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FOREWORD

Development ann deployment of a commercial indirect liquefaction
dindustry has been proposed as a means of reducing United States dependence on
foreign sources of energyi.

Deployment  of a commercial industry on an environmentally acceptable
basis requires identification and evaluation of potential environmental
problems. This assessment is an attempt to anticipate potential environmental
hazards that may be posed by commercial-scale facilities to provide an
improved basis for planning and implementing environmental research.

The study comprises four major tasks: characterization of hazardous
materlals released from an indirect liquefaction facility; assessment of
ecological hazards; assessment of public health hazards; and assessment of
occupational healcth hazards. The report is organized in the same manner.
Volume I is an overview and summary of the results; volume Il presents stream
characterization data; and volumes III, IV and V present assessments of
ecological, public health and occupational health hazards, respectively.

The study was sponsored by the Technology Assessment Division of the
Department of Energy. Organizations participating in the assessment were

General Research Corporation, Oak Ridge National Laboratory, and Argonne
National Laboratory.
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EXECUTIVE SUMMARY

This analysis identifies the public health hazards of wastes from
Lurgi/Fischer-Tropsch coal liquefactionm. Because “data on dose-response and
synergism are not available for many of the waste chemicals, we evaluated
hazards with a relative risk approach. This approach employs two measures of
hazards. First, 'body burdens that result from exposure to Lurgi/Fischer-
Tropsch wastes are compared to body burdens from other sources of the same
chemicals. Second, ambient concentrations of pollutants from Lurgi/Fischer~

Tropsch operations are projected and .compared to various air and water quality
standards.

r
"

Z . =-Quanti tat:venchareﬂtorzzetlnﬂznf_l-q uvefaction=-wastes=is~limited to a

few specific process streams. Consequently, quantifiable measures of risk are

restricted to those streams. For waste streams that are not quantified,
we used qualitative measures of Tisk.

Results of the quantitative assessment indicate:

e Trace—element body burdens from Lurgi/Fischer-Tropsch
wastes-will be similar to those from coal-fired power-
plant wastes or from background air and water, and will
be: substantially below those from dietary exposure.

e Ambient atmospheric concentrations of ammonia, hydrogen
sulfide, sulfur dioxide, nitrogea oxides, arsenic, nickel
carbonyl, and mercury —~- seven out of 73 substances for
which risks were quantifiable —- are projected to violate
or be wirhin one order of magnitude of acceptable levels
for public exposure. However, due to their toxicity and
slow biodegradation, only the trace elements and nlckel
carbonyl are projected to be of concern to public health.

& Ambient aquatic concentrations of trace elements, phenols,

' polynuclear aromatic hydrocarbons, substituted benzenes,
mercaptans, fatty acids, and aromatic amines will violate
or be. within one order of magnitude of acceptable levels
for public exposure. Trace elements, polynuclear aromatic
hydrocarbons, and phenols are projected to.be of copcern
to public health.

o Unquantified waste streams currently release carcinogens,
1 co-carcinogens, and toxic substances to the enviromment.
All carry the potential for public health impact.

'“‘The flizing of process gas during normal operations may
‘release Carcinogens and toxic chemicals to the atmosphere.
The effect of flaring on gas comp051t10n needs to be -
assessed S



areas:

We

also pinpoint the need for more in—depth research in the following

»
n *

Waste—-stream volume and composition during startup, shutdowm,

_and upset operatiom, 2

Changes in envirommental cortrols in tlie, reference.design
that affect waste stream volumes or components, and?

Synergistie, antagonxstxc, and dose-response relatlonshlps of
uurgllFxscher-Tropsch wastes..



INTRODUCTION

Decreasing U.S. dependence on foreign oil is an energy policy priority
underscored by legislation that appropriates funds to foster growth of the
synthetic Ffuel mdustry. Indirect coal liquefaction is one synthetic fue’.
technology with near-~teérm .- potential for commerc:.al application. However,
environmental effects of the technolooy need to be evaluated before commercial
scale production can begin. This ‘report assesses the impact of emissious,
effluents, and solid waste by-products of liquefaction process streams on
public health.

~This assessment is part of a larger study of indirect coal liquefaction
performed under the auspices of the U.S. Department of Energy, Office of
Environmental Assessments, Technology Assessments Division. The study
included four major efforts: (1) characterization of hazardous materials
released from an indirect liquefaction facility, (2) occupational health
assessment, (3) public health assessment, and (4) ecological assessment.
Major contributors to the program include: Argonne National Laboratory,
International Research and Technology, Oak Ridge Natlonal Laboratory, and U.S.
Department of Energy. =

No commercial-scale indirect liquefaction facilities currently exist
in the United- States. Pilot- and bench-scale operations, however, have
identified the process' potemtial to release many toxic substances to the
environment. Operating experience at commercial-scale facilities in South
Africa, Yugoslavia, and Scotland have confirmed this potential. This report
estimates the risk to the public from operation of a commercial-scale,
indirect, coal-liquefaction facility that uses Lurgi gasification and Fischer-
Tropsch l:.quefact:mn to produce fuels ranging from synthe:::.c natural gas to
heavy fuel oil.

4

Ideally, health hazatds from the environmental release of toxic sub-—
stances should be quantified in terms: of deaths, illnesses, or some "other
absolute measure of exposure. Unfo1 t:unately, not enough data exist for
LurgL/Flscher—’rropsch by-products to a”low such quantlflcatlon. The ‘lack of
comprehensive data on commercial-scad e U.S. operating conditions, dose-
response relationships, and envxronmenta:.\~ transformation rates- restricts the
scale of the risk assessment. Enough infoymation is available, however, for a
relative risk analysxs that compares the potentlal impacts 6f Lurgi/Fischer-
Tropsch with impatts from other sources of toxic wastes. ‘Such an analysis can
identify those substances that present significant risk to public health.
This assessment uses the relative risk approach.

This report assesses the public health risk of atmospheric emissions,

liquid effluents, and solid wastes generated during steady-state operation of

a commercial-scale (28,000 ton/day) Lurgi/Fischer-Tropsch coal liquefaction

facility. The hypothetical plant is located in an area with meteorological,

geographical, and hydrological scharacteristics that match average U.S.
conditions. Toa ' ” ) _

. - The liquefaction process is a pressurized system under which process

streams have 1little opportunity for release to the enviroonment. However,

. during start-up, normal operation, shutdown, and upset conditioms, > process

gases are flared to the atmosphere. These process gases include a:-variety of



" 2

toxic chémicals and possible carcinogens. Incomplete combustion of flare gas
may expose the public to these species. The volume and components of liquid
and solid waste streams will also vary between normal operating and upset’
conditions. Howevér, the frequency and magnitude of upset operatioms,
the completeness of flare—gas® combustion; and waste—stream composition
-.are too uncertain .to adequately asséss’ the resulting exposures during these
conditions. ’

Additionally, this assessment does not consider the impacts of coal
mining or plant construction and decommissioning. These impacts should be
similar to those from existing commercial operations, such as oil refining,
coal-fired electricity generation, and coke production, and thus were not
addressed. The public health impacts from accidents, such as the explosion of
a gasification vessel, were not quantified in this assessment. The potential
impact from such an event is uncertain and extremely sensitive to site-—
specific considerations and as such was not discussed.



2 METHODOLOGY

.This analysis of the public health hazards of Lurgi/Fischer-Tropsch
indirect coal liquefaction determines relative health impact by measuring a
number of surrogates. The surrogates (bady burdens, ambient concentrations,
substance toxicity)” are required because data on dose-response, synergism,
environmental transformation, and waste-strgams are insufficient to quantify
direct health impacts. Hazard is determined ‘from the surrogate that most

‘closely reflects actual impact, based on available data that correlate surro-

gates and human health .effects. The method identifies which substances
released through Lurgi/Fischer-Tropsch liquefaction are of significant public
health concern and which have undetermined effects requiring further study.

The public health assessment is based on emission, effluent, and solid-
waste data from Part 1 of the study, characterization-of hazardous wastes.
Although actual commercial facilities may vary in the use of specific process
and waste flows (e.g., the use of deep well injection, instead of reverse
ogmosis, or the substitution of .Claus for Stretford sulfur-control units), the
characterization provides state-of-the-art estimates of operating “conditions
in the United States.. Figure 2.1 illustrates the process flow diagram for the
Lurgi/Fischer-Tropsch liquefaction., Table 2.1 lists procéss streams with the
potential for releasing envirommental contaminants, and Table 2.2 lists the

‘components of the asséssment streams. Quantification of the streams varies.

from complete to nonexistent, but is the most up-to-date information avail-
able. As a result of the incomplete characterization, the quantification
portion of the risk analysis reflects only those streams for whick data or
estimates are available.

=

Six streams have been quantified: two gaseous streams —— utility stack
gas (28) and cooling tower drift (29); two liquid streams —- reverse osmosis
waste (53) and combined ash leachate (69); and two solid wastes —— combined
ash (36) and biosludge (70). Data on 14 of the streams listed in Table 2.1
were insufficient for quantitative assessment.

Lockhopper vent gas (72) is especially significant. The Lurgi gasifi-
cation vessel requires purging of small amounts of process gas to relieve
over—pressure during normal operation. Larger amounts of gas are purged
during start-uwp, shutdown, and upset operation. This vent gas contains a rich
mix of synthesis gas (H,C0), various toxic hydrocarbons, and trace elements
and is flared to the atmosphere.” Flaring reduces synthesis gas to water vapor
and carbon dioxide and combusts the hydrocarbons while having little effect on
the trace elements. The degree of organic degradation depends on factors such
as the temperature and daration of the burn, which vary with -operating condi-
tions. Thus, even though unflared vent gas 1is characterized, the effect of
the flared stream on public health has not been quantified due to the need for
characterization of the flared gas. This type of characterization must be
based on empirical data that are currently unavailable.

Figure 2.2 illustrates the methodology used to assess public health
risk. Components of waste streams are first characterized by health indi-
cators such as toxic effects, metabolites, bioaccumulation, environmental
degradation, and acceptable exposure levels. Components are then screened by
toticity. WNontoxic substances are not dealt with further. Substances
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identified as possibly carcinogenic Table 2.1 Process Streams with
or toxic are flagged as potential Potential for Environ-
limiters to development of the mental K&:lease

Lurgi/Fischer-Tropsch technology that
requirg further assessment.

) - Process Stream Type Stream No.
The screened substances
are then categorized for Eu.r__ther,.{; Gas
assessment. Four categories' are’ . .
established, based on the kinds of gs;h;zsx:‘ﬂéﬁzfﬂms.m - 2,,__,?5 24
information found in Part 1 of the o i "7;,76,77,
larger study, characterization of . . e . Tenl
Dezeration emissions 30
hazardous wastes. Category 1 : -
" I Bag-house vent gas 26
substances are quantified- based on . A
. . Ash-handling emissions 35
data from commercial-scale Lurgi/ Fischer-Trousch pirge’

. Fischer-Tropsch facilities identical ase wast:sstrz:xng 65. 67
to the hypothetical reference facil- Loﬁkh; ar vent mas 75
ity. Category 2 substances are PP 2
quantified based on dara from Liquid

]

processes similar to the reference

ili : everse—~osmosis i
facility. These may include bench- R Se~osMmos1s waste

L, . solution™ 53
e hidhmtu pasification meing Targl  Bioslulge leachate 71
Combined—~ash leachate 69

or non-U.S. Lurgi/Fischer-Tropsch
.orocesses. Category 3 substances are Solid
probably present in the environmental
streams, but information on concen-

trations or volumes is not available. .gaft;;:"er ash 36
: Biosluige 70
Category 4 substances. are probably - ‘
7 . . Spent -Fischer-Tropsch .
~-present in the enviromnmental streams, catalvst 63
but their toxic potential 1is unknown. ¥y

Spent shift catalyst 79

‘A 2-tier approach is then used
to determine the health: hazards of
Lurgi/Fischer-Tropsch wastes in GCategories 1 and 2. First, the Source
Analysis Model (SAM 1) was applied to quantified environmental release data to
project maximum ambient concentrations. The. model, developed by the U.S.
Environmental Protection Agency (EPA), determines maximum ambient concentra-
tion of atmospheric and aquatic pollutants from point ,sources. It reflects
average U.S. envirommental conditions and was used in this assessment. to*
estimate worst—case conditions for a site in Wyoming. Resulting concentra-
tions were ‘then compared to public health standards or levels suggested as
acceptable by the EPA. Substances that viclate or approach limits are
idzntified.

