensitivity, i.e., can the airborne concentrations capable of

producing the health effects be measured at an acceptable
.level of accuracy.

° Specificity, i.e., can the contaminant of intérest be mea-
sured in the presence of cocontaminants and background
contaminants.

. Tempofal resolution, i.e., can the peak concéntrations of the

contaminant of interest be determined with a resolution
appropriate to the averaging time for the biological effect.
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o Temporal responses, i.e., what 1s the interval between the

time of air sampling and the availability of the concentra-
tion determined for the sample. This can vary from instant-
aneous for direct-reading gas phase sensors to months for
laboratory evaluations of field-collected extractive
samples.

Spatial resolution, i.e., can the measurements be made at
locations suitable for exposure evaluations. In other words,
can the measurements be made using personal samplers or
hand-held samplers or monitors at the breathing zone of the
individual whose exposure is being determined.

A recent review of the current status of the available measure-

ment techniques and some recommendations for research on environmen-—

tal measurements was prepared by the Second Task Force for Research

Planning in Environmental Health Science (1977).

Recommendations

1.

There is a pressing need for community air monitoring to de-
velop and test an instrument for the continuous measurement
of aerosol acidity especially sulfuric acid (Hzs04).
Time-averaged measurements of aerosol acidity and H2S504

are also needed, and these-also are currently beyond the
state-of-the~art in routine monitoring.

Routine ambient air monitoring programs for potentially haz-
ardous compounds are also needed. The sample collection and
storage protocols need to be designed to minimize losses and
uncontrolled transformations of the samples between their
extraction from the air and their analyses. For organic
aerosols, there may be a need for much larger volume samples
than those currently collected, since many of the constitu-
ents of interest are present in extremely small concentra-
tions. The samplers should include collection stages so
that separate analyses can be performed on the aerosols
within the characteristic size modes.

Mutagenesis and carcinogenesis assays of the ambient air
should include compounds present as vapors. Very little is
currently known about the contribution of the vapor phase
organics to the overall hazard of the effluents of the coal
utilization technologies, and there should be at least some
exploratory investigations of their significance.
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4,

The technology for analysis of toxic metals'(e.g.,_x-tay
fluorescence) in the ambient air is relatively well advanced
and should be transferred to routine monitoring programs as-

sociated with the coal utilization technologies.

Research is needed on sampling strategies and protocols for
evaluating the extent of the chemical leaching to ground and
surface waters from the waste depositories of liquid and
solid wastes from the coal utilization industries.

Food contaminant monitoring activities should be expanded to
provide data on additional categories of contaminants,

Coal-related pollutants in drinking water should be iden-
tified in a few key locations near coal mines, coal-fired

- power plants, and coal waste disposal sites.

Monitoring soil and dust samples in selected communities
near coal combustion sources (e.g., power plants) should be
implemented on a regular basis. This will allow an estimate
of the amounts of pollutants ingested by ch11dren w1th pica
or who suck their fingers.
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4.0 EFFECTS SPECIFIC TO INDIVIDUAL COAL TECHNOLOGIES

4.1 Extraction, Transportation, and Storage of Coal

4.1.1 Coal Mining

Coal, in addition to carbon, also contains varying amounts of
water, combustible gases and otherAvolatile materials, and mineral
impurities such as organic sulfur, silica, pyrites, calcium and

magnesiumbcarbonates, phosphates, and clay. During the formation ofv
coal, movement of the earth's.crust caused cracks and crevices which
'were filled by mud deposits of shélés and pyrites. Intrinsic within
coal is ash, largely withdrawn ffom soil and incorporated into
biomass by the originalvvegetation. Therefore, coal has no fixed
:;Hémical compositioﬁ but varies widely according to the amount of
inorganic impurities, its basic carbon content, and its‘stage of
‘development. Most of the‘envirbnmenfal contéminétioﬁ associated with
coal is a direcf result of these components of coal'and substances in
the ash.

Coal dust emissions in underground mines have long been recog-
nized as the most important physical hazard to the health of coal
miners. Activities associated with the use of modern extraction
machinery and the increased rate of extraction are known to have
increased the levels of particles in the air of underground mines
over those present in the days when ﬁhe pick aﬁd shovel were the

principal method of extraction.



Underground coal mining, because of the confined working area,
does not pose a proBlem to ambien£ air quélity in itself, exceﬁt |
around surface facilities and dump areas. It does,-however, pése a
potential for occupational exposure to airborne dust. Careful design
and maintenanée of fhese facilitie§ can prevent'such airborne &ust
from becoming a major pollutant either to the ambient or to the
occupational environment. Exposure to coal dust can result in a
variety of lung-related diseases such as eqphysema and pulmonary
fibrosis (i.e. black lung disease). -

Dust presents a major envirommental problem during surface coal
mining and reclamation in Western coal fields, particularly where
high winds and.low rainfall are present. The impact of this emission
on society is redﬁced by the fact that most Western mine developments
are in spérsély populated regions. Dust problems also occur inan§t4
ern and Midwestern coal surfaée mines where dust occasionally blows
from réads, sfrip pits, tfucks, and railroad cars.

The abatement of fugitive dust pollution associated with surface
mining requires proper planning. H;ul and service roads must be sur-
faced wiﬁh asphalt, oiled, or kept damp with water. Oilipg of roads
may not be the best dust suppression method since many areas come in
close contact with surface and ground water. Mined areas need timely
reclamation and séeding to prevent wind erosion of spoil piles.
Planning is essential in designating areas of potential dust pollu-
tion and utilizing the begt methods possibie tovkeep airborne dust at

an acceptable level.
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A maximum shift average occupational exposure of 2 mg/m3 of
respirable coal mine dust in active mine workings was established,
effective January 1, 1973, under the Federal Coal Mine Health and
Safety Act of 1969; It is generally agreed that, as a result, coal
mines in the United States are significantly less dusty than they
were a decade ago. For example, operators of underground mining
machines were exposed to between 3.9 and 6.5 mg/m3 of respirable
coal mine'dust during 1968-69; now they are exposed to between 1.3
and 1.8 mg/m3 (National Research Council 1980).

Despite the success of the Act, éoncerns-about the control of
résﬁiréble cbal mine dust remain. Miners and ﬁnion 6fficials contend-
that the present personal samélgrs dare an encumbrance to wear and do
not.necesséfily reflect personal exposure to resfiraﬁle dust accur-
ately since du#; levels are often lower when it is known that -samples
will be collected. Mine operators are concerned fhat changes in the
present me;hods of enforcing coﬁpliance are likely to.belcbunter;
productive in #he absence of adequate understanding of. the formation
and beha&ior of clouds of respirableAcoallmine dust. Mine operators
are also worried that introduction of more productive mining me thods
(such as longwall mining) would be prohibited. Fedefal agencies ére
concerned about the proper enforcement of the Act fo eﬁsure the
health of coal mine workers,.and fo control the costs to the Federal
government of compensatory payments to affected mine workers‘which

are primarily attributable to previous high dust exposures.
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Currently these costs are close to $1 billion annually (National
Research Council 1980).

Some controversy exists over the accuracy of the two-stage
cyclone-filter personal sampler units and methods of analyzing the
measurements. In a "Final Report to the Senate Committee on Labor
and Public Welfare" on "An Evaluation of the Accuracy of the Coal
Mine Dust Sampling Program Administered by the Department of the
Interior," the National Bureau of Standards concluded that:

e Both the weighing process and the intrinsic variability in
the performance of the personal sampler unit in laboratory
studies contribute coefficients of variation of 7 percent
when making a s1ng1e dust measurement at a concentration near
the level of 2 mg/m3.

e Personal sampler units operated adjacent to one another and
stationary in a mine can give a coefficient of variation of 7
percent when used with meticulous care. This is consistent
with the laboratory f1nd1ngs concerning the performance of
sampler ‘units.

e In the absence of such care, the coefficient of variation has
been found to be much greater than 7 percent. The coeffi-
cient of variation is estimated to be 30 percent when the
personal sampler unit is operated by untrained personnel.
This figure does not allow for various abuses of the sample
unit encountered during routine mining Qperatlons.

In a 1976 document, "Statistical Analysis of Mining Enforcement
Safety Administration Respirable Dust Data," the National Institute
for Occupational Safety and Health_(NIOSH) analyzed measurements
using personal sampler units from at least 40 shifts from each of 22

high-risk mine sections. NIOSH found that the coefficient of varia-

tion between shifts was 91.6 percent (1976). Therefore, the
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variations in the dust éoncentrations within the mine environment far
exceed the variations in the ihstrument itself.

Underground mining, blasting, coal cutting, and loading can re-
lease methane, dust, noxious fumes, and‘other air pollutants, Ex-
hausts from internal combustion engines, especially diesel engines in
power vehicles and equipment, emit pollutants which pose a threat to
human health. Although most equipment in underground mines is elec-
trically powéred, one or more pieceg of diesel equipment are found in
about 50 mines (Wheeler 1979). Most of the diesel equipment is used
in the West., |

In a proberly ventilated mine, carbon monoxide is probably not
an important toxic factor. Oxides of nitrogen, although representing
a relatively large percentage of the toxic constituents of diesel ex-
haust (where present) are not considered a major toxic problem since
airflow in a properly ventilated mine would tend to remove nitric
oxide, the majdr oxide of nitrogen, long before it is oxidized to
nitrogen dioxide, a much more toxic nitrogen compound.‘ Sulfur diox-
i&e emissions are controlled dug to stringent reguiationsvof the
sulfur content of diesel fuel.

Polycyclic aromatic hydrocarbon (PAH) éompounds, however, have
been identified as the most potentially hazardous agents foﬁnd in
diesel engine exhaust. Although a pgoperly maintained diesel éngige
would be likely to emit only small quantities of these compounds, thg

possibility that they may be carcinogenic to mine workers singles
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them out for careful attention.  Such hydrocarbons within diesel
engine exhaust gases that have been measured include benzo(a)pyrene
at one to 422 parts per billion, from one to 533 parts per billion
for,benzo(e)pyrene, and one to 466 parts per billion for benzo(a)-
anthracene. Other hydrocarbons observed in diesel engine exhausts
include chrysene, pyrene, anthracene, phenanthréene and its deriva-
tivgs, flﬁoranthene, and phenols (Environmental Health Associates
1978).

Aldehydes also are present‘in diesel exhaust emissions as a
result of unburned hydrocarbons. The acute téxicity of aldehydes is
re;ated to their capacity to cause eye and‘respiratory tract irrita-
‘tion. Two specific aldehydes, formaldehyde and acrolein, are of
particular importance because of their biologic effects including
cancer and their .presence in higher concentrations in diesel exhaust
than other aldehydes.

Although concentrations of methgne in mine atmospheres have been
studied extensively, relatively little work has been done on the dis-
tribution of concentrations of respirable coal mine dust. In one
study of the latter, 10 samplers were mounted at different positions
on a con£inuous mining machine wifhin severai feet of the operator,
and measurements were made ovef full shifts at six different mines. .
The results showed steep gradients, of the order.of 1 mg/m3 per
"’ fdot of digtance, in the concentration of respirable coal mine dust

in the vicinity of the operator. Therefore, the extent to which
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measurements of airborne respirable coal-mine dust made with machine
mounted samplers reflect operator exposure is highly questionable in
the.absence of a better underétanding of the spatial and temporal.
chéracteristics of the concentrations of such dust than now exists.
At present, similar reservations must apply to any sampler other than
personal sampler units. |

From these data and the state-of-the-art of dust measurement,
the Fational Research Council Committee on Measurement and Control of
Respirable Dust in Mines (1980) concludes that current sampling tech-
nology is adequate for measuring concentrations of respirable coal
mine dust and that the largeAvariations arise from spatial and tem-
poral changes ?p concentrations of such dust.

Since personal samplers only measure dust concentration inte-
grated over a working,shift, instruments are being developed that can
give instantaneous readings of local dust concentrations. These
instruments can be used as stationary monitors or as survey instru- .
ments (that is, not as personal sampler units) for gathering data on
time and space variations in dust concentrations to allow improve-
ments in mining practices and dust control. The National Bureau of
Standards concluded that stationary monitors should‘complement per-
sonal sampler units for determining exposure of miners to respirable
dust.

- The MRE sampler which has a horizontal-elutriator preceding a

filter is generally considered to be the best reference sampler unit.
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It is intended toAbe used'in a stationary position for obtainihg
gravimetric samples of resp1rab1e coal mine dust averaged over per1-
ods of time and many hours. The SIMSLIN II 1s s1m11ar to the MRE
sampler, but incorporates a photometer to allow instantaneous concen-'
trations of dust to be measured as well. Other photometrlc samplers
with different attrihutes, such as the Tyndallometer,.the SRI Port-
able Mine Dust Cohcentration Instroment and the new GCA photometer;
have been developed. Under:development are single—particle—counting'
photometers which enable the sizes of dust particles to be determined
individually and collectively.‘ In additioh, instruments have been
developed that measere the mass of a sample collected by impaction,'
filtration, or electrostatic prec1p1tat10n. These include instrc-
ments designed spec1f1ca11y‘for coal mine use, such as the GCA
Resplrahle Dust Monitors wh1ch use beta-ray attenuation for mass
detection. They also 1nc1ude 1nstruments developed for uses other .
than coal m1n1ng, such as the TSI Pxezobalance or the QCM cascade,
which use piezoelectric quartz crystals aslmass sensors. The prin—
cipal use of these instruments in the foreseeable future is for re-
search on the‘spatial and temporalkas well as the site and/or compo-
sitional‘characterlstics.of resplrable coal mine dust in the mine
atmosphere. The.Natlonal Research Council's'Committee on Respirable‘
Dust in Mines concluded that the basic technology for measuring
respirable coal mine dust in.mihe atmospheres is available and
sufficient to meet research needs,~although forther development and
calibration of research instruments will be required (1980).
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Historical data indicate that coal mining is a dangerous occﬁpa-
tion. Quantitative estimates of injury and death rates for the fuel
cycle (excluding end use) are provided in Table IX (data prior to
1976) and Table X (data for 1978). The majority of occupational
deaths and injﬁries'occur in the underground mining and transpor-
tation sectors. Table XI compares the underground coal mining risks
with risks from other industrial activities.‘lThe threat to personal
health or safety from mining. accidents depends upon the extraction
technique used, the location of the mine, the activigy of the miner,
the location of the'individUal inside the mine (underground miners),
the experience of the mining crew, the equipment used, the safety
precautions and brocedureslemployed in the miﬁe; and_ofher factors.
Roof, rib, and face falls acéOunted for about 50 percent of yearly
mine fatalities until the mid-1960s and stillhare the most important
~cause of mine fatalities (Brown 1979). Roof and rib falls also
accounted for a Substantiallpétt of the nonfatal coal‘Qining acci-
dents.A Although the number of persons hurt by a single roof or rib
fall is small, the higH frequency with which they occﬁf; however,
leads to a high death and injury total.

The second greatest hazard in underground mining involVes mining
equipment operé;fon. }An engineéring safety analysiS'id;ntified the
need for standardizgtion of controls for mining equipment, noting
that the positioning and responsiveness of equipﬁent controls

depended on the manufacturer. Two causes of fatalities are often
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TABLE IX

ANNUAL DEATHS, INJURIES AND WORK DAYS LOST FOR UNCONTROLLED COAL-FIRED ELECTRICITY
SYSTEMS AWSOCIATED WITH A 1000 MEGAWATT POWER PLANT WITH A LOAD FACTOR OF 0.75

OCCUPATIONAL EXTRACTION . : TOTAL

HEALTH DEEP SURFACE __ PROCESSING TRANSPORT  CONVERSION  TRANSMISSION DEEP SURFACE
Deaths 1.67 0.308 0.0238 2.30 0.012 NA ' 4.00 - 2.61
Injuries 85 13.9 2.56 234 1.38 NA ' 112.3 41.2
horkdays 4,678 499 99.5 2,340 152.9 NA 15,280 3,091

NA - not available

SOURCE: U.S. Environmental Protection Agency 1977. Accidents and Unscheduled Events Associated with Nonnuclear Energy
Resources and Technology. EPA 600/7-77-016. Office of Research and Development, Washington, D.C.

NOTES:

. Impacts of coal based on coal transport exclusively by rail (ave. distance 300 ml.); annual coal supply for a 1000 MWe plant
is 0.1 percent of total national ton-mileage and it is assumed that average injury leads to loss of 100 workdays.

For conversion it is assumed that one-half the combined deaths and permanent injuries are fatal injuries. Permanent total
disabilities are considered to represent 6,000 workdays lost, and other disabilities are estimated at 100 days lost.

Workdays lost due to pneumoconiosis not included in data on deep mines.
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TABLE X

FATAL, DISABLING AND NONDISABLING INJURIES OF 1978, FOR COAL AND METAL/NONMETAL MINES

: . . . . Average
Fatal Nonfatal NFDL ~ ° HNonfatal Injuries - NDL All Number
. Fatal Incidence With Days Lost ~ Incidence With No Days Lost Incidence All Incidence of
Injuries Rate . (NFDL) Rate (NDL) Rate Injuries Rate - Workers
Coal Mines
Underground Mines:
Underground 66 - .07 ’ 9,864 10.62 2,337 . 2.52° 12,267 13.21 125,936
Surface co 9 -07 652 5.85 313 2.81 973 8.73 15,425
Total, Underground Mines 75 .07 © 10,516 - 10.11 2,650 2.55 13,240 12.73 141,361
Surface Mines
Strip Mines 16 .03 . 2,019 3.36 ~ . 1,351 2.25 3,386 S.66 . 72,228
Auger Mines -1 ! .26 .21 5.53 . 5 . 1.32 27 7.1 1,109
Culm Bank - - - 11 6.74 . - 5.52 20 12.26 328
Dredge - - . 2 19.98 - - 2 19.98 21
Total Surface Mines 17 .03 2,053 3.3 1,365 2.25 3,435 5.67 73,686
Preparation Plants : 13 .08 851 5.42 489 3.1l 1,353 8.61 21,607
Independent Shops/Yards - - 134 4.40 100 3.28 234 7.69 - 3,883
Total Othet Operations 13 .07 985 5.25 589 3.14 1,587 8.46 25,490
TOTAL 105 . .06 13,554 . 1.30 4,604 2.51 : 18,262 9.96 240,537

SOURCE: Bureau of Mines, 1977.

Employee
Hours
Reported

185,703,725
22,280,422
207,984,147

120,110,438
759,732
326,354

20,022

121,216,546

31,411,786
6,089,076
37,500,862

366,701,555



TABLE XI

INJURY RATES IN SELECTED INDUSTRIES, 1973€a)

FREQUENCY SEVERITY
INDUSTRY RATE (b) RATE(c)
Automobile ' 1.60 176 (110)(d)
Chemical 4.25 397 (93)
Machinery 5.81 331 (57)
Petroleum 6.73 690 (103)
Shipbuilding ' 7.08 653 (92)
Non-ferrous metals and products .- 9.31 712 (76)
Mining, surface(e) 9.75 1365 (140)
Tobacco 12.03 404 (34)
Construction ' : 13.59 1544 (68)
Railroad equipment 14.23 1361 (96)
Quarry(e) ‘ 17.67 1825 (103)
Underground mining, except coal(e) 25.26 4431 (175)
Underground coal mining(e) 35.44 © 5154 (145)
All industries(f) 10.55 654 (62)

(a)The data were reported by member companies of the National Safety
Council. NSC members generally have better safety programs and
lower injury rates than non-member companies. Data are not compar-
able to Bureau of Labor Statistics (BLS) rates for less severe
injuries (requiring medical treatment but not involving days of
disability).

(b)Disabling injuries per 10 man-hours.

(c)Lost time (hours) per 109 man-hours.

(d)Avetage days charged per case.

(e)Based on data for 1972.

(£)Rates not fully comparable from year to year due to reporting
inconsistencies. . :

SOURCE: U.S. Environmental Protection Agency 1977
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cited by members of the mining industry--lack of mining experience
and lack of job task experience.

Less frequent accidents leading to deaths involve underground
fires and.surface mine accidents. Although explosions and fire are
often the most newsworthy accidents associated with underground
mining, only 10 to 12 percent of the annual mining fatalities were
caused by these disasters from 1960 to 1970 (U.S. Envirommental
Protection Agency 1977). Although the frequency of injury and death
at su;face mines is significantly less than in underground ﬁines, the
number of accidents occurring at surface mines has been increasing
bécause of increasing reliance on surface mining techniques.

