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1.0 SUMMARY 

Coal liquefaction has been a sporadically commercial technology since 

the World War I era, targeted primarily to feedstock production for the 

chemical industry. Because of this market orientation, coal liquefaction 

for a synthe~ic fuels industry will require far greater production capacity 

· and larger plants than traditional technologies. Current DOE programs 

are designed to resolve hardware and process problems anticipated in the 

scale-up procedure to demonstrate (beginning around 1984) the technologies 

as ·commercially feasible. 

Two generic coal liquefaction technologies offer paralell paths for 

synthetic liquid fuels -- direct (coal hydrogenation) and indirect 

(gasi fi cati on/"Fi scher-Tropsch" reaction). Important process stream 

constituents which are common to both types of coal liquefaction technology 

include: 

• Tar fractions, including polynuclear aromatic hydrocarbons (PAH) 
Most of the PAH is composed of 2-ring and 3-ring non-mutagenic 
aromatics. 

• Tar acids, primarily simple phenols. 

• Tar bases, primarily aromatic amines and heterocyclics. 

- Ammonia (NH3). 

• Hydrogen sulfide (HzS). 

Direct liquefaction proces~es frequently contain these agents in their 

products, as well as inteni1cdiate steps. Certain components of the 

~-lant mc1y also generate CJT"t.ion monoxiJe (CO). Ir.direct li4uefoction 

processes produce more CO and 1 css tar, but as a r.esul t of the down­

stream conversion reactions also gcncrc1tc: 
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I 

Methanol (CH30H) 

Formaldehyde (HCHO) 

Metal carbonyls, particularly iron carbonyl, Fe(C0)5. 

In general, areas of greatest occupational exposure risk involve: 

1) Feedstock entry into pressur"ized sections of the plant; 

2) Waste product/by-product pressure letdown; 

3) Process sampling ports under pressure; 

4) R.eactor interiors during shutdm·m/maintenance. 

For direct liquefaction plants, these maximum hazard sites (from industrial 

hygeine surveys) correspond to the solids separation/recovery units, 

solvent recovery units, coal/solvent preparation units. 

Industrial hygeine studies ·to date have identified carcinogenic 

tar fi•action:; ac 'I'he major• uc:cupatior-al heal th ha:1ar•d, lhe 

highest-mo.lec:ular l.Jeight j'raction:; being the most carcinogenic. 

To date, hotJever, no PAH constituent accuragely reflects this 

potential hazard. 

Best estimates for a susceptible worker population for a 1.2 Mbbl/day 

synthetic fuels industry range from 20,C00-400,000 on-site personnel, 

depending on plant size. Cancer cases have been reported for workers 

in at least one liquefaction plant, but cancer mortality statistics 

generally du not :;now convi1:ci11gly any occupationJl tr~nd. 
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Most health effects research related to occupational c~iteria for coal 

liquefaction technology has focused on surrogate materials which are 

found in the process stream constituents. A majority of these repre­

sent rapid bioassay screening tests for mutagenicity, carcinogenicity 

and the like. 

Bionssay tests are valuable fur determining whether a 
. 7 
material 

1
! 

is toxic in some way, but are not inl~nded to ~erve a~ a ba~i~ 

for exposure dose-response hazard evaluations in :;upport of 

occupational criteria. Additional research (generic to all 

forms of coal conversion) to quantify exposure dose-responses 

cha1•acteri~tic:s c:an provide the proper foundation for wor•ker• 

risk assessments. 

I 
I 
I 

The principal research needs with respect to ~ajor criteria constituents 

(CO, H2S, NH3, phenol and cresol) revolve around the establishment of 

an appropriate fugitive emission marker substance or hazard indicator. 

For tar fractions, generally, the tradeoff dilemma between analytical 

sophistication/information content, and sampling errors due to incGmpletc 

extractions, must be satisfactorily resolved. 

Integration of the requisite occupational he~lth-related research and 

rnonitorin9/charactcrization Jctivities into the technology dcvclopn~nt~ 

schedule offers the best prospect for building worker protection into 

- 3 -



the coal liquefaction-synthetic fuels industry. A plan for implementing 

these activities in coordination with the technology development schedules 

is recorrrnended. 

The synthetic fuels development schedule offers NIOSH an 

opportunity to factop occupational health safe~uapdc into the 

eme7"gir.g technology from t,,e outi1et. 
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2.0 INTRODUCTION 

Over the next ten years, it is planned that coal liq~efaction will re­

appear as a viable conn1ercial technology in the United States. Although 

liquefaction technology has existed since World War I, its application 

in industry has been dormant in the U.S. since the early 1960's. Ho1-iever, 

the long-standing national need for liquid fuels has spurred the develop­

ment of new generation direct and indire~t liquefaction technologies as 

an alternative to petroleum imports. 

This new phase of technology development offers NIOSH au­

nique opportunity to build solutions and safegaurds to adverse 

occupational health consequences into the emerging technolo­

gies as a front end actiDity. 

NIOSH has actively pursued industrial hygeine and medical surveillance 

criteria for defining worker safeguards as the liquefaction technologies 

mature. To date, five documents have emerged from this NIOSH involve­

ment (Refs. 1-5). These reports draw hec.vily upon industry data and 

literature for facilities no longer in operation; also information ob­

tained first-hand during a walk-through study at a current Department 

of l:nergy (DOE) pilot plant facility. There are, in addition to the 

facilities described above (Refs. 1-5), several relatively small commer­

cial liquefaction plants in Europe and ~he SASOL plants located in South 

Africu. 
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In this report, we complement the earlier NIOSll efforts by providing 

the fol lo~ng new emphases: 

o A generic overview of present and e~ergine coal liquefaction 

technology -- for both direct and indirect liquefaction. 

A programmatic focus on relating future NIOSH activity to the 

Department of Energy (DOE) timetables for liquefaction develop­

ment • . 

An orderly basis for incorporating industrial hygeine require­

ments into the technology developments, ~th emphasi-0 on ex­

pected R & D needs. 

A prediction of susceptible worker populations based on pre­

vious experience LJith the technology. 

3.0 TECHNOLOGY STATUS 

Coal liquefaction has been a sporadic commercial technology since the 

World War I era. Direct liquefaction, in which coal is dissolved and 

hydrogenated under high pressures and temperatures, was first described 

by Sergius (Ref. 6) in 1915. Indirect liquefaction, in which coal is 

gasified and subsequently converted to methanol (CH30H) or other liquid 

products, dates back to the BASF process (Ref. 7). These two technolo­

gies sustained the German economy during the latter phases of \4orld Har 

II (Ref. 6); th~y have also been pr•)1:1incnt in the production of chemical 

feedstocks, both in the U.S. and Jbroad, since the 1930 1 s (Ref. 8). 
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I Except during the World War II period in Gel'TTlany, l,J,£th its 

economic disruptions, ~oal liquefaction output has generally 

been·ta.rgeted to the synthetic chemicals industry (Refs. 6-

8). For these purposes, very large facilities were not us­

ually necessary. However, the current emphcwis on coal li­

quefaction for fuels production represents a major departu.I'e 

from the traditional technology deployment ;;trategy. 

· 3.1 Generic Characteristics of Liquefaction Technology 

Figure 1 shows a typical process flowsheet for a direct coal liquefac­

tion facility (Ref. 9). Coal is mixed with a carrier oil, heated under 

pressure with hydrogen (Hz), and the resul t.ing products are cleaned and 

separated. Product distributions depend on the end use for which the 

plant is designed 

liquefaction plants. 

Table 1 summarizes thes~ for three such direct coal 
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Figure 1. Process Flowsheet for a Direct Coal Liquefaction 
Facility. 

Bureau of Nines - Louisiana, Missouri coal hydro­
genation plant, which was constructed as a replica 
of the \forld \·Jar II German Bergius (Ref. 6) plants. 



TABLE 1 
Conmercial Products of Direct Coal Liquefaction (Ref. 11) 

UN ION CARBIDE (Ref. 10) , 
Institute, W V 

LIGIIT DILS: Benzene, Cr; - I 
C7 hydrocarbons, phenols, I 
arylamines, napthalenes, 
C7-C13 hydrocarbons, va­
pors. Separated later. 

MIDDLE OILS: Napthalenes, 
biphcnyls, fluorenes, 
acenapthalenes. 
Separated later. 

l/l:,'/1 VY OILS: An thracenes, 
PAH compounds. 
Separated later·. 

PITCH. 

COKE. 

Coal throughput=3OO T/d 
300 T/d 

BUREAU OF MINES (Ref. 9) 
Louisiana, MO 

i 

GULF OIL CO., SRC _II (Ref.I 
11) Morgantown, W 1 * 

VAPOHS: C1-C4 hydroca r- V/JPORS: Methane, 
bons, Recycled, Cracked C2-C4 hydrocarbons. 
In Refinery on-site. Separated on-site. 

GASOLINE: C5+ hydro car- NAPll'J.'l]A: C5+ hydror::a r-
baons, aromatics. bons, aromatics. 
Refined on-si~e. Se[XI.rated later. 

NAPHTH/1: C5+ hydrocar­
bons, aromatics. 
Refined on-site. 

LIGH1' OILS: Benzene, 
napthalenes, phenols, 
arylamines, anthracenes. 

lJEAVY OILS: PAH r.om­
pounds, etc. 

ASPJJ/JLT. 

·Coal_througheut=6O_T/d 
Gasoline Output=llOOO 

gal/d 

LIC!!'I' OILS: Benzene, 
napththalenes, phenols, 
C7-C13 hydr.ocarbons, 
Grade //14.IJ 0 API. 

!!E/JVY OILS: Anthracenes, 
PAH, c13+ hydrocarbons, 
Grade /17.ZoAPI 

Coal throughput=600O T/d 
*Proposed 

ONE -- 7'!/E DUREAU OF /.!Il/ES PROGJ?/L'I OF T!JA' EARLY 1950 'a 

7'0 1-'JWDUCZ.: ANU ACTUALLY DID PRODUCE N0'l'0H FURI,S. 

