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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. Bec§use of this market orientation, coal liquefaction
for a synthetic fuels industry wii] 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
(gasification/"Fischer-Tropsch" reaction). Important process stream

constituents which are common to both types of coal liquefacticn technology

include:

o 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.

o Tar bases, primarily aromatic amines and heterocyclics.

. Ammonia (NH3).

. Hydrogen sulfide (H,S).

Direct liquefaction procesces frequently contain these agents in their
products, as well as intermcdiate steps. Cgrtain components of the
rlant may also generate carvon monoxide (CO). indirect liguefaction
processes produce more CO and less tar, but as a result of the down-

sircam conversion recactions also gencrate:
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. Methanol (CH30H)
R Formaldehyde (HCHO)

. Metal carbonyls, particularly iron carbonyl, Fe(CO)sg.

In general, areas of greatest occupational exposure risk involve:

1) Feedstock entry into pressurized sections of the plant;

2) Waste p}oduct/by—product pressure letdown;

3) Process sampling ports under pressure;

4) Reactor interiors during shutdown/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 hyéeine studies to date have ?dentified careinogentc
tar fractions ac The major oécupatiorﬂl health hazard, Lhe
highest-molecular weight fractions beiny Lhe most carcinogenic.
To date, however, 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 do not snow convincingly any occupational trend.



Most health effects réséarch related to occupafiona] criteria for coal
liquefaction technology has focused on surfogate materials which are

found in the process stream constituents. A majority of these repre-
sent rapid bioassay screéning tests for mutagenicity, carcinogenicity

and the like.

Bioassay tests are vaZuﬁbZe for determining whether a material
is toxic in some way, bul are nol intended Lo serve as a bastic
for exposure dose-response hazard evaluations in support éf
occupational criteria. Additional research (geﬁeric to all
forms of coal conversion) to quantijy exposuré dose-responses
characteristics can provide the proper foundalion [ur worker

risk assessments.

The principal research needs with respect.tb major criteria constituents
(co, HoS, NH3, phenol and ;reso]) revolve around the establishment of

an appropriate fugitive emission marker subs;ance or hazard indicator.
For tar fractions, generé]]y, the tradeoff dilemma between analytical
sophistication/information content, and sampling errors due to incemplete

extractions, must be satisfactorily resolved.

Integration of the requisite occupational health-related rescarch and
monitoring/characterization activities into the technology dcvelopment:

schedule offers the best prospect for building worker protection into



the coal liquefaction-synthetic fuels industry. A plan for implementing
these activities in coordination with the technology development schedules

is recommended.

The synthetic fuels development schedule offers NIOSH an
opportunity to factor occupationul health safeguardc into the

emerging technology from itne outset.




2.0 INTRODUCTION

Over the next ten years, it is planned that coal liquefaction will re-
appear as a viable comercial technology in the Unjted States. Although
liquefaction technology has existed since World War I, its application

in industry has been dormant in the U.S. since the ear]y 1960's. However,
the long-standing national need for liquid fuels has spurred the develop-
ment of new generation direct and indirect liquefaction technologies as

an alternative to petroleum imports.

This new phase of technology development offers NIOSH a u-
nique opportunity to build solutions and safegaurds to adverse
occupational health consequences into the emerging technolo-

gies as_a front end activity.

NIOSH has actively pursued industrial hygeine and medical surveillance
criteria for_defining worker safeguardé as ihe liquefaction technologies
mature. To date, five documents have emerged from this NIOSH involve-
ment (Refs. 1-5). These reports draw hecvily upon industry data and
literature for facilities no longer in operation; also information ob-
tained first-hand during a wa]k-through study at a current Department

of tnergy (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 the SASOL plants located in South

Africa.



In this report, we complement the earlier NIOSH efforts by providing

the following new emphases:

o A generic overview of present and emergine coal liquefaction
technology -- for both direct and indirect liquefaction.

o 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, with emphasis on ex-
pected R & D needs.

e A prediction of susceptible worker populations based on pre-

vious experience with 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
hydrqgenated under high pressures and températures, was first described
by Bergius (Ref. 6) in.1915. Indirect liquefaction, in whfch 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 World War
Il (Ref. 6); they have also been prominent in the production of chemical

feedstocks, both in the U.S. and ubroad, since the 1930's (Ref. 8).



| Except during the World War II period in Germany, with its
' economic disruptions, coal liquefaction output hus generally
' ‘beentargeted to the synthetic chemicals industry (Refs. 6-
l 8). For these purposes, very large facilities were not us-
' ually necessary. However, the current emphasis on coal Li-
quefaction for fuels production represents a major departure

from the traditional technology deployment ctrategy.

"3.1 Generic Characteristics of Liquefaction Technology

Figure 1‘shows a typical process flowsheet for a difect coal liquefac-
tion facility (Ref. 9). Coal is mixed with a carrief 0il, heated under
pressure with hydrogen (H»), and the resu]tﬁng products are cleaned and
separated. PFoduct distributions depend'on the end use for which the
plant is designed Table 1 summarizes thesc for three such di}ect coal

liquefaction plants.
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Figure 1. Process Flowsheet for a Dlrect Coal Liquefaction

Facility.

Bureau of iines - Louisiana, Missouri coal hydro-
genation plant, which was constructed as a replica
of the World War II German Bergius (Ref. 6) plants.



TABLE 1

Commercial Products of Direct Coal Liquefaction (Ref. 11)

UNION CARBIDE (Ref. 10),
Institute, W.V. -

BUREAU OF MINES (Ref. 9)
Louisiana, MO

1'11) Morgantown, W.V.™*

GULF OIL CO., SRC IT (Ref.

LIGIHT OILS: Benzene, Cg -
C7 hydrocarbons, phenols,
arylamines, napthalenes,

C7-C13 hydrocarbons, va-

pors. Separated later.

MIDDLE OILS: Napthalenes,
biphenyls, fluorenes,
acenapthalenes.

Separated later.

HEAVY OILS: Anthracenes,
PAH compounds.
Separated later.

PITCH,

COKE.

LIGHT OILS:

vAPORS: C1-C4 hydrocar-

bons, Recycled, Cracked

In Refinery on-stite.

GASOLINE: Cg+ hydrocar-

baons, aromatics.
Refined on-stte.

NAPHTHA: (g4 hydrocar-
bons, aromatics.
Refined on-site.

Benzene,
napthalenes, phenols,
arylamines, anthracenes.

HEAVY OILS: PAH com-

pounds, etc.

ASPIIALT.

VAPORS: Methane,
C2-C4 hydrocarbons.
Separated on-site.

NAPHTHA: Cg+ hydrocar-
bons, aromatics.
Separated later.

LICHT OILS: Benzene,
napththalenes, phenols,
C7-C13 hydrocarbons,
Grade #14.4°API.

HEAVY OILS: Anthracenes,

PAH, C 3+ hydrocarbons,
Grade b7.20API

IR,

Coal throughput=300 T/d
300 T/d

Gasoline Output=11000
gal/d

Coal throughput=6000 T/d
*Proposed
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ONE -~ THE BUREAU OF MINES PROGRAM OF THE FARLY 1950's -- WAS EVER DESIGNED

10 PRODUCE AND ACTUALLY DID PRODUCE MOTOR PURLS.
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2. Process Flowsheet for an Indirect Coal Liquefaction Facility.
Bureau of Mines - Louisiana, Missouri gas generation/ammonia
plant (Ref. 7). Design conforms to World War 1] German Fischer-
Tropsch plants for liquid fuels and nethanol feadstock production.