Recommendations

1. Samples of respirable coal mine dust large enough to be
characterized chemically, morphologically, and physically
should be collected for analysis and some of them stored
cryogenically for future reference.

2. Research is needed on the fundamental mechanisms by which
fragments are produced in coal mining; how some of these
fragments in the respirable size range become airborne; and
the spatial and temporal characteristics of respirable coal
mine dust atmospheres. The mechanism of fragmentation needs
to be understood so that machines can be designed to produce
the least amount of coal mine dust in the respirable size
range. Entrainment needs to be understood so as to minimize
the proportion of the dust that is entrained. The spatial
and the temporal characteristics need to be understood so
that the exposure of workers to the dust can be controlled.

3. Variations in the composition and other characteristics of
respirable dust from different coal seams should be studied,
because it has been demonstrated that factors other than
concentration significantly affect the incidence of coal
mine workers' pneumoconiosis. Samplers other than personal
sampler units will be needed.
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4. Accidents in underground mining and coal workers' pneumo-
coniosis together have been the major hazards to health and
safety in the past. Strict enforcement of the Federal Coal
Mine Safety and Health Act of 1977 should further reduce
‘the risks to workers in the coal industry. Even with strict
enforcement, in order to be certain that present standards
‘provide adequate protection, effective health monitoring
and assessment will be necessary. This should include air
monitoring in the workplace and a better characterization of
the particle size distribution and the chemical composition
of the various size groupings. '

5. :Continued improvement in miners' safety will require in-
creased education, especially for new miners. Such safety
programs must have complete and strong support from man-
agement.

6. New developments, such as use of diesel-powered underground
equipment, will require study of potentially deleterious
health effects.

4.1.2 Coal Transport

Coal haulage in coal mining operations currently accounts for
between 10 and 15.percent of miﬁing fatalities, In underground
minihg ope;atioﬁs, tﬁe haﬁlage accounts for about 72 percent of total
haulage accidents, and for 61 percent of all haulage-related man-days
lost. A,Qorker at the controls of a vehicle is.in a more daﬂgerous
location. than a worker performing supporting tasks. Workers at the
controls are involved in 82 percent‘of total haulage-related acci-
dents,.and account .for 69 peféent of the.fotal man-days lost (U.S.
Environﬁenéal Protection Agency 1977). '

‘Rail systems transport to the consumer approximately 66 percent
of the coal produced, 22 pércenf in unit trains, and 44 percent via
mixed tréins.,,Coalishipments represented 27 percent of total rail

freight in 1969 and 1970. Es;imated rail accident rates involving
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some form of coai traﬁsport-are 0.06 fatal injuriesA;nd 0.585 non-
fatal agcidéﬁf§ fér evéry 1612 Btu équivalent tons shipped. Com-
pafablé analyses indicate slurry_pipeline'accident rateé of 6.0019
fafali;ies ;nd‘0,032 nonfatal injuriés'for 1012 Bté transéortéd.

" Trucking rateg are estimated at 0.032 fatalities and‘0.6Q.nonfatal
injuriés for 1012 Btu energy shipped (U.S. Envifogﬁéntal'P£otectién
Agency 1977), These-accident projectioﬁs are based on nétional s;a-:
tisticshfof mogér freight carriers Qhere assuﬁed coallshipmgnt acci-
dgnt rates are'reéresgnte& as the coal shipped to total f;eight.
carrier tonnage for the time span in question, This asspmes'tHat tﬁé,
.tradsport of coal presents no additional accident poteﬁtial than.the
generic rate for all motor carrier transpo;ﬁs. This'éssuéption_may
not hold in those regions (e.g., App;lachia) where steep, unimpra;e&

roads may exist.

Recommendations

1. In coal transport, accidents involving the workers are a
significant feature. Efforts must be made to improve the
safety during transport. The possible health effects on the
workers of additives such as surfactants used in coal slurry
transport should be investigated. '

4 1.3 Coal Storage

A total of 124 x 106 metric tons (137 x 106 tons) of coal

" was gtockplled in the Unlted States in 1975 (v.s. Envlronmeqtal Pro—
tection Agency 19?83). Thevmajor hazards to human heglth result from
rainfall and subsgqueqt>deterioration of ground &a;er qﬁality‘as

rainwater, which drains through the coal piles and fires, reaches
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underground aquifers. The water problem is considered in detail by
thevecological effects workiﬁé group:aﬁd will not be dealt with here.

' Fires from coal refuse banks and mines release smoke, airborne
partiéles, and noxious,Asémetimes lethal, gases; There aré‘an esti-
mated 250 x 106 metric tons of burning.refuse bank matefial (ﬁ.S.‘
Envirdnmént#i Protection Agéncy'1978a). Bﬁrning of coal ﬁiles,
impoundménts,vabanddned mines; and oufcrops results in emissiong of
various pyrolytic and ‘combustion ﬁroducts such as particulate matter,
nitrogen“oxides, sulfur 6iides, carbon monqxfde;ihydrogeh sulfide;
ammonia, palycyclic organic materials.(POM),.;nd ﬁydrocarbons includ-~
ing benzene, toluehé,'and xylene. Trace elements such és arsenic,
boron, and mercury‘are also emitted (U.S. Environmental Protection
Agency. 1978b).

The sponténeous heating of coal and coal refuse piles is mainly
an oxidation phenomenon involving coal, associated pyrite, and‘impure
coal substances. It is also influenced by the presence of moisture.l
The oxidation of'caqunéceoﬁs and pyritic material iq"tﬁe_coal refuse
is gh exqthermic réaé;ion-in which the temperature of a pile or por-
tions of it will increase if the amount of circﬁlafing air is suffi-
cient to cause oxidation but insufficient to alioﬁ for dissipation of
heat. Thehtemberﬁturéidf the refuse then increases until‘ignition
temperature is reached. |

Emissions from fires in coal refuse piles, abandoned mines, and

outcrops contribute 0,001 percent of the particulates, 0.16 percent
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of the nitrogen oxides, 0.14 percent of the sulfur oxides, 0.14 per-
cent of the Hydrocarbons, and 4.9 percent of the carbon monoxide

emitted nationally (Brown 1979).

4.2 Processing and Conversion Technologies

4.2.1 Chemical Coal Cleaning

Impurities in coal can be divided into two general classifica-
tions: inherent, and removable. The inhergnt impurities are chem-
ically combined with coal and require chemical coal cleaning methods
for removal. The removable impurities are extraneous and can be
eliminated by crushing and separation to the extent that this is
economically justified.

Many polluﬁants associated with physical coal cleaning are iden-
tical to those fr&m extraction namely .acid drainage, refuse leaching
and burning, and fugitive dust. Since the process is conducted for
the purpose of reducing the concentration of undesirable mineral im-
purities in coal, it is to be expected that the handliné‘and contain-
ment of.these substances may present a major:problem to the industry.
Also included with these wastes are flocculénts and other chemicéls
used in and resulting from reactions during thé cleaning process.

Thé predominant group of impurities removed by physical coal
cleaning whi;h presents a health and envirénmental problem are thg
trace metals. These includé barium, cobalt, copper, nickel, rubidi-
‘um, strontium, yttrium, zinc, and zirconium (Brown 1979). Generally,

the concentrations of certain elements in the organic phase such as
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aluminum, calcium, iron, silicon, manganese, and arsenic are rela;
tively low and are more likely to be associate& with the'removaﬁle
mineral matter. Those strongly‘associatéd with)thé ofganiE maﬁfer
and not rea@ily suscep;ible to washiﬁg inélude‘antimony, ber&llium,
boron, ggfmanium, and vanadium. The concgntratioﬁs of trace eléments
tend to vary among coal beds within a regiog and als§ f;om region fo
region. Generally, the available data in&icate tﬁét toxic fface ele-
ments tend ;o conceﬁtra;e in the hegvier specific gravity'fractions
of the coal, indicating that they have an ‘affinity for mingrali
matter., In removing this matter, coal—washing.élaﬁts‘éan-feduce
trace element concentrations as muqH as 88 percent, bringing them
nearer to eny;ronmentally acceptable 1gvels (Cavallarq etﬂél. 1975).
Thg‘aqueous drainage from coal refuse is.usuaily coﬁtamin;Fed by
acids and dissolved or suspended ﬁineral matter. The higﬁer coﬁce;—
trations of dissolved species are found in the more highly acidic
‘solutioqs, Typically, the acid drainage~from cogl refuse:cqntains

high concentratipns of iron,laluminum, calcium, ﬁagnesium;‘and sul-
fate ions which are derived from tbe major”éoal ﬁiﬁeral complexes‘;
(Cavallaro et al. 1978)+ Recently, some of £he minér orﬁless
abundant trace elemeqts have been identified in the drainage or
}eachates from coa1>;efuse or'spoiié, but é thoro;gh assesémeﬁt of
this'subjept has not been méde.: Théré is’considef;ble eQidence that

coal refuse dumps will continue to produce significant quantities of

water-borne contaminants for many years after their disposal.
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The effects of drainage from coal wastes can have a marked
effect on surface apd ground water. In a recent study of the.effects
of coal waste drainagéAin a Pennsylvania coal mining area, the miner-
al and trace element contents of the water from several springs and a
number of surface waters were analyzed; Among the constituents mea-
.sured were iron,'manganese, aluminum, zinc, cobélt, nickel, copper,
chromium, cadmium, silver, and lead (Torrey 1978). 1Iron and manga-
nese were found to be greatly in excess of local drinking water
standards for all of the water samples and the concentration of zinc,
chromium, copper, and cadmium exceeded these standards }ﬁ'soﬁé of the
ground waters. Generally, the trace metal concentrations were higher
in ground water samples than in the surface waters. A compilation of
the ranges of concentrations of dissolved species for all of the

water samples studied is given in Table XII.

One of the main issues related to coal preparation wastes is the

importance of pH in determining the levels of trace elemeﬁt contamin-
ation in refuse draiﬁage. Recent studies héve shown that under all
conditions of static and dynamic leaching, an inverse relatiomship
prevailed between pH and the amounts of elements leached from the re-
fuse ‘samples. Thus, at low pH (2 to 3), worrisome quantities of
trace elements were leached from all of fhe samples studied; whereas,
in those systems where the leachate was more néarly neutral (pH from
5 to 7), trace element leaching and the capability of the leachates

‘to solubilize contaminants were minimized. Therefore, preventing the
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TABLE XII

QUALITY OF SURFACE AND GROUNDWATER IN A
PENNSYLVANIA COAL-MINING REGION

Meand
Water
Variable PPM PPB RangeP Standard®
pH* 4,244 2.69 - 6.78 6.0 - 8.5
* 1625¢ 222 - 7000 <625
Monovalent Cations
- Na 15.9 0.8 - 70
K 4.8 1.5 - 1l.4
Ag 0.54 0.0 - 3.1 <50
Divalent Cations
v ‘Mg 120 5.8 - 985
Ca 104 3.0 - 312
Fe(ID)* 61.5 0 - 510 <0.3
Mn* 29 0 - 281 <0.05
Zn 1 0.001 -~  1l4.5 <5
Ni 0.69 0.06 - 7.5
Co 0.5 0.01" - 4,98
Cu 29.6 1.5 - 410 <1000
Cr 10.8 0 - 120 <50
Cd 3.6 0.3 - 13.1 <10
Pb 1.8 0 - 7.0 <50
Trivalent Cations :
Fe(III)* 19.7 0 - 102 <0.3
Al 13.2 0 - 201
Neutral :
$i0 10.3 2.9 - 70
" - 'Monovalent Anions
Cl 204 0 - 129 <250
-i. HCO3 13.9 0 - 122
Divalent Anion
B VA A 985 28 - 6230 <250

*The average of this variable exceeds the water standard.

8pPM = parts per million, PPB = parts per billion.
‘PRanige” units same as for mean.
CRecommended local drinking water standards (units same as for mean).
.-dpH units - - :
€Micromoles at 25°C.
fMuch as Hs0,

SOURCE: Torrey 1978,

5 o
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formation of acids in refuse dumps, or neutralizing the acid drainage
as it is formed, should prove effective in controlling trace element
releases into the environment. |

Coal preparation wastes are generally disca;ded.wet 6: danmp,
which is very likely to lead to pyrite oxidation. Also, wastes dis;
carded in fhe Midwest and East often receive substantial amounts of
rain before they are covered. These generally drain!Abut remain damp
for long periods allowing oxidation and trace elément leaching.

The most common processes for achieving such physical separa-
‘tions are based upon the difference between the specific gravities of
the impurities and that of the coal. ' Simply stated, coal has aAspe-
cific gravity of about 1.3, which is 1éss than that of its impuri-
ties (Brown 1979). Thus, when the free particles of coal and impur-
ities areldistended in water or some other heavy medium intermediate
betwéen coal and rock, a separation occurs as the heayier and uﬁdé-
sirable particles.settle at a faéfer rate than the coal. 1In coﬁme;—
cial-scale cleaning operations, it is not uncommon to process 500 to
1,000 tons of coal pervhour, using a variety of equipment designed
épecifically for the makeup of the particular raw coal being pro-
cessed and the desired end product (U.S. Environmental Protection
Agency 1978b).

Generally, physical coai-cleaning processes are ciassified as
(1) gravity-based stratification, or (2) nongravity processes.

Included in the first category are such wet processes as dense media
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processés; pneumatic procéssés, launder washers, jigs, classifiers
and'tables;A the ﬁongravity category includes froth flofation. Some
other techniques being currently evaluated include thermal-magnetic
separétion, immiscible liquid sep;ration, selective flocculatjon,
electrokinetic separation and two-stage froth flotation (Kilgore
1976.) | |
The potential occuﬁationélhhealth hazards in thesg processes
are: expoguré to high levels of coal dust and noise during'coal
crushing; and éxposure to solvents and a&ditives from.the liquid
baths used in the graviﬁy or flotation-based separation teEhniqﬁeé;
There do not appear to be an& significént methodology problems in |
measuring.the occupationallexposures, provided the tbxicants to be
méasﬁred can bé specifiea. |
| In chemical coal cleaning, the coal may be redﬁced to very small
sizeé and the finely powdered>coa1 dust can ignité spoﬁtaneously
-resﬁlting in an explosion. The severity of fhe explosion will dépend
on thé space,:the dust concentration, the amount of available éxygen,
and thé nature of the area in Vhich it occufé (wilson 1977). Some of
the coai cleaning proceéses éuch as thé JPL, tﬂe Syracuse, the Ames,
and the Battelle processes may represent explosion hazards due to
- their generation of fine coal dust. Research may be needed on
techniques fé control coal dustléxplosion hazards Qithin process

vessels.
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Other occupational health problems in chemical coal cleaning may
be associated with vapor andegageous emissions that may occur during
the various coal cleaning processes és a result of normal ventiﬁg and
bleeding operations or as a result of accidents. The nature of the
releases varies from process to proéess and- according to where in the
process stream the release occurs.

During the Magnex coal cleaning process, carbon monoxide and
iron pentacarbonyl are formed and may be released with vented vapors;
even with a CO recirculation system, some release may occur due to
bleeding (Contos 1978). Metal carbonyls are extremely toxic. Since
many coals contain small amounts of nickel and other tracé metals it
.1s possible that carbonyls might be formed.

Several of the chemical coal cleaning processes have the poten-
tial for release of.acid vapors with the vent gas. The amount re-
leased will be a function of ﬁhe scrubbers or other control devices.
The JPL process may release both Hp50, and HCl while the PETC
process may result in HyS04 release (Friedman 1979; Contos 1978).

In . addition to the potential release of acids, the JPL process
uses large qqantitieé of.methyl chloroform (l,l,l-trichioroethane) in
chlorination processes. Other as yet unidentified chlorinated organ-
ics may be geleased from this process‘as well as methyl chlbroform.

A number of the chemical coal cleaning processes may also result
in the release of nitrogen oxides., Of particular concérn for NOy4

are the KVB and the Ames processes, The Battelle and G.E. Cﬁemical‘
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-Coal Cleaning processes have the potential to release hydrogén sul-
fide. v .

The technology for measuring occupational exposures to these
chemicals appears to be adequate for the exposure evaluations that
need to be performed.

The C.E. Chemical Coal cleaning process uses microwave irradia-
tion‘to rapidly heat caustic-impregnated, ground coal. The present
laboratory-scalé experiments use radiation sources of a lkW, 2.4 GHz,
or-a 2.5 kW, 8.35 GHz generator (Contos 1978). With the use of the
powerful microwave generators required to clean coal by this process
on a commercial scale, some occupational exposuré to microwaves due
to incomplete containment could be expected.

Measurements of micro&ave field intensities in the.workplace
will be needed, and can be performed with available survey instru-
ments.' | |

The solid wastes that result from most of the coal cleaniﬁg
processes will be high in their content of trace metals, especially
iron. ,6ther metals such.as Ni, Hg, Cd, Pb, and Bé, which have known
adverse physiological effects, may also be expected to be present
(Contos 1978). 1If these 'solid wastes are not properly disposed,
leaching may occur which could result in the eventual entry of the
trace metals into the drinking water supply or into the- food chairn.

Recommendations

l.. In physical coal cleaning there is a potential for signifi-
cant exposure to coal dust, especially to maintenance
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personnel who must repair equipment in the event of a break-
down or failure.  When solvents are used for extraction or
flotation processes, the effects of these solvents and
mixtures on health must be evaluated.

2. In the chemical coal cleaning processes a variety of methods
have been suggested since each can pose specific problems
such as exposure to metal carbonyls in the Magnex process,
microwaves in the G.E. process, acid mists in the PETC or
JPL processes, or a variety of metals as a result of the
concentration/extraction processes. Each process needs to
be carefully evaluated as to its potential effect on the
worker's health. Appropriate control measures must be
instituted. ' ’

4,2.2 In Situ Gasification

In siﬁu gasificatiQn will involve a number'ofbdifferent opera-
‘tions with ﬁotential occupational health considerations. There will
be some mining and tunneling operations prior to undergfoﬁnd
ignition. .As a result, there will be»dust generation rgquiring
engineering controls to maintain acceptable dust levels. In new
workings Qithin an ongoing processing region, there‘may also be
underground fissures which permit entfy.éf gasification effluengs
from the older workings being gasified. AThus,'underground exposure
.monitoring should include measurements of combustion effluenté as
well as dust.

It is possible that the use of explosives to fracture under—-
‘ground coal seams c0u1d‘re§u1t in the creation of fissures not:con-
nected to the vent gas system. - Should this occur, various‘kinds of
gaseé, volatilized elements, and partially combusted hydrocarbons

might be released to the surface resulting in occupational and/or
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general population exposures. The trace gases and volatiles which
are likely to escape during coal combustion should include: ammonia
(NH3), hydrogen cyénide (HCN), hydrogen sulfide (H2S8), carbonyl
sulfide (COS), carbon disulfide (CS3), sulfur dioxide (s07),

meﬁhyl mercaptan (CH3SH), thiophenes, thiocyanates, trace organics,
and volatile trace elements such as Li, V, F, Na, K, Ca, Cl, Hg, As,
Pb,‘Cd, and Se (Jones et al. 1977)., The trace organics which might
be ehitte& during combustion are generally not well characterized.

The gases and volatiles released during coal combustion are
similar to those which qould be expected later during tﬁe cleaning
and upgrading of the product gas. Various sulfur-trapping devices on
the producﬁ streams are effective against SOy and HS, but COS
and CS, may pass through and, if they do, represent significant
exposure hazards.

Despite the fact that many incompletely combusted organics are
strongly bound. to the coal surface, séme of the most soluble will be
dissolved in the ground water. These will include pyridines, quino-
lineg, indoles, and phenols (PelLizzari 1978)., Since the exact iden-
tities of the compounds are unknown, it is difficult to determine the
magnitude of the potential effects should these complex organics
reach the drinking water supply or the food chain. These classes of
highly water-soluble organic compounds include known and suspected
carcinogens, irritants, and compounds of high toxicity.

- Some pf'the trace elements such as Hg, Cd, As, Se, and F also

exist in a soluble form and, if present in sufficient concentrations,
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could result in toxic effects. This would occur through drinking
water exposufe and through concentration of these traée_hetals up the
- aquatic food chain,

The'quan;ities of contaminants in effluents from in situ coal
gasification have not been adequately characterized. This is espe-
cially true for contaminanté, e.g., organics, trace elements that may
appear in.trace quantities (Pellizari 1978). Aqueous discharges at
different stages of coal conversionA(pregasifieation, conversion, and
waséewater treatmeqt) may differ in nature and quantity. The poten-
tial trace qontéminants from each of these pfocesses may also vary by
site accérding‘to coal type, pperational design,gand plant size.