I✓AS EVER DE'SIG!IJ::[) 
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Indirect liquefaction facilities, likewise, have been designed for a 

multiplicity of end u~e options. Figure 2 shows a typical process flow­

sheet for an indirect coal liquefaction plant (Ref. 9). Coal or coke is 

gasified under oxygen (0'2) to produce ca ... bon monoxide (CO) and hydrogen 

(H2), which are converted under pressure in a Fischer-Tropsch type re­

actor to any particular combination of end products, depending on the 

type of catalyst used. Table 2 exemplifies this variety.(Ref. 8). 

TABLE 2 

Product Distributions for Indirect Coal Liquefaction 

II FISCHER"TROPSCH" Ca ta lyst MAJOR PRODUCTS MINOR PRODUCTS 
- - -- - ----------------

zinc chromite Methanol (CH30H) None 

Ni or l{u Melhc.111e ( Cl14 ) Nurre 

Zn/Mn/Cr A 1 ka 1 i Methanol (CH30H) Higher c1lcohols 

Iron oxide (True F-T) c5-c12 Al kan_es C1-C4 Alkancs, Alcohols, 
Waxes. 

Ruthenium Alkane polymers \.laxes 

Rhodium Carbony~/Pyridine Ethylene glyco 1 Poly-glycols 

Copper Formaldehyde ? 
(HCHO) 

In the U.S., coal liquefaction has historically supported the chemical 

synthesis industry. The Union Carbide (direct liquefaction) plant in 

Institute, W.V. (Ref. 10), and tile DuPont {Indirect Liquefaction) fucility 
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in Belle, W.V. (Ref. 8), represent two particularly important cases 

in point. Both plants were captive suppliers to nearby chemical plants. 

With the exception of ·SASOL in South Africa and plants in World War II 

Germany, the chemical industry market orientation has epitomized coal 

liquefaction worldwide over the last fifty years. In this light, the 

present-day push toward coal liquefaction for substitute fuels repre­

sents a major industry departure, for which the German and South African 

experiP.nces are the precedent. 

Future trendD in c:oal liquefac:tion technology deve loprnenl will 

depend on the n.atur>e of' market demand for the pr>oducts. For 

fuels production, considerable pr>oduct r>efining and rcpr>oces­

sing wiU be required after the prin1w 0y products have lej't: 
. . 

the liquefaction plant. The need to upgrade these products 

will r•equir>e a seeondar'y· indu:;tr•y ( Ref. 12): 

c J,'ur• d·irec:l l-ir1uej'ac:liun {llcml. vr·odw..:l:;, :;rH::<.:·ir1.l r-ep,:ner•·ie:: 
to 1-zandle and separate naphthas. 

11 For> indir>ect liquefaction plants, methanol-to-gasoline 
conversion plants ( such as "!,Jobi l-N) or chemica Z re 11,ner>y 
techniques for separ>ating Fischcr-'l'l'opsch products. 

o In either> case, removal of under>sir>able (sulfurous and 
amine) contaminants wiU have to be carried out. 

In many instances, coal liquefaction plants were used primarily for the 

production of ammonia (NH3) -- the organic by-products being of secon­

dary importance (Ref. 13). Prior to the advent of cheap oi 1 and natural 

yds in the 1940's, in fc1c~. co:11 liquefaction -- and particularly i:1-
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direct liquefaction -- accounted for virtually all of the world's ni­

trogen fertilizer production (Refs. 8, 13). Today, indirect liquefac­

tion plants are still noted for their copious ammonia output (Ref. 8). 

Not until the Horld War II German plar.ts, replicated by the Bureau of Mines 

Louisiana, Missouri demonstration (Refi. 6, 9~ was gasoline considered 

a prirr,e product of liquefaction. It is reported (Ref:;. 9, 14) tilat 

the Bureau of Mines plant, during one continuous 3-month run, produced 

1 million gallons of gasoline. Today, the largest existing coal lique­

faction facility in the world, SASOL-2 in South Africa, is undersoing 

shakedown (Refs. 15, 16)~ The plant is designed to produce, by indirect 

liquefaction, 1.5 million tons/year of gasoline, plus 0.6 million tons/ 

year of other commercially important chemicals. Interestingly, NH 3 is 

expected to account for about 5 percent of the total plant output (Ref. 

15). 

In spite of the corrmercial maturity of coal liquefaction 

technologies~ nwne:rous operational problems :remain unsolved. 

Table 3 summarizes the important operctional problems involved \•lith 

direct or indirect coal liquefaction (Refs. 8, 11, 15). Note that 

materials listed as process stream constituents are not necessarily 

released to the environment. However, the potential for some 

are not properly controlled and cont~incd. 
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Table 3 

I FEATURE DIREC1 LIQUEF~CTIUN INDIRECT LI QUEF /\CT I Oi-1 

·-

Major Pre heaters Preheuters 
I Components Gasifier Gasifier 
I (Refs. 11, 15) Hydrogenation Reactor Fischer-Tropsch Rec.1ctor I 
I Vapor-Liquid Separator Vapor-C.iquid Sepu ra tor I Liquid-Solid ::epc.1rc1lor Products Sepc.1 ru tt:i :-
i Sulfur Cleanup Sulfur Clec.1nup 

I· 
i 

Tar Knockdown Tar KnockdO\•m I 
~ 

Ptocess Gas from Gas Hi er Gas from· Gc.1sif·ier I 
: I 

:.1..:rec.1ms Coal liquids s·turr·ie;s A 1 coho·1 s/l·lydrucu ri;un:., 
(Refs. 11, 15) l•Jas te1•1a ter Wastewater 

I 
Ash/char/spent Ash/char/spent 

catalysts catalysts 

Gremlins Particles = CH4 + 1 OS$ frorn system I 
I ; 
I 

i (Refs. 12, lG) Plugging Carbony·1 Corro~ion l 
I I 

I Erosion Carbon B"luck !JC;posil.iuri 
: Repo 1 Yllll:.!r-i Zu L ·i (J(I Cota "ly::; L I'() ·i '.; (J (I ·j I I U L,y 
I Tars, S. 
I 

I Products Nu.phthas Methanol 
I and Heavy Oil A 1 coho 1 s/ E Ui<::rs I 
I By-Products Hydrocarbon Fuel Gases \foxes 
I (Refs. 8, 11, I Li9ht Fuel O"il Aldehyt.les 
I 15). Sul fur Sulfur 

Ammonia and Amines An:moni il 
Phenols Org11nic Amines 

I 
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Most of the operational difficulties encountered in direct liquefaction 

are traceable either to process line plugging due to viscosity changes 

(i.e., viscosity increases with time and temperature in the process), or 

to erosion by the suspended solids (Refs. 9, 18 - 22). The service life 

of plant components sensitive to ·plugging or erosion therefore usually 

defines the intervals between plant shutdm·ms for maintenance and re­

pairs. For the Bureau of Mines Louisiana, MO demonstration plant (Refs. 

9, 14) this interval was approxim;itely 3 months. For modern direct. li­

quefaction (DOE-supported) pilot programs (Refs. 20 - 21), this interval 

is-presently 3 days. If a new Gulf Oil Co valve design (Ref. 21), which 

is to be incorporated into future test operations, can successfully with­

stand the wear and tear of liquefaction process strea1:1s, the maintenance 

interval can be extended to about 3 months (Ref. 21). 

1-lor•ker> exposur•e Jw;c;arcb: are gr•ea tly magnij'ied durinu lhe[;e 

maintenance shutdowns, because fugitive sa.feauar>d<J are 

br>eached whenever> components are dismantled for- repair>, 

cleaning, or rep la.cement. 

Reliability limitations in indirect coal liquefaction facilities ensue 

from totally different circumstances, which are virtually unknown in any 

other industry. Present day unresolved problems (Ref. 8) include: 

0 r:.'J.r•non dr.110::it,fon rm c.~Lv1J.J!_:;'.:: This factor typically limits (Fi•,­

c11er-Tropsch) cc.1tc.1lyst service life to one year ur less. 
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0 Carbonyl corirr,si01~: The high pressures and relatively low process 

stream temperatures dirve the reaction between CO and process ves­

sel walls. No predictable maintenance interval has yet been defined. 

o Metal cari!Jonul fw;ritive[:: According to Stiles (Ref. 6) "Other prob­

lems ·were for the most part solved, but the iron carbonyl problem 

remains and seems to defy an economic solution". H2d stainle:;s 

steel been used in these plants in~tead, tile principal hazard 1;10uld 

have been emissions of nickel carbonyl. These may accompany 111etha­

nol fugitives. 

o fur fogs, scrubber misis, entrained anh particles sever>ely ·impa·ir 

<101,m:;f,N.v.m {'r:r-j'om,anr:e. Process stream cleanup options can there­

fore be restricted. 

Any innovation in indirect. liquefaction technoloyy ueveloµ111ent which solves 

any of the first three of the above problems-\•lill most likely solve all 

three. 

3.3 Government Sponsored Programs and Technology 

Federal-government-sponsored R & 0 activity in coal liquefaction stems 

from.the Bureau of Mines investigations at Louisiana, MO {Ref; 9), and a 

number of subsequent develop111enl progrdrns have evolved since the 19SO'<.. 

In general, these programs 1;1ere directed to1;1ard tile production of fueh 

instead of chemical feedstocks. R.:cent perturbations in the U.S. energy 

economy have resulted in th12 pro 1 if era ti on of Federal Government-sponsored 

R & 0 programs in direct coal liquefaction (see Figure 3). Today, however, 

these have been narrowed to four pilot plant and dcn1onstration projects: 

SRC-I, SRC-II, lhe Exxon Donor Solvent (EDS) Process, and the H-Coc1l rrocc,;s. 
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Figure 3 shows projected milestone schedules for the DOE coal liquefac­

tion program (Refs. 20, 23). 