. ™
% S

The second tier projects the relative hazards of Lurgi/Fischer-Tropsch"
wastes to human health. Dose~response data are insufficient to calculate
absolute impact (such as death or illnmess) from exposure to most process
pellutants. However, for some pollutants {(e.g., trace elements) enough data
&n emission and human exposure, absorption, and excretion are available to
calculate the amount of substance that will accumulate in exposed humans (body
burden). The Argonne body-burden model was used to project body burdens
resulting from exposure to atmospheric, liquid, and solid wastes from Lurgi/
Fischer—-Tropsch liquefaction; from coal-fired electricity generation; from
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LyrgllFischar—T;o;’:sch Liquefaction

Process/Waste Streams

) , 1

Characterization of Toxic Impacis, Meiabolites,
Environmental Transformation, and A_ccumulation
« ‘of Waste Stream Components

Initial Screening of
Stream Components
by Toxic Potential

Identification
of Toxic
Substances

|

Characterization of Toxic Substances by
Degres of Environmental Relaase Quantification

Identification
of Toxlic

Substances

!

Category 1

’ .
lEategoryTI

Category 3

Category 4

|

Y

1

1

Identification
of Impact
of Exposure

Identification
of Research
Needs

Comparison to
Acceptable
Exposure

_ Levels

of

Comparison to
Other Sources

Release

Projection and
Comparison of
Body Burdens
from Exposure

¥

Identificaticn of Substances of Concern

background air and water; and from diet. fre
source of exposure shows the relative risk to humans , from Lurgi/Fischer-

Tropsch wastes.

Fig. 2.2 Public Health Risk-Assessment Methodology

Comparing the body burdens from each

Category 3 substances -are discussed in the context of potemtial impact

if exposure occurs.
are included in Sec.
further research.

Impacts of exposure such as toxic effect and metabolites
3. Category & substances are identified =2s requiring
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3 ,,'RESULTS/DISCUSSION

3.1 INITIAL SCREENING

This section provides health, data on chemicals and elements identified
in Lutgl/Flscher-Tropsch effluent streams. The chemicals are screened on
the basis of their toxicity, metabolic pathway, and potential to accumulate in
the enviroument. Existing and proposed standards, regulations, or recommended
exposure levels are also given.

_The chemicals are grouped into the following families:

- trace elements
- polynuclear aromatic hydrocarbons
- mnitrogen heterocyclics
~ gulfur heterocyclics (thiophenes)
~ oxygen heterocyclics
- phenols g '
~ mercaptans (thiols)
- aromatic amines
- benzene and substituted benzznes
- - aliphatics, alicyclics, and fatty ac1ds
- nitrosamines
- gases

The type of waste stream (liquid, solid, or gas) in which the effluent
has been identified is also liisted. Table 2.1 lists the envirommental waste
streams that have been analyzed for toxic substances. In several instances,
specific health data for each chemical in a particular category was unavail-
able or the health data for each effluent in the group was related so closely
that a general discussion of the chemical group was adequate. For example,
3~methylcatechol, 4-methylcatechol, and 3,6-dimethylcatechol are not discussed
separately but are grouped under the’ generic heading of dihydric phenols.

3.1.1 Trace Elements

. Trace element emissions have been shown to have adverse effects on the
health of exposed populatioms.! At high doses, many trace elements are toxic
or carcinogenic.<s Toxicity of a trace element depends on its chemical
and physical state, and also on the size of particles transporting trace
elements through the atmosphere. Elements adsorbed to respirable particles
pose a much greater risk to health than those transported on nonrespirable
particles. The fate of these elements in the enviromment will also determine
human health effects. Trace elements may accumulate throygh food chains and
may -react synergistically. . The following trace elements are significant
wastes from coal gaSLflcatxon. -

€

3.1.1.1 Arsenic

AN

Present in streams: 27, 38, 43, 46, 48, 50, 53, 54, 31, 33, 34, 36,
69, 70, 79, 28, 72. N
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Waste stream types: liquid, solid, and gas.

Arsenic toxicity is related to the chemical state of the element; the .
pentavalent form is less toxic than the trivalent form. Acute arsenic poison~
ing by ingestion causes abdominal pain and vomiting, while acute poisoning by
inhalation produces giddiness, headache, extreme weakness, and nausea.
Chronic arsenic poisoning results in muscle weakness, loss of appetite,
gastrointestinal pains, irritation of nasal and oral membranes, coughing, and
dermatitis. Data on human exposure point to a causal relationship between
skin cancer and high-level exposures Lo inorganic arsenic compounds.®

Arsenic readily combines with sulfhydryl groups, thus interfering with

cellular enzymatic reactions. It is largely eliminated in the urine, with
smaller amounts eliminated in the feces, hair, epithelium, nails, and  possibly
in the exhaled breath. Q\

Arsenic has been shown to accumulate in freshwater aud saltwater
organisms. Although no animal experients have demonstrated catc1nogen1c1ty of
avsenic, sodium arsenate induces developmental malformations im a variety of
test animals, including chick embryos, hamsters, rats, and mice.>

The annual average concentratlon of amnosgberic arsenic near major
emission sources ranges from 3 mg/m to 5,900 mg/w?, with most below 290 mg/
3. Daily inhalation levels in these areas may be as high as 6 148 mg to
125,080 mg for men and 3,219 mg to 65,490 mg for women.>

The American Conference of Govermmental Industrial Hygienists (ACGIH)
has set 0.5 mg/m3 as the threshold limit value (TLV), time weighted average,
for airbornme arsenic. The Conference also 1ssued‘a, otlce of Intended Change
(as of 1979) to reduce the TLV from 0.5 to 0.05 mg/m3. ", The National Institute
of Occupatlonal Safety and Health (NIOSH) has recommended a ceiling level for
airborne Lnorganlc arsenic of 2 mg/m3 for any 15-min pﬁrlod of the workday 6
For the maximum protection of human health from the potent1a1 carcinogenic
effects of arsenic exposure through ingestion of water Lt~contaminated aquatic
orgenlsms, the \EPA is considering settlng criteria a; an interim target risk
level in the range of 1075 ug/L, 1076 ug/L, or 10™ A ug/L, with corresponding
criteria of 0.02 pg/L, 0.002 pg/L, and 0.0002 ug/L, respectively. The
drinking water standard for arsenic is 50 pg/L.

3.1.1.2 3Beryllium

Present in streams: 27, 43, 46, 48, 50, 53, 54, 31, 33, 34, 36, 70,
28, 72.

Waste stream types: liquid, solid, and gas.

Beryllium is hazardous as an air contaminant. Berylliosis, a severe
lung disease, develops from chronic exposure to airborne particles of scluble
and 1nsolub1e berylllum compounds. The lowest toxic concentration for humans
is reported as 0.l mg/m . In humans, short-term exposure to beryllium oxide
in air at 4 mg/m3 produced a high incidence of disease and some fatalities.)
The onset of chronic toxicity may follow exposure by as long as 5 years.
Symptoms include pneumonitis with coughing, chest pains, and general weakness.

w
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In addition, lung and bone cancers are firmly associated with beryllium
exposure. : s

Beryllium inhibits several enzyme systems, including alkaline phos-
phatase, phosphoglucomutase and potassimn—activated ATPase. Reportedly, it
interferes with DNA metabolism in the liver and may induce chromosomal and
mitotic abnormalities. Beryll:.um increases misincorporation of nucleotides
during polymer:.zat:.on of DNA.2

Marine organisms accumulate beryllium in levels up to 1,000 times the
ambient conmcentration.® Intravenously administered beryllium is excreted in
urine or deposited in kidney or bone; cows excrete little of it in their
milk. The half-life ranges from 890 days .in rats to 1,770 days in monkeys.

The WNational Air Sa.mplmg Network indicated that the average 24-h
concentration of beryllium m air was less tham 0.0005 pg/m3. An average -
concentration of 0.0281 pg/m3 was reported within 0.5 mi of a large beryllium
plant in Reading, Pennsylvania.

The TLV for beryllium was set at 2 pg/md by the ACGIH in 1979; the
Occupational Safety and Health Administration (OSHA) has recommended that:
occupational exposure to the element and its compounds not exceed 1 ug/m
The EPA National Emission Standard for Hazardous Air Pollutants limits
emissions to not more than 10 g in 24 h or a maximum output concentration of
0.01 pg/w3, 30-d average.

3.1.1.3 Boron

Present in streams: 4'3, 46, 50, 52, 53, 54, 31, 34, 36, 72..
e

Waste stream typés: liquid, solid, and gas.

Boron, a known constituent of coal, is not a highly toxic element.’
Serious human health effects are not reported under potential exposure condi-—
tions and the element does not accumulate significantly in body tissues.
The current TLV is 3.1 mg/m3 for boron and 10 mg/m3 for boron oxide. The
EPA's estimated permissible concentration (EPC) in air is 7.4 pgfm3.12

3.1.1.4 Cadmium

Present in streams: 27, 38, 43, 46, 50, 52, 53, 54, 31, 33, 34, 36,
69, 70, 28, 72.

Waste stream types: liquid, solid, and_gas.

Cadmium is highly toxic. It can enter the body through the lungs or
‘the gastrointestinal tract and is excreted through the kidneys, possibly
causing proteinuria.l3 In humans, the threshold for kidney dysfunction is
about 200 mg/kg in the renal cortex.l4 Inhalation or ingestion produces both
acute and chronic effects. Workers who inhaled 0.01-0.27 mg/m’ experienced
pulmonary and renal damagel5 and ingestion of 13-15 parts per million (ppm)
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was toxic to children.l® Cadmium has been, identified as a cause of the

Japanese Itai-Itai disease, which is characterized by a degeneration of
the bones.l? ’ o

The active form of the metal, the Cd*2 ion, binds to the membranes
of the mitochondria and inhibits enzymes requ1red in cellular energy pro-
duction.l® Cadmium is a dangerous cumulative poison that tends to collect in
the liver and kldneys of exposed organisms. Fish tissues have been reported -
w*th levels 2000 ‘nmes as great as those of ambient water.l9 over 90% of
cidmium in the blood is found in the red cells, rrobably bound to hemoglobin.
The biological WaTf-life is estimated at 16-33 yr.20 * Cadmium and cadmium
compounds are reported to produce oncogenic and teratogenic effects.

Numerous official and private agencies, both foreign and domestic, have
suggested limits for cadmium in the enviromment, Table 3.1 lists some of the
more pertinenﬁbrecommendations.

3.1.1.5 Lead
Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 33, 34, 36, 72.
Waste stream types: 1liquid, solid, and gas..

Lead can enter the body via inhalation of dust, fumes, mists, or
vapors; via ingestion of food or from tobacco or fingers; and through the skin
(especially organic lead compounds). 1Lead is teratogenic in animals and
decreases reproductive ability in men and women.2l Toxic effects include

blood chemistry disturbances, neurological disorders, kidney damage, and
cardiovascular dysfunction.

"When ingested, some lead passes through the body unabsorbed and is.
eliminated in the feces. A greater portiom is caught in the liver and
excreted in part by bile., For this reason, large doses or long exposure times
are usually necessary to produce symptoms. On the other hand, absorption

takes place easily from the: respiratory tract and symptoms develop more
quickly.

Table 3.1 Cadmium Standards

Standard in

Agency Year Air (ug/m3) Remarks

OSHA 1974 100 This standard is for cadmium Ffume.
Limit for dust is 200 pg/m3.

NIOSH 1977 40

ACGIH 1977 40 ACGIH notes cadmium oxide as

"industrial' substance suspect of
carcinogenic potential for man."

o

EPA 1977 " 0.12
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Lead is a cumulative poison with a.biological half-life of 6 wo .22
It accumulates in cattle tissue or milk and is known to cross the human
placenta.. The most recent action to regulate lead levels was taken by the
Consumer Product Safety Comm:.ss:.on, which in 1977 lowered the maximum allow-
able concentration of lead in house paint to 0.06%. The federal standard for
lead and its inorganic compounds is 0.2 mg/m3 as a Lime-weighted average.
In ‘November, 1978, OSHA set a final standard that gives industries 1-=3 yr to
reacgn a 0.1 mg/m3 level, and from 1-10 yr to reach a final standard of 0.05
"mg/m”,

3.1.1.6 Mercury

Present in streams: ‘27, 38, 43, 46, 48, 50, 52, 53, 54, 31, 33, 34,
36, 69, 70, 79, 28, 72.

Waste stream types: liquid, solid, and gas.

- Characteristic consequences of chronic exposure to inorganic mercury'
compounds include tremors, psychic disturbances, renal damage, and card:.o—'
vascular disease. Fetal'effects have been observed in humans and animals.2
Inhaled mercirials will damage the bronchial “epithelium and, in freshwater
invertebrates, interrupt resp:.ratoriv function. Ingestion of 1.4 wg/kg of
mercury has resulted in human death.

Mercury, like most hegvy metals, interferes with enzymes and proteins
that function in metabolic reactions. 1In additiom, it depresses active
transport mechanisms involving sodium, potassium, and certain anions in the
kidney. Brain cells are particularly sensitive to methylmercury.

