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EXECUTIVE SUMMARY 

This document describes the status of health and environmental research 

efforts (1976 to the present), supported by the U.S. Department of Energy (DOE), 

to assist in the development of environmentally acceptable coal liquefaction 

processes. Four major direct coal liquefaction processes are currently in (or 

have been investigated at) the pilot plant stage of development. These in-

elude two solvent refined coal processes (SRC-I and -II), H-coal (a catalytic 

liquefaction process) and Exxon donor solvent (EDS). 

Several organizations were selected by DOE to study the health, environ-

mental and safety aspects of direct coal liquefaction processes. The Pacific 

Northwest Laboratory (PNL) was assigned responsibility for evaluating SRC pro-

cess materials and prepared comprehensive health and environmental effects re-

search program plans for SRC-I and -II. A similar program plan was prepared 

for H-coal process materials by the Oak Ridge National Laboratory (ORNL). A 

program has also been developed for EDS process materials by Exxon Research 

and Engineering Co. These programs were initiated in FY 1976 and 1981, re-

spectively. 

Objectives of OOE 1 s environmental research program are to: 

identify and perform research on the long-term health and environ 
mental issues associated with direct coal liquefaction 

evaluate control technology and ameliorative options to permit the 
design of environmentally acceptable coal liquefaction processes 

assess and quantify potential risks to man and the environment from 
large-scale deployment of direct coal liquefaction processes. 

The program includes short-term screening of coal-derived materials for 

potential health and ecological effects. Longer-term assays are used to eval 
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uate materials considered most representative of potential commercial practice 

and with greatest potential for human exposure or release to the environment. 

Effects of process modification, control technologies and changing operational 

conditions on potential health and ecological effects are also being evaluated. 

Health and environmental risk assessments for H-coal and SRC-II processes 

were initiated in FY 1981. These asssessments are being conducted to assist 

in formulating cost-effective environmental research programs and to estimate 

health and environmental risks associated with a large-scale coal liquefaction 

industry. 

Results to Date 

Significant results of DOE 1 s health and environmental research efforts 

relative to coal liquefaction include the following: 

(1) Chemical Characterization. Coal-derived materials are extremely 

complex chemically, and analysis requires sophisticated methods and techniques. 

Coal liquids are enriched in polynuclear aromatic hydrocarbon (PAH), basic., 

acidic and insoluble constituents compared to crude petroleums. Higher-bo-iling

range materials are enriched in both basic nitrogen-containing and highly polar 

materials that are believed to be responsible for the biological activity ob

served in coal liquids. 

(2) Health Effects. Higher-boiling-range SRC-I process solvent (PS), 

SRC-11 heavy distillate (HD) and process development unit (PDU)-derived H-coal 

distillates are mutagenic in microbial test systems; lower-boiling-range SRC-1 

light oil (LO) and wash solvent (WS), SRC-11 light distillate (LD) and middle 

distillate (MD) and PDU-derived H-coal materials are not. Studies with distil-
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lation cuts showed that the mutagenically active constituents of SRC-11 HD oc

curred in those liquids boiling above 371°C (700°F). The latter make up about 

20% of the full-boiling-range material. Chemical fractionation and character

ization, coupled with microbial assays, suggested that the highest specific 

mutagenic activity was associated with polycyclic primary aromatic amines (PAA). 

However, genetically active fractions were also enriched in azaarenes and polar

substituted aromatics which may also affect genetic activity. Other in vitro 

studies indicated that materials showing mutagenic activity in microbial assays 

also cause transformation in cultured mammalian cells. 

An SRC-II liquid was negative in several mammalian mutagenesis assays 

(male-dominant lethality, specific locus and mouse spot tests). A PDU-derived 

coal liquid (Synthoil) was positive in these tests. Both materials were cyto

toxic. 

Carcinogenesis studies showed that SRC-11 HD, high-boiling-range PDU

derived H-coal distillates and EDS liquids, shale oil and benzo[a]pyrene pro

duced high incidences of skin tumors. Lower-boiling-range coal liquids do not 

appear to possess tumorigenic activity. 

SRC-II LD, MD and HO, SRC-I LO and PS, and some POU-derived H-coal dis

tillates were moderately toxic after oral administration to rats. SRC-1 WS 

was the most toxic coal liquid tested, probably reflecting its high phenolic 

content. No coal liquid tested produced skin sensitization when applied intra

dermally. Eye irritation was noted with some materials, but it was a reversi

ble effect. 

Effects of SRC-11 LD, MD and HD, and SRC-1 LO, WS and PS on fetal devel

opment were determined after oral administration of these materials to preg

nant rats at 7 to 11 and 12 to 16 days gestation (dg). Pregnant rats were 

also exposed to SRC-II HD aerosols at 12 to 16 dg. Fetal growth and survival 
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were decreased by all materials administered at either gestation period. Doses 

producing fetal effects often produced indications of maternal toxicity. Ad

ministration of SRC-I PS and SRC-II HD at 12 to 16 dg increased the incidence 

of fetal malformations--primarily cleft palate. hypoplastic (immature) lungs 

and herniated diaphragms. Coal-derived materials were also teratogenic in am

phibian and insect test systems. 

(3) Ecological Fate and Effects. Aniline and pyridine are nitrogenous 

compounds that make up about 10% of coal liquid water-soluble fractions (WSFs). 

Aniline sorption studies to determine long-term fate of coal liquids in the! 

environment suggest that migration of organic nitrogen bases, as might occur 

following a spill, will be retarded in certain eastern soils (e.g., Westmor·

land silt loam), whereas phenols are relatively mobile. Thus, phenols may be 

the first compounds to affect ground waters, while anilines may enter food 

chains through plants and be transferred to higher trophic levels. 

Because phenolic compounds may eradicate microbial communities that re

sult in degradation of heavier hydrocarbons, coal liquids may remain in soils 

longer than petroleum or shale oils. Lysimeter studies with barley confirm 

this conclusion. Although germination occurred during the second growing sea

son following contaminaton of soils with SRC-II liquid, grain production was 

significantly reduced. 

Bio-uptake studies with plants showed that aniline was more persistent 

than phenol. Although the plant absorption rate for aniline was significantly 

lower than that for phenol, aniline tended to bind to cell-wall materials. 

Also, less aniline was metabolized to higher-molecular weight compounds. In 

related studies of PAH uptake and assimilation by plants, anthracene was taken 

up from either roots or foliage, translocated and catabolized to compounds of 
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lower molecular weights. Thus, certain components (e.g., aniline and anthra

cene) of coal liquids may accumulate in vegetation. 

Gases containing sulfur were identified as common stack emissions during 

liquefaction and occurred as both reduced (COS, H2 S, carbonyl disulfide [CS 2 ], 

methyl mercaptan [CH3 SH]) and oxidized (sulfur dioxide [S02 ]) forms. Reactiv

ity of gases and relative toxicity to plants in descending order were: S02 ~ 

H2S > COS > CH3SH ~ CS2. 

Uptake of sulfur dioxide and ozone by plants was significantly increased 

at higher relative humidities suggesting that impacts of emissions from coal 

liquefaction will vary regionally. Other atmospheric pollutants will also af

fect plant response. Although oxides of nitrogen alone had little effect on 

vegetation, nitrogen oxides, ozone and sulfur gases together inhibited growth. 

Lysimeter studies with barley exposed to SRC-II liquid indicated signifi

cant toxicity. However, toxic effects (chlorosis or necrosis) were greatly 

reduced following overwintering. Similar studies showed that SRC-I solid pro

duct was nontoxic, although layering the SRC-I solid product under a soil over

burden retarded root growth. 

An increased frequency of morphologic abnormalities was observed in de

veloping cricket embryos exposed to azaarenes, a constituent of coal liquids. 

Coal liquids were also teratogens, and teratogenic activity appeared to reside 

in the ether-soluble base fraction which consisted of aromatic amines. 

The WSFs of five synthetic oils contained similar contaminants which var

ied widely in relative concentrations. Major water-soluble components were 

phenols and cresols with lower levels of xylenols and C3- and C4-substituted 

phenols. Major neutral components were toluene, xylene and naphthalene. Ba

sic constituents included aniline and Cl- to C3-substituted anilines. How

ever, larger multi-ring compounds (naphthol, alkylnaphthalenes, anilines and 
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pyridines) were not found. Both ani lines and pyridines contributed signifi

cantly to WSFs of SRC-II coal liquid. 

Rates of dissolution followed theoretical predictions; phenol dissolved 

most rapidly, while the less water-soluble components dissolved more slowly. 

Dissolution rates were found to be highly dependent on oil viscosity; phenol 

dissolved rapidly (50% dissolution in 6 min) from a refined distillate, but 

dissolved more slowly (50% dissolution in 2 hr) from a heavy syncrude. In 

other studies, photo-oxidant formation of four coal liquids was nearly identi

cal but was about one-fourth that of a petroleum diesel fuel. 

Studies of PAHs showed that volatilization decreased rapidly as molecular 

size increased. Photolysis increased for larger potentially carcinogenic PAHs. 

Microbial transformation rates were relatively slow for larger PAHs, suggest

ing that PAH levels in contaminated aquatic sediments may remain high for sev

eral years after a spill. Sorption of PAHs to particulates was rapidly rever

sible, and resuspension of sediments during high-water periods may result in 

release of sediment-bound PAHs into overlying waters. 

Acute toxicity studies with a variety of aquatic test species (phyto

plankton, invertebrates, fish) showed that coal liquids (SRC-1, -II, or H-·coal 

[raw distillate or fuel oil blend]) were 10 to 1000 times more toxic than com

parable petroleum products. Acute toxicity appeared to result from high con

centrations of low molecular weight, easily degradable phenolic compounds. 

Chronic toxicity appeared to be due to higher molecular weight and more per

sistent compounds which also may include phenols. 

Pond microcosm studies with representative coal liquids resulted in ex

tensive changes in community structure and function. Many zooplankton species 

were e 1; mi nated and diatoms were rep 1 aced by b 1 ue-green a 1 gae. Patterns of 

ecosystem metabolism were also affected. That is, a food web based on plant 
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production was replaced by one based on detritus. However, termination of 

toxic input resulted in partial recovery. Recovery was also observed in simp

ler test systems for algae exposed to concentrations of a coal liquid causing 

chronic effects once the toxicant was removed. 