~ihile direct coc1l liquefactiun pruces~~s s._ic,r,sored by lJuE ihivC: muc..il 1n 

common with systems which have operated. commercially in the: past (com­

pare flov,sheets in Figure 1 with Refs. 10-11, for example), several fea­

tures of the DOE-supported technology for direct liquefaction stand out 

as important new developments and scenarios: 

o Size. The proposed SRC-II DemonstY'ation pumt (Ref'. 11) will be 
fay, laY'ger than any coai liquefaction facility built lo date (Rej'::. 
6, 11). In mr.mu f'!QSe.<J, unit:~ ,,,hir:h form Uw r:nmr,onr.nl.:: oj' /.Jw r•lnrti. 
([J1'(.:;_;::ur•1: 1)(:;::;i:/::, OJ:!f!fi":ll /'ftlll/._, :J0:;1:r1:,:r•, l,)i/.er• f.f'l'.t/(/1/i'rtf., ,:/, •• ), 

will be lhe lu.1•ue:.;l in e:r.i:;lerwe. 

o Novel Components or Different r-eedstocks. Many of the hardvtare co111-
ponents have never been t<:steJ \•tith coc1l-derivcd liquids, but \'10n~ 

developed and/or modified from other ·industrial purposes (l{ef. l'.4). 

o _Environmental and Industrial ll1-_9iene Concerns. Until recently, pro­
tective measures were not routinely considered in the desi9n,opera­
tion, and 2conomics of coal liquefaction plants (Refs. 6, 10, 25-22). 
The Union Carbide example (Refs. 10, 25-28) vias exceptional. These 
wil_l have to be factor~d into the DOE-supported technology, however 
(Ref. 11). 

l-lard\·1are Failures. Certain components of current direct coal lique­
faction pilot plants have typically exhibited short service lives, 
and have been sources of leaks and fugitive emissions. Specific ex­
amples (Refs. 28, 29) include: 

- erosion in slurry pumps; 

corrosion of heat exchangers; 

- erosion and corrosion, freezing and repackin9 of valves; 

viscosity-dependenl pluCJCJinq of prncer:•) line·~. 
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At the present time, valves represent the weakest link in 

direct liquefaction hardware technology (Refs. 4, 21, 24). 

Houline mu.inlenanc:e peoc.:edui•e;; n1.x:e:;:;·ilaled !J!} ltuN.!wu.r·~ 

failures represent sour•ces of oc.:eupat·iona.l and environ:nento.l 

expo::u.r•e ho.::ru•rl::. 

The DOE pilot plant and demonstration programs in direct coal liquefaction 

are intended to remedy the weaknesses presently encountered in the hard­

war~ components (Ref. 20), and to provide a successfully proven alternative 

to crude petroleum as the source of residual cJ.nd distillate fuel oils. 

Federal Government-sponsored R & D activity in indirect 1iquefaction, un­

like the more mature direct liqueraction pro9ra111, is currc!nLly in .:i rur111-

ative stage. One demonstration f~cility, to be built in North Oukotu and 

to operate (beginning in FYlYc.M) on ,..,e~tern co,Jls, will lie supporletl by 

DOE (Ref. 30). However, the present DOE opinion that water and reclama­

tion will limit the grm·,th of an indirect liquefaction industry in the 

West (Ref. 30) remains to be tested. A number of small laboratory and 

bench-scale studies to- develop improved Fischer-Tropsch catalysts cJ.re also 

proceeding under DOE support (Ref. 31). Indirect liquefaction catalyst de­

velopment studies are also being vigorously and independently pursued (l~ef. 

20) by Imperial Chemical Intlustrie~, Ltd. (ICI), [3adische-Anilin and Soda-

r-abrik GmbH (B,\SF). Exxon, ,rnd il consortium of ~lev, Zealand firia'..-,. I\ l;Ol-

supported pilot plant for the Mobil-Mand Union Carbide µrocesses is 111 

preliminary desiyn to develoµ key dm-mstrearn µroducts conversion $lep:.-. 

(Ref. 318). 
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4. 0 CHARACTERIZATION OF POTENTI/\LL Y HAZARDOUS CONSTITUENTS 

Direct or indirect liquefaction of coal can generate variable amounts of 

hydrogen sulfide (HzS), ~yanides, ammoniJ (NH3), mutagenic/carcinogenic 

tars and phenolics, toxic trace elements, and in some cases, toxic vapors 

of alcohols, aldehydes, and metal cc1rbonyls (Refs. 8, Il, 15, 32). Fur­

thermore, the bioavailability and toxicity of particle-bo~ncJ trc1ce ele­

ments 1TJay differ among processes even v1hen the hti 1 k crJ111pos i Li on·; ,1 r\: r,: -

fll 1 1 ii r. 'l'o cla le, Y/.0 P!!.,..lrt l ·i lr.1. /,·it}(.! tl.a lu. -i :; ll-Vc.J. ·ilul J Lr.: /'(} ltJ. /, ·inu /J iuu. t}( rt'./., l­

~i li ty and to:cicity to actual, Ziquefu.ction mater•ia.Zv, o.lthou1h wor/.: ,Locr: 

(Ref. 33). 

Table 4 summarizes the production of environmentally important substances 

in coal liquefaction. Careful 111easure:111ents of Lhe process sLr~a111 co11sL1-

tuents of direct coal liquefaction have been reµorted for the Ft. Lewis 

pilot plant (Ref. 34), and show at least qualitatively the sa111e materials 

as in laboratory coal pyrolysis experiments (~efs. 35-39). Organic N is an 

T/\BL[ 4 

Typical Contaminant Profiles in Coal Liquefaction 

I jsRC-11 !usm,, Louisiana, I PARAME-:-ER (wt/coal) I (Ref. ll) I MO (Ref. 9) 

I 

: S/\SOL 
(Ref. 15) 

r============:::;====================== 
, Sulfur (k9/T) ____ -!._?.ZS.___ o.n 1.0 

! 5.0 ' , I ;urnnon i c1 ( kg/ T) 1.1 --··--- - - - - . ·--·. 
Phenols/Tar /\cicl:>(k~/T) ; 1. l t .1fi. 1 

·---~-----·-·- ----- .···--·-------·•--·-----·---·-·· -··-·-·-··1 

Tars/Pl\11 (k9/T) I "50 •13-66 2.2_ __ ; 

f Organic N (k9/T) ! Probable ''- 20 + __ _ 

f _ Mc t_a_1_c_c1_r_bo_,_1y_l_s_ ___ _ ______________________ _L ___ -~ ---·- .'. 

' 
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important liquefaction by-product, but most S evolves as H2S·(Ref. 12). 

Table 5 shows the kinetics expressions for gas and tar formation predic­

ted for coal liquefaction (Refs. 35 - 39). 

TABLE 5 
Kinetics and Yield Predictions for Coal Liquefaction 

FUNCTIONAL I PYROL VS IS I RATE CONSTMH, k(sec- 1) 
GROUPS IN COAL ' PRODUCT i-RRHENIUS FORM (T in K) 

R-OH H2o (45) exp (-4950/T) 
Aliphatics R-C:=CH (l.9x1Q1D) exp (-35000/T) 
Aliphatics Olefins I (2.0xl07 ) exp (-20000/ T} 
Aliphatics Paraffins (750) exp (-8000/T) 
Al~phatics CH4 (9.5x1Q 1 D) exp (-35000/T) 
Coal Soot . (2300) exp (-9700/T) 
R-COOH CO2 (6) exp (-4000/T) 
Ethers, Ketones co 

I 
(7000) exp (-10300/T) 

Ethers, Ketones co ! (890) exp (-12000/T) 
Aromatics Tar (750) exp (-8000/T) 
Ar-H , H? ! ( 36000) exp (-12700/T) 

I -
I 

"Loose" - M I NH3 (200) exp (-"7699/T) 
11 Tight 11 - N HCN (290) exp (-12700/T) 

All - N N2 ( 0. 13) exp (-4220/T) 

According to Solomon (Ref. 39), the con1position of liquefaction tar pro­

ducts conserves the aromatic subunit structure of the feed coal; however, 

the production of tar strictly depends on the availability of aliphatic 

hydrogen. This explains why anthracite coals form very little tar when 

utilized, in spite of their very high coal rirnk and t1ror11:1tic contenL. 

duels and coke oven voZaliZcs (Ref. 40) can be attributed lo a conman ix..t.:.dc 
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in -the physic:al-c:hemical fundamentals (i?efs. ·is-_J9). Coke oven tars con-

·ta~ many of the same . PAH compounds, phenols, and carcinogenic fractions. 

Figure 4 shows some typical tar/aromatics characteiistics of coal lique-

faction materials. If one merely considers the distribution of benzene­

soluble organics (Ref. 42), t.hc data create the impression that most of 

t.hE: aror.iatics produc.er:! in c.oal conver,;ion are s:1:.:.i1l and sim;:,le. H1J1:, 1.! 1Jr:r. 

this is merely an artifact of the solubilization procedure. Careful exam­

ination of the organic products of coal liquefaction (R~f. 41) shows the 

average molecular weight distribution to be much heavier than woul0 other­

wise be expected on the basis of solven·t extraction studies. 

Figure 4 indicates that the true 111edian 1110 leculdr ..,,e iyht M 

is close to 400, as opposed to about 150 for the solvent ex­

tracts. Thi:: rH::t,inr.:l,:on '/'.;: r-:.i:lt•emclu irt1pur•l,ml, £n /./uJ.t, oj' 

tion:; as the most c:aret'.noaenir~. ( ltef. :'i1) . 