The greatest risk for humans is mercury p01son1ng through food.
Mercury and methylmercury accumulate in the fond chaxn, especially in aquatic
env:.ronnrent:s, but. do not accumulate pemanently in man. Ingest:ed metallic
mercury is not absorbed. The half-life of methmlmercury, which is eliminated
through the feces and urne, is 70 to 74 d; the biological half-life of
mercury is 5 wk.l2

The World Health Organization (WHO) recommends a drinking water
standard of 1 ug/L.2% The EPA recommends a drinking water standard of 2 ;,Lg/L
and its EPC for air is 0.1 gm by volume. In 1977, the ACGIH set a time-
weighted average of 0.05 pg/m® for all forms of mercury except alkylmercury.

3.1.1.7 Manganese

Present in streams: 27, 38, 43, 46, 48, 50, 52, 53, 69, 72.

Waste stream types: liquid, solid, and gas.

Chronic exposure to manganese causes a wide range of toxic effects.
Industrial manganese exposure has been correlated with respiratory dys func—-
tion25 and manganese salts are mutagenic. The strong oxidizing properties

of manganese can irritate the skin. The lowest toxic concentration in humans
is reported to be 11 mg/m3 by inhalation, tgl;z'ich affects the central nervous
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éystem.lz Manganese compounds may catalyze the oxidation of some air pollu~

tants,- producin § more-undesirable pollutants. The OSHA standard is a ceiling
limit of 5 mg/m7.

3.1.1.8 Nickel

Present in streams: 27, 38, 43, 46, 48, 50, 52, 53, 54, 31, 34, 36,
69, 72.

Waste gstream types: liquid, solid, and gas.

Exposure to nickel is usually by inhalation or. dermal absorption.
The various salts of the .metal are. toxic, especially the volatile nickel
carbonyl [Ni(CO),], which is formed when carbon monoxide contacts nickel and
nickel alloys and is usually the result of fossil-fuel combustion. Exposure
to nickel produces dermatitis. ’ &

Inhaled nickel carbonyl decomposes to metallic nickel, which deposits
on the epithelium of the lung. This finely divided nickel is rapidly absorbed
and damages the lung and brain. One:major problem posed by nickel in the
United States is nickel hypersemsitivity. The metal can alter defense mech-
anisms atainst xenobilotic agents in the respiratory tract, leading to enhanced
risk of respiratory tract infectioms.

The ToV for soluble nickel compounds {as Ni) is 0.l mg/m>3, based on a
time-weighted average, with 2 short—t:erm exposure level of 0.3 mg/m3. A time-

weighted average of 1.0 mg/m’ for metallic nickel was adopted by ACGIH in
1979., . .

3.1.1.9 Vanadium
Present in streams:. 43, 46, 48, 50, 52, 53, S4, 31, 72.
- Waste stream types: liquid and gas.

Vanadium is toxic by all routes of exposure, with Cthe pentavalent
compounds exhibiting the highest degree of toxicity. Inhalation causes
respiratory effects includ:r.ng tracheitis, bronchitis, pulmonary edema,
and bronchial pneumonia. Exposure of skin and mucous membranes causes
dermatitis and conjunctivitis. Acute and chronic respiratory dysfunction has
occurred in maintenance workers who clean fossil-fuel plants. .

Studies have revealed that pharmacological levels of vanadium can
affect tissue cholesterol levels.26 vanadium may also have a catalytic
or enzymatic functiom in hard-tissue metabolism or ~;‘Eormat:;.on. The OSHA
standard for vanadium fume is a cellmg limit of 100 mg/m and, for vanadium
dust, a ceiling limit of 500 mg/m?.238

3.1.1.10 Selenium

May be present in streams: 69, 79, 72.
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Waste stream types: solid and gas.

Selenium poisoning in humans produces symptoms ,h similar to those of
arsenic. Chronic exposure may induce gastrointestinal disturbance, anemia,
and damage to the mnervous system, liver, and spleen. Normal human intake
is estimated at 50-150 mg per day.27 Selenium produces tumors in animals
and is among the cancer-producing- agents prohibited by the Delaney clause im
the Food Additive Amendment of 1958. -

Levels of selem.um in ,municipal and commum.ty air range from 0.0025
g/m to 0.0097 mg/m3.5 The TLV for selenium is 0.2 mg/m3, set as a time- -
welghted average for a unormal 40-h/workweek. The drinking water standard
is 0.0l mg/l. and the EPC for air is 0.5 mg/m3 Selenium is included in the
EPA Consent Decree List as Priority 3. :

3.1.1.11 Cobalt
May be presenl: in streams: 79, 72.
Waste stream types: solid and gas.

- Cobalt is an essential trace- element associated with vitamin Bjj in
animals.- ,Pulmonary effects, an allergic—type dermatitis, digestive changes, -
and liver and kidney damage have resulted from exposure to cobalt and its
cr.vmpov.mdsl.ls2 Cobalt and its salts accumulate in food chains. The current
TLV for cobalt (metal fume and dust) is 0.1 mg/m3; ACGIH has Lssued a ‘Notice

of Intend"ed Change to 0.05 mg/m . The EPC for air is 0.12 mg/m .

3,’;'1.1.12 Copper

1 « ]
May be present in streams: 69, 72,
Waste stream typeé: solid and gas.

Copper is an essentlal trace element for humans as well as other biota,
Althougn copper poisoning in humans is rare, ingestionm of milligram quantities
of ionic copper (usually from acidic waters or foods exposed to copper) can
cause agcute symptoms of nausea, vomiting, and diarrhea.? Chronmic exposure
may result in anemia. Exposure to metallic copper fume may cause respiratory,
eye, and skin irritation. ©Damage to the liver, kidneys, and mervous system
may result from acute exposure to copper.

The TLV for metallic copper fume is 0.2 mg/m3; Jfor copper dust and

mist it is 1 mg/m3. Copper is included om the EPA Consent Decree List as
Priority 3. The EPC for air is 0.5 pg/m3. .

3.1.1.13 Molybdenum

May be present in stream: 79.

Waste stream type: solid.
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Molybdenmn exhibits a low order of toxicity for exposed workers. Signs
of molybdenum poisoning. include loss of appetite, listlessness, dxarrhea, and
redycéd: growth rate. 12" The TLV for soluble molybdenun compounds is 5 mg/m3;
for“insoluble compounds, 10 mg/m3.

’3.1.1.14 Iroﬁ

it

"May be present in stream: 69.
Waste stream I:ypef solid.

Iron has lomg been recognized as a nutritionally essential element:-
It is not likely to be present in any toxic concentration in effluent streams,

3.1.1.15 Sulfur

Sulfur may be present as a trace element in certain effluent streams.
Chronic inhalation of sulfur dust cam irritate mucous membranes. Sulfur and
sulfide gases, on the other hand, such as sulfur dioxide, hydrogen sulfide,
and carbonyl sulfide, may pose significant public health hazards and are
discussed in Sec. 3.1.12.

3.1.1.16 Zinc
May be present in streams: 34, 36, 62.
Waste stream type: solid,

Zine occurs in nature as .a sulfide, oxide, or carbomate. It readily
‘reacts with mineral acids and also reacts with alkali hydroxides to form
alkali zincates. In humans, zinc Lngestmn produces no clmlcal symptoms at
doses o¢f 150 mg/d for as long as 6 mo. . .

Inhalatlon of fumes can cause metal ‘fume fever with- symptoms of
fever, nause'a, vomiting, aching, cough, -and weakness. Zinc fumes, if present
in effluent\\ streams, will not likely pose a health hazard to the general
populatioun. The TLV for =zinc ox:.de fume is 5 mg/m for zinc oxide dust,
as a nuisance particulate, 10 mg/m3. Zinc is mcluded in the EPA Consent
Decree List as Priority 3.

3.1.1.17 Aluminum

May be p;:esent in stream: 69.

Waste stream type: solid.

Aluminum is readily oxidized and is soluble in acid or alkali. Al~
though not a highly toxic element, aluminum in large quantities may produce

deleterious effects, such as pulmonary fibrosis from inhalation of aluminum.
powder. 2 . :
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Aluminun has been repprted to concentrate 10,000 times ambient levels
in fish muscle, and 15, 000 *times in benthic algae.*2 The TLV for aluminum
oxide is 10 mg/m3.

3.1.2 Poly;uclear Aromatic Hydrocarbons

The polynuclear aromatic hydrocarbons (PAHs) produced and emitted
during coal conversion are important because several are known animal carcino— .
gens., Among- these are compounds such as benzo(a)pyrene and benz{a)anthra-
cene. Poiynuclear aromatic hydrocarbons are a diverse class of compounds
that consist of substituted and unsubstituted polycyc11c“\‘0milic rings. They
form as a resuwlt of incomplete combustion of orgamic compounds due to insuf-
ficient oxygen. The less efficient the comhustlon, the higher the PAH
emission. Major sources of emission include power plants, refuse [burning, and
coking. Because of the many sources, most people are exposed to 1ow levels of
PAHs.

Exposure may be through skin contact, inhalation, or ingestion (al-
though PAHs are poorly absorbed from the gastrointestinal tract). Regardless
of their route of entry, the hepatobiliary system and the gastrointestinal
tract are the main routes of elimination of both PAHs and their metabolites.

In the body, PAHs are metabolized to epoxides, dihydrodiols, bhenéls,

and quinones, Several metabolites have been found ‘to be more mutagenic,
carcinogenic and teratcgenie than their parent compounds. The enzyme respon-—
sible for PAH metabolism is arylhydrocarbon hydroxylase. ' Recent evidence

indicates a relationship between inducibility of this enzyme in human ;Lympho-
cytes and susceptibility to lung cancer. Lt

No published studies adequately ccompare the carcinogenic activity of
the various PAHs under similar experimental conditions. Likewise, no data are
available on human responses to individual compounds in the PAH class,
since environmental exposure involves contact with complex, and usually
unidentified, PAH mixtures.

The following discussion briefly describes: (1) the PAH compounds
identified or believed to be present im Lurgi/Fischer-Tropsch effluent
streams; (2) the stream numbers in which each have been identified; (3)
current health data if available; and (4) existing or proposed standards,
guidelines, or regulatiomns. Few exposure standards for PAHs have been
developed, either individually or as a-class. A federal standard has been
promulgated for coke-oven emissions, based primarily on the presumed car-
cinogenic effects of PAHs in the mixture and measured by the benzene-soluble
fraction of total particulate matter.l2  The ACGIH recommends ‘a workplace
exposure limit for coal-tar-pitch volatiles of 0.2 mg/m3. Its limit is
based on the unstable composition of volatiles from coal tar pitch (which may
contain both low- and high-molecular-weight PAHs), and on the assumption that
high-molecular-weight PAHs have greater potential for carcinogenic behavior.

3.1.2.1 Acenaphthene ) .
Present in stfeams: 43, 46, 50, 52, 53, 54, 31, 70, 72.
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Waste stream types: liquid, solid, and gas.

Virtually no incidences of human acenaphthene toxicity have been
reported. WNo bioaccumulation data are available. Laboratory experimentation,
however, points out the possibility of limited metabolism of acenaphthene to
potentially toxic naphthalic acid and naphthalic anhydride. Naphthalic
.anhydride appears to be metabolically 1nert.3° No guidelines have been
established for acenaphthene exposure. 8

3.1.2,2 Acridine

Present in stream: 72.

Waste stream type: gas.

Acridine is chemically classified as a nitrogen heterocyclic but
is closely associated with particulate PAH. Acridine, which is present in
soot, coal tar, and pitch, irritates the skin and wucous membranes. There

is no evidence that acridine alomne is carc1nogen1c to man or animals.
The TLV for coal-tar-pitch volatiles is 0.2 mg/m3.

3.1.2.3 Anthracene

QO

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 70, 72, 76,
Waste stream types: liquid, solid, and gas.

Acute toxic properties of anthracene are umknown. Anthracene is on the
NIOSH list of suspected carcinogens although other sources consider it

1nact1ve as a carcinogen.3l The TLV for coal-tar-pitch volatiles is 0.2
mg/m3.

3.1.2.4 Benz(a)anthracene (1,2 Benzanthracene) .

'r

Present in streams: . 43, 46, 48 50, 52 53 54, 31, 70;
Waste stream types: liquid and solld

Benz(a)anthracene is slightly carcinogenic, but its 9,10~dimethyl’
.derivative is a definite rapld—actzng carcinogen. 30 Both compounds, however,
are metabolized in rats to the corresponding 4-hydroxy derivatives, which can
be detected in animal feces. The TLV of 0.2 mg/m for particulate PAHs
applies to benz(a)anthracene. .

3.1.2.5 Benzo(g,h,i)perylene

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 70.

Waste stream types: liquid and- solid.
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Benzo(g,h,i)perylene occurs in tar and in smoke~polluted atmospheres,
but the urban concentration; for this chemical alone is unavailable., It
probably is not a highly active carcinogen.

[4]

3.1.2.6 Benzo{a)pyrene

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 70.
Waste stream types: liquid and solid.