Once a particulér site is characterized, a problem arises ip‘predic—
ting the extent of penetratiom of tars and pyrqusig products through
the coal or surrounding rock.

Recommendations

1. The major difficulty in measuring the emissions to the atmo-
sphere from in situ coal gasification is‘in identifying the
vent sites. Hence, characterization of the extent of the
emissions requires the development of strategies for assemb-
ling the sampling networks and meteorological data re-
sources needed for such evaluations.

2. The quantities and biological activities of the contaminants
in effluents from in situ coal gasification should be deter-
mined, T ‘

3. In situ-coal gasification can result in extra cracks or fis-
sures through which various noxious gases can escape and ex-
‘pose workers to significant levels, These gases can include
ammonia, hydrogen cyanide, carbon monoxide, and hydrogen
‘sulfide as well as a variety of organic compounds. For many
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of these, the effects on health are known. For others, such
as some of the complex organics, little is known concerning
their effect on the health of workers. It will be necessary
to monitor the areas where in situ coal gasification is done
to ensure that exposure of the workers is minimal.

4.3 End Use Technologies

4.3.1 Conventional Coal Combustion

The environmental contaminants produced by thé burning of coal
in boilers, power generators, and othef stationary sources have been
the subject of significant study. The oxideé of sulfur, nitrogen,
and carbon are the most abundant air cdntaminants,produced by tﬁe
combustion of coal. 1In 1974, about 20 million tons of 302 and 5
million tons of'nitrogén oxides (NOy) were discharged‘idfg_the en—
vironment from coal burning (Brown 1979). 1In addition to these
gaéeous contaminants, coal combustion also produces large quantities
of finely divided mineral particulates (flyash) that also escape into
;he environment. The ash contains toxic trace elements such as leéd,
mercury,_érsenic, And_éadmium (Brown 1979)4‘ Thgse elements ﬁay also
be prgsent_és'vapors as well as adsorbed on the surface of flyash or
other fiﬁe pérticle emiséions.' To lessen the air pollution load,
increas;ng amounts of flyash are being remove@ from the stack com-

‘poneﬁté by precipitaﬁors and other devices.

Coqventiongl coal burning can lead to exposures of workers to
S07 depending upon_the'amount of gplfpriin the coal dyst.‘ Exposure
pan:occur during the addition of the coal to the burners or as a

result of "blow backs” through the furnace door. Even though the ash
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may be handled mechanically, there can be breakdowns or failures that:
will require maintenance personnel to enter the ash hoppers. Signif-
icant exposures can occur during these procedures.

Coal generally contains minor traces of radioactivity; concen-
trations are highly variable and range'from 0;001 to 1.3 picocuries‘
per gram (U.S. Environmental Protection Agency 1978b; U.S; Energy
Reseérch and Development Administration 1977). Radioactive releases
of uranium, radium-226, thorium, and their daughter producté may
result from the burning of both Eastern and Western coals, with the
amounts. of each emission depending on the source of the coal. These
fadioacﬁive elements are not entirely released in stack g#seé; large .
qﬁantities of radium remain with the ash. The estimated annual
release rates for radionuclides from a 1000 Mﬁ(e) coal fired'powér-
plant result in 0.04 to 0.35 mrem/yr whole body doée.as a maximai

-anﬁﬁal dose committment per individual (Van Hook 1977). 1In assessing
‘the radiation dose from coal combustion, it is useful to compafe,the
average AOSé equivalent rate for the whole body from‘natural sources
which is 80 i_40'mrem/yr, with that for coal combustion of Q.007>
mrem/yr. The'panel éid not address the radioactive releases from
coal in detail and tended to agree wigh Van Hook (1977) that |
"atmospheric releases of radionuclides from increased coal coﬁbustion
dé not represent a significant public health problem unless coal
éontaining greater than 5 ppm uranium éomes into general use.

Radiation releases from ash disposal sites have not been evaluated."
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Accurate measurement.of‘emiséions is difficult, esbecially with
regardvto the measurement of fugitive emissions and of the more vola-
tile constituents in the stéck discharges. Furthermore, as the
~ importance of the fine-pérticulates is recogniged, it becomes_more
iﬁportant to meaéuré the concentrations and compositions of.the fine
primary particulates as well as the concentfatiéns of the condensi-
bies which forﬁ or condense on fine partieulates in the atmosphere.

Air.pollution "episddes" of the Méuse Valley, Belgium in 1930,
of Donoré, Pennsylvania in 1948, and of London in 1952 and'1962
proQided clear and dramatic.evidence that tﬂe atmospheric préducts of
unconéfolled combustion of fossil fuels can be iethal to exposed
populations. In the larger cities of New York and London, several
hundred to several thousand excess deaths were attributed to each of
the several 2 to 4‘day episodes reported iﬁ the 1950s and early
1960s. Concentrations of the sulfur oxide/pa?ticulate complex (SO,
ana particulates'were the onl} indices of air pollution monitored)
genérally excéeded 1000 pg/m3 during these episodes (Schrenk et al.
1949; Gréenberg ef al. 1963; Ministry of Health 1954); these levels
afe:3 to 4 times exiéting U.S. air qﬁality standards.

Following recogﬁition of the significant.mortality effects of
uncontrolled éir pollution, a number o% epidemiology studies focus-
ing on disease and dysfunction in exposed populations were initiated
in an éftempt to identify the overall public health iméact of_thé aif

pollution typical of many urban areas in the 1950s and 1960s. These
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studies have been reviewed in a number of comprehensive reports
(National Academy of Sciences 1973, 1974; Coffiﬁ'and Stokinger 1977;
" Royal College of Physicians 1970; American Thoracic Society 1978).
The major health effects attributed to the sulfur oxidé/particulate
complex and the levels at which adverse effects might be expected in
some exposed individuals afe presented in Table XIII, which is taken
from a report of a World Health Organization expert committeé on air
quality criteria and guides for urban air pollutants (World Health
Organization 1972).

It is important to note that the epidemiological evidence upon
which the numerical estimates of Table XIII are based were derived
from studies of populations exposed to relatively uncontrolled fossil
fuel combustion products, at a time when there were a number of major

contributors to the unﬁealthy air environment. The major combustion
sources included:

(1) smoke from domestic coal burning stoves, boilers, and open
grates ' :

(2) emissions from uncontrolled fossil-fueled power plants

(3) uncontrolled combustion products from boilers in factories,
schools, incinerators, and other point sources

(4) products of uncontrolled automobile emissions
(5) localized emissions associated with specific industrial
- processes such as lead smelting, petrochemical refining,
‘solvent use, etc.

These emission sources were often concentrated in urban areas,

and their combustion products resulted in a visible blackening of
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TABLE XIII

EXPECTED HEALTH EFFECTS OF SULFUR OXIDE/PARTICULATE
AIR POLLUTION ON SELECTED POPULATION GROUPS™

Pollutant Concentrations ( g/m3)

 Effect , - S0,. Smoke

Excess mortality and hospital admis- 500 (0.17 ppm) " 500

sions : . (daily average) " (daily average)
Worsening of patients' pulmonary 250-500 (0.08-0.17 ppm) 250

~disease ' (daily average) (daily average)
Respiratory symptoms and veﬁtilatory 100 (0.04 ppm) 100

function changes E (annual arithmetic mean) = (annual arithmetic mean)
Vigibility and/or human annoyance 80 (0.03 ppm) : . 80, .

effects ” A : (annual geometric mean) (annual geometric mean

Definition of abbreviations: SOZ = sulfur dioxide; ppm = parts per million.
*Source: World Health Organization 1972.

'British Standard Practice (Ministry.of Technology '1966). See text for comparability with
U.S. methods.



buildings, clothing, the atmosphere, and the lungs of the exposed
population. It was impossible to deterﬁine whether one pollutant or’
a class of pollutants was solely responsible‘for the observed health
effects. The quality and quantity of air pollutants in.the urban‘
‘environment undoubtedly varied greatly from place to place and from
hour to hour, as a function of varying emission strengths, meteoro-
.logical conditions and population mobility. Epidemiology studies
were designed to demonstrate the extent to which excess disease and
dysfunction could be reasonably attributed to the complex air
environment, but it was not possible to specify which pollutant of
the complex mixture was fesponsible for the observéd effects.
Epidemiologists relied on a few index pollutants, usually suspended
pafticulate matter or smoke and SO;, to characterize the air
environment.l No attempt was made to describe chemicaily ﬁhe entire
pollutant complex and there is no reason to believe that the
unmeasured pollutants bore a constant relationship to the measu;ed
indices, SO; and particulate matter.

Since 1960, significant changes in emission sources have taken
place. Homes are now heated by natural gas, oil, or electricity, and
coal burning in homes has virtually disappeared. Power plants are
equipped with electrostatic precipitators, or bag houses and tall
stacks., Many power plants have shifted to low sulfur coal, oil, or
natural gas. Since 1976, hydrocarbon and CO emissions from new -

automobiles have been reduced from 1970 levelé,by nearly 90 percent.
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Many. major industrial emission source categories have been regulated.
These changes have been accompanied by a dramatic decline in atmo-
spheric levels of 50y and parti¢ulates in many U;S; cities, as
illustrated for New York City in Figure 10 for particulate matter and
in Figure 11 for 805, Largely because of the switéh from coal to
0oil, natural gas, and electricity for home heating, it is now
possible to achieve more complete combustion of‘fossil fuels within
cities, and this change has resulted in a 3-to 10-fold reduction
between 1960 and 1975 in benzo(a)pyrene levels, which serve as an
indicator of other polycyclic organic compounds related to the
completeness of fuel combustion (Hoffman and Wynder 1977). Overall,
these changes in emission sources have resulted in lower ambient
concentrations of the sulfur oxide/particulate/BaP complex as
-measured by S02, total particulate, and BaP networks.

At the same time, there is evidence for increasing acidity in
rainfall and in lakes of the Northeast and Midwest. These findings
suggest changes in the ambient particulate maés'that are not re-
flected in the usual measures of ambBient air quality. Likewise,
there is good reason to believe that the proportion ofA;espirable
particies is increasing, but little is known about the absolute
amount of respirable particulate which would be much more important.

A number of undefined changes in organic aerosol emissions have
also probably occurred and very likely are related to the changing

,use pattern of additives in gasoline, imperfect operation of
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Soﬁrce: Eisenbud, 1978.

 FIGURE 10 |
TOTAL SUSPENDED PARTICULATES IN NEW YORK CITY
(1930-1976)
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New  York Citywide annual average SO2 concentration (1954-1976).

\

Source: Eisenbud, 1978

‘ , FIGURE 11
NEW YORK CITYWIDE ANNUAL AVERAGE SO, CONCENTRATION
(1954-1976)
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catalytic mufflers, introduction of diesel engines in passenger cars,
and introduction of new chemicals in the manufacture of industrial
and consumer goods.

Thus, quantitétive and qualitative changes in air quality have
occurred since the 1950s and 1960s. These air duality changes are
not weil reflected in the usual indices of the sulfur oxide/ | |
particulate complex. |

The generalized reduction in ambient particulate and sulfur
oxide concentrations since the late 1960s has been accompanied Sy the
virtual disappearance of recurrent and readily detectable lethal air
pollution episodes in England. Likewise, differences in respiratory
illness rates between more polluted and.less polluted communities
appear to have diminished considerably, to the péip; where some
investigators claim that present levels of air poliution represent
little or no health risk. Whether these cldims are supported by
recent epidemiological evidence is queétionable, but tﬁére is general
agreement that if the sulfur oxide/particulaﬁe complex is affecting
health, these effects are less severe and iess easily detectable than
they were 15 to 20 years 5go. |

The burning of coal also produces solid waste materials that re-
quire aisposal in environmentally compétible ways. The bulk of this
residue is bottom ash formed by the nonvolatile mineral matter in the
coal., .In addition, to lessen the air pollution load, increasing

amounts of flyash are being removed from the stack components by

103



precipitéﬁors and other devices. About 70:mi11ion tons of bottom ash
and fiyash result annually in thé U.S. from coalecombustion (Wewerka
et al. 1976). There is growing awareness that the discarded solid
wastes from coal ébmbuétion may themselves be a serious source of
‘envirbnmental contamination as well a§ expo;uré to workers. In par-
tiCular; these materials may'bé subjected to leaching by rain water
or surface flows that could produce mineral or.trace element contami-
nation.

" Energy-related water discharges from coal-fired power plants can
be either continuous or intermittent. Continuous dischérgés'include
flows from.cooling water éystemé and boiier blowdowns. intermittent
dischérges include flows from boiler water pretreatment operations
such as ion exchange; filtration, clarificaﬁidn, and.evaporapion.
Other intermittent discﬁarges include those from stack cléaning in
which High pfessure watet is used to clean flyash and soot from
stacks and cooling tower basins. The major water pollutants are
" likely to include suspénded solids, metalé; and othér cﬂemical wastes
such as corrosion inhibitors and antifouling agents (Brown 1979).

Data on accidents associated with electrical powér generation
are sparse. Present Federal Power Commission (FPC) regulations re-
quire accidents to be reported to the FPC only Qhen loss of power
occurs. Thus, it is conceivable that an exploéion in a boiler kill-
ing or injuring many Qorkers will not be reported because an auxil-

“iary boiler or generator took over and prevented a power outage.
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Many state regulatory agencies have reporting requirements which are
more strict than those for the Federal government (e.g., the New York
State Public Service Commission).

Recommendations

l. The potential for causing effects to human health should be
determined for solid waste residues from coal-fired boilers.

2. In light of the recent concern expressed by D. Costle of EPA

' over the potential health impacts from the radionuclides
released as a result of burning coal, the health panel feels
this problem should be examined in greater detail (U.S. EPA
1979). ' '

3. Radioactive releases from disposed flyash should be ex-
amined. -

4.3.2 Fluidized Bed Combustion (FBC)

The extent of occupational health hazards for personnel in and
around FBC boilers will depend upon whether they operate at atmo-
spheric pressure or are pressurized. The hazards_may be expected to
be similar to those for conventional pulverizgd coal combustors such
as those from heat, noise, énd coal dust. One difference is that the
fluidized bed coal combustion processes use large quantities of pul-
verized limestbne or dolomite to absorb 5072. Limestone is_con—
sidered a nuisance pollutant. However,.it can act as a pplmonary
irritant and excessive exposure may cause chronic bronchitis or
emphysema (ACGIH 1976). Occupational exposure may be'expec;ed to
result from transportation to, and storage at,‘the.plant site and
from stack particulate emissions. There is some indication that the

use of impure limestone contaminated with quartz may also pose a
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thfeat of silicosis to‘the occupational population. Since the poten-
tial occupational hazards are due to conventional agénts, there does
not appear to be any special problem in measuring the exposures which
occur. |

S04 and NO, emissions are not expected to represent'particu-
lar hazards from fiuidized bed combustion and are expected to be
within the standards éet.by EPA for coél—fired power plants (Brown
i9?9).' However, carbon monoxide (CO) emissions are. expected to ex-
ceed those from conventional coal-fired boilers because of the in-
c?ease in temperature and decrease in excess air lévels (Abelson
1977).

The idenfitiés of the trace organiés emitted from the stack have
not been well'éharacterized since this technology is still develop-
mental, it is also not known ‘'whether they pose paréiéular health
threats. Among the organics idéntified in one preliminary study
(Murthy et al. 1978), the'fpllowing species are known or Suspectéd
carcinogens: anthracene, methylanthracenes, pyrene, benzo(h)bhenan—
threne, benzofluoranthenes, andAbenzo(a)pyrene. Until the actual
emissions are characterized and tested, howevér; the extent of the
hazard is unknown. Available sampling and analytical techniques
appear to be adequate for ‘defining the extent of atmospheric
emissions and ambient concentrations of the pollutants generated by

FBC.
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.Solid wastes from fluidized bed combugtion processes coasist of
spent sorbent (limestone or dolomite) and collected pgrticulates from
the pérticulate emissions control devices. These residues diffgr
markedly in both chemical and physical propgrties from those of
bottom ash and'flyash from conveational coal-fired boilers ana
therefore, can be expected to have different biological properties
" (Abelson 1977). The amount of ash generated requiring disposal is
also greater fo; FB¢. |

Spent sorbent contains'large qugntifies of calcium suxfape, un-
reacted caléium oxide, and if dolomite is used, magnesium oxide.-
Minor amounts of calcium sulfite and caléium sulfide may also be
present. The go}ids may also be expected to contain trace metals;
As, Be, Cd, Hg, Pb, Sb, Se, Te, Al, Fe, and Si (Abelson 1977). Some
of theseAare'knpwn carcinogens, and for many trace metals excessive
exposure may lead toltokic'reactions.

Exposure to solid wastes caﬁ be expected to occur during dis-
posél anq through drinking waterrorrfood chain exposure shoul@ lgach-
ing occur. |

~Both EPA and DOE have programs to chargcterize the effluents and.
wastes both biologically and chemically from atmospherip pressurized
fluidized bed cqmbustion.'

A serious accidept can occur at a steam generating plant fromA
explosion of the boiler. Pressuri;ed FBC boilers operate at a com-
bustion temperatures of approximately 1500°F (816°C) and pressures up

to 10 atmospheres. Such pressures can present an explosion hazard.
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The probébility of explosion can be increased by the high dynamic
stresses caused by high temperaﬁure and erosion in localized areas
where temperatures may be greater than 1500°F (816°C).

Several additional but infrequent accidents ean occur in the.
steam generating élant. Subatmospheric préssure in the gondensér
could cause an explosion, destroying the condenser. A tube ruptureb
in the boiler can occur, leading to damége to the equipment as weil
as shutdown. A high-pressure, high-temperature steam line could'
rupture causing injury or death to hearby workers. Stafisticg on
these accidents are not available.

The most sévere.accidents which may occur at'a'gas turbine plant
" are explosion, asphyxiation, and rupfured line;; Explosion, with
possible subsequent fire, cén occur in the turbine; compréséor, com~
bustor, and recuperator. 'In FBC gas turbine:and steam plants,‘explo-
sions may occur in the fluidized bed'combustor system with éjection
and dispersion of the bed contenfs. The containment vessel in an
atmospheric fluidized bed>system could rupture as a result of acci-
dental pressurization, whereas p;essurizé& vessels can suffer burn-
through and explode. Both atmospheric and pressurized fiuidized bed
systems,.fired with coal, also run‘thé riék of fire from spontaneous
combustion. In addition the fluidized bed coal combustor could
release alkali metal hydroxides throﬁgh leaks; pressure ruptures,

error, or spilling. In the condensor or boiler an accident could
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occur which would result in an alkali-metal-water reaction causing

fire explosion.

Recommendations

1. The extent of the thermal/combustion hazard from. the ex- =
othermic reaction of lime in the ash from FBC and water
should be determined. '

2. Work place monitoring to determine levels of CO and other
pollutants associated with FBC should be performed.

3. It should be determined whether limestone dust represents a
workplace hazard in FBC. Silica contamination .should also
be considered. '

4.3.3 Magnetohydrodynamics (MHD)

Magnetohydrodynaﬁic combustion of coal is stili in the experi-
mental stage, though one or two pilot plants are being estabiiéhed.
Occupational exposure to strong magnetic fields is likely to occur
during MHD combustion of coal. The éffects of chronic'exposuré'ta"
magnetic fields are not well known, but neurological, behavioral, and
circulatory effects have been documented (Kleiner et al. 1975). ﬁé-
search is needed to define the potential eiposuré levels to the MHD
magnetic fields because the technology is still largely experimental.
Dose-response relationships between magnetic fields and physiological
effects are not well characterized, and little U.s. research has been
devoted to this area.

" MHD combustion’technology also ‘introduces some other special
‘occupational hazards which result from the use of potassium carbonate

‘séed to produée the necessary electrical conductivity in the
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combustion products. The handling and ihjection of the seed and the
regeneration of the seed can cause excessive occupational exposures.
Seed regeneration involves the release of the sulfur captured by the
seed, generally as H3S.