.___ __________________________________ , 

Figure 4 also ind~cates that approximately half of the carbonaceous matter 

in coal is "coked" during the liqucfilction step (l~cf. 41). This facl hos 

been designed into the SRC-II Demonstration Plant (f~efs. 11, '13). 

To date, NIOSH has conducted on-site indu'.~triul hy~1eine characterizc.1tir,ns cJt 

the SRC-I Pilot Plant at Wilsonville (Ref. 3A), the n01·1-d,:func:t Cre~ 11 ; 1 

Test Facility, Cresap, WV (Rcf.JB), and at the SRC-11 Pilot Plant at ft. 

Lewi:; (Ref. 4). In addition, :liGiH l:fforls tu provide dn ir,uustri..1; r,J-
\ 

gcinc assessment at the SASOL-1 plant have been documented (Ref. 44) but 
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have yet to provide a comprehensive sun-ey. 

In general, results o( these studies {Refs. 3-5) have shown measured le­

vels for single-ring; or fused-ring aromatic compo~nds to be in the parts­

per-billion (micrograms-per-cubic-meter) range. At these levels, the major 

hazard is expected to be due to polynuclear aromatic hydrocarbons (PAH) or 

their derivatives (Ref. 4). Other more conventional criteria pollutants 

were present at levels generally below detection limits (Ref. 4). Eight 

compounds, mostly 2-ri ng and 3-ri ng non-;nutagen i c aroma ~i cs, make up 75~: 

of the total P/\fl found (Ref. 4). 

A central part of an exposure sampling ·strategy is to determine the ex­

posure level of the employee found to be at 111ilxirnu111 risk .,.lithin il given 

area {Ref. 45). For liquefaction plants, the positions of high risk will 

involve among other places (Ref. 14): 

• Areas of feedstock entry to pressurized sections of the plant; 

" . Regions of waste product and by-product pressure 1 etdovm; 

o Process sampling ports which are at high tempe_rature and pressure; 

r Reactor interiors during s hutdo\'in. 

DOE has an ongoing effort (Ref. 21) to evaluate the performance and lon­

gevity of selected components in gasification units such as valves, directed 

toward the improvement of component reliability from a process viewpoint. 

These results, hm·,ever, are also important from an industrial hygeinc 

standpoint. Additional work is also required on the safety aspects of 

high-temperature/high-pressure sampler design and on worker protection 

n1ec1sures fur thos1! w; ing UH>',<! '.'f". IY1w,. 
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5. 0 OCCUPATIONAL HEAL TH-REU\TEU '., TUDI ES 

Occuputional health and '...ufeLy cril.r.:rit=1 for direct ,.ind inclirecl coal lique­

faction plants will be predicated, in large measure, on laboratory studies 

of surrogate material~, plu~ expei'iencc obtained in other (related) indus­

tries s 'Jc h . as : 

& Coal gasification plc1nts (Ref. 32, 46). 

c c~ke ovens (Ref. 40) 

et Methanol synthesis µlants (Re:L 47) 

~ Coal tar products (Ref. 48). 

Thus, results of investigutions conducted for coal liquefaction facilities 

specifically (Refs. - 5. 10, 2~j - 2B) need nol. h<! considr.:n:d ir, i'.,olcit.1rir1. 

5. 1 Technology-Specific I n_ves t "i_g_a ti ons_ 

Because of the considerable attention shown for coal liquefaction us a syn­

thetic fuels alternative, nu111erous _stud·ies suµported by f:.l'A, UUL, IHU~li, 

and other agenc~cs (Refs. 49 - 50) have been undertaken to assess the oc­

cupational and environmental health consequences of the industry. One can 

generalize these studies in three groupings: 

o Occupational epidemiology, 

o Industrial hy<Jeine cht1r<.1cl.c:ritc.1LicJw;, 

o Basic toxicology. 

The most notable occupational epidemiology study of coal liquefaction \·md:ers 

\'/as reported for Ll1e Union Curbide plant Jt InsLitute, \·/'/ (f{efs. 10, /S-

- 25 -



I 
I 
r 

i 
! 

2C). Of the J50 person'.:. e1:iploye11 iri thh facility over the periud l'.JS2-

1960, some 50 ct1ncer morbid·i ty C1J:,2s were- reported. However, ii recent 

NIOSH-supported followup stuciy (Rd. 2) of these vmrkers failed to Je­

tect any latent systemic cancer c.ise'., or excess mortality 17 years after 

c16sing of the plant. 

Recent epidc~iological investigations at the SUC-11 Fort Lewis Pilot Plant 

(Refs. 34, 43), on the other hand, have shown a significant incidence of 

folliculitis on the forethighs and sho·ulders or v1orkers, but no ,:or1 1·t,•:7e(! 

occupa~ional cancer cases among the 500 person study population since 

startup of the plant in 1974. This apparent contrast with Lhe Union Car­

bide study (Refs. 10, 25-23) must be viewed in terms of latency and 

exposure characteristics. r·~umerous epide111iologicc1·1 investigations hove 

also been reported for other coal conversion industries (Ref. 32, 40, 51-

58, among others), a sample Qf which is described _in TdlJlc.: G. Lxc1~s~ 111u1~­

tality rates were reported in most of· these studies. Worker populutions 

at gas works and coke ovens ·.-,ere follo\'ted.in these studies for period~ or 

up to 25 year:s to evaluate the impacts of \•1ork-rel.:ited factors on cancer 

morta 1 i ty rates. 

ffhile mo:;t of -the occupational epidcmiolO<J!J lite-ratu:f'e eone:l.ucle,": 

an exces:; cancer mor•lo. Z.-: ty t'i [;/~ for• 1Jorker:: -in ~:oa l conver•::;ion 

One mu:.:l t.hr:1•1•!',J1•1: 1 1w:::l..iOYl 1.JheU1c1•: 
J . . 

L ________ _ _ ___________ _. 



TABLE 6. OCCUP.IHIONAL EPIQEi-tlOLOGY STUDIES FOR COAL CONVERSiC,'.l FACilITit:S 

I Faci'i ity I Contemporary/ I 
Ty;-,e , I1~·1estiqators Prospective I Retrosoectiv2 Results Coiliments ,------•-;-,----"-------+---~'----ir-_.::...:;~:...::....::~~=--~+-_::~-'-=----

! l 
: C1Jc.l ,

1
, Sexton (Ref.10,27) ( 1960) 

r.lorbidity j L iq•Jefaction 1 

I I PaTmer7Ref.° 2-) -

Elevated skin cancer 
morbioity, no mortal-

_;~ -- -- -- -
No latent trends among 

Statistical signi­
ficance high for 
morbidity, low for 
mortality. 

-- ---- - --

I I 

(i9,9) -
Mortality the 50 skin cancer 

Vi Ct i 111S. 

I Pi·o:u(:er L, Kuroda et ~­
(Ref. 5TT 

(1936) 
Mortality 

Excess mortality, 
lung cancer 

Statistical signi­
ficance of data 
questioned (Ref; 57) 

'1 Gas L'O!"kS I (Gasificatior.) -- -- - - -

I 
I 

! 

: 
i 
I 

I 
i 
I 
I 
I 
i 
I 
j 

j 

Gas 

I Ka\•,ai et al 
I (Ref. 52)-

(1967) 
Mot·ta 1 i ty 

latent lung cancer 
morta 1 it.Y 

1 

LDol-~ (Ref. 53) 

l ----------------·--,--------,--------------4-----------, 
I 

! ""DoTT ef"al -- --
1 (Ref. 54J 

Kenna\'lay & 
Kennaway (Ref.55) 

I 

I 
I 

-- ;-(195;-J - ---·· 
1 'Mortality 
I 

Excess mortality, 
l unq cance1· 
Possible latent 
cases of lung cancer 

Statistical signi­
ficance of data 
questioned (Ref. 57) 

(1936) ·T_____ Excess mortality, Statistical signi-
llortal ity I _:_ canci;r of lung and ficance of dcta 

I I larynx questioned {Ref. 57) 
-K;i;r~~\-tay& - -- ,-- ----- - -·· , (194S) - -- -Late·nt l~~g c-;,~~-er --- Statistical signi-

K2nna1·:ay ( Ref. 56) i I Mort2 l i ty mol"L1 l ity, but at fi cance of data 

---------~-------------' ---------'-·----·---____;.~_1·:e_r· ___ r_a __ t_e-------~-q u_·e_s_t_i_o_ne_d_(_R_e_f_. _s_7-1) 

Ovens ! Reid & Suck I (1956) ; Exce~s mortality due Con f ir"med by Redmond 

..._ _______ -L(-Re-f ._5_7_) ______ ~:1-or_t_a 1-i-ty ____ L ___ ---- ~fa;!~f :r b~: :,~:;g - -e--t_._a_l _. __ (_R_e_f_. --58~ 

Ccke 

1
1 c-· _ j Red,:iond et 2 1 (1969-?5) I ;,:·.•:.:,: ".J-~;:(',<i' :· .. L'~:,'.ty' Reference population 

u,.~ Oven:; i (l{ef. sar-- rlortality I -------- _-·:~!' ,?-:.:7::·~e :: .. ,i·ke1•~, bases were:(l)U.S. 
I I :.,!,-:- ,:. Ji..'"!':,,:,:-:! :~o.'..:.e total; and (2)Alleg-

j 1 (>:'. ·.· :·.:·~•l~,,~•.:; heny Co. ste 1~ll-1or~,-
- - .... ··------- ----- ______ ,. . -··· ···-· . ·-·----·---··-----·-·-.... .. .. . . ··-- .... _,, ____ -----· . ------ ·- ... ·-······· . ···------- ----- _:..:.J 



A major> dr•awbac:k of 1w.1.1,J eefdcmiol.oJiuu.Z inve,1 t1'.uation:: iv 

tionchip (Ref. 59). Indeed, the differicrv:e~ hel1,>uen lhe Pl. 