Benzo(a)pyrene is the most w1de1y recognized and extensively studied of
all carcinogenic PAHs.32 It is among the most potent animal carcinogens
known, producing tumors in all species by z2ll routes of administration.
Toxicity data indicate that, as a class, PAHs can cross epithelial membranes.
Accordingly, benzo(a)pyreqe ‘is . transported readily across the intestinal:
mucosa and the resplratory membranes. It exhibits high lipid solublllty and
localizes primarily in body fat and *fatty tlssues.

Benzo(a)pyrene, like other PAHs, is metabolized by the microsomal
mixed-function hydroxylase enzymes- in mammals. One or more of the aromatic
rings are metabolized to phenols and isomeric dihydrodiols by the intermediate
formation of reactive epoxides. Dihydrodiols are further metabolized by
microsomal mixed-function oxidases to yield diol epoxides, compounds which are
known to be the ultimate carcinogen .for certain PAHs.

Generally, benzo(a)pyrene and reldted PAHs are rapidly excreted in the
feces. This class of compounds is mot likely to accumulate in the body asﬁa
result of chrofiic low-level exposure. The chemical half-life of benzo(a)-
pyrene in the atmosphere is less than one day when exposed to solar radiationm
and several days without solar radiation.l?2 The TLV for particulate PAHs,
including benzo(a)pyrene, is 0.2 mg/m3. The TLV takes into account the
collective carcinogenic potential of the PAHs.

3.1.2.7 Benzo(e)pyrene

Present in streams: &3, 46 48, 50 52, 53, 54, 31, 70.

Waste stream types: liquid and solid.

Benzo(e)pyrene is included on the NIOSH list of suspected carcinogens.
The lowest dose to induce an oncogenic response is reported as 140 mg/kg: No
TLV currently exists, pending determination of acceptable exposure leVels.

3.1.2.8 Chrysene < -
Present in streams: 43, %6, 48, 50, 52, 53, 54, 31, 70, 72,

Waste stream types: liquid, solid, and gas.

bhrysene is included in the NIOSH list of suspected carcinogens.
The lowest dose to. produce an oncogenic response is reported as 99 mg/kg.

"
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On the EPA Consent Decree List it has an assigned priority of I»and it 1is
lncluded in the TLV for particulate PAHs, 0.2 mg/m3

3.1.2.9 Fluoranthene

Ie
i

Present in streams: 43, 46, 48, 50, 52, 53, S4, 31, 70.

Waste stream types: liquid and solid.
1 .

No evidence indicates that fluoranthene alone is carcinogenic. How-
ever, topical appllcatlon of fluoranthene in an acetoné mixture with phenan-
threne, anthracene, “pyrene, chrysene, benzo(a)pyrene, benzo(e)pyrene, and
perylene induced tumors in 225 mice.l2 The TLV is 0.2 mg/m3 (for -particulate
PAH). Fluoranthene appears on the EPA Consent Decree List with a priority
of 2.

-

3.1.2.10 Fluoremne
Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 70, 72, 75, 76.
Was;e stfeam types: liquid, solid, and gas. f
No evidence indicates that fluoreme alome is carcinogenic, althougﬁ its
2-acetamido derivative is a potent carcinogen.
3.1.2.11 Indene
May be p;esent in stream: 72.
Waste stream type: gas.
erious systemic responses may result from inhalation of higﬁ concen~

trations of indene.l? It is wot highly toxic30 and the epoxide is inactive
as a skin carcinogen. The TLV for indene is 45 mg/m3 (10 ppm).

3.1.2.12 Naphthalene (tar camphor, naphthaline, naphthene)

Present in streams: - 43, 46, 48, 50, 52, 53, 54, 31, 70, 72, 75, 76.
Waste stream types: liquid, solid,  and gas.

The toxic effects of naphthaleme include injury to the eye and irrita-.
tion of the mucous membranes in concentrations of 15 PPm. It is inactive as a
carcinogen and is moderately toxic to aquatic organisms. The TLV is 20
mg/m3 (10 ppm); napthalene appears on the EPA Consent Decree List with 'a
priority of 2. . -
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3.1.2.13 Perylene ‘
Present in streams: 43, 46, 48, 50, 52, 53, 54, .31, 7Z.

Waste stream types: liquid and gas.

. Exposure to perylene produces no oncogenic respomse in animals or-
humans. o

3.1.2.14 Phenanthrene

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 70, 72, 77.

Waste stream typ:es: liquid, solid, and gas.

Phenanthrene is among the lower-molecular-weight polycyclic hydro-
carbons that make up ' the volatile, benzene-soluble fraction of coal tar.
Phenanthrene is on the NIOSH. list of suspected, carcinogens. The lowest dose
to induce .an oncogenic response is reported -as 71 mg/kg. - The TLV for coal-
tar-pitch volatiles is 0.2 mg/m3, :

3.1.2.15 Pyrene. :

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 70, 72, 76.
Waste stream types: liquid, solid, and gas.

Although not cons:.dered a highly active carcinogen alone, pyrene is
included on the NIOSH list of suspected carcinogens. The lowest dose to
produce an oncogenic response is 10 pe/kg. Pyrene has an assigned prwnty of
1 7n3 the EPA Consent Decree Lisct. The TLV (for partl.culal:e PAH) is 0.2 °
mg/m’,

3.1.3 Nitrogen Heterocyclics

Nitrogen heterocyclxcs, or heterocyclz_c amines, are solids and 11.qu1ds
of moderate to high boiling point.  Their ,significance as hazards in coal
gasification is uncertain. Pyr:.dmes methylpy'r:.dlnes and qu].nolmes may act
as patentiators of carcinogens rather than as direct toxicants. The one~ring
pyridine and its der:.vat:_ves are mildly irritant and narcotic; symptoms
are reported from exposure to 10 ppm. Chronic poisoning may damage liver,
kidneys, and bone marrow. Pyridines, picolines, and collidines are photo-
lytically active. Picolines irritate the eyes and the respiratory tract:
Collidines, found in low-temperature tar, may act as local irritants. ,Little
information is ava:.] able on the toxicity of quinoline, another mild irritant.

The TLV for pyridine is 15 mg/m3 (5 ppm). There are currently no
standards for pxcol;mes, callidines, or qu:.nollnes, but the EPCs for these
compounds in air are' 2  picolines, 64 u.g/m ; collidines, 125 ug/m ; and
quinolines, 28.4 pg/m3.
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Nitrogen heterocyclics identified in Lurgi/Fischer~Tropsch waste
streams include the following: : '

2,4~Dimethylpyridine

Present in streams: 43, 46, 48, 50, 52, 53, 54,:31.

Waste stream types: liquid and gas.

2,5-Dimethylpyridine

" Present in streams: 43, 46, 48, 50, 52, 53, 54, 3l.

Waste stream types: 1liquid and gas.

2-Methylpyridine

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31.

Waste stream tyﬁés: liquid and gas.

3-Methylpyridine

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31,

Waste stream types: 1liquid and gas.

4—~Methvlpyridine

Present in streams: 43, 46, 48, 50, 52, 53, 54, 3l.

Waste stream types:. liquid and gas.

Pyridine
Present in streams: 43, 46, 48, 50, 52, 53, 54, 31.

Waste stream types: 1liguid and gas.

Quinoline : -
Present in Qtreams: 43, 46, 4B, 50, 52, 53, 54, 31.

Waste stream types: 1liquid and gas.
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3.1.4 Sulfur Heterocycllcs (Thiophenes)

The sul fur heterocycllcs methylthiophene and thiophene were identified
in stream mno. 72 in small quantities, and benzothiophene may be present in
. stream mno. _.75. The toxic effects ‘and metabolism of tthphene and methyl-
thiophene are unknown. .Pyrolysis of thiophene at800°F to 825°F yields
methane;” hydrogen sulflde, and hydrogen as the only gaseous products.
The EPC in air is 8 pg/m for thiophene and 4 pg/m for methylthl.ophene.12

3.1.5 Oxygen Heterocyclics'

Benzofuran is believed to be present in stream mno. 72. Dibenzofuran
(dzphenylene oxide) was identified in stream nos. 43,,:46, €§ 50, 52, 53, 54,
and 21 and is believed to be present in stream nos. 79 755%nd 76 Mutagenlc
and other toxic effects are associated with oxygen heterocycllcs

) . nH

3.1.6 Phencls

In inhalation studies with mice, Tye and Stemmer found that coai” tars
with phenols removed were less potent carclnogens than>coal tars containing
phenols.3 They attributed the cocarcinogenic potential ot\phenols to their
irritant properties. Phenols and related aromatic hydro:y compounds are
absorbed mainly through the skin, although some are sufficjiently volatile to
be possible resplratory hazards. In the animal body, phenoas undergo two main
reactions: conjugation of the hydroxyl group with glucuronlc acid to form
aryl glucosiduronic acids, and comjugation with sulfuric acid to form ethereal
sulfates or monoesters of sulfuric acid.

- 3.1.6.1 Monohydric Phenols

. Phenol is absorbed through the si;in and the gastrointestinal and
respiratory tracts. Chronic poisoning fOllQWS prolonged exposures to low
., concentrations of vapor or mist and results in digestive disturbances, nervous
disorders, skin erruptions, and liver and kidney damage. Because phenol is a
potent skin irritant and semsitizer, it is an industrial concern as a cause of
dermatitis. The metabolites of phenol are known to be phenylglucuronide,
phenylsulfuric acid, con]ugated catechol, and qu1n01 Phenol is a normal
constituent of human urine and is usually present in amounts up to 10 mg/L/,
24 h. Experiments with Drosophila (fruit fly) show that phenol is hlghly.
muytagenic., y

The TLV for phenol Lm 19 mg/m3 (5 ppm). It appears on the EPA Consent:
Decree List with a pr1or1ty of 3, and NIOSH recommends - exposure to phenol
vapor, solid, or mist be limited to 20 mg/m as a time-weighted average for
a 10-h dorkday. The EPC for phenol in air is 45 ug/m3 (C.01 ppm).

O-Isopropylphencl

Present in stream: 72.
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Waste stream type: gas. .

3.1.6;3 Cresols

Cresols .do not present an acute inhalation hazard due to their dis-—
agreeable odor and low vapor pressure. They resist biological oxidation, are.,
dermally absorbed, and damage the liver, kidneys, and nervous system.
The TLV for all lsomers of cresol is 22 mg/m? (5 ppm). The EPC for cresol
in air is 52 pg/m3 (0.1 ppm).

2-Methylphenol

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72, 77.

Waste stream types: liquid and gas.

3-Methylphenol

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31.

Waste stream types: 1liquid and gas.

4~Methylphenol

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31.

Waste stream types: liquid and gas.

o~

Trimethylphenol

Present in stream: 72.

Wi

Waste stream type: gas.

3.1.6.4 Dihydric Phenols

Dihydric phenols are of interest since wmany of their derivatives have

been used as antiseptics. The metabolism of dihydric phenols is similar to
. that of phenol. Their main metabolites are monoglucuronides. In toxic doses,

: catechols cause convulsions and injure the blood. Resorcinol acts primarily

as a skin irritant and can cause systemic blood and nerve poisoning. Symptoms

include dermatitis and eye anury, particularly in sensitive individuals. The
TLVs for catechol and resorcinoi are 20 mg/m3 (5 ppm) and 45 mg/m (10 ppm),

respectively. The EPCs for the compounds are set at 48 ug/m and 110 yg/m3,
respectively.
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Present in streams: 43, 46, 48, 50.

Waste stream type: liquid.

4-Methylcatechol

-Present in streams: 43, 46, 48, 50,

Waste stream types: liquid and gas.

-

3,6-Dimethylcatechol

Present in streams: 43, 46, 48, 50,

Waste stream type: liquid.

Resorcinol

Present in streams: &3, 46, 48, 50,

Waste stream types: liquid and gas.

SLMethylresorcinol

/Present in streams: 43, 46, 48, 50,

Waste stream types: liquid and gas.

A-Methylregorcinol

Present in streams: &3, 46, 48, 50,

Waste stream types: liquid and gas.

3.1.6.5 Trihydric Phenols

52,

52,

52,

52,

52,

53,

53,

53,

53,

54,

54,

54,

54,

54,

31,

31.

31,

31,

31,

Phloroglucinel (1,3,5,-benzene triol) may be present
no, 72. Evidence suggests that trihydric phenols behave
and undergo conjugation with glucuronic and sulfuric acids.

77.

77.

77.

77.

in gas from stream
as typical phenols
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3.1.7 Mercaptans

= 3.1.7.1 Methanethiol (Methylmercaptan)

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72.
Waste stream Ltypes: “ liquid and gas.

The toxicity of methanethiol is.closely related .to that of hydrogen
sulfide. Methanethiol, like hydrogen sulf:.de, acts on the respiratory center
to produce death by respiratory paralysis. At lower concentrations, lt may
cause pulmonary edema. Methanethiol -has a strong, unpleasant odor and iemits
hlghly toxic fumes of sulfur oxides: when oxidized. The TLV for met:ham.thlol
is 1 mg/m3 (0.5 ppm) and the EPC in aJ.r is 2.4 pg/fm3 (O 001 ppm).