Indirect liquefaction faci]ities, 1ikewise, have been designed for a

multiplicity of end use options.

sheet for an indirect coal liquefaction plant (Ref. 9).

Figure 2 shows a typical process flow-

Coal or coke is

gasified under oxygen (02) to produce carbon monoxide (CO) and hydrogen

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

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

type of catalyst used.

TABLE 2

Table 2 exemplifies this variety.(Ref. 8).

Product Distributions for Indirect Coal Liquefaction

“FISCHER"TROPSCH" Catalyst

MAJOR PRODUCTS

MINOR PRODUCTS

zinc chromite

Ni or Ru

Zn/Mn/Cr Alkali

Iron oxide (True F-T)
Ruthenium |

Rhodium Carbony])Pyridine

Copper

Methanol (CH30H)
MeLhane (Cllg) .
Methanol (CH30H)
C5-C12'A]kanes
A]kanewpolymers
Ethylene glycol

Formaldehyde
(HCHO)

None

Nunoe

Higher alcohols

C1-C4 Alkanes, Alcohols,
Waxes.

Waxes

Poly-glycols

?

-

In the U.S., coal Tiquefaction

synthesis industry.

Institute, W.V. (Ref. 10), and

2 Cormmerecinl Applicalion:

The Union

has historicaily supported the chemical
Carbide (direct liquefaction) plant in

the DuPont (Indirect Liquefaction) facility



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

Tiquefaction 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 Soutn African

experiences are the precedent.

[

Future trends in coal Lliquefaction technology development will
depend on the nature of market demund for the products. For
fuels production, considerable product refining and reproces-
sing will be required after the primary products have Llef't
the Ziquefhction.plant. The need to upgrade.these products

will require a secondary industry (Ref. 12):

Foe divect Lliquefuction plunl producls, special refincerics
to handle and separate naphthas.

For indirect liquefaction plants, methanol-to-gasoline
conversion plants (such as "Mobil-M) or chemical refinery
techniaques for separating Fischer-Tropsch products.

In either case, removal of undersirable (sulfurous and
amine) contaminants will 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 0il and natural

gyas in the 1940's, in fact, ceal liquefaction -- and particularly in-

- 12 -



direct liquefaction -- accounted for virtually all of the world's ni-
trogen fertilizer production (Refs. 8, 13). Today, indirect Tiquefac-

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

Not until the World War II German plarts, replicated by the Bureau of Mines
Louisiana, Missouri demonstration (Refs. 6, 9), was gasoline considered

a prime product of liquefaction. It is reported (Refs. 9, 14) that

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

1 million gallons of gasoline. Today, the ]argést existing coal lique-
faction facility in the world, SASOL-2 in South Africa, is undercoing
shakedown (Refs. 15, 16). The plant is designed to produce, by indirect
liquefaction, 1.5 million tons/yea} of gasoline, plus 0.6 million tons/
year of other commercially important chemicals. .Interesting]y, NH3 is
expected to account for about 5 percent of the total plant output (Ref.

15).

In spite of the commercial maturity of coal liquefaction

technologies, numerous operational problems remain unsolved.

Table 3 summarizes the important oper:tional problems involved with
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
particular, hazardodus tfuuitive anissions ﬁay cxist if Lhese proces.os,

are not properly controlled and containced.

- 13 -



Tabie 3

FEATURE DIRECT LIQUEFACTIUN INDIRECT LIQUEFACTION
lajor Preheaters Preheaters
Components Gasifier Gasifier

(Refs. 11, 15)

Hydrogenation Reactor
Vapor-Liquid Separator
Liquid-Solid Zeparator
Sulfur Cleanup

Tar Knockdown

Fischer-Tropsch Reactlor
Vapor-Liquid Separator
Products Separatur
Sulfur Cleanup

Tar Knockdown

Pirocess Gas from Gasifier Bas Trom Gasifier

lireams Coal liquids slurrics Alconols/Hydroucauriuoris

(Refs. 11, 15) | Wastewater Wastewater
Ash/char/spent Ash/char/spent

catalysts catalysts

Gremlins Particles = CHg + loss from system

(Refs. 12, 18) Plugging Carbonyl Corrosion
trosion Carbon Black bepositLion

Repolymerizaltion

Catalyst Putsouning Ly
Tars, S.

Products

and

By-Products

(Refs. 8, 11,
15).

Naphthas
Heavy 011
Hydrocarbon [Fuel Gases

§ Light Fuel 0il

Sulfur
Ammonia and Amines
Phenols

Methanol
Alcohols/ELhers
Waxes

Aldehydes
Sulfur

Anmonia

Organic Amines

- 14 -




Most of the operational difficulties encountered in direct liquefaction
are traceable either to process line p]uggfng 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 shutdowns for naintenance and re-
pairs. For the Bureau of Mines Louisiana, MO demonstration plant (Refs.
9, 14) this interval was approximately 3 months.v For modern direct 1i-
quefaction (DOE-supported) pilot progfams (Refs. 20 - 21), this interval
is.presently 3 days. If a new Gu]fIOi] 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 sireams, the maintenance

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

Worker exposure hazards arve greally magni[ied during Lhese
maintenance shutdowns, because fugitive safeguards are
breached whenever comporents are dismantled for repair,

cleaning, or replacement.

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:

° Carbon deposition on eaitalust: This factor typically limits (Fis-

cner-iropsch) catalyst service life to one year or less.



0 Carbonyl corrostor: 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 carbonyl [ugitives: According to Stiles (Ref. 6) "Other prob-
lems were for the most part solved, but the iron carboryl problem
remains and seems to defy an eccnomic solution”. Had stainless
steel been used in these plants instead, the principal hazard would

have been emissions of nickel carbonyl. These may accompany metha-

nol fugitives.

o Tar fogs, scrubber micis, entrained ash particles severely impair
downstrcam per formance.  Process stream cleanup options can there-

fore be restricted.

Any innovation in indirect liquefaction technoloyy development which solves
any of the first three of the above prob]emS'Qill most likely solve all

three.

3.3 Government Sponsored Programs and Technology

Federal. government-sponsored R & D activity in coal liquefaction stems
from. the Bureau of Mines investigations at Louisiana, MO (Ref. 9), and a
number of subsequgnt developmenl programs have cvolved since the 1950's.

fn general, these programs were direcled toward the production of fuels
instead of chemical feedstocks. Rccent perturbations in the U.S. energy
economy have resuited in the proliferation of Federal Governnient-sponsored
R & D programs in direct coal liquefaction (see Figure 3). Today, however,
these have been narrowed to four pilot plant and demonstration projects:

SRC-I, SRC-II, the Exxon Donor Solvent (EDS) Process, and the H-Coal process.

- 16 -



Figure 3 shows projected milestone schedules for the DOL coal liquefac-

tion program (Refs. 20, 23).