[.,elJir, obser'Vations (!?ej'c. 1, :~1) o.wl the in:;tilute, !-IV Studir.::; 

(Hcfs. 10, 25-2?,} may be /;'f'w:.:caule to tfn~::; j~:wt. 'l'wo adcli-

a cauue-ejfecl asuesDment oj' the oceupali,;,1ir.1.l ,-,md erwii•un-

• Assay of the exposut•e hiato1•y of the subjec:t pop­
ulation 

Pathi,;ay::.; ar:.cl udoer•~;e lwol lh r..:J"j"er:[,.<J oj' id.en:. Z_f'-i.cd 
tox-i,o cons ti tuen t,:;. 

I L _________ _ ------------ -------·------J 

5.1.2 Industri<:il llygeinc Charilcl.erizc1Lions 

Industrial hyyeine characterizations have: IJeen reported fur Uni,m Cc:1r'l.;iut.:, 

Institute, ~JV (Refs. 10,2S-27); SRC-I 11'ilot Plclnl, Wilsonville, l\L (Hef. 

3A}; Consol, Cresap, HV (Ref.3B); and SRC-II, Fort Le\•!is, 11A (Ref. 4) 

in order to icentify sources c.1nd quantify hazards Lu 1110rkers in Lhe",e 

facilities. Table 7 compares the potential hazard sites in each of 

these three plants. Areas of maximum exposure risk comllion to all thr-ee 

facilities include: 

• Sol ids separation an<l recovery. 

• Solvent recovery. 

• Coal/solvent µr-epar·ation. 



I High-Risk Areas 
! for Poll utan ts 
I 

Polycyclic Aro­
r.iati C Hydro­
carbons (PAH) 

BaP does not 
correlate with 
PAIi (RE:f. 4}. 

Phenolics/Tar 
Acids 

Trace Elements 

Aromatic Amines 

. j Benzene/Toluene/ 
! Xylenes 
1 
I 

' I 

Criteriu Gases 
(CO,NH3,HzS,S02) 

,s·· 
! ~~~piruble Dust 

TABLE 7 

OCCUPATIONAL HAZARD POTENTIAL IN DIRECT LIQUEFACTION PLANTS 

i 

i 

I Union Carbide, 
i lnstitute,WV (Ref.26) 
i 

Pitch Treatment (2-6µ g/m3 
as BaP); Paste Pumps (.1 
pg/m3 as Bar); Sol ids 
Removal (12-l9µg/m3 as 
[3aP) 

' . 
i 
I 

Consol, 
Cresap, WV (Ref.2) 

Solvent extraction 
1 area; Solids seµar-
1 ation solvent 

I recovery; Tank 
farin; Sulfur re­
movn l i 

i 
I 

·I Solvent extraction 
1 area; Solvent re­

covery; Catwalk 
above tanks; 

Gulf SRC-I I, 
Ft. Lewis.WA (Ref. 4) 

Coal Prenaration: 
(4iug/m_;); 1'renE:a1-.- ,· . 
Dissolver (l9pg/m 3 ); 
Mineral separation 
(224pg/m 3 ); Sol v9n~ 
Recov•~ry ( 93 .. ri/1;!-,:~: 
Pruuuct '..iLur<.J<:Je 
( 6µg/m:) 

13. D. L. 

8.D.L. 

1-----.,...--------.. -------------

.Solvent extraction 
area; Residue sep­
aration catv,al k 
above tanks; 

Extraction areJ; 
Residue separation 
un:t~ Pressure let­
down valves; Coal­
slurry feed; Solvent 
recovery; Carbon­
ization Section 

B.D.L. 

13. D. L. 

Coal Prepariltion 
(. 08 ppm); ;,tinera 1 
Separation (n. 19pf)1;1); 
Sol vent 1{ecovery 
(0.2 prim) 

HzS up lo 9 J, 000 ;,;Jill 
at Naphlh.:i L.uild i !l•j 

?ort. l)Uiers L.:..i.L. 

Co.:.11 h·l··, (1··,. 1,.1..,·1 •r • •• fl I 'I 

j Coal Prep.(.OG1i19/111J) 
___ ,.! _______________ _ 

[LD.L. = 13elm·1 f)(~tection Li111it. All data from area monitoring. 
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Other direct liquefaction fE·cilHies 1:1iyht presenl a· comparable potential 

occupational exposure lic.1zarJ to Lhuse reported in· Table 7 and Hefs. (3J\,3[3,4,2(i) 

For indirect liquefaction plants, industrial hygeine surveys of a scope 

comparable to that for direct liquefaction facilities have not been 

reported to date. Preliminary attP.mpts at the ~r .. sOL-1 plant (Ref. 1'l) 

have provided insufficient information for realistic evaluation of \•JOrker 

exposure hazards. 

For a mature coal liquefaction industry for svntr1etic fo0.lc; nrnrt,,r.rinn, 

the population of workers susc~plible to known/susoected occupational 

hazards i~- estimated from e,<istin9 technology. Table 8 shm--1s a compilation 

of existing data on facilities staffing for several ·direct and indirect 

liquefaction plants. If one correlates on-sile worker poµulation (P) 

with plant size (x), the data points fit the function P=20··1 □0- 4 x (Fig.5) wilh 

'J 
r'-=0.91. Tile focl Lhctl Lile: Lxxo11 U<.1lct poir1L~ for Lhe.LLJS proces~, OVl!J" 

the scale-up from POU to commercial" design all fall on tile line appeurs 

to justify this function as a predictive tool. Furthermore, the 

\'1orker population estimates are the same fo_r either liquefaction technology. 

If one nm·1 attempts to predict the susceptible .,.,orker population in a 

liquefaction industry~ the r.uml.Jer depends heavily on the sizes of the 

synthetic fuels plants. For a market penetration of 1.2 million t.Jl>l/dc1y 

by synfuels, the required on-site worker ~opulc1tion vJOuld be: 20,000 

\•1orkers in 20 plc1nts c1s lc.1rl.Je us ~~/\SOL 1 or S/\SUL r. {[{cfs. 5, 15}; or 

'100,000 workers in 11000 plt111L~-. of" U1P •,i/1: of UH' 1;,.1·1:1.r11 r11· :;··. 1:r-1 
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w ...... 

TABLE 8 

L iquefa~tion Direct/ Cumulative On-Site Plant Size Operational Information 
Facitility Indirect \forker Work (Tons/day Coal Status Source 

(D/ I) Population Force throughput) 

Union C~rbide D I 359 173 300 T/d C+l962 Sexton (Ref. 27) 

USBM Louisiana MO D ? 100-120 60 T/d D-+1953 · USSM (Ref. 9) 

S~C-I! Pilot D 500 133 50 T/d 1974 -)-P Refs. (4,34,43) -
SRC- Ii Oe:.:o D 

I 
I ? 550 6000 T/d Proposed DOE (Ref. 11) 

Ccrisol, Cresap D I! ,=t.180 140 20 T/d P- ► 1978. NIOSH (Ref. 2) 

H-Ccal D II ? ? 540 T/d 1980---P DOE (Ref. 60) 

Exxon EDS - POU D II ? 35 I 412 T / d I 1972+P Exxon (Ref. 61) 

Exxon ED3 - Pilot D I~ 125 240 T/d 19SO+P DOE {Kef. 60) -
Exxon E :1S - Cor.::il. D 1000 I 24000 T/d Conc~ptual DOE (Ref. 62) 

~52:•: Louisiana MO I I ? 40-30 I 15 T /d . I P-► 1953 McGee ( Ref. 14) 

I sr .. soL-1 I I ? 5600 14000 T/d I 1955-+C Refs. (5,15) 

S.t\SQL-2 I II 2000 2000 40000 T/d 1980-·C Refs. (15,16) 

~1 US t° lJQr- • ... • I ? 1000 Conceotual DOE (Ref. 62) 
=-:.,- --- . II - L 1~900 T/d -

Cesignations under 11 0perational Status 11 are defined as fol101-:s: B=bench scale or POU: P=pilot plant; 
D=demonstration plant; C=comnercial facility. For letter preceding a year, date indicates termination 
cf p1ant operation. For letter follo•.·1in9 a year-, dote indicates startup of operation for plant 
curre!1tly still in operation. 
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liquefaction plants (Ref. 9). Ti11,i smaller sized plants havl~ been 

demonstrated and will operate und~r U.S. conditions (Refs. 9, 14). 

The larger .plants are oper~ule oniy·in South Africa. 

A further consideration in an assessment of the occupational health 

characteristics of coal liquefaction plants is the rate of personnel 

turnover. As Table 8 shows, the Union Carbide. Institute, WV plijnt 

employed a total of 359 workers ov~r its ten-year life span; but only 

173 of these were currently on-site at a given time (Ref. 27). This 

corre:sponds to an average turnover ratE: of about 7.S per cent per yC=ur. 

In contrast, the average annual personnel turnover rate at the 

SRC-II Fort Lewis pilot plant (Hefs. 4, 34, 43), was at least 20.S 

per cent. While precise numbers for SASOL 1 are not presently avail­

able, the turnover rate is rC;portedly very high -- especially amony 

the highest-risk groups (Ref. 44). 

Per:;mmel -lurnovc1·• c:ompl·ic:atc::; lite cw:;ec::menl oJ' uc:eu11al-iunal 

hea ltlz :ri~k:; by expand·ing the u,:xrke:r por.r.A.Zation liw;e which mud 

he followed in i med-i'.c:a·l :;ur•ooilla.ncc [J"f'uu1•w11. 1/r:a.V!J l.urrwvm• 

c_an also arti Jic:ia ly obGc:ure p lcm l hazard.~ bec:aw;e j'e1,1er> wor·ker·a 

afe Dubjected to prolonged or Y'epeatcd expo::;ure~: le, fu,:J ·itive::. 