Amelioration 

Hydrotreating has been found to reduce the mutagenicity, carcinogenicity 

and toxicity of coal liquids. For example, hydrotreating reduced the muta

genicity of the SRC-II 2.9:1 MD:HD blend by more than 100-fold. Hydrotreating 

has also been found to reduce concentrations of two genetically active chemi

cal classes, the PAHs and PAAs. Concentrations of benzo[a]pyrene, a known 

mutagen/carcinogen, were reduced at least 75% by hydrotreatment. The PAAs 

detected in the distillate blend were below the limits of detection in hydro

treated materials and were thus reduced by at least 350-fold. Minimal hydro

treatment reduced the carcinogenicity of PDU-derived H-coal materials. Re

moval of nitrogen compounds by hydrotreating may also reduce teratogenic ac

tivity. Finally, hydrotreating reduced the concentration of phenols and, 

therefore, toxicity to aquatic organisms. Since the chemical agents respon

sible for mutagenic activity in coal liquids reside predominantly in materials 

boiling above 371°C (700°F), fractional distillation of the full-boiling-range 

material might be used to yield a commercial product with reduced toxicity. 

Risk Assessment 

Risk assessment is an integral part of OOE 1 s research effort. Assessment 

includes identifying source terms, calculating the magnitude of anticipated 

emissions and estimating potential health and environmental risks associated 

with a large-scale coal liquefaction industry. Preliminary assessments have 

been performed and results are being published under separate cover. 
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STATUS OF HEALTH AND ENVIRONMENTAL RESEARCH RELATIVE TO 

DIRECT COAL LIQUEFACTION: 1976 TO THE PRESENT 

I. INTRODUCTION 

Increasing energy demands, coupled with rising prices and an unstable 

world oil market, have stimulated international interest in developing alter

native sources of fuel. Four direct coal liquefaction processes were being 

developed by industry in cooperation with the U.S. Department of Energy (DOE). 

Some of these processes may be ready for large-scale deployment by the 1990s. 

These include two Solvent Refined Coal processes (SRC-I and -II), H-coal, and 

Exxon donor solvent (EDS). These processes all produce liquid fuel products. 

The SRC-I process also produces a low-sulfur, low-ash, solid fuel. 

Both SRC process options have been studied at a 50-ton/day pilot plant in 

Fort Lewis, Washington. The SRC-I process is also being evaluated at a 6-ton/ 

day pilot plant in Wilsonville, Alabama. The H-coal process is currently be

ing studied at a 200- to 600-ton/day plant in Catlettsburg, Kentucky, and a 

250-ton/day EOS pilot plant is operational in Baytown, Texas. A distillate 

blend from the SRC-II process is considered representative of a commercial 

boiler fuel, while a full-boiling-range material from the H-coal process is 

considered representative of a syncrude. 

Several organizations were selected by DOE to study the health, environ

mental and safety aspects of direct coal liquefaction processes. The Pacific 

Northwest laboratory (PNL) was assigned responsibility for evaluating SRC pro

cesses and prepared and initiated comprehensive health and environmental ef

fects research program plans for SRC-I and -II. Similar program plans were 

prepared and initiated for the H-coal and EOS processes by the Oak Ridge Na-



tional Laboratory (ORNL) and Exxon Research and Engineering Co., respectively. 

The programs have the following objectives: 

identify and perform research on the long-term health and environ
mental issues associated with direct coal liquefaction 

evaluate contra 1 techno 1 ogy and arne 1 i or at i ve options to permit tl1e 
design of environmentally acceptable coal liquefaction processes 

assess and quantify potential risks to man and the environment from 
large-scale deployment of direct coal liquefaction processes. 

This document identifies the health and environmental issues and conc~~rns, 

describes a research strategy and summarizes results obtained to date from 

DOE 1 s environmental, health and safety research programs relative to direct 

coal liquefaction. Research results are discussed and used to define futm·e 

research efforts. The information summarized in this report is contained in 

numerous documents, including technical reports, symposium proceedings and 

open literature publications (see Section VII). 
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II. MAJOR ISSUES AND CONCERNS 

Table 1 shows major issues being addressed in the health, environmental 

and safety research programs for direct coal liquefaction. 
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TABLE 1. Health and Environmental Research Issues Relative to Direct Liquefac
tion 

Issue 

1. Health Effects 

Research 

A. Toxicology 
1) Chemical characterization and monitoring. 

Obtain, store, and characterize, relative to known 
agents of biomedical concern (e.g., polynuclear ar
omatics, N- and $-containing heterocyclics, phen
ols, and toxic metals) coal liquefaction products, 
process streams, solid and liquid wastes, and at
mospheric emissions. Determine, in coordination 
with biological assays, the chemical compounds/ 
compound classes responsible for toxicological 
effects. 

2) Short-term bioassay. 
Apply submammalian, microbial and mammalian acute 
toxicity and teratogenicity tests to coal liquefac
tion materials to determine potential genotoxicity 
and acute hazards of exposure. Quantify dose
response relationships and evaluate relative to 
other synfuel materials and petroleum products. 

3) Chronic bioassa.Y. 
Evaluate, in appropriate mammalian systems, car
cinogenicity, effects on juvenile development, 
reproduction, neurotoxicity, and other chronic 
effects on tissues as a function of route of ex
posure (inhalation, ingestion, or dermal applica
tion). Quantify dose-response relationships and 
evaluate relative to other synfuel materials and 
petro 1 eum products. Define, where re 1 evant, the• 
potential for synergistic action of synfuel-related 
pollutants with selected chemical, biological and 
environmental stresses. 

B. Occupational Health 
1) Industrial h,Ygiene. 

Design and implement industrial hygiene programs 
which will include identification of high-risk 
workers; educate workers to workplace risks and 
consequences; develop protective clothing, equip
ment and decontamination procedures; and maintain 
medical surveillance of workers. Use toxicolog·ic 
data to determine sources of potential hazards. 

2) Workplace and personnel monitoring. 
Develop measuring and monitoring systems for 
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TABLE 1. (continued) 

Issue Research 

2. Ecological Fate 
and Effects 

work areas and personnel that will define potential 
and actual exposure to hazardous materials. 

3) Epidemiology. 
Conduct epidemiologic studies on work forces at 
coal liquefaction facilities. Integrate with in
formation relevant to exposure doses, medical his
tories, and surveillance. 

C. Public Health 
Determine the potential for exposure of the general 
populace to synfuel products, by-products, and wastes 
as the result of accidental and planned releases. Us
ing relevant toxicological and industrial hygiene data, 
determine the relative health risk and develop appro
priate surveillance equipment and emergency response 
plans. Where appropriate, implement epidemiologic 
studies on selected populations. 

A. Accidental Product Release 

B. Solid Waste Leachates 

C. Unplanned Solid/Liquid Release 

D. Planned Treated Effluent Release 

E. Planned/Fugitive Atmospheric Emission 

For A through E above 
1) Acute and chronic bioassay. 

Test coal liquefaction materials for acute and 
chronic effects on aquatic and terrestrial organ
; sms in ecosystems. Identify chemica 1 compounds/ 
compound classes responsible for observed effects. 

2) Biological and chemical fate. 
Determine rates of transport and transformation of 
coal liquefaction materials mediated by chemical 
and biological processes. Determine potential tox
icity of transformation products identified in l.A. 
Measure bioaccumulation and determine potential for 
food chain transfer. 

3) Field monitoring. 
Accumulate baseline, operational, and postopera-
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TABLE l. (continued) 

Issue 

3. Risk Assessment 

4. End-Use 

Research 

tional data relevant to ecological fate and effects 
at coal liquefaction facilities. 

A. Health 
Use data from unit operations analyses and potential 
plant/transportation accident scenarios to identify 
sources of occupational and environmental exposure., 
and couple with analyses of dose-effect from toxico
logical and appropriate epidemiologic studies to 
identify and quantitate potential occupational and 
environmental health risks. 

B. Ecology 
Use data from unit operations and potential plant/ 
transportation accident scenarios to identify sources 
of aquatic and terrestrial ecological exposure and 
couple with laboratory and field studies to identify 
and predict ecological risks and potential food chain 
paths to man. 

C. Amelioration (i.e., hydrotreatment, fractional distil
lation) 
Evaluate effectiveness of existing and planned ameli
orative measures relative to present and anticipated 
regulations. Assess impact on occupation and environ
mental health and on potentially affected ecosystems. 

A. Use of coal liquefaction materials will affect the en
vironment contingent on specific use of materials 
(e.g., combustion, use as refinery and petrochemical 
feedstock, etc.). Research required is identified in 
the preceding components of this table. 
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III. RESEARCH STRATEGY 

Although the goal of DOE's research program is to evaluate the long-term 

health and environmental effects of a large-scale coal liquefaction industry, 

there are currently no large-scale (i.e., demonstration/commercial) coal liq-

uefaction facilities in existence. Therefore, the research efforts utilize 

materials produced at process development units (PDUs) and pilot-scale facil-

ities that are operating or have operated under conditions that approximate 

potential demonstration/commercial facility practice. In this effort, health, 

environmental and safety research accompanies engineering development so that 

results may influence process design at an early stage of development. For 

comparative purposes, other fossil-derived materials and selected chemicals 

are also evaluated. These materials, which include shale oil, crude andre-

fined petroleums, and pure forms of known chemical mutagens and carcinogens, 

assist in placing results obtained with direct coal liquefaction materials in 

clearer perspective. 

Coal liquefaction materials are being subjected to a battery of short-

and long-term assays for potential health and environmental effects. Chemical 

fractionation and analyses are also performed to identify compounds and com-

pound classes that are biologically active. Acute and other short-term stud-

ies provide a first indication of potential health and environmental problems 

associated with coal liquefaction materials, thereby: 

aiding design of additional studies, which involve longer-term, more 
extensive bioassays and chemical analyses of environmental fate; 

providing initial data on materials that have a high potential for 
human exposure and that may require ameliorative action during pro
cess development; 
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providing a semiquantitative analysis for assessing health and envi
ronmental risk anticipated from large-scale deployment of coal liq
uefaction processes. 

longer-term research evaluates materials that are considered most reprH-

sentative of potential demonstration or commercial practice. These materia·ls 

are subjected to whole-animal and ecosystems studies relative to effects and 

environmental fate. Results from these studies provide: 

correlation analyses between short-term in vitro and selected in 
vivo assays and longer-term in vivo assays and ecological studies;. 

a basis for development of control technologies and management pro 
cedures that may reduce environmental risk; 

a quantitative assessment of potential health and environmental risk. 

Studies are also being conducted to evaluate the influence of process or 

operational modifications and control technology options on potential health 

and environmental effects of coal liquefaction materials. Results from these 

studies provide: 

a basis for determining effectiveness of control technology options 
and process modifications to decrease potential health and environ
mental effects; 

an analysis of health and environmental risks associated with al
tered plant operations. 
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IV. RESULTS TO OATE 

This section is organized in three parts. Part (1) summarizes data on 

the chemical characterization of coal liquefaction materials. Part (2) sum

marizes potential health effects data, reviews ongoing and planned occupa

tional health and industrial hygiene efforts, and describes effects of poten

tial ameliorative actions on chemical composition and biological activity of 

coal liquids. Part (3) summarizes the ecological fate and effects data rela

tive to release of coal-derived materials to the environment. 