3.1.7.2 Ethanethiol (Etiylmercaptan) .

May be present in stream: 72.
Waste~str'eam type: ga's'.

Ethanethiol's odor is so intense that the odor threshold 1sfrepnr|:ed
at 1 part per billion (ppb) Animals exposed to s:.ngle doses of ethanethiol
by several routes indicate only slight acute tox:.c1ty, 4 ppm is the lowest
toxic dose in lumans. Ethanethiol reacts with water, steam, acid, or heat to
produce toxic and flammable vapors. The TLV is 1 mg/m3 (0.5 ppm), based on
lnl:c;_nse odor. "The EPC in air, based on health effects, is 2.4 y.g/m (0.001
ppm).

3.1.8 Aromatic Amines

n

The toxicity of aromatic amines is considered by most authorities
to be & more serious hazard than their flammability. They -are poisonous by
inhalation, ingestion, and by rapid absorption through skin.  Aromatic amines
can be -absorbed/when they are pure or part of a mixture, such as a dye. For
example, infants have been poisoned by diaper laundry marks made with aniline-

containing mlcs. The manufacture of arcmatic amines usually entails healch
hazards. ‘

.

3.1.8.1 Aniline (Phenylamine) Aminobenzene)

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72.!

Waste stream'typeszl liquid and gas.

Aniline is a liquid, similar to ammonia, that impairs the oxygen-
traasporting ability of hemoglobin.. Ingestiom of 350 mg/kg has resulted in
huwnan death; chronic poisoning may damage the central mervous system. Aniline
iz oxidized in man and animals to p-aminophenol and o-aminophenol, which are
then excreted., The biological half-life in man is 0.120 d.

i
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Aniline .has -not been shown to be carc1nogen1c in man, although several
aniline derlvatlves have produﬂed oncogenic: responses in test animals. The
TLV for aniline is 19 mg/m> (1\ ppm). The EPC in air is 45 pg/m3 (0.02 ppm)

'

-

,3f1.8.2 Methylaniline.(Toluidines, Aminotoluidines)

Present in stream: 72.

Waste stream type: gés.

3.1.8.3 Dimethylaniline

!

Present in stream: 72.

Waste stream typ éas.
\

The toxicity of methylanlllnes, or toluidines, is similar to that of
aniline. Workers handllng toluidines and chlorotoluidines may experience
hematuria and hemorrhagic cystitis with painful and frequent urination. These
are symgtoms of acute exposure and have no long-term 31gn1f1cance if exposure
ceases. The lowest dose to produce an oncogenlc response in animals is
reported as 6,600 mg/kg. The TLV is 22 mg/m® (5 ppm) for 2-aminotoluene;

the EPC is 45 ug/m (0.01. ppm).

©

3.1.9 Benzene and Substituted Benzenes

3.1.9.1 Ethzlbenaene
Present in streamg. 43, 46, 48, 50, 52, 53, 54, 31, 72.

Waste stream typés: liquid and gas.

Relative to benzene, ethylbenzene is much less toxic but is a more
severe skin ‘irritant. ‘A concentratiom of 200 ppm irritates mucous membranes
and eyes and high concentrations are narcotic. It is absorbed dermally and
through respiratory passageways. Ethylbenzene is metabolized by the liver and
excreted by the. kidneys. Consequently, these tissues may be susceptible to
injury from ethvlbenzene exposure. Chronic inhalation may exacerbate lung
disease.

The TLV for ethylbenzeme is 435 mg/m3 (100 ppm). The ambient atmo-

sphere contains approximately 0.01 ppm, 5 and ethylbenzene has not beeuw
reported in food or potable waters. The EPC in air is-1,040. pg/m3 (0.24 ppm).

3.1.9.2 Toluene
Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72, 75.

Waste stream types: liquid and gas.
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. Toluene mz‘x‘y be inhaled, ingested, or dermally abscrbed. It affects the
central nervous system, liver, kidneys, and skin. ~ Chromic inhalation of
toluene vapor may cause decreased phagocytic activity of leukocytes, depres-~
sion of the central nervous system, mnarcosis, addiction, and death. Most
exposures to toluene are occupational or are due to deliberate inhalation for
the compound's intoxicant effect.

Two major metabolites of - toluene are benzaldehyde and benzoic acid.
These substances occur naturally im foods and are intentionally added to
commercially Processed foods. Benzaldehyle is a flavoring agent; benzoic acid
is a preservative.

X

In the atmosphere, toluene is photochemically degraded to benzaldehyde

and traces of peroxybenzoyl nitrate. Tolueme can reenter the hydrosphere in
rain. Its biological half-life is 0.083 a.12

The TLY for tolueme exposure is 100 ppm (375 mg/m3), with a ceiling
limit of 200 ppm.28 This standard was based on subjective and objective

signs of mucous membrane irritation and impairment of the central nervous

system in human subjects who inhaled up to 200 ppm.. The EPC for toluene is
890 ug/m3. ' :

3.1.9.4 .O-leene

Present in streams: 43, 46, 48, 50, 51, 53, 54, 31, 72, 75.

Waste stream types: liquid and gas.

The effects of xylenes are similar to those of toluene, although xylene

is more toxic. Effects of chronic toxicity are not well known. The TLV for
xylene is 435 mg/m3 (100 ppm). The EPC for xyleme is 1 mg/m3.

3.1.9.5 Biphenyl
Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72.

Waste stream types: liquid and gas.

Biphenyl exposure can irritate and injure respiratory passages; no
chronic eFfects are documented. Inhalation of 4400 mg/m3 caused irritation
in a human.?’ The TLV is 1 mg/m3 (0.2 ppm).

3.1.9.6 1Indan

Present in streams: 43, 46, 50, 52, 53, 54, 31, 72, 76.
Waste stream types: liquid and gas.

No TLV currently exists’ for indan.
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3.1.10 Aliphatics, Alicyclics, and Fatty Acids (Carboxylic Acids)

Alicyclic acids are characterized by the presence of at least one
aliphatic cyclic skeleton with 3, 4, 5, 6, or more carbon atoms in the ring.
Aliphatic acids react with chlorine or bromine in the presence of sunlight to
form halogen-substituted acids. From a toxicological point of view, aliphatic
. compounds are not particularly active.

, Aliphatics, alicyclics, and fatty acids are weak, organic-acids andyare
usudlly emitted in large quantities to the atmosphere from coal-fired boiler
.plapts. Monocarbolelc acids, such as acetic, propamoic, and butanoic, are
widely distributed in nature. Most monocarboxylic acids are intermediates in
normal metabolic pathways. Lower acids (one to five carbons) are found in
many plant and animal fluids such as sap, perspiration, and urine. Intermedi-
ate and higher acids that contain an even number of carbon atoms occur .imn a
wide variety of fats, oils, and waxes. Aliphatics that have been 1dent1f1ed
in Lurgi effluent streams are not highly toxic.

Table 3.2 lists the carboxylic acids found in Lurgi waste streams,
their toxic effects, and applicable standards.

Acetic Acid
Present in streams: &3, 46, 48, 50, 52, 53, 54, 31, 72,

Waste stream types: liquid and gas.

Propanoic Acid

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72.

Waste stream types: liquid and gas.

Butanoic Acid
Present in streams: &3, 46, 48, 50, 52, 53, 54, 31, 72.

Waste stream types: Lliquid and gas.

2-Methylpropanocic Acid

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72.

Waste stream types: liquid and gas.

Pentanoic Acid

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72.

Waste stream types: liquid and gas.
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Table 3.2 Summary of Aliphatics, Alicyclics, and Fatty Acids Found
in Lurgi/Fischer-Tropsch Waste Streams

Effluent Toxic Effect Standard or Classification?
Acetic acid mild skin irritant TLV = 10 ppm37
Propanoic acid - - DOT:P Corrosive Material
Butanoic acid - DOT: Corrosive Material
Pentanoic acid - ' DOT: Corrosive Material
Hexanoic acid - DOT:  Corrosive Material
2-Methylpropanoic - DOT: Corrosive Material.
acid
3-Methylbutanoic - ' DOT: Corrosive Material
acid *
Pentane central nervous OSHA standard in air: 1,000 ppm
system impairment (time-weighted average)
[LCy ¢: 130,000 ppm] DOT: Flammable Liquid
{TC1 g: 90,000 ppm]C NIOSH: Recommended Standard:

350 mg/m3; Ceiling: 1800 mg/m3
for 15 min

Methane ’ - - DOT: Flammable Gas
Ethang - DOT: Flammable Gas -

4As reported in the EPA Toxic Substances Control Act Inventory in July 1979.
bpor = U.s. Department of Transportation.

€LC1.9 = lethal concentration in 1% of test populgEion; TCy . @ = toxic
concentrat "»n in 1% of test population. L

3-Methylbutanoic Acid

Pfesent in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72.

Waste ‘stream Lypes: liquid and gas.

Hexanoic Acid

Present in streams: 43, 46, 48, 50, 52, 53, 54, 31, 72.

Waste stream types: liquid and gas.

Ethane
Present in stream: 72.

Waste stream type: gas.
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Methane
—_=
Present in stream: 72.

Waste stream type: gas.

Pentane
Present in stream: 72.
Waste stream type: gas.

C7+ Hydrocarbons

Present in stream: 73.

Waste stream type: gas.

3.1.11 Nitrosamines

N-nitrosamines, which have been identified in stream no. 72 (lockhopper
vent gas), are widespread in the environment, with man-made sources con-
tributing a negllglble amount. Carcinogenic and toxic properties  of these
compounds are well established. Seventy percent of all N-nitrosaminés studied
are carcinogenic in various: laboratory animals, including aquath‘organlsms.5
They induce tumors by all routes of administration in essentially all vital
organs.38 1In the enviromment, mitrosamines are rapidly decomposed by photo~
lysis and do not persist for a significant time in water exposed to sunlight.

The ACGIE states that, because of the extremely high toxicity and
presumed carcinogenic potential of nitrosodimethylamine, contact should not be

permitted by any route. In the Federal Reglster, EPA said lt is cons;derlng
an interim target risk level of 1073 mg/L, 1076 mg/L, or 1077 mg/L.>

3.1.12 Gases

3.1.12.1 cCarbon Monoxide

Present in stream: 28,

Carbon monoxide is a tasteless, odorless gas which, when absorbed,
combines with hemoglobin and interferes -with oxygenation of blood. Its
affinity for hemoglobin is about 200-250 times that “of oxygen.12 Exposure
to high concentrations of carbon monoxide impairs cardiovascular, brain, and
skeletal-muscle function by compromising oxygen transport and delivery. This
discussion, however, is limited to the toxic effects of low levels of carbon
monoxide and to standards for ambient levels.

Exposure to low levels of carbon monoxide decreases exercise tolerance
in patients with arteriosclerosis. Even in normal subjects, the ability to
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exercise maximally appears to be limited by exposure to relatively low concen-
trations. Auditory and visual disturbances have been demonstrated at low
concentrations. Repeated exposure to concentrations uY to 100 ppm in air
or a 1-h exposure to 400-500 ppm may be safely colerated However, exposure
to 650 ppm for 45 min caused toxic effects in man.

The degree of harm from exposure to carbon monoxide is a praduct
of coucentrutlon and .length of exposure.l? The publlc health effects of
carbon monoxxde are difficult to determine, however, since factors such as
clgarette smoking, exercise, occupation, initial cardiovascular disease,
and body*! burden must be taken into account. )

Carbon monoxide is a product of’ 1ncomp1ete combustion. Utility plants
and coal—convers1on facilities are not likely to contribute s1gn1f1cant1y to
atmospheric Larbon monoxide since combustion at these sites is usually
efficient (ercludxng start-ups and shutdowns). Emissions of carbon monoxide,
sulfur oxides, and nitrogen oxides from utility plants are usually within the
same order of magnitude, and sulfur oxide and nitrogen oxide emissions
are usually higher.

The standards set for carbon monoxide are less stringent than the
standards for nitrogen and sulfur oxides. Therefore, if the carbon monoxide
standird were violated, the nitrogen and sulfur oxide standards probably also
would be violated. The National Primary and- Secondary Ambient Air Quality
Standard for carbon monoxide is 9 ppm maximum for 8-h average exposure or 35
ppm maximum for l-h average exposure. The OSHA standard is 55 mg/m3 (50 ppm).

3.1.12.2 Nitrogen Oxides

Present in stream: 28.