Thfo may paY'tiully aec:ozmi., for• :.he d·i.:;ur·cpancu between lhe 

Un·fon Carbide (Hcj'. 27) r.aui .rmc-II (Ref..:. 1, J1, _13) cp-id~··m-

-tu !.,)'J i,'.i ob:;,· r·Pa L :.,N,~:. 
I 
! l ______________________ _ _____ J 
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· 5.1.3 Toxicology 

The primary emphasis to date for f:ozicity ass_essmcnt of coal liquefaction 

materials has been rapid bicassay screening of the vatious product fractions. 

Most ol this work has been ongoing at a number of National Laboratories, 

most notably BPNL (Ref. 3'1) and Okrll (Refs. 63-65). Table 9 gives the 

details of the bioassay tests performed fo date on coal liquefaction 

materials. These tests conforr.,, in ~F:neral, to the EPA "tier system" 

(Ref. 66) for bioassay screening. 

Bioassay $Creening is primarily useful for determining \·1hir.:h c,:dJ-:1.ancec. 

are toxic in one way or another. Their principal advantage, and tile 

primary re.ason for their use, is the ability to ascertain \'lithin days or 

weeks -- as opposed to the latency periods of 3-40 years experienced in 

epidemiological investigations (Refs. 2,27,51-58) -- wh~ther a serious 

occupational health risk might be encountered with a test material. A~ 

Table 9 indicates, rapid screening bioassays ~re not. limited to muta­

genicity or carcinogenicity tests, although these hapren to be the 

simplest and most direct. Conseque~tly, most of the health effects efforts 

directly relatable to coal liquefaction te"chnology occupational criteria 

have focused on potential n1utagenic and carcinogenic organic constituents, 

or on trace elements contaminants {Ref. 70). Ho\'1ever, recent industriui 

hygeine surveys of di.rect liquefaction facilities (Ref. 3-5) have pointecl 

out possible worker hazards from the criteria pollutants H2S and CO in 

addition to the suspected aromatic carcinogens. Pro bl ems encountc,·ed in 

indirect liquefaction faci,ities also center around criteria pollutants 

like iron carbonyl {Hef. 8), which coincides with formation of carbon 

black and 111etti-H10l/ron11<1iuellyt.l~ IL'uks. TlllJle 10 su:iu11.:.i,·iLe~ Lil~ cr-ilvr-1.i 

pollutants which could comprise fugitiv~ emissions in future synfuel'.:. 

plants. 



Tc.1ule 9 

Bioassay Tests Performed on Cou1 Liquefaction ProJucts 

,--------~------~~---------------.----- - --·-- --·· 1 
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I 
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C1inicol 
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.Eco loui ctt 1 
effects 

Occupational 
Occupational 
Occupational 
Occupational 

AreiJ. Surnplin9 

Transformubil i ty* Monkey Ki dncy 
(Norma 1 ce 1 ls - ► Hilms ter E1;1bryo 

Tumor) 

SRC-II 
Sf{C-1 I 
Union Carbide 
Union Carbide 

SRC-11 

SRC-II 
S~C-II 

.. _______ ___._________ --·. --····· ... 

I ORi'lL. 
BPNL 

BPNL 

ORl~L 
OlWL 

I 13?NL 

I 13PNL 

lWNL 

lTRI* 
I 

I Ol<l~L-i= 

13PNL 

f3PNL 
NIOSH 

1 Uni on 
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I ++++ 
I I Heavy Mt1in·1y,+ 

! Heavy Only, + 

·i 
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I :~ . 

• -, Uncharac ter. ' 
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I 
I 
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Terpem!~ 
from pine t:r12es 
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All + 
HeuVY i•;,J in i y, 

. -----------------------------··· ··-•-·•- ·------··--·----· -- ... ···-. ~ ... -·· ... ··•- -· · ·· ·· 
··;;oi; ~pecificc.!1ly listed ori9i11Jlly JS TSCi\ cur,d·it.lute. 

;.-it.:sts perforincd on surrogate mu Leri al s. 

f Observed ei;posure criterio unchdruc teri s tic of a comrnerci al scu le L:ic il ity. 
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Table 10 

Criteria Documents for Co:.i:aminants in Li<1ucfaction 

CONTAMI NArlT 

CO* 

H2S* 

Thiols* 
Phenol* 

Cresol* 

Nickel Carbonyl* 

LIQUEFACTION PROCESS 
Direct 

✓ 

✓ 

✓ 

✓ 

✓ 
I .. 

? 

? 

Indirect 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

v 

✓ 

✓ 

. I --i 
EXISTING CRTTERIA DOCUMENTS i 

I Occupational I --
I 

! 

NIOSH 73-11000 ! 
I 

! NIOSH 77- l 5B I 
I 

NIOSH 78-213 --------
NIOSH 74- l 3G 

NIOSH 78-213 

NIOSH 76-196 ----·---..!' 
N IOS!i 7e-13J 

NIOSH 77-156 

NIOSH (Ref. 74) 

, Iron Carbonyl* ? ✓ NIOSH ( Ref. 73) 

i 

Coal Tar Products i 
✓ ✓ . NIOSH 78-107 I I 

Coke Oven Emissions I 
✓ ✓ NIOSH 73-11016 I 

i I 
I I I 

Coal Gasification i ✓ ✓ 
I · NIOSH 78-191 ! I I 

Methanol* i ✓ i NIOSH 76-148 

! I I NIOSH 77-126 V Formaldehyde* _____ _.. 

Hydrocarbons I ? ./ i NIOSH 73-204 I 
I 

✓ ✓ 
I Combustible Liouids I NIOSII 78-206 I I .. -

*Toxic Thresholds and modes of action understood and defined. 
✓Indicates a probable contituent of any fugitive emissions. Circle 
indicates a confirmed hazard. 
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An aaaura!.e assr:ssment o.f' lhe ._,,,,ironmental heo.lth ·anJ nafel~ con­

seq.uenccs of cou.l liquefaction. technolo~y will require substantial. 

cross-fertili2ation of epidem-i.,.,buiual Gtud·fr:::;, bio-chemiaal 

toxicology inver;tigat·i.oH3, rapid hioa3say r.:creening results, and 

... . ~ "JJ tjfl'/".,;;·;t .. · .. rr..:. 

these levels of 1:nvestigation into a unified exposure dose-Pecponse 

assessment has not been a corrunon oecurrence in thi.c; dontc:r.L (Ref. [.,:JJ. 

5.2 Studi~s on Constituents and ~urrogate Materials 

Most toxicological investigations relevant to liquefaction have been 

controlled laboratory experiments outs~de the context of definable occu­

pational health criteria. Their results can be considered equally 

applicable to other coal conversion technologies such as gasification, coke­

making, and even direct or advanced combustion. Consequently, what is 

concluded from these studies affects all coal use .. However, experimental 

conditions have frequently fallen outside .the range of realistic or even 

catastrophic occupational exposure conditions. It remains an open question, 

for example, hm-., one relates available toxicity or carcinogenicity i•7'or-

mation to the exposur·e-dose conditions a11d routes of administratiC:: 

to occur in an occupationii"I settiny. 

•kely 

Nevertheless, the results of existinq studies desirJned to establi'..h the 

toxicity, mutagenicity and carcinogenicity of liquefaction product 

need to be addressed more clearly. Three principal cL:isses of toxic a~wnts 
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kr,ovm Lu exist in \.'driallle cu11cr.::·.iUuJ1S in proclLH .. V, cJllu proCl"'...'.5 

fugitive emission:; arc de:scribec ;;e~0\~ for indirect and r!irect 1 ique­

faction. 

Hazardous gases such as CO, HzS, cs 2 , N!-1 3 , IICN, thiols, nickel 

carbonyl, phenol and cresol, for 1·1l1ich ,..,ell defined and documented 

occupational criteria and standarc..ls t1lrcJdy exist (Table 10). foxic 

thrt::sho1ds and rnodes of action for riH:Se compounds are fl:cJSonc1b1J LH1d:.:r"-

stood for acute exposures. 

polycyclic aromatic hydrocarbons (P/\1-1), U-heterocyclic c.1ro111atics, cJnd 

their derivatives (Refs. 1,32,68,70). 

Trace elements bound to or co,-,denscu on f;J ,1::;i,, :,uci, c.1s Cd, il·i, 

Hg, Pb, and others (l<efs. 70,75,,b). Ocr.upationc1l ,~xpos1Jre criteria ,rnd 

standards for individual elements have i.Jcen defined ;:inc..l docu111entc~d tur 

essentially every trace element sho,..m ·to have a toxic threshold {l{efs. n-
,., -; ) 
U.J • In general, iiquefaction proces~ strec.11il u-c1ce ele111t:::11L co11cer1ll'ulic;n'.l 

(Ref. 1, 3-5,_ 32, 70) fall orders of magnitude belm-1 the toxic thresholds 

defined in the NIOSH criteria documents (Refs. 77-83). On a bulk concen­

tration basis, therefore, .adverse flealtll effect'.', due to trace elemenLs an~ 

not expected in c.1 worker population. The absence· of deLectalJle truce 

element levels in area monitoring studies (Ref. 4) confirm this con­

clusion. 

Most of the health effects effort directly or indirc~ctly rclcJtablc to 

gasification tec.llnology occupc1tio11<ll criteriu llt1ve focuseu on pute11t1.:ii 

mutagenic and carcino~wnic orri.:inic cunstit.u0.11:.-: in the f,11~1 rJas, (\•' on 

trace clements contc1111inants. 
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Past and prc::.cnt efforts to asses~. Lhe hazards of oryanir. cons ti tucril.:,/ 

tars have conccntrdled on Li1e es:.'. 1,:islrn1enl of rapid mutagcnicity 

screening, direct carcinoqenesis :,:st.in;], 111etc1bolis111/fate and distri­

bution path,..,ays. Tar fractions fro111 coal conversion have been kno1tm 

to cause skin cancer in mice since 1921 (Ref. 67). Since that time, 

hundreds bf constituent or9anic cu111pounds tested for cc1rcinouenicity 

activity appears ·in the high-molecular.1t1eight tar factions, and in the 

basic ~xtracts (Refs. 63,64,69,70), similar to observation~ previousl; 

reported for organics from coal liquefaction. Ongoing carcinogenisis 

studies (Ref. 64) appear to confirm the earlier work (See Refs. 68,70, 

71 for review). Rapid mutagenici~y screening procedures for tar 

fractions and polycyclit aromatics using bacterial tester strains were 

introduced in the early 1960's (Ref. E'I) and Lile methods de:veloµetl in 

sophistication hy Ames and cm·10rkers (Hefs. 85,8G). 