Part (1): Chemical Characterization 

This section summarizes the chemical information available for materials 

from coal liquefaction processes that have progressed to the pilot-plant stage 

(i.e., SRC-1, SRC-II, H-coal, and EDS). In general, the data base varies with 

the length of time the POUs and pilot plants have been operational. Limited 

chemical data are available for materials from some smaller-scale units. 

The SRC-II, H-coal, and EDS processes each produce several coal liquids 

as process streams or as potential products. The SRC-I process produces solid 

products in addition to a suite of liquid products. Not all of the coal

derived materials from each process have undergone the same degree of biologi

cal testing or chemical characterization. A thorough evaluation of most of 

the materials that may be components of products from the SRC-II process has 

been performed. A more limited set of SRC-I materials has been evaluated. 

Fewer data are available for representative materials from the H-coal and EDS 

processes. However, many PDU-derived, H-coal materials have been chemically 

characterized. 
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Two characteristics of coal liquids dictate the manner in which chemical 

characterization research is performed. First, coal liquids are extremely 

complex chemically compared to similar boiling-range crude petroleums. Much 

of this complexity is likely due to chemical reactions that occur during coal 

dissolution, which fragments the coal structure and produces an extensive var

iety of smaller molecules. Sophisticated instrumentation and, in some cases, 

considerable effort are needed to determine even gross chemical characteris

tics of coal liquids. Second, certain constituents of coal-derived materials 

responsible for biological activity are present in only ultratrace concentl'a

t ions and are mas ked during analysis by major constituents. Thus, the bi o ·i og

i ca lly nonactive components (generally the major components in co a 1 1 i quid~;) 

must be separated from the trace quantities of biologically active agents. 

Separation requires special fractionation methods and state-of-the-art ana~· 

lytical techniques. 

General chemical properties of coal liquids have been evaluated at ORNL, 

PNL, and Exxon Research and Engineering Co. ORNL has developed a broad data 

base for comparing products from different liquefaction processes, shale oils, 

and crude petroleum materials. PNL has extensive data on materials from the 

SRC- I and -II processes. Exxon Research and Engineering Company has data for 

the EDS process. 

Data on chemical class distribution for various coal liquids have been 

compared to data for four petroleum crudes and two shale oils. The chemica.l 

classes compared were volatiles, insolubles, acids, bases, polynuclear aro

matic hydrocarbons (PAH) and other neutral components. Depending on boiling

point-range (which is directly related to molecular weight), coal liquids may 

contain a significant amount of material that is insoluble in commonly used 

organic solvents such as iso-octane. Petroleum crudes contain essentially none 
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of this insoluble material. Although the chemical nature of this material has 

not been elucidated completely, the insolubles probably contain high-molecular

weight, polycyclic aromatic materials and very polar, polyfunctional polycyc

lic aromatic materials. The acid fraction is considerably larger in coal liq

uids than in either crude petroleums or shale oils and contains phenols and 

carboxylic acids. The basic fraction is also considerably larger in coal liq

uids than in other fuels and is composed predominantly of nitrogen-containing 

molecules such as pyridines, amines and higher molecular weight azaarenes. 

The PAH fraction constitutes a greater portion of the coal liquids than it 

does in shale oil or crude petroleums. The PAH fraction contains two- to 

seven-ring hydrocarbons, some heterocyclic compounds, and a large number of 

highly alkyl substituted polycyclic aromatics. The neutral fraction tends to 

be highest in crude petroleum, but does comprise a significant fraction of 

some lighter-boiling-range materials from coal liquefaction processes. The 

neutral fraction contains aliphatic, alicyclic, olefinic, and alkylated mono

aromatic materials. 

A complex variety of organic and inorganic gases and particulate matter 

with adsorbed PAH compounds may be released to the atmosphere from coal lique

faction facilities. Identification of the principal compounds released and 

determi~ation of their potential maximum ground-level concentrations are crit

ical to evaluating impacts on terrestrial systems. Compounds of initial con

cern have included: 502 , H2 S, COS, CS 2 , CH3 SH, thiophene, benzene, methane, 

ethane, phenols and PAHs. 

In summary, synthetic coal liquids from all processes evaluated so far 

are enriched in PAH, basic, acidic, and insoluble fractions compared to crude 

petroleum products. Additionally, the degree of alkylation and substitution 

on aromatic rings is greater in coal liquids than in natural petroleums. En-
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richment of the above four fractions in coal liquids appears to be a function 

of boiling range represented by each material. The higher-boiling-point cuts 

appear to be enriched in PAH and nitrogen- and oxygen-containing molecules in 

SRC-I and -II and H-coal materials. Data for a full-boiling-range EDS mater

ial show the same enrichment in heterocyclic and PAH compounds. 

Isolation of Biologically Active Constituents 

Several different approaches to isolate biologically active fractions 

have been developed. Although details of each approach differ, the rationale 

is basically the same. The complex coal liquid is fractionated by some re·la

tively standard chemical method. Each fraction is screened biologically, !]en

erally with a variety of assays. Fractions containing biologically active 

agents are further fractionated or chemically treated to make them more amE~n

able to further analyses. Subtractions may be subjected to additional bio·· 

assay, and those still showing activity may be subjected to even further chem

ical identification procedures. This approach has allowed researchers to con

centrate on identifying those chemical components that are biologically active 

and has been applied successfully to SRC-1 and -II and H-coal materials. 

Part (2): Health Effects 

Health effects research relative to direct coal liquefaction has empha

sized evaluation of process streams and materials that might eventually be 

used as commercial products. The research effort has also focused on those 

materials that might cause health effects in workers who would be subject to 

greater exposures than would the general population. Moreover, once a data 

base is established to evaluate the potential risk to workers, these data may 
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be extrapolated to the general population. Materials that may enter the envi

ronment (i.e., from product spills or effluent release) and, therefore, be of 

concern to the general population are considered in Part (3). The data summar

ized below were derived mainly from studies on SRC-I and -II and H-coal materi

als. Data from other processes are limited but are presented where appropriate. 

Cellular Screening Studies 

A number of in vitro assays have been used to examine various coal-derived 

materials. These have ranged from microbial assays for mutagenesis to mamma

lian cell transformation. The short-term nature of these assays has permitted 

the accumulation of a considerable data base as shown below. 

SRC-I and SRC-II Materials 

There has been considerable research on SRC-1 and -II materials which, at 

the time of their collection, were considered representative of proposed large

scale coal liquefaction facilities. SRC-I light oil (LO, bp <380°F), wash sol

vent (WS, bp 380-480°F) and process solvent (PS, bp 480-850°F), and SRC-II 

light (LD, bp <350°F), middle (MD, bp 350-550°F) and heavy (HD, bp 55D-850°F) 

distillates were assayed with the Ames (Salmonella) histidine reversion plate 

assay. No mutagenic activity was observed with the LO, WS, LD or MD. In con

trast, substantial activity was found in SRC-I PS and SRC-II HO. The latter 

showed 20 to 80 times the activity of crude shale oil. The known chemical car

cinogen benzo[a]pyrene (BaP) used as a positive control showed about nine times 

the activity of PS and three times the activity of HD. Another well-known chem

ical carcinogen, 2-aminoanthracene (2-AA), was about 400 times as active as PS 

and about 100 times as active as HD in the Salmonella assay. 
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Fractionation by solvent extraction of PS and HD showed that substantial 

amounts of the mutagenic activity resided in the basic, basic tar, and neutral 

tar fractions. The basic fraction had the highest specific activity while the 

tar fractions had the highest total activity. The neutral, acid, and PAH frac

tions showed no activity. When crude PS or HD or the basic, basic tar, or neu

tral tar fractions were further fractionated using thin layer chromatography 

(TLC), the mutagenic activity was confined to a region containing relatively 

polar compounds. Chemical analyses of the TLC regions high in mutagenic ac

tivity indicated high levels of nitrogen-containing materials including poly

cyclic primary aromatic amines (PAAs), azaarenes, and carbazoles. Because the 

data suggested that PAAs may be responsible for much of the genotoxicity o·::~

served in coal-derived materials, additional fractionation methods, including 

LH-20 Sephadex and high pressure liquid chromatography (HPLC) were applied. 

Data from these fractionation methods further support the view that PAAs a·re 

the major chemical classes responsible for genotoxicity in PS and HD. 

Additional studies were conducted to confirm whether PAAs were the predom

inant genotoxic factors in coal-derived materials. One study utilized nitl~ous 

acid, which selectively converts polycyclic primary amines to their correspond

; ng pheno 1 s to e 1 i mi nate the primary amine group. Nitrous acid treatment l'e

moves genotoxic activity of standard PAA compounds such as 2-AA, aminopyrene, 

aminochrysene, etc., but does not affect the genotoxicity of pure PAHs such as 

BaP or nitrogen heterocycles such as benzacridine. Thus, nitrous acid provided 

a relatively specific means of removing genotoxic activity caused by PAAs. 

When SRC-I PS and SRC-II HD were subjected to nitrous acid treatment and 

assayed, at least 90% of the mutagenic activity was removed. Similar data 

were obtained when highly active fractions prepared from these crude coal liq

uids were treated in a similar manner. 
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Another study to define the role of PAAs in determining mutagenicity of 

coal-derived materials utilized an enzymatic activation system that is highly 

specific for PAAs. Mixed-function amineoxidase (MFAO) was isolated from pig 

liver and shown to specifically activate PAAs to a mutagenic form. The MFAO 

activated crude coal liquids and their fractions that contained PAAs. Stud

ies comparing MFAO to standard S-9 activation gave similar results, indicating 

that the activity observed after S-9 activation was due mainly to the presence 

of PAAs. Thus, two independent approaches, one which decreased mutagenic ac

tivity (i.e., nitrous acid treatment) and the other which increased mutagenic 

activity (i.e., MFAO treatment), indicated that the PAAs were the major gena

toxic factors in coal liquids and their fractions. 

Analyses of SRC-I PS, SRC-II HD and an SRC-II distillate blend have iden

tified about 70 PAAs. These amines range in size from two to six aromatic 

rings and include numerous alkyl-substituted compounds. Relative mutagenicity 

of different chemical subfractions generally correlates with concentrations of 

PAAs having three or more aromatic rings. Mutagenicity does not appear to 

correlate with any other chemical constituents. 