The pr1nc1pa1 man-made source of nitrogen oxldes is combustion of coal,
oil, natural’ gas, and motor-vehicle fuel. Of the seven oxides of nitrogen
known to -exist in ambient air, only two, nitric oxide and nitrogen dioxide,
are thought to affect human health. Nitric oxide at its current ambient level
has not been shown to be a health hazard. If nitric oxide is vented to the
environment and cooled rapldly, a fraction is converted to nitrogen dioxide.
Further complex reactions in the presence of hydrocarbons and sunlight form
ozone, nitrogen dioxide, and other oxidants commonly known as photochemical
smog . :

Ozone and nitrogen dioxide are both human health hazards. Ozomne is a
strong irritant to the eyes and upper respiratory system. A concentration of
1 ppm has a disagreeable sulfur—like odor and may cause headaches and irrita-
tlon of the upper respiratory tract. The TLV for ozonme is 0.1 ppm (0.2
mg/m3). The EPA.National Primary and Secondary Ambient Air- Quality Standard
for photochemical oxidants, which include ozone, is 160 mg/m3 (0.08 ppm),
1-h average.

Nitrogen dioxide oxidizes in the tracheobronchial tree and lungs to
nitrous acid and nitric acid, which. are both highly corrosive and irritate
the mucous membranes of the lung Nitrogen dioxide can penetrate the lung
deeply without immediate severe discomfort and induce a delayed pulmonary
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edema. Its association with carcinogenesis is a possible, but unproved,
hazard.23 several epidemiological studies ‘have linked high nitrogen-dioxide
exposure to an increase in childhood respiratory illness and to a decrease in
ventilatory performance. 39-41

The EPA Ambient AJ.r Quality Standard for nltrogen d:.oxj.de is 0 05 ppm

or 100 pg/m3. The TLV recommended by the ACGIH is 9 mg/m3 (5 ppm) for -
nitrogen dioxide and 30 mg/w (25 p'pm) for nitric oxide.

3.1.12.3 Sulfur Oxides

Sulfur oxides in the air occur in three forms: sulfur dioxide,
sulfuric acid, and inorganic sulfates. The major source of urban sulfur
oxides is the combustion of fossil fuels. About 98% of sulfur released to the
air is in the form of sulfur dioxide. Sulfur dioxide is slowly oxidized by
sunlight to sulfur trioxide, which combines readily with water to form
sulfuric acid. Sulfuric acid and sulfates account for from 5% to 29% of the
total suspended particulates in urban air.42 0f the urban atmospheric sul-
fates, 80%Z or more are associated with respirable particles less thap 2 pum in
diasmeter.

Sulfur dioxide is a mild respiratory irritant that causes bronchial
narrowing and increases air-flow resistance in man and animals. It penetrates
the lungs primarily when it is adsorbed on the surface of a particle ox
converted to sulfate in an aerosol.

Elevated ambient levels of sulfur dioxide and other pollutants are
associated with increased mortallty and morbidity. Those most affected
are individuals suffering from chronic pulmonary disease or cardiovascular
disorders, the very young, and the elderly. Long-term effects include
increased prevalence of chronic bronchitis in adults, increased acute lower
respiratory infections in children, and subtle decreases in ventilatory
function of children. Short-term effects include symptoms of asthma. The
OSHA standard for sulfur dioxide is a time-weighted average of 5 ppm (L3
ug/m3).

3.1.12.4 Hydrogen Sulfide

Present in stream: 72.

Hydrogen sulfide is an acute, rapid—acting poison at concentrations of
about 400 ppm. 1In lower concentrations (50-500 ppm), -it acts primarily as a
respiratory irritant. Other symptoms of hydrogen-sulfide toxicity include
conjunctivitis, psychic changes, disturbed equilibrium, nerve paralysis,
spdsms, and unconsciousness.% The odor theshold for hydrogen sulfide is
between 1 mg/m3 and 24 mg/m3, much below the toxic’ level, and it is easily
recognized by its characteristic odor of rotten eggs. The biological half-
life is less than 20 min.l2 e

The TLV for hydrogen sulfide is 15 mg/m3 (10 ppm). The EPC in air
is 36 pg/m3 (0.024 ppm).
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3.1.12.5 carbonyl Sulfide

2

M
Present in stream: 72.

Carbonyl sulfide gas is a slight respiratory irritant that exerts
its principal effects on the central nervous system. It may be narcotic in
high concentrations and it decomposes to hydrogen sulfide. Toxicologically,
it resembles hydrogen sulfide and carbon disulfide, but few data are available
on its human health effects. It is less toxic than hydrogen sulfide. The EPC
is 800 pg/m3. *

3.1.12,6. Hydrogen Cyanide
Present in stream: 72.

Hydrogen cyanide is a chemical asphyxziant that inhibits oxygen metabo-
lism. It is absorbed_rapidlg by inhalation; at 0.3 mg/L, hydrogen cyanide is
immediately fatal to man.l Chronic effects include weakness, vertigo,
nausea, rapid: pulse, headache, flushing of.the face, and gastric’ disturbances.
Hydrogen cyanide vapor can also be dangerous if absorbed dermally. The TLV

for hydrogen cyanide is 11 mg/m3 (10 ppm). The EPC in air is 26 pg/m3

(0.024 ppm).

3.1.12.7 Carbon Dioxide

Present in streams: 28, 72,

Carbau dioxide makes up about 0.03%Z by volume of dry air (300 ppm) .
Its concentration in exhaled human breath may be as high as 5.6%:12 High
levels of carbon dioxide may contribute to oxygen deficiency, but the compound
is not toxic and does uot present a public health concern. The TLV is 9,000
mg/m3 (5,000 ppm).l2 The EPC is 539,000 pg/m3 (300 ppm) .12

3.1.12.8 Ammonia
iPresent in streams: 29, 72.
] ‘Ammonia irritates the eyes, mucous membranes, and vpper respiratory
tract at concentrations of 20 ppm. It is too strong an irritant to be volun-

tarily inhaled. Low-level exposure has uno chronic effects in humans. Some
terrestrial and aquatic species may be sensitive to ammonia. The biological

" half-life is less than 20 min.l The TLV for ammonia is 18 mg/m3 (25

ppm) and the EPC in air is 43 pg/m3 (0.06 ppm).

3.1.12.9 Nickel Carbonyi

Present in stream: 72.

Nickel carbonyl is extremely toxic. Symptoms from inhalation are’

believed to be caused by both nickel and carbon monoxide when liberated
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from the lungs. Inhalation of Ni(CO)4, vapor affects the central nervous
system and wmay induce acute chemical pneumonitis., Brief exposure to 0.15
ppm causes headache and chronic exposure has been associated with ¢ancer of
the Lung and nasal sinuses. The lowest dose producing a carcinogenic response
is 157 mg/kg. The TLY for Ni(cO0),4 is 0.35 mg/m3 (0.05 ppm). Nickel is
included in the National Cancer Institute list of carcinogens to man. ’
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4 RELATIVE RISK ASSESSMENT

4.1 CATEGORIZATION

Of the toxic substances found in Lurgi/Fischer-Tropsch waste streams,
wcarcinogens and promoters of carcinogenesis are major concerns to public
health and their presence may slow the progress of gasification technology.
Federal acts such® as the Toxic Substances Control Act (TSCA) and the Resource
Conservation and Recovery Act (RCRA) have been set up to regulate toxic
substances wherever there is potemtial for public exposure. Table 4.1 lists
the potential human carcinogens that have been identified in Lurgi/Fischer-’
Tropsch waste streams. . These substances are based on the EPA Carcinogen
Assessment Group's list of potential human carcinogens. The group classified
chemicals as carcinogens if substantial evidence showed that they met one of
the following criteria: : )

e Substance induces malignant tumors in ome or more animal
species, or ’

e Substance induces benign tumors that are generally
recognized as early stages of malignancies, or

e Positive epidemiological studies indicate cadrcinogenesis.

Table 4.1 Potential Human Carcinogens Identified
in Lurgi/Fischer-Tropsch Process
Waste Streams

Element or Compound . Stream

"Arsenic and arsenic compounds 28,29,36,53,69,70,72
Benz(d) anthracene . 29,53,70
Benzene - 72
Benz(a) pyrene 29,53,70
Berylliuﬁugnd beryllium

compounds 28,29,36,53,70,72
Cadmiﬁm and cadmium compounds ) 28,29,36,53,69,70,72
Chgomiuﬁ and chromium compounds 28,36,72
Chrysene 29,53,70,72
Nickel and nickel compounds 28,29, 36, 53,69, 72
Nickel carbonyl 28,72 -
N-nitrosamine 72
Selenium 28,36,69,72,79
2,4-Dimethylphenol

(2,4~Xylenol) 29,53

Source: Ref. 44.
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Table 4.2 lists montoxic *© Table 4.2 Nontoxic Substances

substances identified in Lurgi Identified in Selected
wastes. .Although these chemicals are Lurgi/Fischer-Tropsch
unlikely to pose health hazards, Process Waste Streams

several, such as the organic acids
and hydrogen gas, may present poten-—

tial safety hazards. Safety hazards, Substances . Waste Stream
which include flammability and
explosivity, are not analyzed Propanoic acid 29,53,72
in this report. * - 2-Methylpropanoic
. acid 29,53,72

As outlined in Sec. 2, the  Pentanoic acid 29,53,72
screened substances were divided 3-Methylbutanoic
into four categories, based on the acid + 29,53,72
degree of available information on - Ethane o 72
emissions, effluents, and solid Methane 72 =
wastes. Category 1 includes toxic C9—Cg aliphatics 72
substances that have been quantified Boron . 28,29,36,53,72
in waste streams from a Lurgi/ Manganese 28,36,53,69,72
Fischer-Tropsch reference plant. Copper ’ 36,69,72
Because empirical data are unot Iron 69,72
available for a plant that matches Aluminum 69
the specifications of the U.S. Tin . 28,36,72
. commercial-scale plant chosen as a Carbon dioxide 28,72
reference to this study, Category 1 Nitrogen gas h 28,72
is empty. Category 2 includes the Oxygen gas: 28
toxic residues for which potential Hydrogen gas 28,72
releases have been estimated from a Water 28,36,72
variety of data sources. These Ethanol 60

sources include operating Lurgi/
Fischer-Tropsch plants in Westfield,
Scotland, and Sasolburg,  South
Africa; the Western Gasification Co. envirommental impact statement; and
unpublished EPA data and bench-scale tests with Montana rosebud or Wyomlng
subbituminous coal. Category 2 substances are listed in Table 4.3.

Category 3 substances, listed in Table 4.4, are of special conceran.
These substances are expected to be present in emission streams, but have not
been quantified. Several are highly toxic or carcinogenic. €ategory 3 also
contains chemicals which, although quantified in some streams, may be present
but unquantifiable in others. If present, these substances may pose a larger
hazard than that indicated by analysis of quantifisble streams alone.

Category 4 residues are listed in Table 4.5. 1Information on these
substances is insufficient to evaluate their potential toxic effect.

4.2 COMPARISON OF RELATIVE RISKS

4.2.1 Ambient Concentrations and Environmental Standards

Table 4.6 summarizes ambient atmospheric and aquatic concentratzons of
pollutants projected for areas surrounding Lurgi/Fischer~Tropsch facilities.

~
S
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Table 4.3 Category 2 Toxic Substances Estimated in

,Lurgi/Fischer-Tropsch Waste Streams

Stream

Pyridine

29,53

Substance Substance Stream
Benzene, Substituted Benzenes Oxygen Heterocyclics
Ethylbenzene 29,53 Dibenzofuran 29,53
Toluene 29,53 .
0-Xylene 29,53 Mercaptans
. A Ethanethiol 72
Monohydric Phenols P Methanethiol 29,53
Phenol 72,29,53 Aromatic Amines
2-Methylphenol 256,53
3~Methylphenol 29,53 Aniline 53,72
4—Methylphenol 29,53 Methylaniline 53,72
2,4-Xylenol 29,53 Dimethylaniline 72
3,5-Xylenol 29,53 Methylaniline 29
. . Nitrogsamines 72
Dihydric Phenols
Trace Elements 28,36,72
Catechol 29,53
4-Methylcatechol 29 Arsenic 28,29,53,36,
3,6-Dimethylcatechol 29,53 69,70,79
Resorcinol 29,53 “Beryllium 28,29,36,53,
4-Methylresorcinol 29,53 3 70 .
5-Methylresorcinol 29,53 Cadriium 28,29,36,53,
Polynuclga; Aromatic Cobalt 7969’70
Hydrocarbons Fluorine 29,36,53
Acenaphthylene 29,53,70 Lead 28,29,36,53,
Anthracene 29,53,70 ' 69,70,79
Benz{a)anthracene 29,53,70 Mercury 28,29,36,53,
Benz(g,h,i)perylene 29,53,70 - 69,70,79
Benzo(a) pyrene 29,53,70 Nickel 29,36,53,69
Benzo(e) pyrene 29,53,70 Selenium 69,79
‘Biphenyl 29,53 Vanad iim 29,53
Chrysene 29,53,70 Molybdenum 79
Fluoranthene 29,53,70. Sul fur 36,79
Fluorene 29,53,70 Zinc 36,69
Naphthalene 29,53,70 Cases
Phenanthrene 29,53,70 i
Pyrene * 29,53,70 Sulfur oxides 28 .
. Nitrogen oxides 28
Sulfur Heterocyclics Carbon monoxide 28,72
Thiophene 72 Hydrogen cyanide 72
. . Carbonyl sulfide 72 .
Nitrogen Heterocyclics Ammonia - 29,72
2,4~Dimethylpyridiac 29,53 Hydrogen sulfide 72
2,5-Dimethylpyridine 29,53
2-Methylpyridine 29,53
3~Methylpyridine 29,53
4-Methylpyridine 29,53
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Table 4.4 Category 3 Toxic Substances in Non—QuanthLed
Lurgi/Fischer-Tropsch Waste Streams