(Refs. 8?, 88) fol' :;ubstances requi1·1'.ng metaiJolic arniva.lion 1,1i th 

as mutagen:; in tho.;c inatanc:es. DubDtitutions o/ bac.-tei>1'.al tastor• 

strains or microf:ome source (l.w-:.g /or 7.iuc'l', for example) or JifJei·en .. c;: 

in mtcrosome i.nduc:t-i.on procedw•eG, howevai•., h:we been repoi•ted to 

:;u.h:;t.a.nrial-ly allcr Uw i•csidt:; oj" i.11ece b·ioa.:;:;ri!J leDl:; (f<ej". D!J). 

carcinogens are currently under development or in use which c..omple111cnt 

Lile lii.lcteri.:il 111uLd9e11iciLy Lt!SL::.. i·lulu~t!lle'.,i'.> Lests U'.>lllCJ yec1st '.,lr'c111; :·. 
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{Ref. 89), mammalian cells "iii ti·,.ul~ culture {1•::.:!f~ .. 90,91), ~_vivo_ 

chromosomal aberrlltions {Hef. 92), iiam!;ter and human cell tra11sforn1Jlion 

assays {Ref. 93), amonu others hc1v,~ been dcvelopC!d and correlilted vii L11 

carcinogenicity. Thus far, none 11us provided 11101·e reliable or quant­

itative measure of mutagenicity/c~rcinogenic hazurd potential thar1 lhe 

a massive effort involving scores of research groups (Hefs. '19-50) 

supported by EPA, DOE, NIOSH, NIEHS, and the National Cancer Institute 

is undernay to dcv~lop and valitiilte •;ome or dll rJf 1.hese rupitl biut1·:~c.1y 

screening procedures, to expand their use in the public and private 

sector activities, and to develop re.gulc.1tory policies based on their 

results. 

In order to provide a reliable cancer hazard evaluation of the tar consti­

tuents from direct or indirect liquefaction, however, it is important to 

understand the actual uptake, distribution, metabolism and fates of these 

compounds in the body. Chang in 1943 {Ref. 94) demonstrated that the 

uptake of PAH compounds depends h~avily on the vehicle. Water, for 

example, is a poor transport medium, .,.,hile oils and detergents grec1tly 

facilitate the uptdke of l'/\IL l'/\11 derivatives ,qJpJrently ilCCu111ulc.1Le in 
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their route of ad,ninistraticn --.ht. il skin exposure: (Re:f. %), 

ir.hali.ltion (Refs. %,96), or in~v,Lion {Refs._94,95). Recent \•✓Ork 

at Lhe Lovel.1u• lnliali..1tio11 Toxic:oloqy l·'.1: 0,1:<irch lll'.l.il.111.e (!TIU) '.,tJCJ(Je~.t.s 

that P/\fl materials are cleared rro::: lung tissues (Refs. 69,%) long before rn1-

croso111al clryl hydrocabon t1ydroxy1chC (,'\1111) induction cc1n l)C~Jin t1ftl~r ,:i ~,1ralc 

pulse dose. Parallel 111uta9enicit,· sc:--eeninrJ tr!r;ts 1J':l1FJ l:mr; 1nicrosornc~ 

(Ref. 69) show that induction is necessary (P/\11 muldgeni~ity tests give 

negative results unless prolonged or repeated exposures of animill lungs 

I /!11 oc-cupa.tionaZ heo.Zth h:rr,Z.·i.(::c:.tion .. 
:t•e;-;:~t.c;; .... , .. 

. I 

! 

l.Ja::·ic:/b-ioas.1au dala c..:c.mnol dej'-irw ci cign·ij'-ic:a.nl hat•m lhecholcl 
I 

i 
I 

__ j 
The toxic effects of trace ele111e11Ls hrJve l;een rev·iev1erJ extensiv~ly 

(Refs. 1,32,59,70), and the readi::r is referred to these publications. 

Hm-1ever, because bulk toxic trace ele111enl production rates in coal 

conversion systems (See Refs. 1,4,32.7!.i for exilmple) are insufficient 
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32) do not mention toxic l:race mct;afo in their indw:t1•-i'.al hygcine 

p:rotocofo. 

Hazardous gases produced in gasification plants .tor indirect liquefc.1ction 

can include CO, HzS, HCN, phenol, cresol, CSz, anti thiols in decending 

carbonyl, nickel carbonyl, methanol, formaldehyde, and a variety of hydro­

caibons, in addition. Because the occupational health criteria for these 

substances have already been documentea by NIOSH (Table 10), relatively 

little effort is currently being devoted to toxicological or heulth 

effects research. Studies relating to occupational health criteria for 

these gases in coal conversion plants have concentrated on CO becuuse of 

its concentration dominance as a major product. Recent investigi1tior1s in 

this area include a DOE-supported blood CO evaluation in workers (Ref. 49) 

and an interlaboratory comparison of blood CO analysis n1ethods, under 

EPA support (Ref. 97). Blood CO mec1sure111e11ts represent a uody-burcJen 

analysis technique for actual worker exposures to CO, which are suffic­

iently accurate and reliable c.1t tlie level corresponding Lo existi11s., 

occupationc1l health stundards (rable 10, also Ref. 97) Lo establish a 

CO hazard index for workers in inrlirect liquefl:l..:tion plunts . 

. . . 
- •1 t' 



Whether the CO hazard -:-ndex c:.:m accurately Peflect the occu­

pational health 1•isks wwociat<::;d w-ilh other> f,o:cic c:onlanrinu.nts 

remains to be established. Tize alx;orption and equ·i libr-i.u.m 

kinetic:; for CO might differ f-rom tho~:a for· olher, ac:c:o,.·1pmzuina 

toxic constituents. Evtablisfvnent of the pr·oper> e:orr•elaling 

f'actorv be tween CO exposure irtJ·ices arui ;;f:&:;e Jot· o t.h.::r· upe,n:...;;; 

such as PAH would aimpUfy the monitoring and interpre/;ation 

For direct liquefaction plants, H2s (and to a lesser extent CO) are 

demonstrated (Ref. 4) as actual exposure hazards due to criteria gases (Table 10). 

Phenol and cresol, among other substances, probably also merit some 

concern along with PAH compounds. For direct liquefactfon plants, CO 

probably will not suffice as an occupatio~al hazard indicator, unless 

the gasifier used as H2 and heat source is so large (see Refs. 11,43, 

98) as to dominate the facility. 

6. 0 OCCUPATIONAL HE.11.L TH r~ssESSi··ff:t-lT REQUIREMENTS 

A great deal still needs to be learned before one can quantitatively 

connect the composition of coal conversion streams with occupational 

health criteria. Existing data are not yet adequate to establish, 

for example: 

• ~Jhether present or planned ·111unitori11g protocols are adequale. 
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• 

6.1 

~/hat, if any, significant threshold level values should exist 
for suspected carcinogens. 

Whether present or planned medical surveillance and industrial 
hygiene procedures are adequate. 

Characterization needs 

In general, analytic-ll data for liquefac.tion product co111positio11:., ,1n: 

inadequate. One is faced v,ith a tradeoff betv,een sampling artifact 

and analytical sophistication (See Figure 4). Moreover, the relia-

t.ility of some ar,aly'tical measuremem:s is compromised when routine 

calibration steps are ignored. Overall, docum~ntable quality assurance 

practices are sparse. 

Process stream characterization efforts to date have been supported 

priuli.lrily by DOE. Most of that ~upport has ~nne Lo i11stru111c11tation 

development prnjects (r~ef. 49). DOE is presently planning an inter-

Lilx.11·JLory ~i.J1;1pliri!J itnd .JntllyLictll pn;~(d111 u11 cuui ·1iqueL.1clior1 

materials to be carried out through the Pittsburgh Energy Technology 

Center in collaboration \'lith several .private industry laboratories. 

Results of this work are intended.toclarify which process stream 

procedures will a~sure the most reliable output for direct lique-

faction facilities, but also should pro·,ide useful source charucterization 

data. Implementation of liquefaction/pyrolysis kineti~s models devel­

oped under DOE support should facilitate the extension of process st:rea111 

characterization J111ong .Jll of the liqucf;1ctior1 '.,ysle111(j bc:irHJ ~IJJllH11·tc~d 

to commercialization. Coupling this source composition data ,,.rith emi~,sion 

foilun~ moJe dlld rtllv dJ:<i, :,llLh .i:, :.huL umler c.JeveloprnenL by tile uu~­

Morg,rntm·m [ncrgy Technology Center Component Test l'ro9ra111, should offer 

some level of emission 11:odclin9 ci.lpilbility. 



6.2 Area, Personal, and 13ody Bur~_de:n Characterization 

Area sampling and personal dosimetry have already been used in industrial 

hygeine characterizations of some direct coal liquefaction facilities 

(Re::fs. 3,4,26). Hm·1ever, it remains necessary to link tr1ese obser\luti0r,::. 

to process stream compositions in order to determine the origins of 

exposure hazards on a crnmnercial ulant. For indir(~Ct liquefactfon pl2n1:s; 

1nonitoring needs will be very simil<lr to those for coal gasification 

facilities (Ref. 46) Most of the DOE work is being conducted at the Oak 

Ridge National Laboratory (ORNL) and is focused un t11c develop111ent of 

personal dosimeters and the automation of area monitors (Ref. 49). For 

validating per~onal and area 111onitoring stru.tc~yies, it 111ay be sufficient 

to draw upon the large body of existing NIOSH experience through modi­

fying tile sampling anJ 111onitorinu protocu1s developed fur oLhe:r· ir1ll1LLrii.:·.;. 