Some SRC materials and their fractions have been evaluated in the second 

tier mammalian cell transformation assay. This assay also showed that while 

high-boiling-range materials, SRC-I PS and SRC-II HD, were active in trans

forming Syrian hamster embryo (SHE) cells, lower-boiling-range materials, SRC-I 

LO and WS, and SRC-II LD and MD, were inactive. SRC-II HD was as active as 

BaP and several times more active than 2-AA (both known mutagens/carcinogens) 

in this assay. When solvent-extracted fractions of these materials were tested, 

the PAH fraction was the most active, followed by the basic, basic tar, and 

neutral tar fractions. Cells transformed by SRC-I PS and subsequently under

going several passages in culture produced tumors when injected into nude mice. 
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Boiling-point cuts prepared from a distillate blend (MO:HD) were also 

evaluated in the SHE transformation assay. Low biological activity was ob

tained with fractions boiling between 640 and 880°F. Above 880°F, transfor

mation activity increased markedly. These results differ somewhat from those 

obtained in the Ames assay where measurable activity was only seen above 700°F. 

H-Coal and EDS Materials 

Studies with PDU-derived H-coal materials showed that distillates desig

nated as atmospheric still overheads (bp 150-650°F), and obtained during oper

ation in either the fuel oil or syncrude mode, were not mutagenic in the Ames 

system. The higher boiling crudes, atmospheric still bottoms, vacuum still 

overheads, and vacuum still bottoms, from both modes of operation were muta

genic. Fractionation studies indicate that most of the mutagenic activity of 

these materials resides in the ether-soluble base and the neutral polyaromatic 

fractions. Some additional activity was found in the insoluble base (tar) and 

in the neutral polar fractions. However, for the insoluble base fraction, 

mutagenic activity was significant for only high-boiling point, high-molecular

weight materials with large concentrations of tars. The mutagenically active 

neutral polyaromatic fractions of some coal liquids are enriched in azaarenes 

and substituted azaarenes, implicating these compounds in microbial activity. 

Additionally, a series of polycyclic aromatic amines has been identified in a 

coal oil and several gasifier tars. However, the relationship of these PAAs 

to biological activity has not been directly defined. One additional fraction 

that appears to have some biological activity is the neutral polar fraction 

from a sample of H-coal material. This fraction contained numerous hydro>c.y

lated and carbonyl compounds and a series of nitrogen-containing compounds .. 

The nitrogen compounds included azaarenes and polycyclic PAAs. However, t1e-
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cause of the extremely complex chemical nature of this neutral fraction, the 

exact cause of biological activity is unkown. 

Studies to characterize biologically active agents in H-coal materials 

have thus far been limited to PDU materials. However, it is probable that the 

biologically active agents in H-coal materials are similar to those in SRC-I 

and -II materials. Detection of activity in neutral fractions of H-coal mate

rials, compared to lack of activity in similar fractions of SRC materials, may 

reflect differences in fractionation procedures. 

The naphtha, solvent, heavy gas oil, vacuum gas oil, and residue from the 

EDS process have also been assayed for mutagenic activity in the Ames system. 

All but the naphtha were positive. The components responsible for the activ

ity in EDS materials have not been investigated to the same extent as those 

from SRC and H-coal. 

Structure/Activity Relationships 

The discovery that PAAs, azaarenes and polar substituted aromatics are 

important microbial mutagens in coal liquids has generated interest in deter

mining the relative biological activities of different structural isomers to 

ascertain mechanisms of action. Mutagenic activities of a series of primary, 

secondary, and tertiary polycylic aromatic amines and several azaarenes have 

been compared. Studies were designed to evaluate the effect of nitrogen atom 

position within an aromatic ring, the effect of amino or nitro substitution 

location on an aromatic ring, and the effect of amino substitution location on 

N-heterocyclic aromatic compounds. The effect of alkyl versus aryl substitu

tion to the amino group of a series of polycyclic aromatic amines was also 

evaluated. Presence or absence of nitrogen in a fused-ring system did not ap

pear to be as important as the number of rings (up to five, the maximum number 
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studied) in causing mutagenic activity. Additionally, compounds with amino 

and nitro substituents on fused-ring systems produced high mutagenic potential 

compared to compounds with nitrogen incorporated in the fused-ring as a secon

dary (indolic) or tertiary (aza) amine. Finally, for each of four series of 

amines (a one-, a two-, a three- and a four-membered ring system), activity of 

the primary-, secondary-, and tertiary-substituted amines was about equal. Ad

ditional studies are planned to better define the relationship between chE~mical 

structure and biological activity. 

Skin Carcinogenesis 

Long-term skin-painting studies at PNL and ORNL utilize a protocol involv

ing dermal application of test material three times per week for up to 2 years. 

Additionally, a shorter-term (6 months) initiation/promotion assay has been ut

ilized with several coal liquefaction materials. This assay involves a single 

dermal application of test material followed by twice weekly application of 

phorbol myristate acetate (PMA), a known tumor promotor. 

Although all process materials for each coal liquefaction process have 

not been evaluated for carcinogenicity, existing data from PNL and ORNL indi

cate that high-boiling-range materials are carcinogenic. For example, SRC-II 

materials boiling between 550 and 850°F are carcinogenic to mouse skin while 

SRC-II LD is not. Additionally, high-boiling range atmospheric still bottoms 

and vacuum still overheads from the H-coal process are carcinogenic while the 

atmospheric still overheads are not. The same result is obtained whether the 

process is operated in the fuel oil or syncrude mode. Initiation/promotion 

data indicate that high-boiling EDS liquids are also carcinogenic, while the 

EDS naphtha fraction is not. It is noteworthy that other fossil fuel materi

als, such as petroleum crudes and shale oil, are also carcinogenic in long·-

18 



term skin-painting and short-term initiation/promotion assays. However, these 

materials show less carcinogenic activity than do comparable high-boiling-range 

co a 1 1 i qui ds. 

Long-term skin-painting and initiation/promotion assays are now in pro

gress to determine the boiling-range distribution of mutagenic and carcino

genic activity. In these studies, SRC-I and -II materials, distilled to pro

vide 50°F cuts, are being evaluated for carcinogenic activity. Similar stud

ies are planned for H-coal and EOS materials. 

Chemical Identification of Carcinogens 

The chemical identity of materials in coal liquids primarily responsible 

for skin carcinogenesis is currently unkown. Data from long-term skin paint

ing studies show that skin tumorigenesis in mice does not correlate well with 

the BaP, total PAH, or polar hydroxylated aromatic hydrocarbon content of coal 

liquids. However, skin tumorigenesis does correlate with the average molecular 

weight or boiling point of the material tested. Reasons for the lack of corre

lation between BaP content of coal liquids and observed cancers are unknown. 

Acute Toxicity 

Several SRC-derived materials and some H-coal distillates have been as

sayed in mice and rats to determine the L0 50 following oral administration 

(i.e., gavage). In most cases, these materials were of moderate toxicity with 

an LD 50 of 2 to 3.5 g/kg of body weight. Thus, acute toxicity to rodents is 

less than that of many materials currently in commercial use (e.g., phenol, 

sodium hydroxide, malathion, etc.). One material (SRC-I WS) contained high 

quantities of phenolic components and appeared to be toxic at less than 1 g/kg 

of body weight. 
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A number of coal-derived compounds were tested at ORNL for acute skin and 

ocular toxicity. None of the materials produced lethality when applied to rat 

skin at doses of 2 g/kg. Additionally, there was no skin sensitization, al

though some of the materials produced slight redness and swelling when placed 

on rabbit skin. A 1 though eye i rri tat ion was noted with H-coa 1 and SRC materi

als, the response was reversible. 

Teratogenesis 

A number of natural and synthetic crude oils and raw products, including 

SRC-II fuel oil blend, has been tested in a frog embryo teratogenicity assay 

(Xenopus) developed at ORNL. Shale crudes and coal-derived liquids were ter

atogenic; aromatic and aliphatic petroleum crudes were not. Aqueous streams 

from H-coal were toxic but not teratogenic. 

The SRC-I LO, WS, and PS and the SRC-II LD, MD and HD were evaluated at 

PNL for potential teratogenic activity in rats. Animals were exposed orally 

over two periods of gestation. The first period was from 7 to 11 dg, when 

rapid organogenesis occurs and animals are often sensitive to other insults. 

The second period was from 12 to 16 dg, when rapid growth of organ systems 

occurs. Although substantial fetal mortality could be induced by administer

ing SRC materials during 7 to 11 dg, little teratogenic effect was noted in 

survivors. Additionally, doses causing fetal mortality also resulted in signs 

of maternal toxicity. 

Fetal mortalities also occurred when high levels of LD (~0.56 g/kg/day) 

were administered at 12 to 16 dg, although no teratogenic effects were noted. 

However, when SRC-1 PS (~0.66 g/kg/day) or SRC-II HD (~0.37 g/kg/day) was ad

ministered during this gestation period, intrauterine growth was retarded and 

fetal deaths and abnormalities (i.e., cleft palate, hypoplastic lungs, and 
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diaphragmatic hernias) were noted. Hypoplastic lungs appeared at doses of HD 

(0.37 g/kg/day) that did not produce notable maternal toxicity. Additional 

studies in which female rats were exposed at 12 to 16 dg and then allowed to 

give birth, showed that postnatal survival was affected by even lower doses of 

HD. Those offspring dying during the first week after birth generally had 

small lungs, and it is presumed that pulmonary deficiency contributed to poor 

survival. Additional studies where pregnant rats were exposed to aerosols of 

SRC-II HO (0.66 mg/l) during 12 to 16 dg also produced hypoplastic lungs and a 

small increase in the incidence of cleft palate in the embryos. 

Mammalian Mutagenesis 

Studies have also been conducted to determine if coal-derived materials 

are mutagenic in the whole animal. SRC-II HD, a POU-derived liquid (Synthoil) 

and several of its fractions, and two PAHs (BaP and dimethylbenzanthracene 

[DMBA]) were evaluated using the dominant lethal test in male mice (which de

tects effects in postspermatogonial germ cells). BaP and OMBA were clearly 

active while the crude coal liquids were only slightly active. The Synthoil 

fractions were all negative. When these materials were subjected to the total 

reproductive capacity test in female mice, all were positive. Because this 

test, by itself, does not distinguish between dominant lethality and oocyte 

killing, it is not clear which mechanism is operative. 