Substance Stream Substance Stream

Aliphatics, Alicyclics, Polynuclear Aromatic
Fatty Acids Hydrocarbons (Cont'd)

¢3* Alcohols 60 Fluoranthened. T 76,72

. : - Fluorened i 76,72

genzene, Substituted Naphthalene2 75.76,72

enzenes . Phenanthrene? 76,72

Benzene & 72,75 Pyrene? 76,72

Ethylbenzene? 72 . :
Toluene?d 72,75 Oxygeg Heterocyclics

Xylene@ 72,75 Dibenzofuran? 76,72

Monohydric Phenols Benzo furan 72

Nitrogen Heterocyclics

Cresols?@ . 72,75,76,77
Phenol? 72,75,76,77 Acridine 72
Alkyl phenols?@ 72,75 )
2-Methylphenol? 72 Trace Elements
Trimethylphenol 72 Arsenic? - - 72
0~Isopropylphenol 72 Berylliumd 72
Xylenolsd 72,77 " Gadmium?d 72
. . a
Dihydric Phenols goilit . gg:gg:;g
Catechol? 77 Chromium 28,36,72
Methylcatechol?@ 77 . Fluorined : 28,72
Resorcinold 77 Nickeld 28,72
Methylresorcinol?2 . 77 Selenium@ 28,36,72
Polynuclear Aromatic. Vgnadluma 3 28,36,72
Hydrocarbons Zan. ' 28,72 .
Uranium . 28,36,72
Anthracene? 76 Silver 36,72
Biphenyld 72 - Lead? 72
Chrysene? 72 Mercury? 72°
Indene 72

8jlso found in quantified waste streams.

In addition, it contains two sets of atmospheric and water quality standards
for each pollutant, when such standards have been established. By comparing
the projected concentrations with these standards, researchers can estimate
the potential public health risk.

R

--

Projected concentrations of pollutants in Table 4.6 were generated by
applying the EPA Source Analysis Model 1 (SAM 1). This generic model estimates
ambient concentrations by averaging meteorological, geological, and hydrologi-
cal data for the entire country and applying worst-case assumptions. Worst-
case assumptions may include conditions that do not reflect real situationms.
For example, SAM 1 dilution factors for aqueous wastes and solid-waste
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leachates do not account for nétu&:al Table 4.5 Category 4 ~ Residuals of
cleansing processes such as bmdegra— Unknown Toxicity Found
dation and attenuation that;éceur in in Waste Streams

soils. As a result, conq.nntrat:.ons
obtained from SAM 1 provide a con-
servative estimate of exposure Substance Stream
conditions.

Perylene 72
Standards used for comparison Methylthiophene 72
with projected comcentrations in- Benzothiophene 72

clude: National Ambient Air Quality
Standards (NAAQS), Estimated Permiss-—
ible Concentrations for Health (EPG)
from EPA's Multimedia Envirommental Goals, and EPA Drinking Water Standards.
More stringent federal or state levels may apply to spec:.flc sites, but levels
‘used in.this assessment are valid for the generic s:.tlng dictated by SAM 1
dlspersz.on factors. . !

: i : [

National .Ambient Air Quality Standards héve been set for sulfur
dioxide, nitrogen oxides, hydrocarbons, carbon monof:ide, particulates, ozone,
and lead”. No ambient air standards have -been set for other Lurg1/FJ.scher—
Tropsch emissions. The EPA developed Multimedia Environmental Goals to
determine acceptable ambient concentrations for other substances. The goals
include several sets of acceptable concentrations that vary according to
exposed human population. The set used in this 'assessment, Estimated Per-—
missible Concentrations for Human Health, is based on nonhuman data or on
occupational rather than public exposures. The EPA also developed drinking
water standards that address many aquatic pollutants, including a number that
are released in Lurgi/Fischer-Tropsch effluents. Drinking water standards and
EPCs in:this report serve as a baseline; any ambient concentration above these
levels is-considered hazardous.

In the analysis that follows, only ambient concentrations of substances
in quantified Lurgi/Fischer-Tropsch streams are evaluated. Many elements
and compounds, though known to be preseni_ in Lurgi wastes, have not baen
quantified. Thus not all substances w:.th ‘the potential to vwlate pollution
standards may be identified. lj !

Substances are cl'!assified . according to the ratio of projected con—
centration to the appropriate staridard or EPC. ‘Three levels are distinguished
by the relative severity of potential exposures. Indirectly, the levels also
address the uncertainty of process and dispérsion’ characterizations due to
engineering and modeling factors. Level 1l substances have projected ambient
concentrations that exceed acceptable levels by a factor of 10 or more,
Substances at this level will 'provide the greatest quantifiable potential
hazard to public health from Lurgi/Fischer-Tropsch liquefactiom. -

Level 2 substances have projected ambient concentrations within a
factor of ten above or below the appropriate standard or EPC. The potemtial
public hazard associated with this category is more uncertain than with
Level 1.

Level 3 contains substances whose ambient concentrations are more than
a factor of ten below the appropriate standard or EPC. These substances have
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the lowest projected hazard level of the pollutants released by Lurgi/Fischer-
Tropsch liquefaction.

Table 4,7 lists Lurgi atmospheric pollutants that qualify for Level 1
and Level 2 designations and the waste streams that are primary sources.

Of the quantifiable emisslon streams, only lockhopper vent gas is
unique to the Lurgi/Fischer-Tropsch process. Utility stack gas and cooling
tower evaporation streams are found in wany other industrial applicatiouns,
including electricity generation~ (aithough~-ian the -Lurgi process, treated
gasifier waste water is cycled to the cooling tower). Three of the six
substances classified in Level 1 or Level 2, hydrogen sulfide, ammonia, and
nickel carbonyl, are released primarily in the lockhopper wvent gas. The
primary sources of arsenic, mercury, nitrogen oxices and sulfur dioxide are
utility stack gas and cooling tower evaporation streams. Potential emissions
from the Lurgi/Fischer-Tropsclc operation that were not qualified include:
fugitive emissions, non-cooling tower evaporative emissions, baghouse wvent
gas, deaeration, and Fischer-Tropsch vent gas.

"Ammonia from the cooling tower and lockhopper vent may violate the
atmospheric EPC by a factor of three. Ammonia irritates ‘the eyes and
respiratory tract, but low-level exposure has nc chronic effects., Ammonia

rapidly decomposes in the presence of oxygen, and consequently has a relative-
1y short half-life in the atmosphere. Many commercially proven technologies

Table 4.7 Substances with Projected Level 1 or
v level 2 Atmospheric Concentrations

. Substance . Primary Emission Source Standard

Level 1
None
Level 2

Irace Elements

- Arsenic cooling tower evaporation,
utility stack gas EPC
Mercury utility stack gas EPC
Gases ”
Ammonia ' cooling tower evaporation,
. lockhopper vent gas EPC
Hydrogen sulfide lockhopper vent gas EPC
Nitrogen oxides utility stack gas NAAQS
Sulfur dioxide utility stack gas NAAQS

Nickel carbonyl lockhopper vent gas EPC
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remove ammonia from aqueous streams, and it is economically viable to do so
for small concentrations. Due to the nature of ammonia's tox1c1ty, biode-
gradability, and controllability, it is not expected to be a major health
concern from Lurgi/Fischer-Trapsch operations. .

. - Teo trace elements,  arsenic and mercury, and four gases, hydrogen
~sulfide -sulfur diecxide, nitrogen oxides, and nickel carbonyl, are projected
+ to.have ambient atmespberic concentrations within a factor of ten of accept—
able levels.

Arsenic and mercury are extremely toxic under acute and chromnic
exposure .conditions. Arsenic is a suspected carcinogen that can damage the
kidney and liver and inhibit enzyme activity. WMercury exposure causes neural,
renal, and cardiovascular disorders. Both Erace elements accumulate through
food chains ‘and have relatively long biological half-lives once they are
absorbed into the body (see Sec. 4.1). They may be released in currently
unquantifiable Lurgi/Fischer-Tropsch emission streams. As a result, both are
considered 2 significant hazard to public health.

Trace element emissions from coal conversion are directly related to
the trace element content of the coal being converted. Although the type of
release (atmospheric, aquatic, or solid waste) may be affected by trace
element characteristics such as volatility, the amount ‘released depends on the
concentrations in the makeup coal. Thus, while arsenic and mercury ‘are
important atmospheric emissions from Lurgi/Fischer-Tropsch liquefaction of
Wyoming subbituminous coal, liquefaction of another coal could change the
magnitude and type of trace elements emitted.

Hydrogen sulfide is acutely toxic in high concentrations and irritates
the respiratory tract in low concentrations. Its primary quantifiable source
in Lurgi/Fischer-Tropsch operations is lockhopper vent gas. Although not
accounted for in this assessment, operating procedures call for flaring
lockhopper gas~thiat is vented. The effect of flarlng has not been quantified
but it will p{obably lower hydrogen~sulfide emissions. The b;ologlcal
half-life of hydrogen sulfide under ambient atmospheric conditions is short --
approximately 20 min. In addition, the odor threshold is far below the toxic
threshold, which allows time to identify potential hazards and reduce the
threat of exposure. As a result, hydrogen sulfide from Lurgi/Fischer—Tropsch
liquefaction is not expected to present significant risk to public health.

Sulfur dioxide is a respiratory irritant that can instigate lung tissue
dysfunction as well as exacerbate existing disorders. Because sulfur oxides
from coal combustion are a recognized health threat, federal and state govern—
ments have set emission standards to limit ambient concentrations. Wyoming's
sulfur-emission standards, for example, are more stringent than national
standards. 1In this assessment, it is assumed that the Lurgi/Fischer-Tropsch
facility will be located in and meet emission standards of Wyoming. Disper-
sion modeling indicates that ambient sulfur—oxide concentrations will exceed
NAAQS of 80 pug/m3. However, SAM I projects maximum instantaneous ground-
level concentrations, whereas the NAAQS are set for annual average concentra-
tions. The projected maximum sulfur-dioxide concentratlon of 700 ug/m3
compares favorably with the 3-month ‘NAAQS of 1200 pg/m3 and indicates that
the potential hazard is significantly lower. ‘
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Annual average NAAQS for nitrogen oxides are 100 pg/m The SAM I
projects a maximum ground~level concentration of 130 yg/m . No mnational
standard with a shorter averaging time has been set, although some states,
such as North Dakota, have set standards at 200 ug/m for a 1~h average.
Nltrogen—oxlde levels may be made up of several compounds, of which nltrogen
dioxide is the most important .in terms of tox1c1ty. Nitrogen dioxide is lipid
soluble and easily reaches alveolar regions of the lung, where it forms
nitrous and nitric acid. The acids irritate and corrode the mucous membranes
in the lung. Acute exposure results in pulmonary edema; chronic exposure is
associated with emphysema. Nitrogen oxides are also precursors of ozomne,-
which is highly reactive and damages respiratory tissue. Because of the
relationship between the projected maximum instantaneous concentrations and
the annual average and l-h maximum standards, nitrogen dioxide is not expected
to be a major public health hazard.

Nickel carbonyl is a proved carcinogen under chronic exposure condi-
tions in occupational environments. Acute exposure may induce chemical
pneumonitis. The primary quantifiable source from Lurgi/Fischer-Tropsch
operation is lockhopper vent gas, which is periodically flared to the atmo-
sphere. The effect of flaring on nickel carbonyl concentrations is uncertain.
In addition, the intermittent nature. of the vent gas release. increases the
uncertainty of exposure impact. However, the proved carcinogenic effect of
nickel carbonyl and the magnitude of potential releases underscore the
possible public health risk from Lurgi/Fischer-Tropsch liquefactionm.

Tables 4.8 and 4.9 list aquatic polluktants from Lurgi processes that
qualify for Level 1 and Level 2 designations. The tables also indicate
which standard applies and which effluent stream is the primary source
of the pecllutant.

Two primary effluent streams, reverse osmosis and combined ash leach-
ate, have characteristics unique to the Lurgi/Fischer-Tropsch process.- The
effect of these streams on aquatic environment depends largely on the specific
site. The 8AM I dispersion factors used to estimate pollutant concentrations
provide maximum projected values and do not account for such factors as
.sedﬁnentation, which may significantly reduce aquatic concentrations. The
third major Lurgl/Flscher-Tropsch effluent stream, blosludge leachate, was not
quantified in this assessment.