Body burden analysis procedures will be needed to calibrate personal 

monitoring data, and these dosimetry results will in turn direct the 

siting and calibration of area monitors. Useful output from these 

activities will be needed within two years. Identification of a single 

reliable marker substance will accelerate this effort. However, as hc1s 

already been shown, benzo(a)pyrene will not suffice as a PAH or 

tar/carcinogen marker (Ref. 4)~ and CO will probably not suffice as 

a murker for direct liquefi:1ction facilities (i->~fs. tl,11). 
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6.3 Research Needs in Occupatiu11<1_l lleul th Effect~ 

Traditional problems ·in occupational health studies have included (See 

Chapter 5 of Ref. 59 for details): 

• 

• 

• 

• 

Confounding variables in epidemiological studies. 

Inadequate monitoring strategies . 

Lack of resolution among the bad actors . 

Hit-or-niis.s characteristics of bioassuys . 

Absence of metabolism/detoxification data . 

As a result, cause-effect relationships have generally been very difficult 

to establish. These difficulties are co~rnon to all coal conversion 

technologies, as are the remedial solutions. 

'l'he preaent state of bioassay and toxico fogy ·information on 

but (except for CO and olher eriter•ia uase:;) fa-i.l:: lo oj'j'e1• 

any quantitative do.-;e-response 1~rtd-foa"toi?fJ. 'rli.th the po3f3ible 

exeaption of. ,.hree veriy 0rnall NIE!J:J pi•ujec:;..--;, i:lwlie:: 1,Jldeh ej'j'er:f.l..,: 
I 

breadth of f;Jw-i-1 1 application, i.1a Ju.we l·i.ltl.r.! l.1ctlc1' und..:rislan:iin~ 

of the ear•cinogenic ha:::a.rid:;° oj' coal liquefaction contJtit.uent:: 

10 with ear•ii.e11 work ei.t.ed in Hej':;. Cl;GB,rJ,'l:1,100-l0J.) 

.. -----------·--- ----______ _j 
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Additional multidisciplinary research will be needed to quantitatively 

link the occupational health effects identified in epidemiologicdl ir1ves­

tigations (Table 6) with the causal factors established in bioassay 

screening tests (Table 9). Generic activities which address 

this need can be categorized as: 

o Research on exposure dose-response relationships. 

c Resolution of he:alth effect:., of JJ01lut<Jnls in cnh1Liric1~iu11, 01,d 
of confounding variables for occupational epidemiology. 

0 Risk assessment determination of worker exposure hazards. 

The ultimate output of these activities is a medical surveillance pro!:Jr,1:.1 

-for coal liquefaction facilities vihich niaxirnizes the opportunity to 

prevent occupational hazards from appearing as occupational illness or 

poisoning. An additional benefit from·these activities is design 

criteria for \\IOrker protection in commercial liLp;e_fuc.tion plants. 

-Research on exposure dose-response relationships is intended to supplement 

the results of present-gen~ration bioassay screening test proqrams, so 

that. quantitative assessment of the consequences of short-ter111 and long-

term-occupational exposures can be carried out. ~ost of the studies 

supported under this category v.re 1::xpected to involve surrogate materials, 

and should therefore apply to a~l :::oal CCH1\1ersion technologirs. Research 

tasks \-.'llich will be particulctrly i111portc1nL in the c.!eve1upi:,ent of 4uan~i­

tative exposure close-response relcttionships include, a111onq other thinqs: 
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product:; and hy-pr•oducl:;. Such information is routinely genercJted 

in pharmacology research (Ref. 105), especially for FDA testing 

of new drugs. Similar kinds of info1·mation \I/ill be required for 

surrogate compounds relating to coal conversion constituents, such 

as PAH derivatives. Several groups (Refs. 94-96) have tagged the 

movement of pyrene and benzo(a)pyrene, for example, in animals. 

They found that uitimc:ite accw11ulations occur in the gastr'o-rnl!!'>ti,,c.1~ 

tract, regardless of the route of ac.lministr<1tion. Ho\'iever, this 

route of transport needs to be verified for il \'tider SfH!ctru111 of 

surrogate PAH compounds before one can generalize this conclusion 

to coal conversion aron@tics. 

','··uzbo1•,···,,, .. vi·l r 1r•lu-r:· "·t
0

(•···if.·l·(IV/ .• ,. - -1l 1,1irl~-, .. r-,r,tat)o1,·r_· convP-_rc ion~. ' ,t.. ... ..,, V l...c. r I. ... - • , ,_ -· . . .,. . r.. I • • : /j ., C. .. .. ,, • • I,,.; J _, 

of pollutants can dramatically alter their potential toxicity or 

mutagenic/c<1rcino~enic cl!Jract<lristics. Oxidation of PIHi co111pou11ds, 
t 

for example (Refs. 59,65,107), represents both a route to mutagen-

esis and a pa~hway for detoxification. Figure 6 depicts these 

competing fates for PAH, based on the epoxide mechanism of Ames ct 

tl (Ref. 10f1). Relative activities of aryl hydrocarbon hydroxylase 

{AHH) and epoxide hydrase can vary from organ to oryan, as can their 

induction properties (Refs. 107,108,109). Consequently, one c.:wmot 

coal conversion pollutants such c1s H2S (Hef. 4) have been identified 

(Ref. 110), and therJp()utic applications reported (Ref. 111). 
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Co-c:ontwninant inte1•aetfo;w. Othei· coal conversion process constit­

uents can affect the uptake untl metabol is111 of particulur toxic or 

mutagenic substance.s. ·These companion materials may act as: 

- yehicles -- substances which accelerate uptake and transport. 

Promoters -- substances v1hich a.ccelerate rnE:tdiJoi ic. r,rocc~::.es. 

Inducers -- stimulants for the synthesis of metabolic machinery. 

Inhibitors -- subtanc2s \·1hi::h poison the metabolic fi:achinery. 

Key examples of these kinds of interactions among surroyate com­

pounds known to occur in coal conversion processes hav~ already 

been documented out of context. 1-'l·v:nuL are excellent vehiclE!S 

for PAH compounds, and therefore may accentuate the mutagenic and 

carcinogenic potential of l\'\11 dc~rivc1Lives (Ref. lOG). 1.:11•/,.,,,. 

monoxide (Ref. 112) and certain toxic 'll:·r.u:e f'!/.mnr:nf;:; (Ref. 113) 

r1t.1vc L,een sllovm, <m lhe 0Li1e,· lu.111d, lo i11hilJiL 111ici-osu111iil 111i1.1!d-

function oxidase activity. Alternatively, vitamin A may retard 

carcinogenesis (Ref. 114) witllod't specifically affecting other 

metabolic routes for aromatics. Additional research is needed 

to determine ... he relative i111pu1~tance of these potential pollulanL­

pollutant interactions in the occupational health effects assessment 

for coal conversion systen~. 

,----------------•·•-- - -··-------·-• -·- .. ------·-·--· ·-·-·-·•--- .... ·-• 

lwalt./i effeel:; cwliv·i.f.·iec /;!/ er•,,o·iclinu -r.1. rlo.lt, /Jrwr..: lo: 

:::1 t (Jfltl ,.~~, ~,,. t / ~, / , .. t t 1 l'l,1J•, ·: 

uen t.r; i'.n com} ,·,'.1:.., t-1'.on 
uc1zes1'..:", .:ir:J c.o <)fl, 

i 1~L· 1.!J'•j•,:,•! ~~ t.J;• f~•1.::" '.' JI::•, i•~:.,11/: t•••l.,;t ,• I -
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Research activities to resolve the health effects of pollutant combina­

tions arc intended to incorporate exptisure dose-response data into a 

causal relationship framework for interpreting occupational epidemiology 

resul_ts and for implementing the 1nedical surveillance program for 

coal liquefaction. Particular tasks toward this end may include: 

D UocielintJ of" exposu:t'e dose-I'e:.1£-,onse inj"orma1.:,ion. 

(I I.abor•atory ver-iJication. Low-leve1 exposure experiments usin(J coul 
liquefaction (surrogate) mixtures, to determine which ~x~o~ure dose­
res;ionsi:; factors arc importirnt for occup,Jtinn,:i1 _crmditir1r,,_,_ 

Occupational epidem-ioiogy comparison. Establish degree of cons is­
tency bet~·,een predicted and renorted occupa ti ona l heal th effects 
for workers in coal liquefaction facilities. 

"Risk assessment activities to determine occupational exposure hazards 

to coal liquefaction plant workers require input from monitoring activi­

ties as well as quantitative occupational health effects data. The 

results of this work will identify areas of.high risk which can be. 

remedied by pl.ant redesign and moct·ification, and \'lill target particularly 

susceptible job categories for medical surveillance. 

6.4 Medical Surveillance Program 

Development of a medical surveillunce program for demonstration phase and 

co1im1erc i al coa 1 l i quef d ct ion tech no l ouy \·Ji 11 be aided ~ire at. l y by input 011 

occupational health effects ~,hie:, ~inks the toxicology data b.:tse to the 

medical manifestations of occupJc.ion.:ii e.xpOS!Jl'es. The sy~.tcr;1at1c iuentifi­

cation of target organs and adverse health effects fr()lll tlle,;e inputs 111,1:1 

improve the sensitivity and reliJIJility of morbidity determinations in 

the medical surveillirnce and epidl~111iolo~ical studies of coal liquefi.icLiun 
~•/or k crs. 
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