The mammalian spot test, which detects gene mutations as well as gross 

chromosomal damage, was positive for BaP and Synthoil, but negative for SRC-II 

liquid. The specific locus test, which detects and quantifies transmissible 

gene mutations in germ cells, was negative for both SRC-II and BaP but was 

weakly positive for Synthoil. The heritable translocation test for chromosome 

rearrangement was negative for Synthoil and BaP. 
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Another study at PNL evaluated the effect of oral and inhalation exposure 

to SRC-II HD on the induction of dominant lethal mutations in the male mouse. 

HD was administered by gavage to male, Swiss-Webster mice for five consecutive 

days, and the induction of dominant lethals (as indicated by early resorption 

of embryos) was assayed by breeding treated males to untreated females. In 

some replicates, a small increase in the incidence of dominant lethality was 

found in treated ani rna 1 s. However, the effect was not always reproduc i b 1 e. 

When SRC-II HD was administered by inhalation, no indication of dominant l,eth

al ity was noted. These data suggest that any effect of HD on dominant lethal

ity is small. 

Inhalation Studies 

Only preliminary inhalation studies have been conducted with coal-der-ived 

materials. Exposure to SRC-I PS and SRC-II HD have been performed for up to 

21 days with mice, rats and guinea pigs. A relatively high dose (greater than 

0.6 mg/L) was required to produce a reduction in weight gain in the mouse and 

rat. Guinea pigs were substantially more sensitive to both PS and HD and re

quired only about 0.1 to 0.3 mg/L of material to inhibit weight gain by mor·e 

than 10%. Although weight gain of rats and mice was reduced during exposur·es 

toPS or HD, weight gain rapidly increased to normal following cessation of 

exposure. Few other clinical effects of inhalation exposure have been note~d, 

other than the teratogenic effect mentioned above. 

Pulmonary function was studied in guinea pigs and rats exposed to SRC-I 

PS and SRC-II HD. These materials produced minor changes in a battery of pul

monary function tests in rats. However, guinea pigs exposed for 12 days to 

either PS or HD showed substantial changes in pulmonary function when chal

lenged by a histamine aerosol. Both compliance and resistance of guinea pig 
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lungs were markedly altered by inhalation exposure toPS and HO. However, the 

effect was short-lived, and substantial recovery occurred within 3 days after 

cessation of exposure. 

Studies were also conducted to determine if skin exposed to HO aerosol de

veloped tumors when treated with PMA. Mice exposed to 0.66 rng/l of HD for 3 

weeks, allowed to recover for about 

cation of PMA developed tumors. 

month and then subjected to dermal appli-

Occupational Health and Industrial Hygiene 

Extensive occupational health and industrial hygiene progams have been 

designed for coal liquefaction pilot plants and proposed demonstration facil

ities. These programs were developed on the premise that workers at coal liq

uefaction facilities would be exposed to potentially toxic materials. 

Coal liquefaction occupational health programs have several components: 

1) engineering design and control, 2) personnel and area monitoring for pol

lutants, 3) education, 4) work practices, 5) personal hygiene and 6) medical 

surveillance. 

Occupational health considerations begin with the plant design. Control 

of most noise, dust, gases and liquid pollutants may be achieved by appropri

ate facility design. For example, designs for the EDS pilot plant were re

viewed by industrial hygienists to evaluate work areas and to recommend mea

sures to decrease the likelihood of employee exposure to toxic materials. 

Monitoring plant operations helps to determine actual and potential expo

sures to chemical and physical agents. At the SRC pilot plant at Fort lewis, 

Washington, air samples were analyzed for total particulates; benzene-soluble 

material; several polynuclear aromatic hydrocarbons; phenols; H2 S; 502 ; COS 

and other gases; aromatic amines; organic vapors; silica; and asbestos. Addi-
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tiona lly, surveys were conducted to determine noise 1 eve 1 s, 1 i ght i ng adequacy, 

and radiation levels. Results of these studies suggest minimal exposure to 

problematic agents in the pilot plant; they also suggest that acceptable lev

els could be achieved in a demonstration facility. 

Monitoring instruments to detect pollutants that are immediately toxic, 

such as H2 S, CO, and NOx, are commercially available. Instruments to detect 

materials that present a more long-term health risk, such as PAHs, aromatic 

amines, heterocyclic aromatics, and nitroaromatics in the vapor phase, have 

also been developed but are currently not widely available. Instruments to 

detect the latter compounds include a pocket-sized gas chromatograph, a deriva

tive ultraviolet (UV) absorption spectrometer, an atmospheric pressure ioniza

tion mass spectrometer, and a passive, badge-type dosimeter. A semiportable 

fluoroscope has also been developed to detect surfaces contaminated with fluor

escing materials. While all of these pieces of monitoring equipment have been 

developed and tested as prototypes, none has been used extensively in the field. 

Health education programs are in place at each coal liquefaction pilot 

plant. Participation is mandatory. Industrial hygienists emphasize potential 

hazards associated with the process and delineate work and personal hygiene 

practices that will minimize potential hazards. The need and use of protec

tive clothing and the need for careful skin cleaning are stressed. 

Medical surveillance, including a preplacement and periodic medical exam

ination, is an integral part of the occupational health program at all pilot 

plants. Special attention is paid to evaluation of skin and lungs. Color•~d 

photographs are used to document skin condition at the time of employment and 

any changes that occur during employment. A prototype lightpipe luminoscope, 

which uses a lower source of incident light than most techniques, has been de

veloped for monitoring skin. Use of the luminoscope eliminates problems that 

24 



may develop due to synergistic actions when contaminated skin is monitored 

with the highly energetic incident light inherent in other types of equipment. 

Sputum samples are obtained for cytologic evaluation. Chest x-rays are taken 

and pulmonary function is measured. Standard blood chemistry and urinanalyses 

are performed. 

Because work forces are small and have a limited history, the possibility 

of long-term effects cannot be ruled out. Nonetheless, there have been no in

dications of unique health problems in coal liquefaction pilot plants at this 

time. 

Of the many measures and observations made during medical examinations at 

the Fort Lewis SRC pilot plant, most show no differences between plant workers 

and controls. However, two measures have been correlated with in-plant work. 

The first involves deposition of black specks in the pores of the skin, par

ticularly for those workers in the coal preparation, product solidification, 

solvent recovery, mineral separations and Lummus unit areas. Second, analyses 

of skin wash samples indicate recovery of more HD material from workers in 

these areas. There appears to be a rough correlation between black speck se

verity and the amount of material recovered by skin washing. 

Occupational health programs at coal liquefaction facilities should con

tinue with periodic review to determine their effectiveness and to identify 

any additional requirements. Retention of workers' records and follow-on stud

ies after termination of plant operations will be performed. 

Effects of Potential Ameliorative Actions on Chemical Composition/Biological 

Activity 

The relatively high biological activity of coal liquids compared to shale 

oils and crude petroleums has generated interest in evaluating methods to mod-
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ify chemical properties to reduce or eliminate genotoxic and carcinogenic po

tential and systemic toxicity. Both hydrotreatment (i.e., addition of hydro

gen) and controlled fractional distillation are being evaluated. 

Hydrotreatment 

Studies at ORNL with a PDU-derived H-coal distillate and at PNL with an 

SRC-II distillate blend indicate that experimental-scale hydrotreatment can be 

effective in reducing or eliminating the genotoxic activity of coal liquids. 

Ames assay of the H-coal distillate that had undergone three levels of hydro

treatment (light, medium and heavy) showed that heavy hydrotreatment elimi

nated mutagenic activity; light and medium hytrotreatment had little demon

strable effect. Ames assay of the SRC-II distillate blend that had undergone 

two levels of hydrotreatment (i.e., moderate at 1290 standard cubic feet [SCF] 

of hydrogen per barrel and severe at 1870 SCF of hydrogen per barrel of coal 

liquid) showed that both hydrotreatment levels reduced mutagenicity about lOG

fold (from 1.20 to 0.01-0.03 revertants/~g of fractionated material). 

Hydrotreatment had a marked effect on chemical composition of the distil

late blend. Hydrotreating reduced the aromatic, phenolic, PNA, nitrogen hetero

cycle, and PAA content and increased the hydroaromatic content of the distil

late blend. Both moderate and severe hydrotreatment reduced PAA levels at 

least 340-fold, from 1900 ppm to concentrations that were below the limits of 

detection. The corresponding reduction in genotoxic activity is believed to 

be due to the decrease in PAA concentration. No other class of compounds \~as 

reduced enough to account for the alteration in mutagenic activity. 

Hydrotreatment also decreased activity in the SHE cell transformation as

say by 25 to 40%. Moreover, impairment of cell growth was reduced as sevel'ity 

of hydrotreatment increased. 
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Skin-painting studies with hydrotreated H-coal liquids showed that car

cinogenicity was also substantially reduced (>50%). Similar results have been 

reported for shale oil. These data suggest that some biological effects of 

coal liquids can be ameliorated by hydrogenation. However, while minimal hy

drotreatment reduced the carcinogenic effects of PDU-derived H-coal materials, 

as levels of hydrotreatment were increased sufficiently to noticeably affect 

mutagenicity in the Salmonella assay, levels of mammalian systemic toxicity 

increased. If this effect is confirmed and extended to other coal liquids, 

the implications are to do the minimal hydrotreatment necessary to achieve 

satisfactory physical and chemical requirements and reduction of skin carcino

genic potential. However, the decision to use this type of treatment must 

also be based on engineering, economic and other factors. 

Fractional Distillation 

The biological activity of coal liquids tends to increase with boiling

point (i.e., molecular weight). H-coal samples representing heavy still bot

toms showed higher mutagenic activity than still overhead samples. Chemical 

and biological examination of SRC-I and -II boiling-point cuts of full-boiling

range materials showed that mutagenic activity was absent below 725°F. Some 

activity was detected in the 725 to 750°F temperature range for SRC-II mater

ials. Mutagenicity increases with temperature from 750 to 850°F and then de

creases slightly in the still-bottoms material above 850°F. Corresponding 

changes in chemical composition also occur in heavier, high-boiling-range ma

terials. Both SRC-I and -II materials showed decreasing concentrations of al

iphatic hydrocarbons with increasing boiling point. There was a corresponding 

increase in polycyclic aromatic hydrocarbon content. This increase occurred 

in the neutral, hydroxylated, and nitrogen-containing PAH fractions of SRC-II 
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material. However, this increase was seen only in the hydroxylated and nitrogen

containing PAH fractions of SRC-I material. The PAAs behave in the same fash

ion as PAH material containing nitrogen and increase in concentration with 

boiling point. Again, treatment of high-boiling-range genotoxic materials 

with nitrous acid reduced the concentration of PAAs and lowered mutagenicity. 

These data indicate that increasing mutagenicity with increasing boiling point 

is most likely due to increasing concentration of higher-molecular-weight P.I\As 

(with four- to five-ring systems) in higher temperature boiling-point cuts. 