Although the pofential hazards from exposures to magnetic
fields, noise, heat, and process leaks may be severe if proper en-
gineering controls are not built in and maintaiqed, the measurement
technology available for monito;ing the extent of the occupational
exposures appears to be adequate,

Because of the developmental state of the MHD fechnology, char-
acterization of the air emissions is far from complete. Most of the
concern with MHD emiésiqns has been directed toward those pollufants
emitted from the stack. S0y eﬁissions are expected to be lower
than those from conventional coal-fired power plants, but NOy emis-
si§n$ are exp;cted to be up to ten times higher due to the higher
operating temperatures (Strom 1978).' At the present time, the pre-
.dicﬁed MHD NOy emissions exceed the National Primary Ambient Air
Standard set by EPA (Strqm 1978). For this reason major design
efforts are underway to reduce the magnitude of NO, emissions ahd
hence the related health hazard.

MHD is also expected to result in more fine (<2.54) particulates
being released thaq from conventional coal combustion (Schmidt»et ai.
1976). This would increase.the réspiratory hgzard since finer par-

ticles are more likely to be retained within the lungs.

110



Organic compounds are not expected to be a major problem with
MHD since the higher temperatures Qill result in more cdmpleﬁe.cbm-
bustion. Most of the organic compounds that afe released will prob—-.
ably be adsorbed onto the surface of the particulates (U.S. DOE '
1978). B

Because potassium carbonate is used to seed the open—cycle'MHD
processes, flue gas releases can be expected to be contaminated fb
somé degree with alkéli salts despite recycling of the seed (Nader
1978). The magnitude ofvthis potential problem ;nd thé_exéct néture
of the effects résulting from chronic exposure are unknown.

Volatile trace metals can aléo be gxpected to occur as part of
‘the air emissions from‘MHD processes; These wouldlinclude Hé,.As,
Zn, Ba, Cd, v, ;nd Se (Matray 1976).

The solid wastes resulting froﬁ MHD open processes can be ex-
pected to contain fewer heavy metals and trace drganic compoundé'due
to'tﬁe high températures of combustion than.the wasﬁes from standard
coal combustion téchniqﬁes (U.S. DOE 1978). The potassium carbonate .
used to séed the reécfion will, however, be present in increased |
amounts in the Sélid Qastes; despite recycling (Matray 1976). When
these solids are disposed, the leaching of the potaséium alkaiis and
salts may result iﬁ an increase in salinity of local‘watéf supplies{
It is not known whetherAthis poses é threat to persons on restricted

potassium intake diets,
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. Recommendations

1. The potential for exposure to magnetic fields and resulting
health effects should be evaluated for MHD.

2. The potential for occupational injury from alkaline slags
from MHD should be determined.

3. The potential for alkaline contamination of groundwater
should be evaluated.

4.3.4 Coal-0il Mixtures (COM)

The use of ooal-oil mixtures in power plants will require facil-
.1t1es for comminution of the coal, mixing the f1ne1y divided coal
with the 011, and storage of the mixture in suff1c1ent volumes to
assure a continuous supply to the boilers; The only operation that
eppears.to introduce a-potential occupational exposure problem
different from those normally present in conventionsl coal- or oil-
fired plants is the size reduction of the coal.‘ Tne coal in'the
mixtures requires'norelcrushing and grinding than in conventional
powdered coal conoustors; Tnere will therefore be a greater poten-—
tial for exposures to respirable coai dust and dust explosions.
‘Diligent appllcatlon of avallable exposure measurement and control
technology should prevent exeess1ve coal dust exposures.

Recommendatlons

1. The effeets of catalytic trace metals from oil on the con-
version of sulfur in coal to S03 and H2S04 in the ef-
fluent air needs to be investigated.

'4.3.5 Cocombustion with Municipal Solid Waste (MSW)

Because potentially pathogenic bacteria and viruses are present

in municipal solid waste, the use of MSW in a coal-fired power
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fécility will increase employee exposure to these organisms (Hall.et

al., 1979). Increased occupational exposures will occur mainly-in the
refuse receiving and classificgtion areas. The occupatioﬁal popula-

tions can also be exposed to aerosolized pathogens from the cofiring

'process (Diaz 1976).

A study of the pathogens in MSW indicates that a largg portion
of fhem afe derived from animal rather than human wastes (Duckett
1978). Among the pathogens identified in MSW samples are Salmonella,
stteptococci, enteroviruses, and certain bateria and parasitic cysts.
Although micfobiological sampling techniques are difficult and seldom
performed, they are available and can be used effectively. |

The cofiring of-coal and MSW is expecfed tﬁ_result in increased
atmospheric feleases of Pb, Br, and Cl at levels which could exceed
acceptable ambient exposure levels. The Br and Cl will result in
: aciﬁ forma;idn which can be an inﬁalation hazard or result in acid
rain damage to structures and vegefatibn. Other volatilized elemenfs
ma} be releaéed in increased quantitiés over”those from coal alone,
but are hot expected fo result in excessive exposures. These
include: Sb, As, Cd, Hg; and F,.

.The cofiring of coal and MSW also results in the release of
complex 6rganiés,'bacteria, and viruses. The emission controls used
for the cofired\boilers will usually be less efficient than those in
a>c6nventional coal-fired plant, resulting in increased.emissions per

Btu.
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The concentrations of the elements Br and Ba are expected to
increase 1in the bottom ash and flyasﬁ resulting from céfiring‘of coal
and refuse derived fﬁel (RDF) and may, under certain conditions,
result in adverse health effects. Bromine containing compounds may
be strong irritants and can, in sufficient quantities, cause lung
damage (Britt and Hushon 1976). Barium may increase the salinity of
ground water if leaching occurs and might pose a threat to persons on
.restricted sodium intake diets.

Other trace elements which occur in higher concentrations in RDF
than in coal and which are expected to increase in the bottom ash and
flyash are: Cd, Cr, Cu, Ti, and Zn. Releases of these metals are not
. exﬁected to .occur at levels which woﬁld pose a threat to human health

should leaching occur from solid waste disposal sites (Fiscus 1977).

Recommendations

l.. Evaluate effects of occupational exposure to increased’
pathogen levels associated with cofiring of RDF and coal.

2. Evaluate exposures to cadmium and chlorinated hydrocarbons
as a result of cofiring of RDF and coal. '
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5.0 - EPIDEMIOLOGICAL STUDIES

5.1 1Introduction

‘In assessing the human health consequences of the various cpal;
baéed enérgy technologies, epidemiélogical studies provide a funda-
mental means for obtaining insight into the relationship between thev 
actual complex human environment and the resulting risk of human
disease. Using appropriate measurements of exposure, diSeasé, énd‘
extraneous risk factors, thé epidemiologist can identify whether
excess disease or dysfunction can be reasonably attributed to a .
specific énergy—relatéd, occupational, or commynity environment.

The‘strenéths and limitations of the epidemiologicai approach’
need to be appreciated. An overridiﬁg'strength is the'aﬁility to
make observations on aétual exposures of-ﬁopulation groups and to
relate these exposures &irectly to disease or dysfunction in humgns.A :

~To make a valid association between envitonmentai or occgpational.
expoSure-and disease, the epidemiologist must simultaneéusly assess
the poteﬁtial’contribution of other fiék factors for the‘disease éf.
interest. While it is often difficult to account for all pertinent
risk factors, the epidemiologist can and must determine the distribu-
tion of major risk factorslin his study population and demonstrate
that he is effectively adjusting for the possible effects of these
extraneous factors. Too frequently, information on impor;ant extra-

neous risk factors is not obtained, but this deficiency simply
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reflects the inadequacy of the epidemiological design and is not an
inherent limitation to the epidemiologiéal approach.

The disadvantage of even well-designed epidemiological studies
of occupational and community environments .is the limited ability of
‘the epidemiologist, or of anyone else, to characterize the coﬁplex
environment to which humans are exposed. With few exceptions, it is
not feasible to determine that one component of a complex environment
is‘responsible for observed health effects, and only a few well-
established indices of envirommental exposure can be utilized in most
epidemiolsgical investigations. These indices are useful in demon-
strating that there is a difference in exposure between two or more
population groups, but it is rarely possible to use these indices to
obtaiq integrated dose estimates of individual exposures or to deter-
mine whether the index pollutant is necessarily the "causal" agent
responsible for disease excess.. Thus, epidemiological studies seldom
can be used to partition the effects of one environmental component
from another and rarely.can be used to arrive at replicable dose-
response relationships.

Nevertheless, epidemiological evidence can be used together with
experimental. results derived from pollutant-specific studies to
evaluate whether disease excess can be attriﬁuted to a certain occu-
pational or community environment, 'and to judge whether this disease
-excess, if observed, is most likely to be associated with a suspect-

ed, hazardous component of that environment. For example, epidemio-
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logical studies have shown that océupational groups exposed to

asbestos, uranium ores in underground mines, or bis-chloromethyl

ether are at greater risk of lung cancer. Such evidence can serve as

a basis for intervening in the work environment. Likewise, epidemio-

logical studies can be designed to follow population groups exposed

to a new environment produced by an energy technology, and conclu-

sions can be drawn from these studies concerning differences in acute

or chronic disease risk between exposed and control or reference pop-

- ulations. There is no substitute method to obtain such information.

Recommendations:

1.

4,

Retrospective cohort mortality and case-control studies,
specific for cause of death, should be conducted on coal
mining groups to evaluate relationships of mortality with
type of mining experience and with disability experience of
coal miners. Tobacco use and other extraneous risk factors
need to be considered for these groups.

The risks of coal workers' pneumoconiosis and chronic
obstructive lung diseases need to be related to coal mine
dust levels, with control for other risk factors and
considering the possibility of enhancement of risk by
ethnicity, tobacco, or other modifiers of disease risk.

Epidemiological studies on the frequency of, and risk fac-
tors for, hearing disorders among coal miners should be
conducted, including the contribution of occupationally
related noise to accident potential in coal mining. Similar
assessments of vibration effects should be made.

Epidemiological studies should be conducted to compare
health and pertinent functional effects in coal miners
exposed to diesel or to electric-powered vehicles under-
ground. Studies should include an assessment of pulmonary

. effects, noise, vibration, and heat.

More extensive epidemiological studies of surface miners
are needed. ‘
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6.

10.

11.

12,

The adequacy of heat-stress standards and practices in
underground mining should be studied by epidemiological
methods. - -

Reproductive effects of the working enviromment associated
with various coal-based energy technologies need to be
evaluated. Attention should be. given to effects on both
working women and men including effects on fertility
patterns, reproductive organs, and other target tissues
subject to estrogenic or androgenic influences.

The 'possible accumulation of trace metals related to coal-
based energy technologies should be studied in
occupationally exposed groups and in communities located
near energy sources. The potential interactions of such
heavy metals as cadmium and lead with essential body
minerals such as copper and zinc should be examined in terms
of cardiovascular disease in humans.

The reported excess of gastrointestinal cancers among coal
workers should be evaluated, with due consideration given to
oral tobacco use, ethnicity, and other known risk factors.
Similar studies might.be conducted in communities located
near coal-based energy facilities.

Prospective studies are needed of workers exposed to emis-
sions and other byproducts related to advanced coal technol-
ogies., Similar studies should be instituted in communities
adjacent to these facilities.

In situ gasification poses a risk of worker exposure to

vented gas streams. -Epidemiological studies of these occu-

pational groups should be initiated.

The potential effects of worker exposure to microorganisms
and to antibacterial disinfectants at coal cocombustion with
municipal solid waste facilities should be evaluated.

5.2 gpidemiological'Assessment of Community Exposure for the
Expanded Use of Coal Technologies

Increased use of coal in the 1980's does not imply a reversion

to the polluted ambient air conditions of -the 1940s and 1950s. Coal

will not be burned in uncontrolled home boilers and fireplaces but in
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processes that will achieve very efficient combustion and consider-
able removal of sulfur from thejgas stream. The resulting air émis-
sions will be quantitatively different from the particulate and
organic complex of sulfur oxides that was associatgd with adverse
health effects previously Qescribed.

Epidemi§logica1 studies can be}@esigned to address the question -
whetber the complex air environment created Sy new coal technologies
is a risk factor for adverse health effects. In conducting these
studies, thg epidemio}ogist must be able to contrast population
groups exposed to different air environments., If excess disease or
dysfunction can be attributed to one of’thé air environments, while
controlling for extranedus risk factors and other sources of bias, it
is possibie to cqnclude that thevai; envi;onment probably is adverse
to health. Repli;ation of these results for other populations simi-
layly exposed strengthens the argument.

However, the most difficul; component of theseAstudies is the
characterization of_pqpulatiqn or indiQidual exposure to ai? pollu-
tion. To evaluate the newer coal-based technologies, exposure cannot
be ;dequgtely assessed in terms of the usual indices of air quality
especially when these indices are deriveavfrom stationary outdoor
moniFors of 8507 and total particulates alome. Additional factors
in'the air environment that need to be considered include:

o transformation products of 804

e respirable or inhaled particulates
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e organic aerosols

e ‘indoor sources of pollution
While it is undoubtedly true that all four of these environmental
factors previously contributed to population eiposures in the 1950s
and 1960s, the indices of SO, and total particulates were generally
thought to be adequate to classify population exposﬁre to ambient
pollution. The significant decline in S0, and total particulate
levels during the 1970s makes it much more difficult to characterize
differences in individual exposure without making specific assessment
of respirable particulates and indoor exposure, in addition to the
other factors mentioned above,

With reductioq in ambient particulates, it is particularly
important to evaluate indoor sources of particulate exposure. In
ascribing the exposure of all residents of a community to the avérége
value recorded by a stationary outdoor particulate monitor, the epi-
demiologist will invariably misclassify exposure status for many
study participants. In an apparently "exposed" community, a number
oprersons will spend a considerable portion of their_time in a rela-
tively clean home or office environment, while others in the same
community'will-Be more exposed to both outdoor and indoor sources.of
particulates, A similar potential for misclassification exists 'in
the "unexposed" or contrbl communities, If diseased and nondiseased
individuals in each study community are equally misclassified, any
estimate of an effect of air pollution on health status wiil be sys-
tematically biased towards the null hypothesis of no association.
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It is now possible to monitor personal exposure to air pollu-
tants, and to assess ¥espirab1e particulate:concgntfations. These
impfbved methods need to be inco;pbrated ihtp epidemiological studies
designed to eyaldate the impact of the newgr‘coal-Baséd technologies.
Unforténately, direct measurements of brgahic aerosols or of atmOSf
pheric transformation products of S0 have not been develoPed for
population studies, However, it may be bossible to develop surrogate
measures of exposure to organic aérosgls based dpon the proximity of
study groups to organic emission sourcés. These.surrogéte measures
could be validated by apprOpriate'éhemiéal analyses of air samples,
but considerable exploratory research is required on this issue.
Différénées in p0pulati6n exposure to atmospheric transformation pro-
ducts of S0y also require,egbloratory studies.

Related to these exposure assessments is the need to detefﬁine
to what extent the newer coal;based feéhnologies will contrgbufe‘fo
géneralized or local population exposure to orgénic aérésols, re;pif-
able particulates, transformation‘products of S0y (or NOé), and
to acid aerosols. Disease risk is expected to be propoitioﬁai.to
population exposure fo these faétors,;though ;ome emissioﬁs by-
products are likely to be 6f moré concern than ofhers:<l

Recommendations:

1. Prospective community-based studies of populations in the
vicinity of advanced coal-based energy facilities should be
instituted. These studies should incorporate environmental
assessments related to exposure to inhalable particulates,
indoor sources of pollutants, and, where pertinent, assess—
ments of exposure to organic aerosols,
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2. Epidemiological studies are needed to determine whether the
air environment characterized by the generally lower air
pollution concentrations found in the 1970s continues to
pose a public health hazard. 1In these studies, newer
indices of inhalable particulates, aerosol acidity, and
possibly organics should be evaluated and, where
appropriate, utilized. Likewise, individual exposure to
indoor sources of pollution, as well as to extraneous risk
factors, must be carefully evaluated in these studies.

See recommendation 3 in section 6.3.1.

5.3 Evaluation of Carcinogenic Risk to Populations

Assuming that a variety of laborafory methods will be utili;ed
to assess carcinogenicity, the carcinogenic risk to populations asso-
ciated with coal-based technologies should also be directly studied
by epidemiological methods., The long 1atenc§ for development of most
chemically caused cancers will probably prevent investigators from
arriving at firm conclusions within a decade, thus considerable
thought will have to be given to the selection of study populations
and to measures of carcinogenic exposure. The possibility that early
biological markers of cancer risk might be ufilized should be consid-
ered as a means of bridging the latency problem.

Recommendations:

l. Since coal emission products are known to contain a number
" of potential carcinogens, the issue of population exposure

and methods to evaluate carcinogenic response of populations
to exposure to these products should be addressed nationally
through symposia, interagency task groups, the National
Academy of Sciences, or other approaches. Baseline data on
exposed and control populations should be acquired in the
near future, and thus it is desirable to address the complex
aspects of study design in the near future.
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6.0 EXPERIMENTAL STUDIES

6.1 Pulmonary Effects

6.1.1 Introduction

l

The lung is the first organ to encounter airborne ageﬁts result-
ing from coal production and utilization. Both occupational and
general populations are exposed to substances such as polycyclic aro-
matic "hydrocarbons, heavy metals, radionuclides, and halides which
occur in both gaseous and particulate forms. Some-compounds‘enter
the lung and cause local or general puimonafy'toxicitf; others enter
via the lung'and exert their toxic action‘elsewhere.

Contdct of inhaied vapors with the surface of the respiratbry
tract is governed:bY‘laws of‘diffusion, Subsequent behavior of
vapors 'is dependent on the physicél and chemical properfies of the
specific gas or vapor. Depositionlof particulates in various‘ldhg
compartments is a function of bréathing'kinetics and the size of the
particle. The three major deposition mechanisms are impaction{ sedi-
mentation, and diffusion. The importance of these mechanisms is a
function of particle sizé with large (>3 umj particles depositing
primarily by impaction and very small (<0.5 um) particles depositing
by.diffusion.

‘Soluble particles will rapidly dissolve in the mucus and enter
the internal milieu where the chemicallnature.of the material governs
its subsequent behavior. Imsoluble particlés deposited in the upper

regions of the respiratory tract (nasopharyngeal and tracheobronchial
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regions) are usually removed by the ciliated epithelium (mucociliary
escalatof) relatively quickly and expectorated or ingested. Parti-
cles reaching the alveoli can be absorbed into the bloodstream or be
phagocytized by the alveolar or interstitial ‘macrophages. Alveolar
macrophages are thought to end ﬁp on the mucociliary escalatof,
whereas interstitial macrophages are thought to enter the lymphatic
system and deposit material in regional lymph nodes. Inhalation of
large numbers of particles can overwhelm the macrophage response
resulting in formation of gfanuloma;ous-like lesions.

The assessment of toxicity of air pollutant mixtures, water
pollutants, complex liquids, etc., is difficult. One apﬁroach is to
consider individual components of the mixture singly and then begin
to add them together in order to see if the toxicity of the mixture.
ié different from those of the individual agents., The antithesis of
the above is to conduct animal studies on complex mixtures found in
thg environment. An obvious shortcoming of this approach is the
difficulty of simulating the atmospheres that are encountered in the
environment. This approach also suffers from the fact that the
pollutént concentrations.areAusually low, often leading to negative
results. Negativé results are difficult to intefpret because of the
low doses used, the limited number of animals employed in the study,
and species specificity. Furthermore, if éositive results are

observed, it is not possible to distinguish the causative agent(s).
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A second major dilemma in assessing toxicity is what concen-
trations of agents to study. Toxicologists, in evaluating health
éffectg, ofténxexpose animals té.concentrations‘of compoundg'that are
several orders of magnitude over what may be encountered in the
envirohment.. They justify  this approach on the basis that theylneed
to observe some‘response, thaf they can only teét a limited‘npmbet of
animals, and that the test species may be less sensitive than man to
the particﬁlar agent.,- ihié approach is cfiticized on the basis that
the respoﬁse at high concentrations may be enfirely different from
that at more normal concentrations.

The i&éa‘of performing animal studies at ambient concgntrations,
however, is equaiiy disturbing, since in most cases it is unlikely
that positive health effects will Bé observed. Negative studies in
aniﬁals(shéuld'not be construed as evidence that'an agent or mixture
is harmless.

Mentidn 6f these two qontroversies, single compounds vs. mix-
tures and high vs. low‘doses; is necessary to point out that one
approach by itself will not address all of the issues. Research
should be carried out using all the approaches, and the results
integrated‘in order to give a combrehensive'picture.of the'héglth
effects of coal-related pollutants.