“hile direct coal liqguefactiun processes sponsored by UUE have much i
common with systems which have operated. commercially in the past (com-
pare flowsheets in Figure 1 with Refs. 10-11, for example), several fea-

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

as_important new developments and scenarios:

° Size. The proposed SRC-II Demonstration plant (Ref. 11) will be
far larger than any coal liquefaciion facility butlt to date (Rej:.
6, 11). In many cases, unit: which form Lhe componcnls of Lhe plord,
(presture vessels, oxygon ploady e fler, wxdher Lecalmend.y ole, )
will be the lurgest in cxictence. '

0 Novel CoMponents or Different fFeedstocks. Many of the hardware com-
ponents have never beecn tested with coal-derived liquids, butl were
developed and/or modified frow other indusirial purposes (Ref. z4).

° Environmental and Industrial Hygiene Concerns. Until recently, pro-
tective measures were not roubkinely considered in the design, opera-
tion, and cconomics of coal liquefaction plants (Refs. 6, 10, 25-23).
The Union Carbide exanple (Refs. 10, 25-28) was exceptional. These
?ill have to be factored into the DNE-supported technology, however

Ref. 11).

0 Hardware 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, 2%) include:

- erosion in S]urry purIps ;

- corrosion of heat exchangers:

- erosion and corrosion, freezing and repacking of valves;
- viscosity-dependent plugqging of process lines.



FIGURE 3 ‘
Development Schedule for Direct Liquefaction as of June 1980.
(Refs. 20, 23, 29)
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At the'present time, valves represent the weakest link in
direct liquefaction hardware technology (Refs. 4, 21, 24).
Iouline maintenance peocedurc: nceesctlated by haedware
failures represent sources of occupational and environnentul

exposure hasord:s,

The DOE pilot plani and demonstration programs in direct coal liquefaction
are intended to remedy the weaknesses presently encountered in the hard-
ware components (Ref. 20), and to provide a successfully proven alternative

to crude petroleum as the source of residual and distillate fuel o0ils.

Federal Government-sponsored R & D activity in indirect liquefaction, un-
1ike the more mature dfrect ligquefaction program,'is currently in a form-
ative stage. One demonstratién facility, to be built in North Dakota and
to operate (beginning in FY1984).CA viestern coals, will be supporled by

DOE (Ref. 30). However, the present DOE Qpinion that water and reclama-
tion will limit the growth of an indirect liquefaction industry in the
West (Ref. 30) remains to be tested. A number of small laboratory and
bench-scé]e studies to- develop iﬁproved Fischer-Tropsch catalysts are also
proceeding under DOE support (Ref. 31). Indirect liquefaction catalyst de-
ve]opmenF studies are also being vigorously and independently pursued (Ref.
20) by Ihperia] Chemical Industries, Ltd. (ICI), Gadische—Ani]in and Soda-
rabrik GmbH (BASF), Exxon, and a consortium of MNew Zealand firms. A LOU-
supported pilot plant for the Mobil-M and Union Carbide processes is in

preliminary design to develop key downstream products conversion steps

(Ref. 31B).
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4.0. CHARACTERIZATION OF POTENTIALLY HAZARDOUS CONSTITUENTS

Direct or indirect liquefaction of coal can generate variable amounts of
hydrogen sulfide (H)S), cyanides, ammonia (NH3), mutagenic/carcinogenic
tars and phenolics, toxic trace elements, and in some cases, toxic vapors
of alcohols, aldehydes, and metal carbonyls (Refs. &, Ii, 15, 32). Fur-
thermore, the bicavailability and toxicity of particle-bound trace ele-
ments may differ among processes even when the bulk composition:, are -

mlar. Yo dute, no quunlitulive dula s availabile relaling booaoat lo-

Yility and toxicity to actual liquefuction materials, although wors docs
exist on ezposures of antmuals Lo extracls prepared jrom Lhcse malericls

(Ref. 33).

Table 4 summarizes the production of environmenté]]y important substances
in coal Tiquefaction. Carelul measurcments of Lﬂc process slream constn-
tuents of direct coal liquefaction have been reported for the Ft. Lewis

pilot plant (Ref. 34), and show at 1east'qua11tatively the same materials

as in laboratory coal pyrolysis experiments {Refs. 35-39). Organic N is an

TABLL 4
Typical Contaminant Profiles in Coal Liquefaction

!

PARAMETER (wt/coal) |%§g;?111) ;ggB?Rtg?ig;a”a’ et 15) |

Sulfur (kg/T) l??SL_"__ | 0.5 1.0
{ Ammonia (kg/T) 5.0 4.8 R
! Phenols/Tar AC1d5(kqﬂllﬂj-m_L;L_.__*__,"__ﬁ?t___.__“_,___-m,_wnfu_w__q
| Tars/PAlL (kq/T) £ 50 43-66 2.2
[ Organic N (kg/T) , Probable "~ 20 ; + :
l Metal Carbonyls i - - : + !
(W '
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important liquefaction by-product, but most S evolves as HZS-(Ref. 12).
Table 5 shows the kinetics expressions for gas and tar formation predic-

ted for coal ]iquefaétion (Refs. 35 - 39).

TABLE S
Kinetics and Yield Predictions for Coal Liquefaction

FUNCTIONAL PYROLYSIS RATE CONSTANT, k(sec'l)

GKOUPS IN COAL PROGUCT ARRHENIUS FORM (7 in K

R-OH H,0 (45) exp (-4950/T)

Aliphatics R-CzCH 1 (1.9x10'0) exp (-35000/T)
Aliphatics Olefins (2.0x107) exp (-20000/T)
Aliphatics Paraffins | (750) exp (-8000/T)
Aliphatics CHyg (9.5x1010) exp (-35000/T)
Coal Soot (2300) exp (-970G/T)

R-COOH C0 (6) exp (~4000/T)
Ethers, Ketones | CO (7000) exp (-10300/T)
Ethers, Ketones | CO (890) exp (-12000/T)
Aromatics Tar (750) exp (-8000/T)
Ar-H Ho (36000)  exp (-12700/T)
"Loose" - H NH3 (200) exp (-7699/7)
“Tight" - N HCN (290) exp (-12700/T)
A1l - N ‘Np (0.13) exp (-4220/T)

According to Solomon (Ref. 39), the composition 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 rank and aromatic content.

Fa ) 4} - . 7 N AR N I ! 754y ey d TS 5 4%, Sy e s
Thung, the (qualilalloe) similaritize between Jircel coal Dioqueuclirr oo -

ducts and coke oven volatiles (Ref. 40) can be attributed to a conmon basis
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in the physical-chemical fundamentals (Refs. 35-39). Coke oven tars con-

‘tain many of the same.PAH compounds, phenols, and carcinogenic fractions.
Figure.4 shows some typical tar/aromatics characteristics of coal lique-

faction materials. If one merely considers the distribution of benzene-
soluble organics (Ref. 42), the data create the impression that most of
the aromatics produces in coal conversion are smail apd simple.  However,
this is merely an artifact of the solubilization procedure. Careful exam-
ination of the organic products of coal liquefaction (Ref. 41) shows the
average molecular weight distribution to be much heavier than would other-

wise be expected on the basis of solvent extraction studies.