Knowledge of the temperature ranges at which biologically active constit

uents occur may be a factor in selecting the temperature range of potential 

commercial products to minimize potential toxicity. For example, distillate 

cuts from the SRC-II process showed mutagenic activity in the Ames assay at 

about 720 to 725°F. Based on a proposed distillation curve for 11 percent rna·· 

terial distilled 11 versus 11 temperature 11 for a projected demonstration-scale fa

cility, 720°F corresponds to a distillation of about 80% of the full-boilinw 

range material. Thus, a product distilled at 725°F might be handled with no 

additional concern for mutagenic effect. The remaining 20% of the full-boiling

range material could be subjected to additional treatment, perhaps hydrotreat

ment, before being shipped offsite, or it could be restricted to use onsite. 

Part (3): Ecological Fate and Effects 

This section summarizes available laboratory and field data on the fate 

of coal liquefaction products, process and waste materials released to the 

environment, effects of these materials and their transformation products on 

terrestrial and aquatic systems, and the potential for food chain transfer of 

coal liquefaction residues to man. 
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Terrestrial Fate and Transport 

Nonoccupational health effects associated with coal liquefaction opera

tions will be influenced by environmental factors that govern the form, trans

port and persistence of coal-derived materials and wastes in terrestrial and 

aquatic systems and that mediate exposure to man. The research described be

low was conducted to determine the fate of constituents in spilled liquid pro

duct and process wastes and disposed oily sludges and solid wastes, and fo

cuses on water-soluble, persistent materials with greatest potential for mo

bility and incorporation into water, soils, sediments and human food supplies. 

A series of soil sorption studies were initiated with aniline and phenol 

to define the fate of components of coal liquids in terrestrial habitats. 

These compound types account for the majority of water-soluble organics in an 

SRC-11 distillate blend (MD:HD). Results of these studies suggest that, under 

spi11 conditions, certain soils of the eastern coal region (Westmorland silt 

loam) may significantly retard the movement of organic nitrogen bases (ani

lines), while phenols remain relatively mobile. Thus, phenols would likely be 

the first compounds to have an impact on ground water quality. In contrast, 

the primary environmental impact of anilines may result from plant uptake and 

subsequent food chain incorporation and transport. Additional studies are 

currently in progress to determine the effects of microbial interaction on 

persistence of both free and sorbed anilines and phenols in soils. 

Comparative degradation studies were conducted with a petroleum crude, 

shale oil and coal liquid added to laboratory soil columns at 16 mg/g dry soil 

(saturation). Numbers of oil-degrading microorganisms increased significantly 

in soils following addition of the petroleum crude or shale oil. However, 

microorganisms that degrade coal liquids were undetectable both at the start 

of the experiment and 3 months later. These results suggest that phenolic or 
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other compounds in coal liquids are highly toxic to microorganisms, and coal 

liquids may eradicate microbial communities that aid in the degradation of 

heavier hydrocarbons. Thus, coal liquids may remain in the soil for longer 

periods of time than petroleum or shale oils. When phenolics and other toxic 

compounds decrease to concentrations at which microorganisms that metabol·ize 

hydrocarbons survive, biodegradation of spilled coal-derived materials wi.ll 

occur. However, the timing of this process will likely depend on several fac-

tors including: magnitude of the spill, ambient temperature, rates of leach-

ing, and other site-specific features. Lysimeter studies confirm that coc1l 

liquids do not readily degrade. Although germination of barley (Hordeum~~-

gare) occurred during the second growing season following contamination of 

soils with an SRC-II coal liquid (1.48 to 14.84 Llm 2 of soil), grain produc-

tion was still significantly reduced at all test concentrations. 

Studies were performed with a nongasified SRC-I mineral residue (this 

material will probably be gasified at a commercial facility) to evaluate meth-

ods to characterize aqueous leachates from coal-derived solid wastes and to 

identify specific chemical and mineralogical properties of the mineral residue 

that may influence physicochemical composition of the gasified mineral slag. 

The SRC-I mineral residue contains pyrrhotite, a crystallographically complex 

iron sulfide. Aqueous column leachates of this material were slightly basic 

+ + -(pH 8.0-8.4) and contained notable quantities of soluble salts (Na , Ca 2 , Cl , 

504
2 ), boron, strontium, fluoride, and organic carbon. 

Biological transport studies were conducted to determine the capacity of 

terrestrial plants to absorb respresentative SRC components (aniline and phe-

nol), and to elucidate their chemical fate as either a parent compound or de-

composition product resulting from plant metabolism. Studies with hydroponi-
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cally grown soybeans showed phenol and aniline induced severe phenotypic and 

toxicity responses at concentrations in excess of 50 and 10 mg/L, respectively. 

Subsequent studies were conducted with 14 C-labeled aniline and phenol to 

obtain data on absorption rate, plant distribution, and chemical fate. Plant 

absorption rate for 14C-aniline was substantially lower than for 14 C-phenol. 

Unlike phenol, aniline established a strong tendency to sorb to cell wall ma

terials which resulted in uncertain absorption ratios. Also, less 14 C-aniline 

than phenol was metabolized to higher-molecular-weight components. These data 

suggest that aniline is more persistent than phenol. In general, these stud

ies demonstrate a complex interaction among organic pollutants entering the 

food chain and emphasize the need to evaluate specific components of coal

derived materials for both bioavailability and chemical fate. Obvious dif

ferences in the phytotoxicity, absorption and chemical fate of phenol and an

iline suggest the need for a tiered screening approach to identify specific 

pollutants of concern and institute procedures to ameliorate their environ

mental impacts. 

Laboratory experiments have also been conducted to determine if plants 

can assimilate a PAH, anthracene, from the environment and to determine its 

potential for accumulation and catabolism. Studies with one-week-old soybean 

plants have utilized 14C-anthracene in nutrient solution, moist and flooded 

soil, and the atmosphere. Results indicated that 14 C-anthracene was taken up 

from either roots or foliage, translocated, and catabolized to lower-molecular

weight by-products. Uptake rates from the soil were generally proportional to 

anthracene concentration and were lower from soil than from nutrient solution. 

These experiments indicate that the potential for PAH compounds to accumulate 

in vegetation exists and should be considered in short- and long-term analysis 
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of risks from synfuels production. Additionally, these results suggest that 

food chain accumulation of hydrocarbons may occur and should be evaluated. 

Terrestrial Effects 

Operation of coal liquefaction facilities will result in localized envi

ronmental releases of gaseous sulfur species not presently regulated by a·ir 

quality standards. Hydrogen sulfide (H 2 S) and carbonyl sulfide (COS) are among 

the more quantitatively significant sulfur species anticipated. Research now 

in progress is designed to evaluate the comparative phytotoxic effects of these 

gaseous sulfur species relative to sulfur dioxide, the major sulfur gas released 

from conventional coal combustion facilities, or from combustion tail gasE!S 

from a coal conversion facility. 

Current research also addresses the potential for effect if coal-derived 

liquids are spilled during transport. Such spills could contaminate surfctce 

waters and soils, possibly causing acute and chronic damage to plants and an

imals, and increase the potential for synfuel residues to enter food chains 

leading to man. 

Sulfur-containing gases that are common stack emissions during liquefac

tion will occur as both reduced (COS, H2 S, carbonyl disulfide [CS 2 ], and methyl 

mercaptan [CH3 SH]) and oxidized (sulfur dioxide [50 2 ]) forms. Toxicity of 

liquefaction-emission products to vegetation is a function of deposition rate 

on foliage and subsequent disruption of metabolic processes. At equivalent 

ambient concentrations, the principal sulfur gases from liquefaction react 

with vegetation at rates that vary 10-fold. Reactivity of the gases in de

scending order is: 
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Over a range of concentrations (0.25 to 0.5 ppm), S02 , H2 S, and COS de

pressed photosynthesis below that of controls, while CS2 and CH 3 SH had no in

fluence on photosynthesis. The relative toxicity of these gases follows the 

same order as that cited above for reactivity. The correlation between reac

tivity and toxicity suggested that the former may be a screening tool from 

which to gauge the potential impact of any coal conversion gas. Differences 

in molecular size of the gases and their solubilities in water accounted for 

86% of the variation in gas reactivity. 

The utility of this screening technique was demonstrated with the several 

representative light hydrocarbon gases emitted during liquefaction. Exposure 

of Bush Blue Lake Bean (Phaseolus vulgaris l.) to 5 ppm of 10 hydrocarbons 

separately for 4 hours did not produce any visible signs of chlorosis/necrosis 

or elicit any change in productivity. The absence of any effect was not unex

pected based on properties of water solubility and molecular size that con

tributed to relatively low bioavailability. When these properties for each 

hydrocarbon were used as the variables to predict flux, only 3 to 10 hydro

carbons showed any appreciable rate of reaction with vegetation, and the three 

most reactive gases (ethylene, butane and propane) had flux rates well below 

any of the sulfur-containing gases. 

Climate also influences plant response to pollutants, and relative humid

ity is a major controlling factor. In a comparison of ozone or S0 2 uptake by 

vegetation in dissimilar humidity environments, uptake at 70% relative humid

ity was 200 to 300% higher than that recorded at 35% humidity. Thus the impact 

of emissions from liquefaction may vary as a function of the region in which 

the facility is located. 

The presence of other pollutants in the atmosphere also affects plant re

sponse to liquefaction-emission products. Although nitrogen oxides are re-
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leased from process-fired heaters, boilers, calciners, and controlled combus

tors during liquefaction, there is a low probability of adverse effects on 

vegetation since emission levels are low. However, when nitrogen oxides occur 

with 502 (a liquefaction emission) at concentrations above 262 )Jg/m 3 and ozone 

(a regional pollutant in the eastern United States) the growth of vegetat'ion 

is depressed significantly. Thus the potential impact of emissions must be 

gauged within the context of multiple-pollutant, site-specific exposures. 

Therefore, interaction studies involving combinations of pollutants from coal 

liquefaction processes and background pollutants, such as ozone, are impor·tant 

to predicting effects under siting conditions in the northeastern United States. 

Regional studies which involve modeling pollutant dispersion from multiple tech

nologies are under way to identify likely combinations and concentrations of 

pollutant gases and to provide a framework for multitechnology siting decisions. 