Recommendations:

1. Continuation of research investigating the basic nature and
function of the respiratory system is recommended, The
committee recognizes that this is not' a specific task;
however, it wishes to emphasize that this type of research
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deserves continued support. The protective mechanisms of
the respiratory tract need to be better characterized.
Pulmonary biochemical processes such as collagen deposition,
biochemical buffering, secretory functions, enzyme reac-
tions, and immunologic interactions need to be further
elucidated. Further research is needed on pulmonary
deposition and clearance; the mechanisms of clearance
require deeper understanding. The role of the pulmonary
macrophage in many of the above-mentioned processes is of
great interest. Finally, there is a great need to develop
more sensitive indices of impaired pulmonary function in
both man and experimental animals.

2. Studies have implicated that S02 and NO2 when given in
combination with benzo(a)pyrene cause a higher incidence of

tumors than benzo(a)pyrene only. Further elucidation of the

role of o§idants, NQZ in.particular, and $02, in car-
cinogenesis is required.

3. The pulmonary carcinogenicity of specific coal-related pol-
lutants should be determined once these agents are identi-
fied as probable pollutants.

4. The increased use of coal in all of these processes could
result in increasing amounts of SO0 emissions thereby
increasing production of secondary sulfate aerosols, Animal
and human studies are needed to compare the toxicity of the
various species of acid sulfate aerosols.

5. Inhalation studies are needed to assess transient effects
.of inhalation of ambient levels of coal-related pollutants
on both healthy and diseased individuals.

6. Human tissues should be analyzed for organic and trace metal
constituents which may be there as a result of exposure to
coal related effluents.

7. 1Investigation of fine particles as vehicles for tramsport of
carcinogens to target lung tissues needs to be performed.

8. More research is needed to determine the optimal strategy
for testing the pulmonary effects of mixtures of
pollutants. '

6.1.2 Process-Specific Problems

6.1.2.1 Conventional Coal. The mining of coal is a dirty pro-

cess long recognized as responsible for a variety of diseases
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céllectively referred to as black lung disease. Coal is mined
uﬁderggOund and in surface mines; however, underground miging pro-
duces a higher incidence of pulmonary disease than surface mining.

In underground mining the substances of most concern are coal dust,
silica dust, methane, éome volatile hydrocarbons, and, in some mines,
diesel engine gxhaust emissions. The miners themselves are the popu-
lation at fiSk. in surface mines, du;; is the major environmental
factor and in‘addition to the miners, the éoPUIatiOn at large is also
at risk; héweve;, the impact on society is reduced since most mines
are locatéd in sparsely populated areas.

During.the mininé of coal, the miners are exposed to all of the
vafiou; organic-aﬁd iﬁorganic copstituents of ﬁhe c§a1 and the sur-
rounding strata. The ;oncent;ation ofAinorganic elements, primariiy
tface‘metals, varies widely. Only a few of the sevefal thousand
hydrocarboné pfeéentAin coal and.coal»tars have been idenfified, and
fewer still have been characterized with respéct to biqlogical activ-
ity. In addition to producing difect ;oxic effecté, some of thé
hydrocarbons can escapeAinto the atmosphere and react‘photochemically
to producé aldehydes whichAare potent irritants. These aIAehydes can
then be absorbed by particles and react at different sites in the
lhng in‘a mannef Aifferent from their action as gases.

About 25 percént of raw céal is comprised of impurities which

can be removed by physical cleaning. These processes are generally
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wet processes and as such probably dc not‘breéent additional pulmo-
nary problems.' Crushingrraw céal mechanically using dry processes
produces moré fugitive duét; howeVer, most of the;e processes can be
run uﬁder wet coﬁditions as well. This may also cause an
environmental impact in the f;rm of leachates.

The distance from the mine mouth to the site éf‘coﬁbustion can.
have a direct impact on the amounts of poliutants released to the
atmosphere, Trains and frucké can disperse fugitive &usts ffom the
coal being transported; Engine exhaust emissions from locomotives
and trucks can be significant, especially on long runé.

Combustion of coal produces oxides of sulfur and nitrogen, CO,
CO2, and flyésh. Flyash usually contains the following trace
metals aé‘oxides,‘sulfur oxides, or.carbénates: As, Bé, Cd, Co, Cr,
Cu, Fe, Ni, Pb, Se, and V (Brown, 1979). There are also some emis-
sions of mercur} Qapor, hydrocarbons, polycyclic arom;tic hydrocar-
bons, and organometallics. Within thé atmosﬁhere, a majo;bmass
fractidn of the airborne particles is formed from oxidatioh products
of éﬁlfﬁr Aioxidé, é.g.,HZSO4 and its ammonium neutralization |
salts. |

Pulﬁonary depositioﬁ of many of the agents resultiﬁg from coai
mining singly and in combinati&n can produce éhysiologic and toxic
'effeéts on the lung and in othér organs. Many of the trace metals
and some of the orgaﬁics have been identified as possible causative

agents in lung cancer. Clinical evidence supports the notion that
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ambient leveis of various coal combustion products such as particu-
late oxides cause irritation of the bronchial airways, pulmonary
parenchyma, exacerbation of asthmatic conditions,. and a decrease in
ventilatory function (Goldstein 1977).

Recommendations:

l.. Clinical studies on coal miners are necessary to bet-
ter characterize and describe the degree of impairment, to
develop more sensitive and earlier indices of coal workers'
pneumoconiosis, and to determine when, if ever, the 1n1t1al
changes produced by coal dust are reversible,

2. Coal workers' pneumoconiosis has been observed more fre-
quently in miners in Appalachia than in miners from Western
coal deposits. Animal studies should be performed 'in an
attempt to amplify and explain this observation.

3. There is a need to develop an animal model of coal workers'
pneumoconiosis (CWP) in order to: 1) define the processes
resulting in CWP and see if they can be interrupted or re-

versed, 2) determine which constituents. of the mine dust are
responslble for the CWP (silicates, coal dust, beryllium,
etc.), and 3) study deposition, clearance, and biochemical
interaction as a function of the degree of pneumoconiosis.

4. Since use of diesel engines in mines is increasing, inhala-
tion toxicology studies are needed to assess health effects
"of reaction products of diesel exhaust emissions and other
mine air pollutants.

5. Variations in the composition and other characteristics of
" respirable dust from different coal seams should be studied
because it has been demonstrated that factors other than
concentration significantly affect the incidence of coal
workers' pneumoconiosis.

6.1.2:2 Chemical Coal Cleaning. -These processes are, for the

most part, developed to the laboratory or bench scale. The majority
of these are closed loops that recycle many of the chemical inter-
mediates. However, there are always fugitive emissions. Disposal of
the waste products poses the primary problem.
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Several proposed processes present particular pulmonary
problems. The Magnex process uses ifon carbonyl to coat coal for
magnetic separation. Both CO and Fe(CO)5 are used throughout the
procéss and special efforts to contain these gases are necessary.
The Meyers process is a complicated process that at one point could
release 5§02 to the atmosphere. from a vent gas scrubber. The GE
process produces large amounts of HyS that ére further processed to
produce sulfur. The JPL process uses a chlorination-dechlorination
process to remove both pyritic and organic sulfur. Triphloroethylene
(TCE) will be used in the process which has thé po£entia1 to release
TCE, HCl, Cljy and othéf halogenated hydrocarboﬁs. NOp is a
potential pollutant in the KVB proceés'in which coal is heéted with
NOy to convert sulfur to SOy and soluble sulfates. Viftually all
coal éleaning requirés coal storage, some sort of size reduction and
sizing, and most require some further treatment such as blending or
slurrying followed by reacting the coal in a pressure vessel. The
initial steps of all the processes are such that coal dusts and other
particulates are likely to enter the atmosphere. However, the prob-
le@s do no£ seem unique to this technology. 'The most important
probiem appears to be emission of a variety of gases including CO,
NOy, HgS, NH3, SOy and/or metal carbonyls subséquént‘to the

high pressure and temperature reactions.
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Recommendations:

1. The chrqnié toxicity-of metal carbonyls'such as nickel,
iron, and cobalt carbonyls should be investigated in rodents
with emphasis on the mode of interaction and the role of the
action.

6.1.2.3 In Situ Gasification. The in situ conversion processes

are largely untried at the commercial level. Thus, although a number
of pollutants have beep identified, the nature of their interaction
with the environment cannot be predicted. The research to date is
not sufficient_to delineate ;he potential impac; of in situ gasifica-
t;qn on the environpent, resulting, therefore, in adverse pulmonary
effects.

Recommendations:

1. Research is needed to define the product gas from in situ
gasification, to determine the combustion products of that
gas, and to assess the toxicity of both.

6.1.2.4 Fluidized Bed Combustion. The major impact on air

quality due to FBC from the stack emission of both gaseous and parti-
culate combustion products requires research to prevent hazards to
the pulmonary tract.

Recommendations:

l. Comparative toxicity studies should be performed to see if
limestone as used in fluidized bed combustion by itself or
in association with coal dust presents unusual inhalation
problems. ' S

2. Stack emissions from fluidized bed combustion should be
assayed for toxicity, mutagenic¢ity, and carcinogenicity.

3. Evidence suggests that flyash from FBC may be different from

‘the spherical glassy flyash as described by Fisher. Health
effects of this irregular material should be characterized.
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4, The effects of inhaled particles from FBC in association
with, or coated with, alkali salts should be studied.

6.1.2.5 Magnetohydrodynamics. Plants using MHD technology are

expected to generate pollutants similar to other direct combustion
processes. However, because of higher efficiency, the amounts of
pollutants and their environmentai impact are expected to be less
than those from conventional generation stations with similar mega-
watt outputs.

6.1.2.6 Coal-0il Mixtures. The nature of the pollutants from

COM technology are expected to be the same as those from conventional
handling of coal and oil.

Recommendations:

‘See recommendations in section 6.1.2.1.

6.1.2.7 Cocombustion with Municipal Solid Waste. The use of

this technology presents the possibility for viral exposure since
tests show that municipal solid waste contains some human and animal
excreta. Trace element emissions increase, and chloride emissions

are proportional to the amount of refuse-derived fuel (RDF) burned.

Recommendations:

1. There is a need to assess effects on workers from inhaling
increased numbers of bacteria and viral agents as well as
the antibacterial disinfectant used at municipal solid waste
facilities.

2. Some research is required to determine the impact of
increased chloride emissions from this technology.
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6.2 Skin Effects

6.2.1 Introduction

The skin, as the interface between man and his environment, is -a
portal for both éntry and excretion of hazardous substances and a
target organ for damage by physical, chemical, and biological agents.
Exposure is primarily a problem of occupational employees; the
general population receiving only limited dermal exposure.

Despite the fact that the skin is endowed with a versatile group
of defenses, skin-related illnesses comprise 35 to 85 percent of
occupationally related diseases (Suskind and Majeti 1976). Patterns
of adverse effects range in quality from uncomplicated itching to
metastatic neoplasia. Mostiadverse cutaneous reactions are eczema-
tous including ulceration and granuléma formation and result usually
from exposure to primary irritants. Other effects include allergic
reactions such as immediate hypersensitivityAand'celi-mediated
response (contact dermatitis), photosensitivity both phototoxic and
photoallergic, piloéebaceous reactions like acne and damage to hair
or hair follicles, sweat gland reactions such as miliria, pigment
reactions, and cancer.

Absorption of chemicals across the skin has received relatively
little attention cbmpared to pulmonary absorption for compounds solu-
ble in both water and nonpolar solvents. Quantitative information on
skin absorption in ma% of most chemicals of importance as occupation-

al and environmental hazards is usually lacking.
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In the following sections, conventional coal and advanced coal

technologies will be considered with regard to dermal exposure.

Recommendations:

1.

2.

4,

Studies should be undertaken on the structural (cellular)
and biochemical characteristics of nonallergic inflammation
reactions (primary irritation) and to determine differences
in pathophysiological patterns as influenced by molecular
ch;racteristics of the irritant, the rates of penetration,
metabolism of the irritant, lysosomal and kinase activity,
etc. Efforts should be focused on the ubiquitous marginal
irritants.

Modern skills of immunobiology and immunochemistry should be
applied to the elucidation of mechanisms of allergic cutane-
ous responses, particularly the contact type. Substances
such as the transition metals, aldehydes, alcohols, phenols,
and ketones should be studied in depth. Critical aspects
requiring examination are the role of molecular structure,
metabolism by mammals, protein-combining characteristics,
effect of macrophages, lymphocytes, etc., as well as inter-
ferences or enhancement of sensitizers by other environ-
mental agents.

More sensitive methods should be developed for predicting
adverse responses to primary irritants, especially those of
a marginal nature, to acnegenic substances, and to chemical
and physical agents or combinations of those which induce
pigment changes.

With the array of tests available for predicting allergeni-
city, a serious attempt should be made to compare the sen-
sitivity and reliability of these tests in relation to
clinical experience.

Basic studies should elucidate the factors determining skin
permeability to chemicals. Our current knowledge on skin
permeability depends heavily on a limited number of publica-
tions from experiments carried out over 30 years ago. The
effects of physical factors such as temperature, humidity,
and pressure in mines on the rate of absorption and length
of retention of chemicals need to be better understood.
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6.2.2 Process-Specific Problems

6.2.2.1 Conventional Coal. Exposure of skin to liquid; gas-
eous, or golid pollutants may occur at several stages during the cdn—:
ventional coal technology cycle from mining'thr0ugh combqstion.
During mining wofkers ;re exposed to.large quantities of coal dusf of
various composition; depen&ing on tﬁe location of the coal seam.

Coal dust is not considered to be an active agenf affecting the skin.

During the coking process, workers may be exposed to many com-
plex substances. The constituents are usually divided into three:
categories: total suspended partiéulates, benzene-soluble organics,
and polynuclear aromatic hydrocarbons.

Distillation of coal tar producés:coal tar pitch, creosote, and
other chemicals and oils. Coal tars have been shown‘td produce both
skin cancer and acneiform lesions in coke oven workers in addition to
observable increases in lung, bladder,Aand scrotalbcancer. -The-
highest ‘worker exposure occurs during cleaning ahd maintenance @pera—
tions, since the tars tend to build up on the Surfgces of the scrub-
bers. Workers may also be exposed to dusts during disposal of the
slags, ash, and other coal solid wastes remaining after combustion.
These dusts contain some potentially toxic organics and trace elé-
ments.

Recommendations:

1. Information is needed to determine the frequency of dermal
- effects among exposed workers.. To accomplish this, searches
for dermal lesions should be included as part of regular
medical screening, especially for coke oven workers.
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The potential for the phoéoactivation of coal dusts and
coal tar products should be investigated.

Agents which facilitate or suppress skin absorption should
be identified and methods of removing skin contamination,
once it occurs, should be studied. Data are needed on the
use of blocking creams to reduce exposure to PAHs and on how
well they function in a real work environment as opposed to
laboratory simulations. The development of new, more effec-
tive blocking creams is needed.

.6.2.2.2 Chemical Coal Cleaning.  Compared to conventional coal’

technology, except in a few cases, chemical coal cleaning should not

lead to unusual exposures of the skin.. The PETC and JPL technologies

will. lead to the generation of acid mists, and the Battelle and Ames

methods may lead to exposure of skin to irritating caustic alkaline

materials.

Recommendations:

See recommendations 1, 2.and 3 in Section 6.2.2.

6.2.2,3 In Situ Gasification might lead to occupational expo-

. sures of the, skin to a wide variety of organic and inorganic chemi-

cals. These include primary irritants such as ammonia, chemicals

having the potential for allergic reactions such as the thiocyanates,

and chemical carcinogens such as PNAs,

Recommendations:

1.

The mutagenic and carcinogenic properties of new organic
chemicals produced by in situ gasification should be
systematically and carefully assessed before the processes
are accelerated to full scale production.

:6.2.2.4 Fluidized'Bed Cbmbusfion sho@ld not lead to specific

skin exposure problems.
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6.2.2.5 Magnetohydrodynamics may lead to irritation of the skin

in workers exposed to alkali salts.

Recommendations:

See recomméndations 1, 2 and 3 in Setion 6.2.2.

<

6.2.2.6 Cocombustion with Municipal Solid Waste. This technol-
ogy should not lead to sérious problems of skin exposure. -

Recommendations:

1. The effects of exposure of the skin of workers to bacteria
and viruses form MSW should be determined. ‘

©..642.2,7 Coal-0il Mixture's. Dermal exposure to dust may occur

during combustion of coal-oil mixtures, but this should not pose any
unusual problems.

6.3 Gastrointestinal Effects

6:3.1 Introduction

As in the case of skin and lung, the gastrointestinal tract is'
both a portal for entry and excretion as well as a potential target
for physical and chemical agents. Aside from clearance:of the res-
piratory tract with subsequent ingestion, sources of gastrointestinal
exposure to coal process pollutgntS‘in the occupational environment
are Belie?ed to be negligiblé. The-general populatioﬁ,uhowever, may
be-exposéd via inéestioﬁvof coutéminated‘drinkipg water, food, and
nonfood items. | “

.ingestion'expogure can occur throﬁgh'a numberjof ways., Various

trace metals, organics, and radionuclides from combustion stack
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emissions'may be deposited on soil and vegetative #urfaces.

Leachates from coal stockpiles, mines, and combustion wastes enter
both surface water and groundwater supplies and ma&, therefore, enter
drinking water. in addition, nonfood sources ingesﬁed Ehrough normal
hand—td;mouth éctivity, especially in chil&ien; can contain high
concenfratioﬁs of various &eposited poilutants. For examﬁle, lead in
dirf/dust samples has been recorded as 2.4 mg/g in'some aféas (ﬁunt
et al. 1971). | '

Absorption rates in the gastrointgstinal tract for various pol-
.lutants are dependent upon the physical and chemical characteristics
of the pollutants, their binding characteristics within bulk foods,
and their'solubility (lipid and water). Although coal-related pollu-
tants (e.g., trace @etals} are not usually present in toxic concen-
trations in food and water, the addition to the ‘total cumulative
uptake from all sources can initiate clinical effects (e.g.,.l;ad,
arsenic, mercury, cadmium).

Recommendations:

l. Animal models for human gastrointestinal exposure to
coal-related pollutants should be designed to provide
insight into the biochemical, physiologic, and cellular
events which occur intraluminally and within the tissues of

. the tract. Once obtained, such insight will provide a
rational basis for preventive measures.

2. Sensitive tests for detecting early damage to the human
alimentary tract by coal-related pollutants should be
developed. Such tests may also provide essential data on
related biochemical, metabolic, and pathophysiological,
mechanisms.,
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3. Epidemiological studies are needed to determine the
frequency and gravity of gastrointestinal effects.

4,. The absorption and distribution rates from the gastroin-
testinal tract should be determined for any pollutants
_found to have major uptake from this route.

5. Most large particles end up in the gut after mucociliary.
clearance from the respiratory tract. There is a need to
better define the particulate absorption from the gut and
direct particle transfer through the gut wall.

6. Work is also needed to identify metabolites for those pol-
lutants analyzed as representing the most significant human
health hazards.

6.3.2 Process—Specific Problems

6.3.2.1 Conventional Coal. Gastrointestinal exposures to coal-

AN

.derived pollutants in the occupational environment may be negligible;
however, oral diseases (gingivitis, iegkoplakia, edema of the oral
mucosé) have been reported. Occupational and general populations may
be exposed by ingestion of contaminated drinking water, food, and
nonfood materials.

Recommendations:

l. Food contaminant monitoring .activities should be expanded to
provide data on additional categories of contaminants.
Coal-related pollutants in drinking water should be identi-
fied in a few key locations near coal mines, coal-fired
power plants, and coal waste disposal sites.

2. Studies are needed to determine the cause(s) of excesses in
the incidence of stomach cancer observed among coal miners.

See recommendations 1 through 6 in Section 6.3.1.

6.3.2.2 Chemical Coal Cleaning. This process should not pro-

duce effects on the gastrointestinal tract in addition to those

already discussed for conventional coal.
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6.3.2.3 In Situ Gasification. In situ gasification may result

in water emissions of soluble metals, phenols, indoles, quinolines,
and pyridines with a potential for gasprointestinal absorption,

Thése may be transported through aquatic food chains or be present in
drinking water derived from groundwater sources.

Recommendations:

1. Studies are needed on the chemical forms of metals in water;
the binding to sediments and chemical transformation by
micro-organisms or by chemical processes.

2. The stability and chemical transformations of organic sub-
stances in water require further study.

3. Further information is needed on the accumulation of metals
and related organometallic compounds in edible fish, their
biological half-lives in fish, and the resulting metabolic
products..