Figure 4 indicates that the true median molecular weight M

is close tc 400, as opposed to about 150 for the solvent ex-
tracts. This diclinelion €: cxlvemely imporlant n Lighl of
olher cludics wileh tmp bl Pius Hgheme Lizendosre s Cghcl Fevs o

tions as the most carcinogente. (Itef. 31). :

| |
L |

Figure 4 also indcates that approximately half of the carbonaceous matter
in coal is "coked" during the liqucfaction step (Ref. 41). This fact has

been designed into the SRC-Il Demonstration Plant (Refs. 11, 43).

To date, MNIOSH has conducted on-site industrial hyaeine characterizations at

the SRC-I Pilot Plant at Wilsonville (Ref. 3A), the now-dofunct Cresas
Test Facility, Cresap, WV (Ref.38), and at the SRC-11 Pilot Plant at Ft.
cowis (Ref. 4). In addition, QHOiH ciforts to provide an industriad, ny-

. _ \
geine assessment at the SASOL-1 plant have been documented (Ref. 44) but
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have yet to provide a comprehensive survey.

In'genera], results 6f'these studies (Refs. 3-5) have shown measured le-
vels for single-ring; or fused-ring aromatic compounds 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
thgir derivatives (Ref. 4). Other more conventional criteria pollutants
were present at levels generally below detection limits (Ref. 4). Eignt
compounds, mostly 2-ring and 3-ring non-mutagenic aromatics, make up 75%

of the total PAH 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 maximum risk within a given
area (Ref. 45). For liquefaction plants, the positions of high risk will

involve among other places (Ref. 14):

e Areas of feedstock entry to pressurized sections of the plant;
¢ _Regions of waste product and by-product pressure letdown;
o Process sampling ports which are at high temperature and pressure;

e Reactor interiors during shutdown.

DOE has an ongoiné effort (Ref. 21) to evaluate the performance and lon-
gevity of selected components in gasification units such as valves, directed
toward the improvemeﬁt of component reliability from a process viewpoint.
These results, however, are also important from an industrial hygeine
standpoint. Additional work is also required on the safety aspects of
high-temperature/high-pressure sampler design and on worker protection

measwres for those using those wystems.
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5.0 OCCUPATIOHAL HEALTH-RELATED LTUDIES

Occupational health and safety crileria for direct and indirect coal ligue-
faction plants will be predicated, in large measure, on laboratory studies
of surrogate materials, plus experience obtained in other (related) indus-

tries such.as:

o Coal gasification plants (Ref. 32, 46).
0 Cnke ovens (Ref. 40)
] Methanol synthesis vlants (Ref.v47)

0. Coal tar products (Ref. 48).

Thus, results of investigations cunducted for caal liquefaction facilities

specifically (Refs. 1 - 5, 10, 25 - 28) nced nol be considered in isolalion.

5.1 Technology-Specific Investigations

Because of'the considerable attention shown for coal liquefaction as a syn-
thetic fuels alternative, numerous studies supported by EPA, DLUL, WHIOLH,
and other agencies (Refs. 49 - 50) have been undertaken to assess the oc-
cupational and environmental health consequences of the industry. One can
generalize these stuaies in three groupings:

[ Occupational epidemiology,

0 Industrial hygeine characlerications,

o Basic toxicology.

5.1.1 [pidemioleqy

The most notable occupational epidemiology study of coal liquefaction workers

was reported for the Union Carbide p]aht at Institute, W (Refs. 10, 75-
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26). Of the 350 persons cmployed in this facility over the periud 1952-

1960, some 50 cancer morbidity cones were-reported. However, a recent
NIOSH-supported followup study (Ruf. 2} of these workers failed to de-

tect any latent systemic cancer cases or excess mortality 17 years after

closing of the p]hnt.

Recent epidemiological investigations at the SUC-1I Fort Lewis Pilot Plant
(Refs. 34, 43), on the other hand, have shown a significant incidence of
folliculitis on the forethighs and shoulders or workers, but no ron’irmed

occupational cancer cases among the 500 person study population since

startup of the plant in 1974. This apparent contrast with the Unicn Car-
bide study (Refs. 10, 25-23) must be viewed in terms of latency and
exposure characteristics. Humerous epidemiological investigations have
also been reported for‘other coal conversion industries (Ref. 32, 40, 51-
58, among others), a sample of which is described in Table 6. Lxcess mor-
tality rates were reported in most of these gtudies. Worker populatiaons
at gas works and coke ovens were fo]]dwed:in these studies for periods of

up to 25 years to evaluate the impacts of work-related factors on cancer

mortality rates;

Mhile most of the occupalional epidemiology literature concludes
y an excess cancer mortality rick for worker: in coal eonversion

Jreribitiics, close examiwd ton of Lhe prdmarey dalee shons: cengs e

able notse in Lne slalislier.  One musl Lhereove gqueshion whelher

cancer morlaloly dala eécpeabedy pottl ety the weelival osscupend. Loned

. . g . i
health risks fur thoce ooeker populalions.  Ia view of Lhe denon-

strated incidence o (eoiatively non=Lothel) skin cancer morbi Ity

Jor coal liquefaction juciliiice, concluslons bxsed on mortality

statislice may wnderestimate e recl cancer hasards, |

s

- ———d
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TABLE 6. CCCUPATIONAL EPIDEMIOLOGY STUDIES FOR COAL CONVERSIiCH FACILITIES

lower rate

Facitity Contemporary/ :
Tyn2 Irvestigators Prospective Retrospective Results Conments
i
Coal Sexton (Ref.10,27) (1960) Elevated skin cancer Statistical signi-
Liquefaction - Morbidity morbidity, no mortal- ficance high for
. e L iy, ___ __-__ | morbidity, low for
Palner (Ref. 2) ~{1979) No latent trends among | mortality.
Mortality the 50 skin cancer
victims.
Producer Kuroda et al (1936) Excess mortality, Statistical signi-
Gas Works (Ref. 51) Hortality lung cancer ficance of data
Facifimasdmn) fm e et e e e e e —_ e e T e e e e . . _
(La§1T1C3L10ﬂ, Kawai et al (1967) Latent lung cancer questioned (Ref. 57)
(Ref. 52) Mortality mortality
| -
Gas Works Doll (Ref. 53) (1952) i Excess mortality, Statistical signi-
- _Mortality 1 |l Jung cancer __ ___ | ficance of data
! DolT et al . . (19357 Possible Jatent questioned (Ref. 57)
‘ (Ref. 54) ! Mortality cases of ltung cancer .
!
Gas ‘orks Kennaway & (1936) Excess mortality, Statistical signi-
Kennaway (Ref.55) Hortality cancer of lung and ficance of data
. Tarynx questioned {Ref. 57)
Kennavay & 1935) Latent Tung cancer Statistical signi-
Kennaway (Ref.56) i Mortality mortality, but at ficance of data

questioned (Ref. 57)

S At N Ay =
Coxe gvens

(Ref. 58)

flortality

Ccke Cvens Reid & Buck (1956)
(Ref. 57) Mortality
§
|
i — L —_ -
| Redwond et al (1969-75) !