Studies with barley (Hordeum vulgare) exposed to SRC-I solids added to 

soils in outdoor lysimeters showed little effect on germination, growth, or 

yield when soil and SRC-I solids were mixed 1:1. When the barley was grown on 

a 3-dm layer of soil placed over a 1-dm layer of SRC-I, growth and yield were 

reduced, apparently because of the inability of roots to penetrate the SRC-I 

layer. SRC-II liquids added to the soil layer 10-dm below the surface pro

duced lesions, chlorosis, and necrotic tissue at concentrations of 1.48 L/m2 

and 14.8 L/m2 . These concentrations also resulted in reduced grain yields and 

in grain with higher nitrogen content. However, yields increased during t:'le 

second growing season following soil amendment, suggesting a decrease in tox

icity because of microbial degradation and other processes. 

Studies have also been conducted on the effects of synfuel materials on 

insect reproduction. In experiments to determine effects of azaarenes (a con

stituent of coal liquids) on egg production and hatching success in crickets, 
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an increased frequency of morphologic abnormalitieS was observed in developing 

embryos. Additionally, several coal liquids were found to be potent terata

gens; eggs developing in soil contaminated with coal-derived materials may 

produce nymphs with extra antennae, eyes, or heads. Results of standard mam

malian teratogenesis assays confirm the teratogenic potential of coal liquids. 

Petroleum products do not cause these developmental abnormalities. 

The teratogenic properties of coal liquids are also being investigated 

using bioassays of chemically derived fractions. Most of the teratogenic ac

tivity of coal liquids appears to reside in the ether-soluble base fraction 

which consists of aromatic amines (many of which are carcinogenic) and azaar

enes. This suggests that removal of nitrogen compounds by hydrotreatment or 

other options may reduce the teratogenic activity of coal liquids. 

Aquatic Fate and Transport 

Based on statistics from the petroleum industry, the potential exists for 

coal liquids to be spilled during transport and subsequently to enter surface 

waters. laboratory tests on a variety of organisms (phytoplankton, inverte

brates, fish) show that coal liquids are generally more toxic to aquatic or

ganisms than comparable petroleum products. Coal liquids contain relatively 

high concentrations of phenols which are acutely toxic to aquatic organisms at 

the mg/L level and the potential exists for certain components (polycyclic and 

nitrogen-containing polycylic aromatic hydrocarbons) to enter aquatic food 

chains leading to man. levels of toxicants and their degradation rates in 

surface waters must be determined to assess more fully the potential effects 

of spilled coal liquids. Studies described below focus on determining levels 

of solubilized contaminants and rates of dissolution/degradation as a function 
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of oil composition and important environmental variables such as evaporat·ion, 

photolysis, emulsification, sedimentation, etc. 

To characterize the water-soluble fractions (WSFs) of coal liquids, the 

composition of the water-soluble nitrogen compounds were investigated. Alkyl 

anilines and pyridines were identified in SRC-II distillate and shown to be 

significant components (5 to 10%) of the WSFs. 

The dissolution rates of five other synthetic oils (ranging from a he,avy 

syncrude to LD) were compared to a petroleum crude. The water-soluble cortam

inants from all five synthetic liquids were quite similar, although concentra

tions varied widely among oils. As expected, major water-soluble contaminants 

were phenols and cresols with lower levels of xylenols, and C3- and C4-

substituted phenols. Total concentrations of phenolics ranged between 50 and 

250 mg/L after 48-hour equilibration. Major neutral components were toluene, 

xylenB, and naphthalene at concentrations of 5 to 20 mg/l. Basic consituents 

were aniline and Cl- to C3-substituted aniline at concentrations of 0.2 to 4 

mg/L. Larger multi-ring compounds (naphthol, alkylnaphthalenes, pyridines and 

ani lines) were not found at levels above detection limits c~o. 1 ~g/L). No 

phenols or bases (except anilines) were detected in water extracts of the pe

troleum crude. Rates of dissolution of synthetic crude oils followed empil~;

cal predictions; phenol dissolved most rapidly while the less water-soluble 

contaminants dissolved more slowly. Dissolution rates were dependent on o·il 

viscosity; the time required to reach 50% dissolution of phenol varied from 6 

minutes for the nonviscous, refined distillate to more than 2 hours for the 

highly-viscous, heavy syncrude. 

Studies were conducted to characterize water-soluble photo-oxidants pt•o

duced by sunlight in water underlying coal liquids, and to determine their 

biological activity. Rates of photo-oxidant formation from four coal liquids 
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were nearly identical and were about one-fourth the rate of formation of photo

oxidants from a petroleum diesel oil. Most of the water-soluble photo-oxidant 

from coal liquids appeared to be hydrogen peroxide. The remainder appeared to 

be hydroquinine, an N-containing phenol that is highly toxic to aquatic organ

isms. Toxicity to Daphnia magna of the water underlying one coal liquid dou

bled over 4 days illumination by sunlight; in contrast, water under a diesel 

oil became four times more toxic during the same length of exposure. 

The fate and transport of PAHs were studied in terms of the rate and ex

tent of photolysis (breakdown by sunlight), volatilization, sorption to parti

cles and sediments, and microbial degradation in water and sediments. Results 

indicated that volatilization decreased rapidly with increasing molecular size 

of PAH. Photolysis increased for most of the larger potentially carcinogenic 

PAHs. 

Microbial transformations in water were extremely slow for PAHs larger 

than naphthalene (two rings), even in highly polluted environments. Sediment 

microbial transformation rates appeared directly related to the amount of PAHs 

entering the water. Transformation rates were sufficiently slow for larger 

PAHs, such as BaP, that levels of PAH in contaminated sediments will likely 

remain high for several years after release. Sorption of PAHs to particles 

was rapidly reversible, and resuspension of sediments during high water pe

riods may result in release of sediment-bound PAH into overlying waters. 

A model has been developed describing the dissolution of compounds from a 

floating oil film into the underlying water. Oil viscosity, solute oil-water 

partition coefficient, and aqueous phase mixing are major determinants of dis

solution mass flux. The dissolution mass transfer model has been applied as a 

component of a one-dimensional mathematical model to predict the spatial and 

temporal distribution of compounds that would enter a river from a coal liquid 
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spill. The river model also considers spill spreading and hydrodynamic d·is

persion. In the simulation, a point discharge of synthetic oil is permitted 

to spread across the river in accordance with gravitic, inertial, viscous., and 

surface tension forces, while moving downstream with river flow. Compound 

dissolution is described by the mass flux submodel. Once in the water column, 

compounds disperse because of hydrodynamic turbulence. The model will be use

ful in planning spill response measures, and in assessment of hazards result

ing from synfuel spills into rivers. 

Aquatic Effects 

Studies described below were designed to evaluate potential acute and 

chronic effects to aquatic organisms of coal liquefaction materials, selected 

chemical fractions, and/or specific compounds and reference commercial oils. 

Test species represented various trophic levels and a variety of freshwater 

habitats. Toxicity test protocols were designed to 1) biologically screen raw 

coal-derived liquids and chemical fractions, and 2) provide a reference data 

base likely to be required for generic environmental impact statements and 

various federal and state permits. 

Both PNL and ORNL have developed a battery of acute and chronic toxicity 

tests using aquatic organisms. Acute bioassays with algae, daphnids, chirono

mids, and fish have been used to compare the toxicities of WSFs of nearly .30 

natural and synthetic oils. Crude and hydrotreated shale oils were more toxic 

than petroleum equivalents; however, hydrotreated shale oil was less toxic than 

the crude shale oil. Coal liquids (SRC-1, -II and H-coal [raw distillate, or 

fuel oil blend]) were all 10 to 1000 times more toxic than comparable petrol

eum products. 
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Phenols were responsible for much of the toxicity of coal liquid WSFs. 

Aromatic hydrocarbons, the major toxic constituents of WSFs of petroleum, had 

a negligible influence on the toxicity of WSFs of coal liquids. Partial re

moval of phenols by hydrotreatment of crude coal liquids reduces the solubil

ity and toxicity of these oils. Also, hydrotreatment at the production site 

may lessen the potential environmental hazards associated with product storage 

and transport. Control technology options, including hydrotreatment, are cur

rently being investigated. 

In chronic exposure studies, biological effects were compared using "fresh11 

and "weathered" WSFs. Organisms were exposed to the WSF from an initial-contact 

with water and to a WSF derived from a water-leached coal liquid. Lower molec

ular weight phenols predominated in the initial-contact WSF, while relatively 

higher molecular weight phenols and hydrocarbons characterized the water-leached 

WSF. Based on percent dilution, the initial-contact WSF was more toxic to all 

organisms tested than the WSF derived from the water-leached material. However, 

in bioassays of chironomid larvae (Chironomus tentans and Tanytarsus dissimilis), 

the water-leached WSF was more toxic than the initial-contact WSF when equal 

concentrations of total organic carbon (TOC) were present. For Daphnia magna, 

the initial-contact WSF was more toxic than the water-leached WSF. Although 

the two WSFs were similar in toxicity to algae (Selenastrum capricornutum) 

over a five-day exposure period, the ability of algae populations to recover 

to control levels was suppressed to a greater extent in the water-leached WSF. 

Coal liquids spilled in aquatic habitats will be absorbed on suspended 

particulates and be deposited in sediments. To provide information on pro

cesses governing retention of coal liquids, and particularly the phenolics in 

aquatic systems, Columbia River fine sediments were artificially contaminated 

with two concentrations (20 and 50 ~L SRC-II liquid/120 g wet sediment) and 
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subjected to a series of repeated mixing and water replacements to simulate 

natural river scouring. Adult daphnids and chironomid larvae were used as 

biological indicators of toxicity in the water column and sediments, respec

tively. 

Chemical characterization of test systems showed that readily water

soluble phenolics were rapidly removed from the contaminated sediments. RE!

moval rates of total phenolics were linear for both concentrations tested. 

Rate of removal was dependent on compound class (Cl, C2, C3, C4 phenols> Cl, 

C2 indanols > phenol > C3 indanols). Sediment retention of less soluble, 

heavy~molecular-weight phenolics affected behavior and survival of sediment

dwelling organisms (chironomid larvae) after acutely toxic effects were no 

longer observed for daphnids residing in the water column. These studies sug

gest that as soluble phenolics are leached from sediments contaminated with 

coal liquids, pelagic organisms will be exposed to toxic components over rel

atively short time periods, but that insoluble components remaining in sedi

ments can result in long-term toxicity to benthic organisms. 

Ecosystem Studies 

The potential impacts of synfuel spills can only be examined completely 

when the responses of integrated ecosystems are considered. This 11 system

level11 approach is frequently ignored in hazard assessment. Mathematical mod

els are one means of integrating individual processes to simulate ecosystE!m 

interactions; laboratory microcosms or model ecosystems are another. A pond 

microcosm has been developed at ORNL. An experimental stream system has been 

developed at PNL. 