4. Information is needed on the efficiency of gastrointestinal
adsorption in man of metals and coal-related organic pol-
lutants.

5. Studies should be made on the changes in intestinal micro-
flora in man induced by metals and coal related organic
pollutants., Tests should be made to see if intestinal
microflora in humans metabolize metals and coal-related
organic pollutants and if such metabolism modifies the
intestinal adsorption and toxicity of these substances.

6.3.2.4 Fluidized Bed Combustion. This technology may lead to

the loss of trace metals from solid waste with a potential for accum-
~ulation in food chains leading to man.

Recommendations:

See recommendations 1 through 4 in section 6.3.2.3.

6.3.2.5 Magnetohydrodynamics. Trace metéls may be lost from
solid wastes from MHD. These may accumulate in food chains resulting

eventually in human exposure.
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Recommendations:

See recommendations 1 through 4 in section 6.3.2.3.

6.3.2.6 Cocbmbustion with Municipal Solid Waste. The possibil-

ity of infectious agents, e.g., Salmonella, enteroviruses, entering
the gastric system must be considered as a result of .increased use of
this technology.

Recommendations:

1. Factors governing human susceptibility to Salmonella and en-
teroviruses need to be. investigated. Current theraputic -
procedures should be reviewed with the objecive of improving
the effectivness of these methods.

6.3.2.7 Coal-0il Mixtures should not present a special hazard

to the gastrointestinal tract.

6.4 Behavioral and Neurotoxic Effects

6.4.1 Introduction

Human behavior can be affected by exposure to a wide variety of
~chemicals including ﬁeavy metals, organic solvents, and noxious gases
such as carbon monoxide. Since conventional coal mining, and
combustion, and the wide array of advanced coal technologies under
considefation in this report may result . in worker exposure.to many of
these substances both singly and in complex mixtures, the'potential
for development of behaVidral and peurotoxic>effects must be evalu-
ated for each process.

It first may be worth setting out the type of information that
is desirable as a background for decision making when the concern 1is

the behavioral effects of a chemical. . It is certainly desirable to
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know whether a chemical changes the ability of an organism to see,
hear, taste, smell, or feel, to maintéin its equilibrium, to move its
limbs in a-éoordinated fashion without tremor or any other evidence
of lack of control, to feed itself, to find a mate and indulge inlap—
propriate sexual behavior and infapt rearing, to maintain its place
in its ecological niche and defend itself against aggressors, to. com-
municate in appfopriate ways, and to respond to its environment and
the contingencies of reinforcement therein successfully. This short
and inéomplete list shows fhe complexity of the task of ensuring that
exposure to a particular chemical doés not inierfere wi;h the behav-
ioral integrity of an aniﬁal. While the primary focus must always
_remain man, dependence upon a stable écqlogy demands fﬁat concern
also be shown for the effects of pollutants on other organismé.

The list of the principal behaviors at risk also makes clear the
enofmous task facing thoée making decisions concerning permissible

. exﬁosufellevels. Priorities muét additionally be set so that a§§i1-
able rééourées can Be‘optimally'ailocated.

Becéuse the s&sgematic sﬁudy of beﬁavioral and neurological
effecté is so ﬁew (e;g., Xintaras et al. 1974; Norton 1975;‘Wéiss and
Laties 1975), adéqu;fe i;formation &oes not exisé for any chemical.
Therefore, alﬁoéf any.experimental work on the"major coal téchﬁoiogy
pollutants will be welcome. Nevertheless, one éan set ﬁriorities
tﬁat seem sensible when attempting to stimulate new Qork.in this -

area.
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.In all such work, emphasis should be placed on determining
doée-effect or dose-response relationships. These will best lay'firm
groundwork for future judgments about pollutant levels that can be
tolefated in the environment. This emphasis is important because we
la;k firm knowledge of the exposure levels to be encountered. It is
also important to encourage studies that promise to deliver the most
fundamental information about the actions of any agent since, .in view
of the state of develoément of the newer coal technologies, it is
possible to specify neither the exposure levels nor the precise be-
haviors that someday may be of greatest interest. Comparative data
on toxic substances and CNS-active drugs would be useful to aid in
interprétation‘of result;. Studies of interaction witﬂ other
chemicals and chronic exposures are also important (e.g. ethanol,
sedatives, tranquilizers). Indeed, the concerns expressed in section
6.1.1 regarding work with single cﬁemicals versus mixtures and high
vetsué low expoéure levels are aléo relevant here.

.'_Of the chemicals listed above as being of importance to coal-
related technologies, carbon monoxide, various organic solvents such
as toluene and carbon disulfide, irritants such as ammonia and alde-
hydes, and toxic tface elements such as mercury, cadmium, aqd lead
appear to .be of most importance with regard to nérvogs:system ef-
fects.

Recommendations:

1. Sensory effects of CO need more study despite a long inves-
‘tigative history: e.g., it is still not known whether

143



exposures that produce 5 percent COHb levels affect vision
(Laties and Merigan, 1979). It is also not completely clear
how low CO levels affect the ability of humans to pay at-
tention to boring tasks for prolonged time periods. The
"vigilance" task has been a mainstay of research but there
still remains much more to be learned about which parameters
of performance maximize sensitivity to CO. Skilled perform-
ance, so intimately involved in automobile and truck driving
and the operation of heavy machinery, should also be the
focus.of more work with CO in light of the possible in-
creases in CO levels in the ambient air or as a result of
coal :combustion.

2. Techniques for the measurement of irritation potency should
be further refined. In particular, the correlation between
behavioral estimates of irritation and the older physiologi-
cal reflex indices remains to be established and deserves
systematic investigation (Alarie 1973; Wood 1979). Adapta-
tion to irritants should be investigated because prolonged
exposure to a substance may lead to pulmonary damage in
persons who no longer notice the presence of the chemical.

3. More precise characterization of the behavioral changes pro-
duced by lead, mercury (both inorganic and organic forms),
and cadmium appears essential. In particular, methods must
be developed to characterize more accurately the types of
behavioral change that now are covered by such terms as
"mental confusion”" and "mental disturbance," which often
appear in epidemiological studies. Although sensory and
motor system toxicity of heavy metals is a subject of
increasing attention, few effects have been carefully stud-
ied. A firm scientific base is required for future work on
the early detection, precise definition, and amelioration of
deficits.

4.  Damage to the central nervous system by trace metals some-
times does not become evident until it has progressed to ir-
reversibility because of compensatory changes. The presence
of this reserve capacity makes it essential to develop
strategies for more sensitive measurement of damage.

6.4.2 Process-Specific Problems

6.4.2.1 Conventional Coal. For most of the substances released

during conventional coal mining and use, little or nothing is known

concerning their potential to cause neurotoxic effects. For some,

144



such as carbon monoxide and mercury, at least a start has been made
on characterizing CNS effects on both man and oghei animals (Evans et
al. 1975; Laties and Merigan 1979).

Recent evidence that exposure to hydrocafbons sdch as méthyl n-
butyl ketone can cause behavioral effects raises concern regarding
the potential neurotoxic effects that might arise from occupational
exposure to the emissions from coal cleaning, coking, or combustion
(Anger 1977). This concern is reinforéed by the knowledge that car-
bon disulfide, also known to cause behavioral effects (Hanninen 1971;
Levine 1976), is one of the possible constituents of the offgaé.;
Other compounds that should receive special attention include the
polycyclic aromatic hydrocarbons; the less complek hydrdtarbSns such
as xylene, toluene, and phenols; carbon monoxide; and traée métals
such as arsenic, lead, and mercury. |

Recommendations:

1. Behavioral and neurological investigations along the lines
suggested in section 6.4.1 should be supported. The
chemicals that appear to deserve emphasis if conventional
coal production increases are mentioned above.

6+.4.2.2 Chemical Coal Cleahing. _The solvents and microwaves

used in these processes may have behavioral and neurotoxic effects.

Recommendations:

l. More research is needed to define how solvents can influence
the performance of skilled behavior by both humans and
animals, since it is in occupational settings that solvents
such as TCE are most likely to be important in coal tech-
nologies. How solvents interfere with complex behavioral
processes such as the ability to make subtle discriminations
of stimuli should also be determined. Again, both human and
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animal work would be desirable. Further research is also
needed on sensory and motor deficits produced in both
animals and man.

2. Research is desirable on how solvents modify electro-
physiological variables such as event-related (evoked)
potentials as well as other measures of nerve function.

3. The use of microwaves in chemical coal cleaning leads to the
recommendation that work on possible behavioral and neuro-
toxic consequences of such exposure be encouraged. Due to
safety considerations, animal work must be emphasized.

6.4.2.3 1In Situ Gasification. The use of explosives to frac-
ture underground coal seams could result in the‘creation of fissures
not connected to the vent gas system. Should this occur, a number of
trace gases, volatilized élements, and partially combusted hydrocar-
boné might be released to the surface. This could lead to both occu-
pational and general populatipn exposufes. The trace gases and
§olatiies ﬁost likely t§ escape‘during coal combustion that have
behavioral and neurological effects include: ammonia, carbon
disulfide, trace organics, and volatile trace elements such aé Li,
Hé, PB, and Cd (Jones et al. 1977).

As 1is the.caseiwith conventional coal combustion, the trace
-6rganics which might bevemitted during in si;u combustion are gener-
ally not well characterized., It ié estimated that only 1,006 of the
more than 10,000 organics believed to be present in trace amounts in
coal tar have been positi?ely identified_(Braunstein et al., 1977).
Trace eleménts suéh as Hg, Cd, aﬂd As also exist in a soluble form,

and if present in sufficient concentrations, result in toxic effects.
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Recommendations:

1. Because trace elements may exist in leachable forms, it is
important that monitoring of water supplies be conducted to
see that they do not become concentrated in the aquatic food
chain.

See recommendations 3 and 4 in section 6.4.1.

6.4.2.4 Fluidized Bed Combustion. Carbon ménoxide emissioﬁs,
are expédted to exceed those from.conventional coal-fired boilers be-
,cauée of the increase in temperature and decrease in éxcess air
levels.v This gas has been responsible for many occupationél acci-
deﬁts and during adverse atmospheric conditions cpuld‘pose a threat
ﬁo neafby populations.
The solid wastes may be expected to contain trace Qetals: As,
Be, cd, Hg, Pb, Sb, Se, Te, Al, Fe, and Si. Exposure to these solid
wastes can be expected to occur during disposal and'th;ough drinking
.water or food chain exposure should leaching occur.

Recommendations:

1. Further work on the behavioral effects of trace metals and
carbon monoxide appears to be most relevant to this tech-
nology.

See recommendations 3 and 4 in section 6.4.1

6.4.2.5 'ngne;ohydrodynamics. Volatile trace metals can Be
expected to occur as part of the air emissions from MHD processes.
These would include Hg, As, Zn, Ba, Cd, V, and Se (Matray 1976). ‘On
the other hand, the solid wastes resulting from MHD open brocesses

.canAbé_expected to contain fewer heavy metals and trace organics due
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to the high temperatures of combustion than the wastes from standard
coal combustion techniques (U.S. DOE 1978).

fdééupational exposﬁre to strong magﬁetic fiélds-is likely to oc-
cur during MHD combustion of coal.

Recommendations:

1. If shielding cannot protect workers from the magnetic
fields,  much more should be learned about the health effects
of exposure to such fields so as to allow for the setting of
appropriate standards. The dose-effect relationship between
exposure to magnetic fields and development of adverse neu-

. rological and behavioral effects should be studied. The
fields encountered during occupational exposure with MHD
combustion are much higher than those which have been demon-
strated to have adverse effects upon biological systems
(Kaufman and Michaelson 1974; Kleiner et al. 1975).

6.4.2.6 Coal-0il Mixtures. No special problems should occur

with the combustion of coal-oil mixtures that cannot be anticipated
through consideration of the two constituents separately.

6.4.2.7 Cocombustion with Municipal Solid Waste. . This process

is expected to result in increased atmospheric releases of Pb, Br,
and Cl at levels which could exceed acceptable ambient exposure
levels (Narayanan 1979). Other volatilized elements may be released
in increased quantities over those from coal alone, but are not ex-
pected to result in excessive equsurés{ Ihese include: Sb, As, cd,

Hg, and F.

Recommendations:

l. Since lead may be the most important CNS poison associated
with this technology, behavioral and neurological work with
it should be encouraged. In particular, further research is
needed to delineate more clearly the critical periods of ex~—
posure which induce various behavioral changes and whether
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the changes are transient or irreversible., More behavioral
work should be done on both etiologically important be-
haviors (e.g., ingestive, sexual, aggressive) and complex
learned behavior (Rodier 1978; Damstra 1977; Cory-Slechta
and Thompson 1979; Buelke-Sam and Kimmel 1979; Laties 1978).

See recommendations 3 and 4 in section 6.4.1.

6.5 Other Systemic Effects

6.5.1 Introduction

In this section, the potential for adverse health effects as a
result of damage to target organs and systems other than»the lung,
gastrointestinal tract, skin, and tﬁe nervous system 1s discussed.
Included in this section are cardiovascular, hematologica}, immuno-
logical, and neuro-endocrine effects.

An exhaustive treatment of this broad area is not poséible as
this would amount to a treatise on general pathology. Instead, at-
tention will'be_drawn to those target'organs and physi§16g1c31 sys-
tems most likely to be affected by physical and chemicgl';gents
involQed in conventional and advanced coal technologies. This dis-
cussion will be limited to direct effects of the agent. Furthermore,
carcinogenic, mutagenic, and teratogenic effects are specifically
considered elsewhere. |

. Recommendations:

1. Methods should be developed for the quantification of the
load of coal-related pollutants and the measurement of rates
and routes of its metabolism by the liver. Interactions of
metabolites of coal-related pollutants with chemical consti-
tuents of liver cells in relationship to hepatic injury also
require further examination. It may be possible to use
‘methods which detect injury-associated compounds in serum,
exhaled breath, or urine to estimate extent of exposure and
risk in man.
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2.

Research should be conducted in man on the importance of
factors such as nutritional states, race, sex, and age
which, acting in .concert with exposure to coal-related
pollutants, affect the cardiovascular system. In the design

_of animal experiments on exposure to environmental agents,
factors known to be important in human cardiovascular

disease should be included for study. Research on
fundamental processes such as how energy is derived for
cardiac work would provide a means by which the possible
mechanisms of action of coal-related pollutants could be
better understood.

Since the molecular mechanisms of hepatocellular -injury by
coal-related pollutants are poorly understood, better ways
should be developed .to define the chemical, functional, and
structural events involved in hepatocellular injury by dif-
ferent agents and to characterize and quantify the different
parameters of injury.

The early effects on the endocrine function of the kidney
in renal disease induced by coal-related pollutants
should be further characterized. In particular, efforts
should be made to identify pollutants that cause specific
inhibition of the synthesis, action, or degradation of
hormones or vasoactive substances.

Support should be provided for studies of the relationships

"between the occurrence Of renal damage and exposures to

heavy metals emitted from coal technolcgies. .Particular at-
tention should be directed to the consequences of long-term
exposures.

Animal models need to be developed to assist in understand-

" ing the binding capacity of the thyroid gland for handling

iodine loads in various states of stress brought on by
physical or chemical agents.

Studies of the effect on immune responsiveness of chronic
low-dose exposure to environmental agents should be pursued
in carefully selected areas. Physical and chemical agents
which should be studied include drugs for which there is
some indication of selective toxicity-to the immune system.

Methods should be developed which would permit the rapid as-
sessment of observed hypersensitivity reactions in order to
determine whether an immunologic and mechanism is involved

" and whether more intensive studies of this mechanism should

be pursned{
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10.

11.

12.

13.

14, -
- medium supplying the greatest portion of the total daily up-

15.

Characterization of absorption retention, metabolic, and
excretion rates for major identified coal-related pollutants
via each plausible exposure route is needed.

Investigators responsible for toxicologic assessments of
coal-related pollutants such as benzenes should employ in
vitro bone-marrow methods that distinguish micro-
environmental damage or stem—cell depletion as the cause of
aplasia. Measurements of the colony-stimulating factor in
the blood and urine should be performed.

A procedure should be developed to assess the effect of
intermittent noise.

Discriminating ear protection devices are needed which are
compatible with the mining industry.

The development, standardization, and validation in terms of
human experience of methods for assessing the potential im-

 munogenicity and allergenicity of industrial or commercial

chemicals is urgently required in order to prevent or mini-
mize environmental disease,

For identified coal-related pollutants, the environmental
take to the general population should be identified.

Other physiological deficiencies which would inherently
identify higher risk groups, e.g., enzymatic malfunctions
and immature developmental state of the fetus and newborn
infants, should be determined and quantified in terms of
the general population affected.

6.5.2 Prdcess-Speéific Problems

6.5.2.1 Conventional Coal. Even though inhalation, dermal, and

gastrointestinal penetration represent the major pathways by which

materials associated with coal enter the body, the sites or organs

ultimately affected may be distinctly removed from the site of

exposure.

For some substances, kidney or liver may be the primary

target organ while other substances tend to acéumulate in adipose or
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cardiac tissue or the brain. The toxicity of any par;icular
substance will be a function of the dose of a chemical, the number of
eXposurés, or the subs;ance's metabolism, distribution, and excretion
patterns, various organ concentrations, and its interact;on with
other chemicals.

0f special importance is the release of heavy metals into the

“environment as a result of coal combustion. Heavy metals tend to
accumulate over long periods of exposure in specific tissues, for
example, lead in the skeleton and cadmium in kidneys. Other heavy
metals such as mercury are subject to biomethylation in the aquatic
environment and to bioaccumulation of methylmercury in food chains.

A wide variety of systemic effects may be caused by exposure to heavy
metals in the human diet and in the atmosphere, including effects on
the cardiovascular, immunological, neuro-endocrine, and other
systemé.

Tﬁe physical agents such as noise, vibrations, and heat must
also be considered. It is well documented that exposure to.excessive
noise results in hearing loss. Noise is perhaps the most ubiquitous
of‘air pollutants, and significant noise levels mayhbe associated
with a number of coal industry processes. Mining'is very noisy, as
are the grinding.and crushing operations used to prepare coal for
combustion. OSHA and MSHA have set the allowable occupational noise

exposure at 90 dBA for an 8~hour exposure. Noise levels can be
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higher for intermittent exposure and when protective gear which
reduces the exposure to the permissible level is worn.

Underground miners have been found to havé measurable hearing
losses in 6omparison to the national average. Coal mining noise .
tequ to be intermitteﬂt, which offers time intervals for functional
hearing recovery. . Even though hearing loss is known to be a
consequence .of coal mining and processing, very little research has
been directed toward mitigation of otological effects.

Whole-body vibration has been implicated in the increase of
various .health effects such as musculoskeletal, circulatory, and
digestivé disorders. Workers in thé.coal industry may be océupa—"
tionally eprsed to whole-body vibration that could be associated -
with potential health effects of particularvimportance to job
performance. Present knowledge is somewhat sketchy concerning
vibration-related safety and health problems and the associated -
programs intendgd,for their prevention or reduction with regard to
coal industry workers. The potentiai adverse health effects of vi-
bration exposure ‘in the coal industry most. effectively can be dealt
with by first developing a better unders;anding of the extent and -
nature of the whole-body vibration problem. In addition‘to any
short-term safety implications, there may be adverse chronic- effects
of éccupational vibration éxposure on'the'COal indugtry workers'
healfﬁ. Whole-body vibrétion contributes to adverse health effects
in certain body systems such as circulatory, digestive, and musculo-

skeletal, but its exact significance cannot be defined.
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High temperatures are found in some deeper mines, which make
working conditions difficult. Occupﬁtionally required physical
movement, under extreme heat, can lead to heat stress. As coal mines
go to greater depths, the high temperatures and humidities charac-

. teristic of such depths make it difficult to maintain comfortable
working environments., At these depths, ‘heat and humidity increase as
one moves progressively away from the shafts. Such exposure could
produce muscle cramps, fainting, heat fatigue, heat stroke, .and
rasheg. Exposure to extreme heat under conditions that require large
amounts of physical movement can result in heat streés. When this
occurs, the body loses its ability to control its temperature and
death may result if proper first aid is not given.