Excess mortality due
to cancer of lung
possible but not

Confirmed by Redmond
et. al. (Raf. 58)

A
provaon
[) < e e . T <
IO ewe2p r olalhey
R 1.8
sy PR . PR 3 . T, .
Jor oLl ke worRars,
MRS S L S M M
LT LjCer e 2 OX2
r) ’_' ‘.yl;’\'_‘,l'-

Reference population
bases were:(1)U.S.

total; and (2)A11eg-
hany Co. steeclworier

B e e S —




A major drawback of muriy epldemiologicul investigations is

the absence of an cstuabliched exposire dosc-responce rela-

4

tionship (Ref. 59). Indeed, the differcnces helween Lhe Fi.
Lewis observations (hels. 4, 34) and the institute, WV Studics
(Kefe. 10, 25-28) may be truceuble to thic fuct. Two addi-

tioretd lines of ovidence muzl Lo presend daoopder Lo perwi s

a cause-e¢ffect assessment o} the vecupaticiul and environ-

mental health concequences of cocl Liquerwstion:

! ¢ Assay of the exposure history of the subject pop-
: ulation

i

P ) Pathwayc and adverce heolth efecls of ifdentiied

toxic constituente.

5.1.2 Industrial Hygeine Characlerizalions

Industrial hygeine characterizations»have'been reported {for Union Carbige,
Institute, WV (Refs. 10,25-27); SRC-1 Pilot Plant, Wilsonville, AL (Ref.
3A); Consof; Cresap, WV (Ref.3B); and SRC-II, Fort Lewis, WA (Ref. 4) --
in order to identify sources and quantify hazards Lu workers in Lhese
facilities. Table 7 compares the potential hazard sites in each of

these three plants. Areas of maximum exposure risk comion to all three

facilities include:

. Solids separation and recovery,
o Solvent recovery.
. Coal/solvent preparation.



TABLE 7

OCCUPATIONAL HAZARD POTENTIAL IN DIRECT LIQUEFACTION PLANTS

High-Risk Areas
for Pollutants

Union Carbide,
Institute,WV (Ref.26)

Consol,
Cresap, WV (Ref.2)

Gulf SRC-IT,
Ft. Lewis,WA (Ref.d

e gt ey

Polycyclic Aro-
matic Hydro-
carbons (PAH)

BaP doés not
correlate with

ioas BaP)

Pitch Treatment (2-6ug/m3
Paste Pumps (.1
ug/m3 as BaP); So11ds
Removal (12-19ug/m3 as
BaP)

!

Solvent extraction
area; Solids separ-
ation solvent
recovery; Tank
farin; Sulfur re-

moval

Coal Prena13t1on
(4iug/m?); Preneat-.

Dissolver (19:g/m~)
Mineral soparat1on
(226:g/m>); So]v%wL

Recovery (93.q/m?°}

. PAIL (Ref. 4. i Product Silorage
; (6ug/m3)
i
i ‘ ! :
¢ Phenolics/Tar ! ‘| Solvent extraction : B.D.L.
© Acids ; area; Solvent re- ,
! covery; Catwalk ]
above tanks; ;
I -— ey s w ..
Trace Elements B.D.L.
— | ———
Aromatic Amines ! .Solvent extraction = B.D.L.

area; Residue sep-
aration catwalk

~above tanks;

Benzene/Toluene/
Xylenes

Extraction area;
Residue separation
un“t; Pressure let-
down valves; Coal-
slurry feed; Solvent
recovery; Carbon-
ization Section

Coal Preparation

(.08 ppm); Mineral
Separation (0.19ppni).
Solvent Recovery

(0.2 ppm)

|
Criteria Gases i B.D.L. HaoS up to 93,000 ipai
. (CO,NH~,H55,50,) : at Naphtha Loading
312 2/ ! . .
. ; ; Port, Others L.u.b.
|
[ | - —
N i ; Coal I"l't:',).("‘"nl )

Respirable Dust

!
I
.
1

Coal Prep. (.006mg/m?)

-

B.D.L.

= Below Detection Limit.
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Other direct liquefaction fzcilities might present a comparable potential
occupational exposure haz&rd to Lhose reported in Table 7 and Refs. (3A,3B.4,20)
For indirect liquefaction plants, industrial hygeine surveys of a scope
comparable to that for direct liquefaction facilities have not been

reported to date. Preliminary attempts at the SASOL-1 plant (Ref. 44}

have provided insufficient information for realistic evaluation of worker

exposure hazards.

For a mature coal liquefaction industry for synthetic fuels nraduction,

the popu]qtion of workers susceplible to known/suspected oécupationa]

hazards i¢ estimated from existing technology. Table 8 shows a compilation

of existing data on facilities staffing for several 'direct and indirect
liquefaction plants. If one correlates on-sile worker population (P)

with plant size (x), the data points fit the function P=20-100-4X (Fig.5) with
r?=0.51. The facL Lhal Lhe Lxxon data poinls lor Lhe.LDS process over
the'sca1e-up from PDU to comnercia]’désign all fall on the Tine appears

to justify this function as a predicfive’tbo]. Furthermore, the

worker population estimates are the same for either liquefaction technology.

If one now attempts to predict the susceptible worker population in a
]iqdefaction industry, the number depends heavily on Lhe gizcs of the
synthetic fuels plants. For a market penetralion of 1.2 million bbl/day
by synfuels, the required on-site worker nopulation would be: 20,000
workers in 20 plants as large as SASOL 1 or SASOL 2 (Refs. 5, 15): or

400,000 workers in 4000 planls of the size of Lhe Seran or 500H
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TABLE 8

Liquefaction Direct/ Cunwilative On-Site Plant Size Operational Information
Facitility Indirect Worker Work (Tons/day Coal Status Source
(D/1) Population Force throughput)
Union Czarbide D 359 173 300 T/d C+1962 Sexton (Ref. 27)
USBY Louisiana MO D ? 100-120 60 T/d D+1953 - USBM (Ref. 9)
SRC-1T Filot D 500 133 50 T/d 1974+P Refs. (4,34,43)
SRC-I1 D= D ? 550 6000 T/d Proposed DOE (Ref. 11)
Censol, Cresap D 2180 140 20 T/d P-»+1978 . NIOSH (Ref. 2)
H-Ceal D 7 ? 540 T/d 1950-~-P DOE (Ref. 60)
Exxon EDS - PDY D ? 35 45 T/d 1972-P Exxon (Ref. 61)
txxon ENS - Filot L 125 125 240 T7/d 1930-P DOE (Ref. 60)
Exxen ESS - Comm. D ? 1000 24000 T/d Conceptual DOE (Ref. 62)
'S Louisiana MO I ? 40-30 15 T/d P~»1953 McCee (Ref. 14)
SAS0L-1 1 ? 5600 14000 T/d 1955=+C Refs. (5,15)
SASOL-2 I 2000 23000 40000 T/d 1980+C Refs. (15,16)‘
| Flucr-U.S ] ? 1000 114000 T/d Conceptual DOE (Ref. 62)

Lzsignations under "Operational Status" are definad as follows:
D=demonstration plant; C=commercial facility.

cf piant operation.
currently still in operation.

B=bench scale or PDU: P=pilot plant; . )
For letter preceding a year, date indicates termination
For letter following & year, date indicates startup of operation for piant




(=P)

On-Site Operations/Maintenarce Worker Population

Ve W v

are logarithmic.

10,000 - —_ -
N7
1,0C0 —
100 —
- ' =(20) 100-40x 3
| A/ v _ P=(20) 100.40
_— r2=0.91
10
] | |
2 10 100 1000 . 10,020 50,000
X = Plant Size (as Tons/Day Coal Throughput)
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liquefaction plants (Ref. 9). The smaller sized plants have been
demonstrated and will opera®e undur U.S. conditions (Refs. 9, 14).