Pond microcosm experiments were conducted with the WSF of an SRC-Il dis

tillate blend and with a whole oil from H-coal PDU 9. In both experiments, 
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relatively low doses of coal liquid (equivalent to 0.1 of the 48-hr LC 50 for 

Daphnia magna) caused extensive changes in community structure and function. 

Many zooplankton species were eliminated and diatoms were replaced by blue

green algae. Patterns of community metabolism were also affected. That is, 

detritus (dead algae) replaced diatoms and other algae as a food source for 

zooplankton. However, eliminating toxic input resulted in a partial recovery 

of the system. 

41 





V. RISK ASSESSMENT 

Health and environmental risk assessment is an integral part of DOE's 

overall coal liquefaction program and serves to integrate the many separate 

research and development functions in an attempt to quantitatively assess po

tential human health and ecosystem effects. The assessment incorporates basic 

information concerning source terms, exposure mechanisms, dose-risk relation

ships and uncertainty. Because they are conducted on a regional or national 

scale, concentrating on multiple facilities representing a mature industry, 

the analyses are not intended to compete with or replace the need for site

specific environmental impact statements. 

Source terms are rarely precise, exposure-dose relationships are not fully 

understood, and the numbers of workers or members of the public exposed to pol

lutants are often not well known. These and other factors produce uncertainty 

in the final estimates of health and environmental risks. Characterization of 

the uncertainty is important and should be incorporated in the analysis. By 

identifying areas of uncertainty. it is possible to manage a program of health 

and environmental research focused on providing information required to reduce 

the uncertainty in these critical areas. 

The coal liquefaction risk analysis can be divided into four parts. First 

is the occupational risk in building a coal liquefaction facility and supplying 

the required coal. Preliminary results suggest that this source may be a sig

nificant part of overall risk. Although sometimes not included in risk analy

ses, the 11 front-end 11 of the fuel cycle should be included if we are to under

stand the total risk to human health and the environment. Second are health 

effects to the occupational work force in and around an operating facility. 

Third are health effects to the public. Fourth is the environmental risk to 

nonhuman species. 

43 



Knowledge of source terms for various chemical pollutants emitted to air 

and water is essential to assess the last three sources of risk. Although 

precise values for each of the emissions from a coal liquefaction facility 

that can affect human health cannot be specified, a crude estimate of these 

releases has been developed: 

Data on regional weather patterns have been used to investigate and eval

uate atmospheric dispersion and multiple-facility interactions. A set of ~~e

neric atmospheric dispersion factors has been employed to evaluate potential 

health risks associated with airborne pollutants. There are also many other 

factors that must be considered in one or more aspects of risk analysis in

cluding: persistence of pollutants, their solubility in water, pathways of 

human intake, uptake of synfuel residuals by crops, ground-water movement, 

toxicity, and epidemiology. An iterative process of risk analysis can help in 

planning the direction of health and environmental research programs so that 

they provide the information needed to understand and lower the uncertainties 

in the assessment. 
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VI. RESEARCH AND ASSESSMENT NEEDS 

This report has summarized the health and environmental data base currently 

available for direct coal liquefaction. To evaluate the existing data base 

and recommend future research directions for health and environmental studies 

relative to coal liquefaction and gasification, staff representing DOE, PNL, 

ORNL, Argonne National Laboratory and the Inhalation Toxicology Research In

stitute met in Airlie, Virginia January 26-28, 1982. Topics discussed in

cluded chemical characterization, health effects, industrial hygiene, eco

logical fate and effects and risk assessment. The following summarizes areas 

where further health and environmental research is required for coal liquefac

tion. 

Chemical Characterization and Health Effects 

Development of Improved Short-Term Bioassays 

Improved short-term bioassays should be developed that are appropriate 

for complex mixtures. Additionally, many whole-animal, short-term tests re

quire further evaluation. These include the lung adenoma test and a variety 

of quantitative screens to detect genetic damage in mammalian DNA. 

Identification of Causative Agents 

Further research is needed to identify the specific mutagens and carcino

gens in potential products from direct coal liquefaction processes currently 

under development. Additionally, the chemical characteristics and potential 

biological activity of indirect liquefaction materials should be evaluated. 

Studies to evaluate interactions among components of coal liquefaction mix-
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tures and how these interactions influence biological activity need to be ini

tiated. 

Extrapolation from Whole-Animal Test Systems to Man 

Data obtained in experimental animals must be extrapolated to man to as

sess potential health effects. Because substantial uncertainty exists con·

cerning the use of animal data in assessing risk to man, improved extrapola

tion methods need to be developed. 

Effect of Process/Product Modifications 

Additional studies are needed to determine the effects of: 1) process 

conditions, 2) product upgrading treatments, and 3) control technologies on 

potential health effects. The relationship between precise chemical structure 

and o~served biological effect should be studied to allow development of pro

cess engineering designs that can be implemented to ameliorate biological ac

tivity of coal-derived products. Synthesis of precise chemical isomers i~. 

needed to identify unknowns in complex mixtures and to assess the effect of 

isomeric placement of ring-substituent groups on biological activity. 

Inhalation Studies and Pulmonary Physiology 

Inhalation is a major pathway for exposure to coal liquefaction mate·ri

als. The use of patho-physiological techniques needs to be focused especially 

on mechanisms causing long-term lung damage. A number of pathologic conditions 

in humans involve altered pulmonary function (e.g., emphysema, silicosis, and 

other fibrotic diseases). The effect of inhaled coal-derived materials on 

this end point should be determined. 
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Factors Affecting Dermal Carcinogenicity 

Because skin contact will be a primary route of worker exposure to coal 

liquefaction materials, it may be necessary to examine factors that affect the 

carcinogenic process. For example: 

Dose Fractionation. Current experimental evidence for carcinogen

icity is based on continuous application of coal liquids to mice for 

a prolonged period. Since this is not representative of potential 

human exposure, information is required on effects of doses adminis

tered singly, staggered over varying time frames, and doses mixed 

from various process streams. 

Removal of Dose from Skin. A common industrial hygiene practice in 

coal facilities is to remove skin contamination with detergent and 

water. The efficacy of these procedures has not been fully estab

lished. Alternate washing/solvent regimes should be analyzed for 

their effectiveness in ameliorating dermal carcinogenicity. 

UV Light Exposure. Workers at coal conversion facilities will be 

exposed both to skin contamination and UV light. Effects of com

bined exposure to UV light and coal liquefaction materials should 

be evaluated. 

Preventive Treatment. Several materials inhibit skin carcinogenicity 

from pure chemicals. Their effectiveness for inhibiting skin car

cinogenicity from coal liquids should be examined. 
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Dosimetry 

Information is needed on absorption, tissue distribution and excretion of 

important compounds, particularly PNAs, PAAs and N-heterocycles to relate bio

logical effects to causative agents. This includes knowledge of pharmacoki

netics, and metabolism of toxicologically active constituents in coal lique

faction materials. 

Identification of Sensitive Populations 

Populations that may be especially sensitive to coal liquefaction mate

rials (e.g., pregnant females) should be identified and appropriate studies 

initiated. 

Epidemiologic Studies 

:here is, at this time, no plan for epidemiologic studies on workers at 

existing or planned coal liquefaction facilities. Although current worket· 

populations are small, they will increase, and plans for such studies should 

be developed and attempts made to provide consistent data collection and anal

yses. 

Cardiovascular Effects 

Studies are needed to determine the effects of coal liquids on the c.ardio

vascular system. 

Degenerative Diseases 

Studies are needed to determine the effects of coal liquids on the inci

dence and severity of degenerative diseases of the immune, hematopoietic, cen

tral nervous and renal systems. 
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Monitoring Equipment 

Equipment for the real-time monitoring of particulate PAH contamination 

and for detecting the vapors of multi-ring PAHs in the workplace is needed. 

Most high-boiling constituents of coal liquids will likely be present as aero

sols while the smaller-ring constituents will predominate as vapors. 

Ecological Studies 

Terrestrial Effects 

Further studies are needed to determine acute and chronic effects of var

ious coal liquefaction materials on economically and ecologically important 

plant and animal species. Principal toxic components need to be identified, 

and the effects of process control options (hydrotreatment) on residual tax-; 

icity need to be determined. Field experiments in lysimeters, soil plots and 

open-top chambers need to be conducted to verify, refine, and extend labora

tory results and model predictions concerning the transport, fate, and effects 

of solid waste leachates, spilled coal liquids, and gaseous emissions. 

Aquatic Effects 

Further studies are needed to determine the acute and chronic effects of 

coal liquids and waste streams on ecologically important species. Principal 

toxic constituents need to be identified and effects of process control op

tions (hydrotreatment, biodigestion) on residual toxicity need to be deter

mined. Field experiments (microcosm, model pond and stream) are required to 

verify, refine, and extend laboratory results and model predictions concerning 

fate, transport, and effects of spilled products and waste streams. 
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Terrestrial Fate and Transport 

Atmospheric emissions need to be characterized with respect to speciation 

and ground-1 eve 1 concentrations. Interactions with other atmospheric contam

inants need to be studied, and atmospheric transport and transformations n1~ed 

to be modeled on a local and regional basis. leaching from sludge, gasifh!d 

mineral slag, and other solid waste forms needs to be characterized, quanti

fied, and modeled. Additionally, assimilation, metabolism, and elimination of 

residues from coal liquids, atmospheric emissions, and solid wastes inter

restrial food chains leading to man need to be quantified and modeled. 

Aquatic Fate and Transport 

Physical, chemical, and biological processes governing dispersal of syn

fuel materials released to water and sediments need to be evaluated. Disso

lution, evaporation, emulsification, photodegradation, sedimentation, and bio

degradation of spilled synfuel materials need to be quantified and modeled. 

Residues in water sediments and biological tissues need to be character

ized and quantified. Biological transfer studies are needed to evaluate the 

potential for synfuel residues to enter aquatic food chains and accumulate, or 

concentrate through food chains and increase the risk to man. Modeling o"F 

environmental pathways is required to assess the relative importance of major 

routes by which man or other organisms may be affected by synfuel residuals, 

and ultimately, to predict levels of exposure to man and his resource organ

isms. 

Risk Assessment 

A comprehensive risk analysis on a large-scale coal liquefaction industry 

should continue to assist in formulating and managing the health and environ-
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mental research programs. The analysis should encompass an assessment-oriented 

technology description, chemically and physically characterized source terms, 

environmental transport and fate modeling, and ecological and human health 

effects modeling. Additionally, methods should be developed to characterize 

uncertainties in the risk-assessment process, to conduct a probabilistic risk 

assessment, and to estimate toxicologic potency and extrapolate across species 

and levels of biological organization. 
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