The.metabolic scheme and mode of action for most.coal-related
pollutan;s are unknown. -Absorption, retention, metabolic, and
excretion rates vary for each pollutant taken into the body and can
also vary between individuals. Identification of these rates for
specific coal-related agents would aid in the determination of dose-
_response relationships as well as total daily uptake values. Iden-
tification of mechanisms causing increased suscepcibilitf within the
population is necessary for identification of high risk groups.

Recommendations:

l. Information is needed on the adgquaCy'of current heat stress
practices and on the minimal conditions of heat and humidity

that must be maintained to provide protection to deep mine
workers.,
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2. Occupational safety and hygiene -procedures should be de-
veloped to minimize heat stress in deep mine areas.

See recommendations 1 through 15 in section 6.5.1.

6.5.2.2 Chemical Coal Cleaning may lead to expoéure to a

variety of toxig metals and other elements--Hg, Cd, As, Sé, Fl, Ni,
Pb, Be--with the potential for a variety of systemic effects. Carbon
monoxide may affect the oxygen—cafrying capacity of blood with the
possibility of effects on the central nervous system (see sec;ion-on
behavioral and neurotoxic effects). Metal carbonyls are vo}atile‘ahd
pass into the bloodsfream after inhalation, with various systemic- ef-
fects possible. For example, nickellcafbonyl has been reported té
p?oduce pathological lesions in the liver, kidney, adrenal giands and
spleen of diseased workers, in addition to damage to brain and lung
.tissue.

Recommendations:

1. More information is needed on interaction between metals and
other elements in both the animal models and human subjects,
e.g., the protective role of selenium with respect to the
toxic actions of mercury, cadmium, and arsenic has not yet
been established in man.

2. Comparative studies should be made on metabolism of toxic
" metals in human subjects on high versus low dietary intakes

of selenium.

3. The possible protective role of selenium in human cancer
needs further study.-

See recommendation 1 in Section 6.1.2.2.

6.5.2.3 In Situ Gasification has the potential for producing a

wide variety of systemic effects. Carbon monoxide, -carbon disulfide,

and hydrogen cyanide are associated with hypoxia and other cardiovas-
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cular effects. Hematopoietic and immunologic effects may result from

emission of volatile organic compounds.

Recommendations:

1. Mechanisw of damage by organic chemicals to the hema-
topoietic system are poorly understood. Further studies
should identify those factors that govern individual sus-
ceptiblity to hematopoietic effects.

See recommendations 7 and 8 in section 6.5.1.

6.5.2.4 Fluidized Bed Combustion may produce systemic effects

via release of carbon monoxide, by trace metals, and heat stress.

Recommendations:

1. Further information is needed on human response to multiple
stress factors including metal metabolism in individuals
undergoing heat stress. The role of perspiration as a route
of excretion of metals requires further study.

See recommendation 1 in section 6.5.2.1.

6.5.2.5 Magnetohydrodynamics seem not to produce major syétemié

effects except for the possibility of increasing toxic metals in
drinking water and aquatic food chains.

6.5+2.6 Combustion with Municipal Solid Waste may lead to re-

lease of volatile elements such as gadmiuﬁ. The latter accumulates
in”kidne& tissue over most of the human life span. It has been
estimatgd that continued release of Cd iqto the environmént at cur-
rent rates plus future industrial expansion, might lead to toxic
kidney levels in senior ége‘grbupsiby the year 2000.

Recommendations:

1. Investigations into' the toxicity 'and metabolism of cadmium
in animal models and man should be continued.
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2. Individuals occupationally exposed to cadmium should be
studied prospectively to test whether lung cancer is as-
sociated with respiratory intake of cadmium.

3. Further investigations should include:

e the ability of cadmium to.induce specific metal binding
proteins such as the metallothioneins;

e the role of metallothioneins in the metabolism of es-
sential trace metals in man such as copper and zinc;

e the development of senmsitive analytical methods to
measure metallothioneins in tissues; and

e the application of these tests to use metallothioneins
as an early indicator of renal damage in man.

6.5.2.7 .Coal-0il Mixtures. There should not be a speciai risk
of systemic effects from this process.

6.6 Carcinogenic, Mutagenic and Reproductive Dysfunction Effects

6.6.1 Introduction

This section deals with the possible harmful effectsAof coal’
technologies through the production of malignancies, germ cell muta-
tion, or interference with germ céll processes.

It is believed that exposure to the fugitive emissions from coal
combustion and conversion processeé may have a significant potential
for carcinogenic, mutagenic, and reproductive dysfunction effects.
These fﬁgitive emissions may contain such potentially hazardous
substances as trace metals, radionuclides, and polycyclic aromatic
hydrocarbons which are found at highest concentrations in the finest

particle-size ranges of the effluent flyash (Aranyi et al. 1979).
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This relative enrichment occurs through a process of condensation and
is due to the greater surfaée to ﬁasé:rafiﬁ of the smaller particles.
The fine particulates are most difficult to remove from the combus-
tion stream, and since they are in the respirable size range, they
also represent the gféatest inhalation hazard. Theif>botential.to
impact on fhe éelluiar level is a ﬁajor.concern (Aran&i et él.«1979).

Estimates of particulate emissions from coal combustion and
conversion vary. ' Based on 1973 eétimétes of the Environmental
Protection Agehéy, close to 6 million tons of flyash are béing dis-
persed annually into the atmosphere f;om the .combustion of coal in
United States. Particulate emissions from cpalrﬁombustion and con-
version by the year 2000 are estimated to reach one million tomns
-annually (Van Hook 1977). These emissions .will be p;edominantly in
the respirable range and will.contribute both trace elements and
radidnuclides.,

It is well recognized that coal contains many minor and trace
.elements. The processing of 20,000 tons/day of coal that contains
1 ppm of a trace eiement‘qan result in 40 lbs/day of this element in
the plant streams (Young 1979).

Trace element pathways ﬁithin.the conversion processes may
‘include adsorption on particulate matter, inclusion in condensate,
deposition on equipmeﬁt surfaces, inclusion in byproducts and final
products, and emission as fpgitive_pollutants (Young 1979). While

the majority of elements are expected to remain in the solid
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by-products such as ash and char, other byptoducts-such'as tars may
also contain small amounts (Young l§79).

Arsenic, beryllium, mercury, selenium, cadmium, and lead are
expected to volatize duriﬁg coal combustion, resulting in possible
fugitive emissions. It is acknowledged to be extremely difficult to
assess the direct human health effects of coal combustion-derived
hazardous elements. It can be anticipated that their accelerated
release ffom increased coal use will add, perhaps significantly, to
the ambient atmospheric loading from all other sources (Van Hook
11977)._ It should also be noted that the possibility exists for
synergistic actions with coal-derived and other organics and organic
chemicals in the atmosphere, and these actions may become more
important in determining organism response to increased ambient
ievels.

The three effects conéidered will be examined in respect to
suspected agents or processes. Immediately following this int;oduc—
tion, the suspect processes and associated agents present (or pos-
sibly present) in the various technologies are listed in Table XIV
along with indications of the agent or process is known or-suspected
of haQing carcinogenic effects, mutagenic effects on the germ cell,
or injury to the reproductive function.

This chapter is divided into three sectiéns listed above: car-
.cinogenesis, germ cell mutations, and reproductive dysfunction. . In

each section, the issues considered are the means for detection and
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evaluation of the suspect processes or agents for the effects in
question, the means for chemical’ identification and quantification,
and available test methods.

6.6.2 Carcinogenesis

Carcinogens have been identified'in many phases of coal extrac-
tion, upgrading, and end use. Exposure to these agents is certainly
among the greatest hazards from expansion of cpal technologies. For
this reason, they may become the controlling factor(s) in déterhining
the feasibility and the degree of control required to achieve rapid
development of many of the coal technologies. High priority shouid
therefore be assggned to this consideration.

Concern for the carcinogenic effect of coal dates back several
hundred years, when scrotal tumors were obéervéd in chimney sweeps as
a result of exposure to soot. The initiation of research for the
active carcinogenic 'substances in soot led to the identification of
benzo(a)pyrene as a carcinogen in experimental animals, thus
implicating polynuclear aromatic hydrocarbons (PAHs) as potential
carcinogens in man. Coal combustion results not only in the
formation of PAHs but also of orgaﬁiés, trace metals, radionuclides,
sulfur and nitrogen oxides, and unidéntified substances. |

The 1980 Energy Security Act proposes a éignificant iﬁcregse in
the use of coal in the U.S.; not only by conventional coal combustion
" but also by a number of advanced coal technologies'which may possibly

increase the number of potentiai carcinogenic agehts in our
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environment. Table XIV shows a list of the suspect processes and
associated agents that are present or possibly present in the variOug
coal technologies which can be considered "hot spots'" for potential
health hazards.

Carcinogenesis studies involving complex mixtures of carcinogens
are more complicated,. for .obvious reasons} than those dealing with
only a single carcinogen. It is well known from animal studies that
addiﬁive, synergistic, énd inhibitory effects can occur when animals
are exposed to several carcinogens simultaneously. In additionm,
since éarcinogénesis in.experimental aﬁimals, as well asvin humans,
is thought to be a multistage process, the possibility exists that
besides carcinogens, a number of tumor initiatqrs,"cgcafcinpgens,.and
promoters may be associated with ﬁhe'various éoal.techno}bgies. For
example, diesel fumes, coal dust, and cigarette smoke are all be-
lieved to influence the induction of bronchiogenic‘cércinpm; iﬁ
miners. While exposure to any single agent may not cause a hiéh
potential for carcinogenic response, exposure to several agents
simultaneously may lead to an increased risk of cancer. It has been
shown that SO0y can ephance the number of lung squamous cell car-
cinomas when rats are exposed to benzo(a)pyrene plus 802 over ;he
number when rats are exposed to benzo(a)pyrene alone (Laskin et al.
1976). Similarly particulates seem to pfémote’the carcindgenic ac-
tion qf PAHs through adsorption to particle surfaces which may ef-
fectively increase localized exposure. Other compounds such as cer-
;ain phenols, PAHs, alkanes, and iron oxides, which are present in
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TABLE X1V

AGENTS AND PROCESSES OF INTEREST FOR POTENTIAL
CARCINOGENIC, MUTAGENIC, OR REPRODUCTIVE EFFECTS

) Carcinogenic  Carcinogenic  Mutagenic  Reproduction
Technology/Pollutant Effects Cofactor Effects Effects

Coal Extraction
Diesel Engine Emissions X X X X

Coal Transport
Fugitive Dust ' X X X . X
Surfactaats X X - X . X

Physical Coal Cleaning
Coal Dust .
Coal Float-Perchloroethylene,
gasoline X . X X X
Coal Pile fires-combustion .
emissions X X X X

Chemical Coal Cleaning

co :

Metal Carbonyls . X X

Hy S .

Fine Dust ) . X

Metals
As
Cr
Se
Ni
‘Be
cd
Pb

E

D5 XX X
> > >
o
><'><><

In Situ Coal Combustion
Cco
Hy5
Cos

€Sy

Eci i -
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TABLE XIV (Concluded)

AGENTS  AND PROCESSES OF INTEREST FOR POTENTIAL
CARCINOGENIC, MUTAGENIC, OR REPRODUCTIVE EFFECTS

Carcinogenic  Carcinogenic  Mutagenic Reproduction
Technology/Pollutant Effects Cofactor ° Effects Effects
In Situ Coal Combustion (Continued)
S0, ) ’ X
Thiophenes X
Volatile organics (PAHs +
low HCs) : X X X X
Volatile trace elements X X X X
. Pyridines, quinolines, indoles, :
phenols, soluble metals
(emitted to H20) X X X X
Fluidized Bed Combustion
co ' X
PAHs X X X X
Limestone dust-respirable
particulates X
Trace metals in solid waste X X X X
Magnetohydrodynamic Combustion
Magnetic fields
Particulates X X X X
Alkali salts X
High voltages
Municipal Solid Waste-Coal Cofiring .
Trace elements X X X X
Particulates’ : X
Chlorinated HC from burning
plastics X X X X
Coal 0il Mixtures :
Additives X X X X
Dust X
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coal combustion emissions and effluents, are known carcinogens,
cocarcinogens and/or promoters. Fof example, pyrene and benzofe)
pyrene have been shown to be cocarcinogenic when applied
simultaneously with benzo(a)pyrene to the skin of mice (Van .Duuren et
al. 1978). Certain phenols have'béen shown to have both cocarcino-
genic and promoting activitieé (Van Duﬁren et al. 1978). These
brémoperé‘and cocarcinogens are present as a result of technology;
otherg may be introduced through personal habits such as the use of
therapeutic drugs, in diets, or as emissions from other industrial
processes. Thus, the importance of cofactor relafiggsﬁips occurring
as a consequence of simultaneous exposures to combusﬁion emissions,
pellutants, and other common chemiéal and physical agents cannqt:be
overemphasized.

) Test systems presently relevant to determining th§ carcinogenic
potential of agents associated with coal technologies fall intq the
followiqg four categories:

o ﬂacterial mutagenesis assays,
e mnammalian mutagenesis assays,
e in vitro oncogenesis transformation assays,

e in vivo carcinogenesis systems which include inhalation, skin

carcinogenesis, lung adenoma, lifetime -feeding, and sub-
cutaneous injection assays. -

In some instances a correlation can be made between the carcino-
genic and mutagenic activities of chemical carcinogens. The bac-

terial mutagenesis assays, e.g.,the Ames assay, are useful tests
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because they are relatively inexpeﬁsive, short-term, .and permit
detection of a wide variety of mutagens that can be subsequently
tested for carcinogenicity. As 5 first screen to be followed by
other tests, the Ames test has shown good.results except with certain
classes of carcinogens such as metals where the Aﬁes.test is of
limited value.

The mammalian mutagenesis assa&s offer promise as prescreens
since they seem to provide both a qualitative as well aé a.qdﬁnti-
tative correlation, but they are more expensive to perform‘and re-
quire more time than the bacterial tests. Both the bacterial‘aﬁ&
mammalian mutagenesis assay should belpérformed with and wiﬁhbﬁt a
metabolic activation system in order to detect bpthAproééféinogens
and carcinogens. | o

Although more expehsive and time consﬁming than tﬂé ﬁdtagénesis
assayé, the iguzigzgvtraﬁsformation systems also show‘pﬁteﬁ;ial as
bfescreens for’carcinogens; Their major‘disadvaﬁtaée'conéern;”tﬁe
reliability’ofveafly indicators of oncogeniéAtransforﬁatioﬁ.> iﬁ.the
lﬁ.XlﬁEQ transformation assay‘musg be carried outkto the péint of
injecting'potentiaily transformed cells intoAaniaﬁiﬁal tovde;;ngtrate
' fumor—causihg activity, then the‘expense and time invblved are'ﬁh;
same as, or bossibly longer than, that‘required in some in vivb
carcinogenesié tests. | | |

The various }E’Xiigvcarcinogeﬁesis tésts are ob?iéusly the most

direct ways to determine the carcinogenic potential of an agent; how-

ever, they are extremely expensive and time consuming to perform.
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Another major problem concerns the tissug and specieg specificities
of many carcinogens. For example, whét is_positive for skin is_not
necessarily positive in the lungAand vice versa. It is generally
reqommended tﬁat a batterf of tests, as discussed above, be employed
to determine the carcinogenic potential of an agent. This permits
identification of chemicals causing similar end points but operating
. by different mechaﬁisms.

AIﬁtérpretation of data‘from these carcinogenesis test systems is
still very difficult, and risk assessment for humans is not presently
_praétical. Nevertheless, if aﬁ agent associated with the various
cogl technologies gives positive results in one or more of the
carcinogenesis assays, appropriate control measures should be under-
taken in ordgr to protect ipdividuals f;om possible exposure.

| Allfof the above caréinogenesis test systémé can providg

valuable information concerning'the carcinogenic potential of complex
mixtures assoéiated Qith the various tgchnolﬁgies,.though it must
of?en be qualitative rathe; than‘quantitative. Tﬁen, through the use
of various analytical procedures, an estimation can bé made of the -
quantities of this agent associated Qith a particular process., _This
provides valuable information on the relative fisk posed by a given
agent. Nevertheless, the determination of the carcinogenic po;ential
of complex mixtures should be performed as a first line of defense
followed by fractionation, identification, and quantitation of

specific agents.

166



Recommendations:

1.

9.

. Determine the carcinogenic, .cocarcinogenic and promoting

activities of complex mixtures associated with the various’
coal related . technologies. Because of exposure to the lungs
and skin, these systems should be the primary carcinogenesis

.«8ystems used.

JInvestigations are needed of possible direct additive and

synergistic effects of carcinogens known to be present in
the coal related materials.

. The role of various PAHs from coal-related materials as

cocarcinogens and/or tumor promoters in the lung and skin
should be investigated. The lung adenoma and skin two-stage
system should be the systems of choice based on the ex-

. tensive data.available in these systems.

If complex mixtures are found to have carcinogenic,
cocarcinogenic and/or promoting activities, a fractionation
of the mixtures should be undertaken in conjunction with -
testing each fraction for activity. :

The role of sulfur ox1des and nitrogen ox1des as potent1a1

cofactors. in carcinogenesis should be investigated.

-Investigations of possible direct and synergistic effects

between coal-derived metals and other inorganic and organic
substances as related to carcinogenesis should be performed.

‘Fine particulates should be investigated as vehicles for

trangport of carcinogens to target lung tissues.

A search should be conducted for carc1nogen1c1ty 1nd1cators

other than benzo(a)pyrene.

Definitive investigation of diesel exhaust is needed related
to its potential to cause carcinogenic effects.

See recommendation 3 in Section 6.l.1.

6.6.3

Mutagenesis

Concern for germ cell mutations is increasing with awareness

that a number of chemicals are potentially injurious to the germ

cell.
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The public health issue addresses the possibility that
population exposure may lead to heritable mutations which could
affect.later generations.‘ A numbér-of the shorpfterm tests used for
éhe éQalﬁation.of potentialicaf;inogeﬁs aiso involve assessment of
the possibility of DNA damage or the occurrence of mutations in
somatié cells. | |

It is true that there are currently no available techniques of
, adéquate sénsitivity.or efficiency to.detect the océurrénce of
injurious mutations in.hﬁﬁan populations resulting frod exposure to
chemicals. ' Neve;theless, the entire body of biological information
available.at this timé ciearly points-to the ﬁact-fhat such mutations
can occur from mutagenic chemicéls which réach the goﬁads and that
théy c;n produce dele;ériousAeffects in tﬂe offspring of the test
animals. - The absence of techniques adequate at this time to detect
such effects in humans is no rea;on for deiayiﬁg the application of a
prudent . pretesting approach to detgrmination of .whether such injury
is likely td 6;cur in the pfogeny bf the eiposed pobulation. N

M;ny ofganic cheﬁical caréinogens are mutagenic~in~a variety of
test systems; if they reach the germ cells .through normal rOutés of
exposure, they can Be pres;ﬁéd to prodﬁce heritabléAhutations. How-
ever, as noted below, pharm&cokinetic §rocessés.govérﬁing Ehéif
transport, activation, or deactivation will play a dbminant role in

detérmining whether effective doses reach the gonads. Thus, the
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polynuclear aromatic hydrocarbons are mutagenic and carcinogenic ﬁut
because of the local tissue processes leading first to activation and
then to inactivation, their local carcinogenic riék may be gréétef
than their hazard to the germ cell.

Tﬁere are a large number of possible mutagens present at éﬁe
various stages of the coal technologies considered by this ﬁanell
Table XIV identifies some of these, Priorities will have to be
established on the basis of’the probable extent of exposure, existing
knowledge, and use of the,sﬁort-term'screening tests identified
below. In geﬁeral, chemicals reactive with DNA directly_or throﬁgh(
metabolic aétivation should be regarded with suspicion.

There is available a substantial information source on mutggens
(generally pure or defined chemiéal compounds) in the Eﬁvironmeﬁtal
Mutagen Information Center (EMIC) at Oak Ridge. Where there is no
existing information and there is baéis for suspicion (Table XIV) and
likelihood of exﬁbsure,lscreening will be iﬁdicated. The bacterial
revertant tests (Ameg)'are simple and reasonably reliable for initial .
screening.