The larger plants are operable 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, WY plant
employed a total of 359 workers over its ten-year life span; but only
173 of these were currently on-site at a given time (Ref. 27). This
corresponds Lo an averége turnover rate of aboul 7.b per cent per year.
In contrast, the average annual personne!l turnover rate at the

SRC-1I Fort Lewis pilot plant (Refs. 4, 34, 43), was at least 20.5

per cent. While precise numbers fur SASOL 1 are not presently avail-
able, the turnover rate is reportedly very high -- especially amony

the highest-risk groups (Ref. 44).

Personnel lurnovcer complicates the assescment of occupalivnal

health riskc by expunding the worker population huse which nuct

be followed in « medical curveillance progeam.  leavy lupnover
ean also artificialy obscure plant hazards because [ewer workers |

are subjected to prolongcd or repeated cxposures Lo fuyitives.

This may partiully accouni for Lhe discrepancy between Lthe

Union Carbide (Ref. 27) und SRC-TI (Iefs. 4, 34, 43) epidom-

tologle obeorvatl lone.,
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- 5.1.3 Toxicology

The primary emphasis_tp date for toxicity assessment of coal liquefaction
materials has been rapid bicassay screeniqg of the various product fractions.
Most of this work ha§ been ongoing at a number of National Laboratories,
most notably BPNL (Ref. 34) and ORiL (Refs. 63-65). Table 9 gives the
details of the bioassay-tests performed to date on coal liquefaction
~materials. These tests conform, in qgeneral, to the EPA "tier system"

(Ref. 66) for bioassay screening.

Bioassay screening is primarily useful for determining which substances
are toxic in one way or another. Their principal advantage, and the
primary reason for their use, is the ability to ascertain within days or
weeks -- as opposed to the latency periods of 3-40 years experienced in
epidemiological investigations (Refs. 2,27,51-58) -- whéther a serious
occupational health risk might be enc0untered_with a test material. As
Table 9 indicates, rapid screeninglbioaséays are not limited to muta-
genjcity or carcinogenicity tests, aithough these habpen to be fhe
simplest and most direct. Consequehf]y, most of the health effects efforts
directly relatable to.coa] liquefaction technology occupational criteria
have focused on potential mutagenic.and carcinogenic organic constituents,
or on trace elements contamihants (Ref. 70). However, recent industriai
hygeine surveys of direct liquefaction facilities (Ref. 3-5) have pointed
out possible worker hazards from the criteria pollutants H»S and CO in
addition to the suspected aromatic carcinogens. Problems encountered in
indirect liquefaction faciiities also center around criteria pollutants
1ike iron carbonyl (Ref. 8), which coincides with formation of carbon
black and methanol/formaidehyde feaks.  Table 10 summarizes Lhe criloria
pollutants which could comprise fugitive emissions in future synfuels

plants.
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Table 9

Bicassay Tests Performed on Coui Lijguefaction Products

Turor)

b -

———

“aot specificeily listed originally as TSCA candidute.

“Tests performed on surrogate materials.

i0bserved exposure criteria uncharacteristic of a commercial scale facility.

- 35 -

Tests Test Process Evaluation {Resu]ts/
Method Examined Source ! Comments
. Cdarcinogenicity | iMouse Skin Synthoil ORML % et
Painting SRC-I1 BPHL | Heavy Hainly,®
Mutagenicity Ames SRC-11 BPNL i Heavy Oniy, +
Ames Synthoil S ;o TwEs
Styles Syntihoil ORNL
Zimmerman Synthoil ORHL
~Teratogenicity ;
' Acute Toxicity |Oral Feed SRC-11 BARL
I
Subacute. Tox. Oral Feed SRC-11 BPNL i
" Caronic Tox. Oral Feed $ikC-11 BPNL '
Biocaccumulation 1TRI#* :
. H
- Synergislic OKNLF ’
Properties '
Clinical Periodic Exam | SRC-11 BPNL iFo'l'l'icu'l'iL'is
cffects : : i
Epidemiological Occdpational SRC-11I BPNL ; - i
Effects { Occupational SRC-11 NIOSH : —, Uncharacter.
Occupational Union Carbide | Union Carbide 50 cases, current
Occupational Union Carbide | SRI 17-yr retrosp, —
Lecological Area Sampling SRC-11 BPNL ' Terpencs
effects : from pine trees
interfere,
Transformability*| Monkey Kidney | SRC-II BPRL A1l +
(Mormal cells » | Hamster Embryo | SRC-1il GPiL Heavy iainiy,



Tabie 10

Criteria Documents for Cosiaminants in Liquefaction

LIQUEFACTION PROCESS

!
EXISTING CRITERIA DOCUMENTS

CONTAMINANT Direct Indirect Occupational

co* / 4 NIOSH 73-11000 ;
HoS* / / | NIOSH 77-158 |
HCH* / * HIOSH 78-213 !
NHo* / / ! NIOSH 74-136

Thiols* / / ' NIOSH 78-213

Phenol* / / * NIOSH 76-196 e
Cresol* v v MIOSH 76-133 .
€Sy ? / NIOSH 77-156 |
Nickel Carbonyl* ? / NIOSH (Ref. 74) ?
Iron Carbonyl* ? Y NIOSH (Ref. 73) :
Coal Tar Products v/ 4 .NIOSH 78-107 !
Coke Oven Emissions 4 / | NIOSH 73-11016

Coal Gasification / / | NIOSH 78-191 ‘
Methanol* / NIOSH 76-148
Formaldehyde* v NIOSH 77-126 ]
Hydrocarbons ? v NIOSH 78-204 i
Combustible Liouids / / NIOSH 78-206

*Toxic Thresholds and modes of action understood and defined.

YIndicates a probable contituent of any fugitive emissions.

indicates a confirmed hazard.
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An accurale asscssment oJ'Lhe wtronmental healih and safety con-
sequences of coul liquefaction technology will require substantial
cross-fertilization of epidemiuiogical studies, bio-chemical
toxicblogy tnvestigations, rapid bioaésay cereening results, and
procese and enploonmeital monliecing of omlcsione. toml lrlooi

these levele of investigation into a unified exposure dose-responsc

assessment has not been « comnon occurrence in this contextl (Ref.l3).

5.2 Studies on Constituents and Surrogate Materials

Most toxicological investigations re]evgnt to liquefaction have been
controlled laboratory experiments outside the context of definable occu-
pational hea]th criteria. Their results can be considered equally
applicable to other coal conversion technologies such as gasification, coke-
making, and even direct or advanced combustion. Conséquently, what is
concluded from these studies affects all coal use.. However, experimental
conditions have frequently fallen ou%side.fhe range of realistic or even
catastroph{c occupational exposure conditions. It remains an oper question,
for example, how one relates available toxicity or carcinogenicity ‘- for-

mation to the exposure-dose conditions and routes of administratic: Ckely

to occur in an occupational setting.

Nevertheless, the results of existing studies designed to establish the
toxicity, mutagenicity and carcinogenicity of liquefaction product
cunstituents qualitatively define those substances whose interections

need to be addressed more clearly. Three principal classes of toxic agents



known Lo exisl in variable concen--ativns in producls and process
fugitive emissions are described oetow fof indirect and direct lique-
faction.