Fourteen pollutants —-:two- trace elements, 1l phenols and one mercaptan
—- qualify for Level I designation by exceeding acceptable ambient concentra-
tions by more thamn a factor of ten. Seven more 'trace elements, three fatty
acids, omne substituted benzene, three polynuclear aromatic hydrocarbons,
and one aromatic amine -- qualify for Level 2 designationm.

Trace elements of concern include aluminum, arsenic, beryllium;
cadmium, mercury, nickel, lead, selenivm, and vanadium. The toxicity of trace
elements varies significantly with chemical form of the element. In general,
the free ions are most toxic. Thé degree to which trace elements attenuate
in natural systems is also a function of chemical form. Again, the iomic’
form is most reactive and most. likely to bind to particles or other substances
in the solution or transfer medium, where it becomes less available for
subsequent toxic impact. Biological systems may alter some trace elements to
chemical forms that are more toxic than the original form (e.g., elemantal
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mercury to methylmercury). The long biological half~life of most trace
elements increases the potential for accumulation of toxic quantities in
humans . '

.
A lomg list of [ilhenols have been projected to exceed EPA drinking
water standards. Phenols, although not thought to be carcinogenic, are
susPected to act synergistically with some carcinogens (e.g., coal tars) to
increase the r:.sk of cancer. Chronic exposure to phenols has been linked with
kidney and liver damage. The phenol drinking water standard of 0.0l ppm is
based on taste and odor comsiderations; the toxic threshold may not be reached
until concentrations exceed the standard by several orders of magnitude.
Additionally, a variety of commercially proved techniques can remove phenols
from aqueous’ waste streams. However, all phenols projected to violate or
approximate drinking water standards are also found in unquantified Lurgi/
Fischer-Tropsch waste streams, a fact that underscores the potential human
health risk. ’

MethaneLhJ.ol is the mercaptan that is projected to exceed the aquatic
EPC. Its primary toxic ‘effects are resplratory paralysis and pulmonary edema.
The aquatic EPC was established to minimize the additive or synergistic
effects of combined exposure via respiratory and gastrointestinal routes of

entry. Methanethiol is found in eight Lurgi/Fischer~Tropsch waste streams
that are unquantified.

The aliphatics, alicyclics, and fatty acids precjected to violate or
nearly violate acceptable aquatic concentrations include acetic acid, hexanoic
acid, and pentancic acid. These weak orgenic acids are not active from a
toxicological viewpoint. All are widely distributed in the enviromment and
may be intermediate metabolites. They =zre pro_-jected to exceed EPCs based on
impacts from chronic skin exposure, which is not a probable mode of public
exposure. All three biodegrade in aquatic systems and can be removed from
drinking water through conventional treatment methods. As a result, these -
acids are not imporcant sources of public health risk. -

One substituted benzene -— toluene =-- is projected to mnearly violate
the EPC. It affects the central nervous system, liver, kidneys, and skin.
Toluene's metabolites, benzaldehyde and benzoic acid, are nontoxic. Toluene
_1s highly susceptible to photochemical degradation and has a short biological
half-life of approximately 2 h. Consequently, toluene from Lurgi/Fischer-

Tropsch 0perat1cm is mot expected to present a 51gm.f1.canl: public health
risk.

x, As a class, polynuclear aromatic hydrocarbons contain substances that
cause cancer in humans [e.g., benzo(a)pyreme]. These compounds result from
incomplete combustion of organic materials such as coal and are found in many
Lurgi/Fischer-Tropsch waste streams, some of which are” currently unquantifi-
able. Although evidence is inconclusive, the: carcxnogen:.c agent may be
the PAH metabolite and not PAH itself. The primary. risk from exposure to
biphenyl, indan, and naphthalene is this potential for inducing cancer, since
no evidence exists of additional chronic or acute exposure effects.

Aniline is the aromatic amine projected t:o have an ambient aquatic
concentration within one order of magnitude of the EPC. Aniline is toxic via
inhalation, ingestion, or dermal exposure. As a liquid, aniline behaves much
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olike ammonia. Acute ingestion has resulted in human death; chronic exposure
“causes neural dysfunction. Aniline is readily degraded in biological systems
and, as such, is not considered a major public hazard from Lurgi/Fischer-
Tropsch operation. ~

4.2.2 Body Burdenms

Quantifying the effects of Lurgi/Fischer-Tropsch effluents onr humans is
the optimum measure of risk. Unfortumately, dose~response data for the
pollutants are not available, which makes determination of the absolute number
and type of effects impossible. Determining the relative impact of exposure
is possible, however, for substances whose exposure, route of entry, absorp-
tion, and biological half-life are known. With these measures, the body
burden resulting from a specific source of exposure can be calculated. Body
. burdens represent the amount cf substance that accumulates within the bedy.
Body burdens for different sources of exposure and for differemt routes of
entry to the body can be compared to measure the relative risk of exposure.

Data on exposure, route of entry, absorption, and biological half-life
are available for many trace elements released by the Lurgi/Fischer-Tropsch
process. In this assessment, body burdens for the trace elements arsenic
cadmium, and lead were calculated using the Argonne body-burden model.45
Thesethree elements were chosen because they are all highly toxic ‘and
encompass the known range for absorption and biological half-life of other
trace elements. Body burdens were calculated for four sources of exposure
{background air and water, diet, a 1000-MWe coal-fired power plant, and the
Lurgi/Fischer-Tropsch facility) and two routes of entry (respiratory and
gastrointestinal). Body burdens represent amount of element per gram of
tissue accumulating in an exposed 70-kg male who breathes 20 m3 of air per
day and drinks 2 L of water per day. ’

Trace—element exposure from Lurgi/Fischer-Tropsch wastes were based on
environmental loading factors from Part 2 of the overall study (characteriza-
tion of hazardous wastes) to which SAM I environmental dilution factors were
applied. Contributions from the 1000-MWe coal-~fired power plant were based
on projected ambient concentrations for such a facility burning No. 6 Illinois
coal and located in Fulton County, Illinois. Although Illinois and Wyoming
coals vary in many respects, the arsenic, cadmium, and lead content of feed
coals for these two technologies were similar. Contributions from background
air and water were national averages determined by EPA monitoring programs,
Contributions from diet represent average U.S. dietary characteristics.

Waste streams from Lurgi/Fischer-Tropsch that have quantifiable amounts
of trace elements include: wutility stack gas, cooling tower evaporation,
reverse osmosis,- combined  ash, and biosludge. Many other streams, while
having the potential for trace-element release, were-unquantifiable. Table
4.10 lists the results of the body-burden calculations and Figs. 4.1, 4.2, and
4.3 illustrate the results graphically.

As Fig. 4.1 shows, the body burden of arsenic from exposure to Lurgi/
Fischer-Tropsch environmental wastes is approximately double that from
éxposure to coal-fired power-plant wastes or to background air and water.
However, the Lurgi/Fischer-Trcpsch body burden of arsenic is®45Z of that.
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Table 4.10 Body Burdens

Via Respiratory

Tract Via Gastrointestinal ‘Via Diet
Elements Source? (ug/g x 10~2) Tract (ug/g x 1072) (ugl/g x 1072)
Arsenic  L/F-TP 0.02 3.1 6.9
CFPPE 0.13 1.5 6.9
background 0.004 1.7 6.9
Cadmium L/F-T 0.5 62 4690
CFPP 0.5 148 4690
background 0.9 117 4690
Lead L/F-T 0.3 31.3 325
CFP? 9.5 60.1 325
background 3.7 34 325

3L/F~T = Lurgi/Fischer~Tropsch plant; CFPP = coal-fired power plant.

bLurgi/Fi.scher—‘I'ropsch figures based on air and water concentrations from
Table 4.6.

resulting from diet (total body burden equals the sum of burdens from all
sources of exposure). Thus, the relative risk of exposure to arsenic from
Lurgi/Fischer~Tropsch is twice that from coal-fired power plants but less than
half of that from diet. The primary route of entry for all sources of arsenic
is the gastrointestinal tract, which accounts for between 92% and 99% of the
total absorbed from Lurgi/Fischer~Tropsch, coal-~fired power generation, and
background exposure. The importance of the gastrointestinal route of entry is
underscored by the fact that only 3% of the arsenic passing through the tract
is absorbed, compared to 50% absorption in the respiratory tract.

The Lurgi/Fischer~-Tropsch contribution“of cadmium to body burden is
less than that from any other source of exposure. The projected burden from
‘exposure to Lurgi/Fischer-Tropsch wastes is approximately 60% of that from
background air and water, 40% of that from coal-fired power generation and 1%
of that from diet. As with arsenic, the primary route of entry is the gastro—
intestinal tract. Although the health effects of cadmium will depend on the
as-yet-undefined threshold of impact, the quantifiable contribution by
Lurgi/Fischer-Tropsch wastes and the corresponding risk will be less than
those from background air and watrer, coal-fired power genmeration, or diet.

Body burdens of lead from Lurgi/Fischer-Tropsch envirommental wastes
are projected to be less than from any other source of exposure in this
assessment. ie-largest -contributor to lead body burden is diet. Risk from
diet is approximately ten times that from Lurgi/Fischer-Tropsch. Coal-fired
power generation and background air and water also contribute more to poten~
tial risk =~ 50% and 10% more, respectively —- than Lurgi/Fischer~Tropsch,
based on the body burdeus attributable to each. As with arsenic and cadmium,
the gastrointestinal tract is the primary route of entry for lead from all
sources of exposure.
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Fig. 4.1 Body Burdens of Arseanic from Four
Sources of Exposure

The magnitude and severity of any adverse effect depends on the total
body burden from all sources of exposure.and a currently unquantifiable
threshold level for effect. However, body burdens can be compared to estimate
the relative risk from each source of exposure. The relative risk from
Lurgi/Fischer-Tropsch envirommental wastes is slightly less than that from,
coal-fired power generation for two trace elements and slightly greater for
one. In all cases, the risk from diet is substantially greater than from any
other source. ’

Two factors may affect these results.  Several potential sources of
trace element release from the Lurgi/Fischer-Tropsch process were not quan-
tified in this  assessment. Additionally, this analysis does not consider
trace elements released to the enviromment when Lurgi/Fiysher-Tropsch product
liquid is burned. Both factors potentially would alter the ,ambient air and
water trace-element concentrations and subsequently affect body-burden calcu-
lations.
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4,2.3 Substances of Concern

To conclude this amalysis, two lists of toxic substances from Lurgi/
Fischer-Tropsch liquefaction are presented. The first list, Table &4.11, -
includes the substances that have been quantified in Lurgi effluents. Suffi-
cient data for these substances are available to compare the health risks from
coal liquefactiom wastes to those from other sources of the same pollutants.
Public health impacts from Lurgi/Fischer-Tropsch production of these sub—
stances are severe enough to warrant investigating envirommental controls
beyond those of the reference system. The second list, Table 4.12, is a
qualitative assessment and includes substances that may be released in Lurgi
effluents but have not been quantified and are highly toxic. These pollutants
may be on the Cancer Assessment Group list of carcinogens or included in
Category 3 (see Sec. 4.2). Thus the inherent potential for health impact of

these substances, if released, is great ‘emough to warrant further characteri-
zation.



54

4.0 =
3.0 =
Phb
ug —
/g 2.0
1.0 =~

Lurgi/ Coal Background
Fischer- Fired
Tropsch Power
Plant

Source of Exposure

Fig. 4.3 Body Burdens of Lead from Four
Sources of Exposure




55

Table 4.11 Substances of Concern —-
Quantitative Analysis

Trace Elements Phenols
Arsgenic Catechol
Boron 3,6-Dimethylcatechol
Beryllium 3-Methylcatechol
Cadmium 4-Methylcatechol
*Mercury 2-Methylphenol
Nickel 3-Methylphenol
Lead 4-Methylphenol
Selenium 4-Methylresorcinol
Vanadium 5-Methylresorcinol

. Phenol

Polynuclear Aromatics Resorcinol
Biphenyl 2,4-Xylenol
Napthalene 3,5-Xylenol
Indan Sulfur Heterocyclics

Cases Methanethiol
Nickel carbonyl

Table 4.12 Substances of Concern —-— Qualitative Amalysis

Benzenes and Substituted Benzenes Nitrosamines

Ethylbenzene N-nitrosamine
Xylene -
Benzene? - Nitrogen Heterocyclics
Polynuclear Aromatic Hydrocarbons Acridine
Anthracene@ Gases
1,
Fluoranthene Nickel carbonyld
Fluorene
Napthalene Trace Elements
Phenanthrene .
Pyrene Arsenl?
Beryllium?
Indene N
. Cadmiumd
Biphenyl
a Lead
Chrysene
Benzo{a)pyrened Mercury
, , Chromium@
Phenols Nickel?d
Sulfur?®
a .
Xylenol Vanadium
Oxygen Heterocyclics Uranium
Cobalt
Benzofuran .
. Barium
Dibenzofuran

2Carcinogens.
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