Iqusome ingtancés, mutagehic agents in Table XIV are identi-
fiable as particular chemical entities, In such cases, quantifica-
tion could follow usual chemical analytical procedures. In moét
instancés, however, the mutagenic agents will not be directly
identifiable as chemical entities and, in fact, it may not be practi-

cal to make such an identification. Bacterial revertant assays such
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aQ the Ames test are rgadily applicable for‘;he tgsting of mixtgres
of agents and, indeed, can also give quantitative resultg. They
should be apélied without microsomal activation as well as with
graded additions.of microsomal components, since in some cases an
excess of the enzyme will yield a reduction in the number of muta-
tions ptoduced. Ho&ever, quantitative interpretation of such tests
is often éonfused by the‘complex interactions between chemicais.
Additionally, the net potency of such mixtures may be very different
from the sum of the individual components because of interaction of
comutagenic and antimutagenic activity. Nevertheless, such assays
have a.véry qéeful purpose in screening ageﬂts where the chemical
composition ié unknown; mixtures sepafated and tested for muta-
genicity can and shou14 be examined chémically as well,

Tests relevant to germ cell mutations fall into three
categories:i |

e direct or indirect DNA injury or stimulation of repair-
mutagenicity assays using bacterial or other microorganisms

e chromosomal mutations based on cytogentic tests in mammals
e whole animal tests for gene or point mutations, for example,
those using Drosophila or the specific locus test in mice,
the dominant lethal test in mammals, and the heritable trans-
location test in rodents.
The first group is also applicable as an indication of potential
carcinogenicity and is mentioned in the section on carcinogenicity.

The latter two groups of tests are specifically related to germ cell

mutations. In the latter group, the specific locus test in mice is
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lengthy, extremely expensive, -and is probaﬁly not practicable except
in very speciai cases, The Drosoghilé test is more realistic, less

cumbersomé, and less expensive. The dominant lethal test in mammals
is regarded as less sensitive than some of the.other tests, but is a
practical laboratory procédure. It is generally recommended that a

battery of tests including at least one procedure from each grpupABe
employed.

An important distinction needs to be made between the use of
tests with isolated systems and those in whole animals. In whole an-
imals, the test agents are subjected to the entiré‘array of biologi-
cal factors of transport and metabolic'alferaﬁion.whiéh together de-
termine access-of the agent or (its aétivated form) to the gonads.
Note, ‘however, that both transpoft and‘metabolism in the Drosophila
may differ from that' in mammals. In the'isolatedisystems tests,'
these factors do not prevail in'the same degree. In any test involv-
ing the use of isolated‘systems, an estimate of risk to- the complete
organism requires a pharmacokinetic stddy to determine the extent of
access of the active agent to the gonads.

- The details of the pfocedures identified above will not be de-
scribed here; for relevant references, see DHEW 1977 and the WHO
Criteria Document No. 6 (WHO 1978).

Recommendations:

1. Investigation of possible direct and synergistic effects be-
tween coal-derived metals and other inorganic and organic
substances as related to heritable mutations should be
performed. .
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2. The mutagenic potential of diesel exhaust should be
investigated.

3. The kinds of tests available for determining mutagenic end
. points should be evaluated as should the approach (tier vs.
battery).

4. Research should be undertaken to improve the application of
short-term tests to the identification of active (including
enhancing or inhibitory) components of complex mixtures of
mutagenic or transforming agents.

6.6.4 Reproductive Dysfunction

It is generally acknowledged that until comparatively recently,
little attention has been focused on occupational and: ambient
exposure-related, .reproductive hazards compared to those potentially
related to carcinogenic and/or mu&agenic effects.

Although. exposures to envirommental agents can occur in-one of
three principal ways; it is recognized that some overlap for specific
chemicals can occur. Occupational exposure usually involves a rather
well-defined group of workers and occasionally includes their
families and associates'as a result of home contamination. Ambient
.exposure occurs via quia such as .air, water,.and food variously
contaminated by envirommental chemicals. It -should be noted thaﬁ
specific populations of exposed and unexposed individuals are often
not available for .study and hence the clear -establishment of
etiologic relationships is limited ‘to severe disease, e.g., lead
encephalopathy, Minamata disease. The third category of exposure is
accidental exposure which can occur through a specific contamination
incident e.gr,.thé dioxin iﬁcideht iﬁ~8evéso, Italy; or the PBB
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incident in~Michigan. To date, however, unambiguous evidence is
lacking concerning hum;n rep?oductive dysfunction resulting from
tﬁese two episodes.

| 1t is well recognized thét‘many chemical agents to which an
individual may be exposed may be overtly or potentially harmful
causing structufal or functional change immediately; after a
considerable lapse éf time, or after some indeterminate time
following exposure. There are many who believe that it is within
Athis"last category, subacute effects, that most impact on reproduc-
tion occurs (Wilson 1977a).

Of principal concern is significant alteration in the physiolo-
gical process of reproduction including adverse effects éuch as
heritabie changes in genetic material, adverse effects on sperm,
infertility, pregnancy ldss; prenatal and posthatai retardation,
physiological and‘behévioral diseases in offspring, structural
malfdrmatiqns, malignancy induced duringAgestation, and other trans-
 placental effects. It is épparent that the significance of effecfé
at each stage of‘reproduction needs to be evaluated separéte;y (NIOéH
and SOEH 1979). ‘

It should be recognized and emphasized that ;lthough the inci-
dence of birth defects, spontgneous abortions and stillbirths among
the human population are quite high, with as many as seven percent 6f

all neéwborns being born with birth defects in the U.S. annually, the
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causes of the vast majority of these dgfects are not known (Wilson
1977a; Stellman 1979)..

Table XV lists the presently known causes of developmental
defects in man (Wilson 1977a). Only about 20 percent can be ;ssigned
primarily to genetic Fransmission and an additional 5 percent may be
related to gross or quantitative abnormalities in the 9hromosomes.

It should also be poted that all cur:en;ly known environmental'
factors together do mot account for more than an additional 10
percent of develppmental defects in man. Hence, as many as 70
percent of all defects are of unknown origin and, while hundreds of
agents may be'capable of causing reproductive failure or of inducing
germin;l'and/or somatic mutation, the actual magnitude of their
effect on human rg%roductive health has,not been quantified (Stillman
1979)f It should be noﬁed that most of the presently unaccounted for
causation may indeed stem from cpmbinations and interactions among
two or more of the factors listed, or with as yet unidentified
enviropmental and/p; hereditary causes,(Wilson 1977a). Although not
demonstrgted in man to date, animal studies have suggested that
multiple environmental factors at low dosages may interreact to cause
additive or potentiative effects on development (Fraser 1977).

A Tba; toxic agents can manifest themselves in a variety of ways
has been well doqumepted. These can include the following:. adverse
effects on the male or female rgp;oductive ¢ycle, possibly leading to
inferfility; production of insufficient or deféctive'sperm; preven-

tion of the successful implantation of fertilized ova; or inducing of
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TABLE XV

PRESENTLY KNOWN CAUSES OF DEVELOPMENTAL DEFECTS IN MAN

-Solely or mainly by genetic transmission
Chromosomal aberration
Environmental causes

Ionizing radiations

Infections
rubella virus varicella virus
- cytomegalo virus toxoplasma
herpes simplex virus = syphilis

Maternal metabolic imbalances
endemic cretinism : phenylketonuria
diabetes : virilizing tumors
. Drugs and environmental chemicals
.(see subsequent tables)
Combinations and .interactions

.Unknown _

20%

3-5

<1

2-3

4-6

65-70

Source: Wilson 1977a.
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functional defects not readily observed at birth and hence not
associated with reproductive failure (Stellman 1979).

Figure 12 illustrates a schematic presentation of some of the
modes of teprodﬁctive dysfunction and also shows which parent may be
at risk (Stellman 1979). Several modes of action by environmental
agents leading to male reproduction failure are possible. There may
be direct damage of male germ cells leading to mutation and/or
infertility; anatomical lesions may be present in spermatogenic
tissue; and loss of libido and impotence may occur.

To date, the majority of evidence on the effects of toxic

.agents and paternal exposure would suggest that the most likely
outcome is infertility in males or spontaneous abortion in their
sexual partners_(Stellman,l979). It has been thought to be far less
likely for birth aefects; stillbirths, or childhood diseases to
result from paternal exposure. It should be noted that there is some
evidence that toxic agents may penetrate the blood-testis barrier and
enter the testicular fluid and that such penetration can be the cause
of false-negative results in dominant-lethal testing of enviropmental
mutageﬁs (Stellman 1979).

Some evidence is available that suggests exposure of the mother
to foreign chemicals m#y interfere with normal reproductive organ
system function. Another aspect of maternal organ dysfunction may
arise from the presence of foreign substances absorbed from the

mother's bloodstream into the uterine fluid. Trace metals, as well
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TYPE OF EFFECT

ORGAN :DYSFUNCTION'

insufficient/defective sperm
an ovulation/defective ova
implantation defects '

spontaneous abortion

PARENT AFFECTED

GENETIC DEFECTS

GESTATIONAL TOXICANTS

pre-embryonic
embryonic °

fetal

S EIECHE
+O+40O

1O

.(semen)

40

POST~-PARTUM TOXICANTS

via ‘lactation

via inhalation

40 40

Source: Adapted from Stellman 1979.

FIGURE 12 .
SOME POTENTIAL MODES OF
. REPRODUCTIVE DYSFUNCTION
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as a variety of drugs, have been shown to be present in uterine
secretions (Wilson 1977a; Stellman 1979).

| ‘It is now wideiy aécepted that althOugh thé mamm#lian conceptus
is eﬁcloséd'ﬁithin the uterus and semiseparated from maternal blood
by the placenta, it may nevertheless be exposed to some fraction of
the concentratioh of most chemicals in ‘the maternal bloodstream
(Wilson 1977a).  Figure 13 illustrates the homeostatic devices that
tend to protect §ﬁe‘mamma1ian embryo from ché?icglg absorbed into the
méterﬁal bloodstréa; (Wilson 1977a). While the factors that-govern
tﬁe peak concentration and half-life of chemical agents in the embryo
rémain poorly understood, most agents are assumed to reach the embryo
but not necessarlly in biologically effective dos;s (W;lson l977a)
Although some chemical agents can get into the embryo in pharmaco—
loglcally active amounts but leave no permanent alteratlons, it
should.ﬁe stressed that others produce dose-related alterations that
can be correlated with later structural defects (Riqéer 19715.

The placenta does not selectively protect the intrauterine
oﬁganigm from harmful agents administered during pregnancy and,
indeed; has been re;erred:to,as;a sieve (Wilson 1977a; Harbison,
1978). Except for compoun&s with high molecular weights and those
with strong electronegative or electropositive charges, almost all
pharmacologic substances can and do pass from the maternal to fetal

bloodstream. Generally, substances w1th a.molecular weight of less

than 600 pass the placental barrler (Harblson 1978), although it
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shquld be noted that polarity is a factor and compounds of greater
molecular weight can pass the plécentéi barfie¥;

A teratogenic response is_&etermined by both the time of
exposure as well as the chemical reactivity of the material (Wilson
1977a; NIOSH and SOEH 1979; Stillman 1979; Fraser L977; Ritter et al.
1971; Harbison 1978). Figure 14 illuStrates a schematic:
representation of human de#eloPment and tﬁe sensitive periods for
'vmaldevelopment. The shaded areas represent highly sensitive.periods
'thle the clear areas represent stages that are less sensitive to
teratogens (Harbison 1978). bifferences of placental transfer have
been observed betweéﬁ specigs. Table.XVI lists the comparative
:gestational develoﬁment Sf man, rat, mouse, rabbit; and hamster
_(Harﬁiéon 1978). Placental transfer can hence be expected to vary
dﬁfiﬁg.gestationvand between sbecies making generalizations and
-gnﬁhropomorphiziﬁg apimal data difficult (Harbison 1978).

Although a teratogenic agent:has.been classicglly defined as -one
fhgt'induces structural malfo;mations during the ges;ational'stagé of
.déQeiopment, recently this definition has been expanded to include
ébértations of structure, growth, and functionm, whetber caused by
genetically determined factors, by gnvirdnmental factors, or by an
interaction of genetic and environméntal'factors. Hencé, the
complete spectrum of adv‘ei's'e 'reiardductive outcomes which might be
related to expoéuré to toxic agents can range fr;m decréased

fertility through fetal loss, growth retardation and. congenital
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FIGURE 14

SCHEMATIC REPRESENTATION OF HUMAN DEVELOPMENT AND
SENSITIVE PERIODS FOR PRODUCTION OF MALDEVELOPMENT.




TABLE XVI

COMPARATIVE GESTATIONAL DEVELOPMENT

Man Rat Mouse Rabbit Hamster
Implantation 6 1/2 days 8 days 5 days 9 days 7 days
period
13 to 20 27 days 11 days 9 days 10 days 9 days
somites
End of 12-14 wk. 14 days 13 days 11 days 10 days
embryonic
period
End of meta- 20 wk., 17 days 17 days 15 days 14 days
morphosis
Fetal 20-34 wk. 18-22 days 18-20 days 16-32 days 15-16 days
development
Parturition 36-40 wk. 21 days 19 days 32 days 15 days

Source: Harbison 1978.
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malformations, to childhood or even adult morbidity (Wilson 1977a;
NIOSH and SOEH 1979; Stellman 1979; fraser 1977; Ritter et al. 1971;
Harbison 1978; Barr et al. 1979).

Exambles of environmentally induced mutations{ another class of
‘dyéfunctiod'which resﬁlts in transmissible defects, are less readily
avallable. Hence, while it is reasonably clear that a large number
of environmental agents can induce changes in the genetic structure
of somatic and germinal cells, the impact of this on birth defects
and other adverse reproductive outcomes has not yet been quantified
(Stellman 1979). However, it has been suggested that an increased
mutation rate will have an immediate and substantial impact on' the
frequency of dominant mutational effects. and hence result in an
increased morbidity rate (Stellman 1979). Although it has been
stated that mutation is a firmly established mechanism of teratogene-
sis known to arise from both chemical mutagens and ionizing radia-
tion, ig is nevertheless extremely difficult to extrapolate its
actual impact on reproduction.

An additional broad category of toxic reproductive agents that
can be encountered is post partum toxicants, environmental agents to
which a ﬁeonate may be exposed and suffer adverse effects. Such
exposure can be directly related to parental occupational or ambient
exposure or breast milk., The magnitude of such potential exposure on
the health of neonates and others thus indirectly exposed is not

known.
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‘The largest class of effects-that can potentially result from
exposure to toxic agents in utero are those which adversely affect
normal functioning. These may also constitute the most numerous
problems associated with such exposure since they comprise biochemic-
al, behavioral, as well as other defects, many of which are largely
uncataloged (Barr et al. 1979).

Table XVII lists metals tested for embryotoxicity in animals
(Wilson 1977a). As depicted'in this table, metals and related
elements appear as a group to'have considerable embryotoxic
potential., Of 25 tests with various metal-containing compounds in
several species, 17 of the tests revealed unequivocal teratogenicity
while 20 showed increased rates of intrauterine death. It should be
noted that in addition to mercury, a proven human teratogen, two
other metals have, to some degree, been implicated as embfyotoxic in
man; these are lead and lithium (Wilson 1977a; Wilson 1977b). While
the general reactivity of ions of heavy metals with biological
chemicals, particularly with enzymes, is well established;’exact'
sites of action of these substances in the embryo are, for the most
part, not known. Little is.known concerning the manner in~which
heavy metals cross the placenta or about their effects on the
transfer of nutrients. The Minamata disaster, in which mercury was
ingested by pregnant women, vividly demonstrated that methfl mercury
is capable of adversely affecting the developing human fetus

(Murakami 1971).
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TABLE XVII

METALS TESTED FOR EMBRYOTOXICITY IN ANIMALS -

Species'Showing,§pecif;c Defe;ts E

None

MAL = Malformations; IDR = Death or Résorption; IGR'% Growth.Rétarded.

185

Compound Speciés‘Tested MAL . IDR IGR .
Al (chloride) 1 1
As (arsenate) 3 3. 3. "2
Cd (various) 3 3 3 2
Cr (trioxide) ‘l ' 1é 1 1
| Cu’(sulfaté) 1 17 1
Ga (sulfate) 1 17 . 1
Hg' (methyl) 4 4 e 3
In (nitrate) 1 1 1 |
Li (carbonate) 4 2 ;2. 2
. Ni. (acetate) 1 1? l:'
Pb (variops)._ 3 2 -3 2.
Te (H2T§O3) 1 1
T1 (sulfate) 1 12 1
Source: Wilson 1977a.



There is strong likelihood that the fetus is exposed to consid-
erable amounts of carcinogenic and cytotoxic material after maternal
exposure to the polycyclic aromatic hydrocarbons. While these toxi-
cants may be of maternal, placental, or fetal origin, there appears
to be little doubt that the products of reactions involving poly-
cyclic arbmaticAhydrocarbons and aryl hydrocarbon hydroxylase are
.”;equngible for adverse fetal effects (Jﬁéhalo 1973; Kelman lé?é).
These compounds are unusual becausg prior exposure may lead to the
release of materials moré toxic to the fetus than the original
compound.

Additional compounds (or classes of compounds) with feproductive
dysfunction potential that can result from coal technologies d;-
scribed in this report include: methane, carbon monoxide, hydrogen
sulfide, carbonyl sulfide, carbon disulfide.(Morris et al. 1979), .
NO,, metal carbonyls, sulfur dioxide, thiophenes and volatile -
organics (PNAs, low molecular weight hydrocarbons) from in situ coal
gasification air emissions and pyridines, quinolines, indoles,
phenols, ahd soluble metals from Qater emissions. The‘sﬁlfﬁr coﬁ—
tained in coal_will appear primarily as H9S and to a 1esséf.degree
C0S and CS3 in éoal combustion processes. Chfqﬁié exposure to
CSy, for example, inhibi;s growth in rats.

Particulate loading of the atmosphere from coal and refuse piles

and the combustion of coal and acid mine drainage resulting in
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groundwater contamination continue to be acknowledged as major
problems associated with mining, processing, and storing of coal.

The;e is also an acknowledged inadequate data base for determin-
ing the health effects, present or potential, of the trace elements
from coal combustion or conversion plants. Important synergistic
effects between certain coal-derived metals and other inorganic and
organic substances can be anticipated and may also prove important in
health effects assessments. It .is also recognized that in regard to
food and water intake, particularly as affected by ash settling ponds
and landfills, no toxicological assessment of trace elements or
radionuclides is feasible at this time.

However, it must be recognized that the large number of chemical
agents that can be pdtenfiglly responsible for the specfrum of
adverse reproductive outcomes, as well as the many possible avenues
of human ekposure, makes it vital that a systematié procedure to
detect associations be considered. There haQe been various attempts
to describe the relationship between exposures and outcomes and their
interactions (Palmer 1976; Anon 1973; WHO 1967; Wilson 1964; Flynt
1976). |

Palmer (1976) has recently described an assessment of current
screening test procedures. It was suggested that if attenfion wefe
concentrated not on the inconsistent malformations but on more
consistent embryopathic effects which in one form or another are
always associated with malformations, the p;edictive value of the

screening tests would appear in a more favorable light. Hence, even
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if malformations. are not determined, the range of conditions
(dosages) in'wnich the§ might occur ean be determined. Such
infermation; used in conjunction with that obtained fron other
preclinical studies, can then form a reasonably sound basis for
extrapolation to man (Morris et al. 1979).

Flynt (1976) recently reviewed epidemiologic techniques' for as-
sessing teratogenic effects. Employing a variety of approaches, epi-
demiology can develop or test hypotheses concerning possible causes
. or through surveillance provide data useful for a variety of
purposes.

Recommendations:

1. Investigations of possible direct and synergistic effects -
between coal-derived metals and other inorganic and organic
substances as related to reproductive effects should be
performed.,

2. The potential of diesel exhaust to result in reproductive
' effects should be studied.

3. Reliable predictive procedures are needed to evaluate injury
to reproductive processes, especially for measurlng phys-
iological disturbances.

4, Development of systematic methods for identifying sponta-
neous abortions is needed. .

5. Investigations on the effects of placental transport be
undertaken for the major coal-derived metals and metalloids
as well as the pos51b1e interactions (e.g., cadmium and
calcium).

6. Studies are required to elaborate the factors and conditions
- influencing transport and metabolism of coal-derived tox-

icants by the placenta and its response to them.

"7. Additional studies should be undertaken teAelaborate the ef-
fects of toxicants coal-derived metals, and metalloids on.
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nutrient movements across the placenta and the means by
which these agents are transported between mother and fetus.

There is an acute need for both more definitive and econom-
ical test systems for assessing and validating reproductive
dysfunction risks. Research efforts in development of in
vitro test systems ut111z1ng organ and whole embryo culture
should be undertaken.
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