Hazardous gases such as C0, HpS, CSp, NHy, HCH, thiols, nickel
carbonyl, phenol and cresol, for which well defined and documnented
occupational criteria and standards already exist (Table 10). Toxic
thresholds and modes of action fur these compounds are reasonabiy undee-
stood for acute exposures.

Organic compounds with suspectod cercinoaenic activity, 2uch a5
polycyclic aromatic hydrocarbons {(PAH), N-heterocyclic atomatics, and
their derivatives (Refs. 1,22,68,70).

Trace elements bound to or condensea on fiy ash, Luch as Cd, Wi,

Hg, Pb, and others (Refs. 70,75,76). Occupational exposure criteria an
standards for individual elements have been defined and documented for
essentially every trace element shown Lo havé a toxic threshold (Refs. 77-
- 83). In general, liquefaction processvSLrgam trace elewient concentraticns
(Ref. 1, 3-5, 32, 70) fall orders of magnitudo below the toxic thresholds
defined in the NIOSH criteria documents (Refs. 77-83). On a bulk concen-
tration basis, therefore, .adverse health effects due to trace elemenis are
not expected in a worker population. The qbsence‘of delectable trace
element levels in area monitoring studies (Ref. 4) confirm this con-

clusion.

Most of the health effects effort directly or indirectly relatable to
gasification technology occupatcional c¢riteria have focused on putential
mutagenic and carcinogenic oraanic constituenis in the fuel gas, or on

trace elements contaminants.



Past and present efforts to assess the hazards of organic constituents/

tars have concentrated on tie esi:hlishment of rapid mutagenicity
screening, direct carcinogenesis ‘festing, metabo]ism/Fate and distri-
bution pathways. Tar fractions firom coal conversion have been known
toAcause skin cancer in mice since 1921 (Ref. 67). Since that tine,
hund}cdé of constituent organic compounds tested for carcinogenicily
have been documented {(Pef, 68). Uispropurtionately bigher nutagenic
activity appears -in the high—mo]ecuiar.weight tar factions, and in the
basic extracts {(Refs. 63,64,69,70), similar to observations previously
reported for organics from coal liguefaction. Ongo{ng 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 polycyclic aromatics using bacterial tester strains were
introduced in the early 1960's (Ref. 84) and the methods developed in

sophistication hy Ames and coworkers (Refs. 85,86). /lJSJorls Lo cor-

relale mulapent il i bh e lpogorle Ly beere B el caeeces
(Refs. 87,88) for cubstances requiring metabolic activation with

mierosomel miced-unc lion omlduses. i 1 Li

s oapencedlio greed Lhal Ui
besl provides qualitalbively aecurala CdenliCealions: of ::ru'(fi.n;.:g(:m:

as mulagens tn those instunces. Substitutions of bucterial testor
strains or microsome sowrce (lung jor liver, for ecxample) or dijferencec:

in microsome induction procedures, however, have beern reported to

substantially alter Lhe results of ihese bioassay lects (Kef. 69).

A nuiber of additional vapid bivas .ay screening procedures Yor suspoecied
carcinogens are currently under development or in use which complement

the bacterial mulagenicity Lests.  HMulayenesis tests using yeast straine
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(Ref. 89), mammalian cells in ti~.ue culture (Refs. 90,91), in vivo
chromosomal aberrations (Ref. 92}, namster and human cell transformation
assays (Ref. 93), among others have been developed and correlated wilh
carcinogenicity. Thus far, none has provided more reliable or quant-
itative measure of mutagenicity/carcinogenic hazard potential than Lhe
Emes bacterial wmutagenesis tests {¥efo. 35-26). At the present bime,

a massive effort involving scores of research groups (Refs. 49-50)
supported by EPA, DOE, MHIOSH, NIEHS, and the National Cancer Institute
is underway to develop and validate some or all of Lhese repid bivassay
screening procedures, to expand their use in the public and private

sector activities, and to develop regulatory policies based on their

results.

Remember thal PAIL markcer: swel o benco (o) pygrene: doonol

correlale Will LG carcinegerteily of Liquejuction bar (Ke)' ().

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 actua]'uptake, distribution, metabolism and fates of thesc
compounds in the body. Chang in 1943 (Ref. 94) demonstrated that the
uptake of PAH conmipounds depends heavily on the vehicle. Water, for
example, is a poor transport medium, while 0ils and detergents greatly
facilitate the uptake of PAH. PAH derivatives apparently accumulale in

the gastroincestinal tract and ave cacretod do the foces, regarsich. of
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their route of administration --.b¢ il skin exposure (Ref. 95),

inhalation (Refs. 95,96), ov ingustion {Refs. 94,95). Recent work

at the Lovelace Inhalation Toxicology Besearch Inalitute (ITRI) sugyests

that PAH materials are cleared frow lung tissues (Refs. 69,95) iong before mi-
crosomal aryl hydrocabon hydroxyiasce (Alll) induction can begin after ¢ sirgle
pulse dose. Parallel mutagenicity écreening tests using fang microsoncs

(Ref. 69) show that induction is nccessary (PAH mutagenicity tests give
'negative results unless prolonged our repeated exposurés bf‘anima1 lungs

to FAR sccur prior Lo ssolation ol Loe microsomes. g,

-

An oceupational healihn tmplicciton o] these regulis 1o il cof-

nefluction wrkers erposed to a single erlaslrophic coposure l
i
Lo JAH megy he subjectl to LiLiie ep oo addiilondl cancer rior i
¢ |
unless they cmoke or olherwice heve pre-incdiced Al activity.
Saddigm st Lot Lol cmpesiiceees: Do EALE, sk L st pednady migel
provide the nccessary Al pre-induction.  Unfortunately, cureend
bacte/bloassuy dula cannotl define Q@ cignifteant harm theshold i
]
Jor PAll exposurcs.

The toxic effects of trace elemenls have been reviewed extensively
'(Refs. 1,32,59,70), and the reader is referred to these publications.
However, bécause bulk toxic trace elementl production rates in coal
conversion systems (See Refs. 1,4,32.75 for example) are insufficient

to produce a signyticanl ecuit Capasure hasicd potential,  ow? -

- ‘;1 e



element effects should cousc les: wncgrn thun offects due to clicr
contaninants such as C0 or PAH deplvitives. - In this regard, existing
NIOSH cludies for coal liquefuclico. wnd gaciflealion plants (Rejs. 1,0,4,
32) do not mention toxic trace metals in their industrici hygcine

protocols.

Hazardous gases produced in gasification plants for indirect liquefaction
can include CO, HpS, HCH, phenol, cresol, CSp, aqd thiols in decending
order ¢f importance. Downsblrcom, procest gas constituenls oy inchuie iron
carbonyl, nickel carbonyl, methanol, formaldehyde, and a variety of hydro-
carbons, in addition. Because the occupational health criteria for these
substances have already been documentea by NIOSH (Tab]e 10), relatively
little effort is currently being devoted to toxico]ogicai or health

effects research. Studies relating to occupationé] health criteria for
these gases in coal conversioﬁ piants have concentrated on CO because of
its concentration dominance as a major product. Recent investigations in
this area include a DOE-supported b]god CO evaluation in workers (Ref. 49)
and an interlaboratory comparison of~blood CO anaiysis methods, under

£PA support (Ref. 97). Blood CO measurements represent a body-burden
ana]yéis technique for actual worker exposures to CO, which are suffic-
iently accurate and reliable at the level corresponding Lo existing
occupational health standards (lable 10, also Ref. 97) to establish a

CO hazard index for workers in indirect 11quefactfon plants.



Whether the CO hazard <index can accurately reflect the occu-
pational heulth risks assoctiated uith.othcr Ltoxie conlaminunts
remains to be established. Tne absorption and equilibrium
kineties for CO might differ from those for olher, accompanying
toxic constituents. Establichment of the proper correlaling
J’actor.;,‘ between CO cxpocure indices and ihose for; othier specres
such as PAH would simplify the monitoring and interpretation

o occupationul srpogurszc.

For direct liquefaction plants, HoS (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 1iquefacti6n piants, CO

probably will not suffice as an occupational hazard indicator, unless

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

98) as to dominate the facility.

6.0 OCCUPATIONAL HEALTH ASSESSMENT REQUIREMENTS

A great deal still needs to be learned before one can quantitatively
connect the composition of coal conversion streams with occupaticnal
health criteria. Existing data are not yet adequate to establish,

for example:

¢ Whether present or planned monitoring protocols are adequalte.
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' What, if any, significant threshold level values should exist
for suspected carcinogens.

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

6.1 Characterization nceds

In general, ana]ytical'data for iiquefaction product compositions are
inadequate. One is faced with a tradeoff between sampling artifact

and analytical sophistication (See Figure 4). MHoreover, the relia-
cility of some anaiytical nieasurements 1s coipromised when routine
calibration steps are ignored. Overall, documentable quality assurance

préctices are sparse.

Process stream characterization efforts to date have beer supported
primarily by DOE. Most of that support has gone Lo instrumentaltion
development projects (Ref. 49). DOC is presently planning an inter-
taboratory sampling and analylical prugrum'un Cuul Tiquefaclion
materials to‘be carried out through the Fittsburgh Energy Technology
Center in collaboration with several private industry laboratories.
Results of this work are intendedAtoclarify'which process stream
procedures will acsure the most reliable output for direct lique-

faction facilities, but also should provide useful source characterization

data. Implementation of liquefaction/pyrolysis kinctics models devel-
oped under DOE sUpport should facilitate the extension of process strcam
characterization among all of the Tiquefaction systems being supportoed

to commercialization. Coupling this source composition data with emission
failure mode and rate data, such au thal under development by the put-
Morgantown Lnergy Technology Center Component Test Program, should of for

some level of ecinission modeling capability.
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6.2 Area, Personal, and Body Burden Characterization

Area sampling and personal dosimetry have already been used in industrial
hygeine characterizations of some direct coal liquefaction facilities
(Refs. 3,4,26). However, it remains necessary to link these observalions
to process stream compositions in order to determine the origins of
exnosure hazards on a commercial vlant. Fer indir@ct liquefaction plants,
monitoring needs will be very simi]af 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 on the developwent of
personal dosimeters and the automation of area mﬁnitors (Ref. 49). For
validating personal and area monitoring strategies, it may be sufficient
to draw upon the large body of existing NIOSH experience through modi-
Tying the sampling and monitoring protocuis developed for other indusirics.
Body burden aﬁa]ysis 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 bc needed within two years. Identification of a single
reliable marker substance will accelerate this effort. However, as has

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

tar/carcinogen marker (Ref. 4). and CO will proBab]y not suffice as

a marker for direct liquefaction facilities (Fofs. 4,11).



6.3 Research Needs in Occupativnal Health Effects

Traditional prob]ems in occupational health studies have included (See
Chapter 5 of Ref. 59 for details):

o honfounding variables in epidemiological studies.

¢+ Inadequate monitoring strateqgies.

. Lack of resolution among the bad actors.

¢« Hit-or-niiss cnharacteristics of bicassays.

¢ Absence of metabolism/detoxification data.

As a result, cause-effect relationships have generally been very difticult
to establish. These difficulties are common to all coal conversion

technologies, as are the remedial solutions.

—

The present state of btoassay and toxicology informaiion on

coul conversion procecs clreum constiluenls tndicale: quali-
caliuedy ihe need for sieingent ndusleiai fujylenc measures,
but (except for CO and olher criteria gases) failc Lo offer

any quantitative dose-response tndicators. wWith the posstble

exception of Jhree very cmall NIFHS projecos, sludics which ejfecli-

vely addrece Lhis problem arc ouly wow beginning.  Jrnosptilc o Lhe
sophistication of carcinogen/mulagen sereering prosedurce ard Lhe
breadth of their application, we huve liltle bLetler underslanding

of the carcinogenic huzards of coal liquefaction constituente

today than we hal twenty yoors ago.  (Copgoee Boies D00 300,

70 with eariicr work cited in Kefc. 67;68,71,72,100-103.) |
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Additional multidisciplinary research will be needed to guantitatively
link the occupational health effects identified in epidemiological inves-
tigations (Tab]e 6) with the causal factors eétab]ished in bioassay
screening tests (Table 9). Generic activities which address

this need can be categorized as:

© Research on exposure dose-response relationships.

¢ Resolution of hcalth effects of pollutanis in combination, and
of confounding variables for occupational epidemiology.

¢ Risk assessment -- determination of worker exposure hazards.

The ultimate output of these ectivities is a medical surveillance prograi
.for coal liquefaction facilities which maximizes the opportunity to
prevent occupational hazards from appearing as occupational illness or
poisoning. An additional benefit from-these activities is design

~criteria for worker protection in commercial ligquefaction plants.

Research on expoéure dose-respoﬁse réiationships is intended to supplement
the results of present-generation bioassay screening test programs, so
that. quantitative assessment of the consecquences of short-term and long-
term-occupationa]_exposures can be carried out. Most of the studies
supported under this category are expected to involve surrogate materials,
and should therefore apply to all coal conversion technologiers. Research
tasks which will be particularly iwmportant in the deveioprent of guanii-

tative exposure dose-response relationships include, amonq other things:
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Transport, fate, and eccretion. of hazardows substunces in procest
products and by-products. Such information is routinely generated
in pharmacology research (Ref. 105), especially for FDA testing

of new drugs. Similar kinds of information will be required for
surrogate comoounds 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.
Tney found that uitimate accuwmulations occur in Lhe gastro-intesting:
tract, regardless of the route of administration. However, this
route of transport needs to be verified for a wider spectrum of
surrogate PAH compounds before one can generaii;e this conclusion

to coal conversion aromatics.

Hetaboliom and delowe fledlion 7 potlylante.  Metabolic conversions
of poliutants can dramatically alter their potential toxicity or

mutagenic/carcinoqgenic characteristics. Oxidation of PAH compounds,

K

for example (Refs. 59,65,107), rébresents both a route to mutagen-
esis and a pa*thway for detoxification. Figure 6 depicts'these
competing fates for PAH, based on the epoxide mechanism of Ames ct
al (Ref. 104). Relative activities of aryl hydrocarbon hydroxylase
(AHH) and epoxide hydrase can vary frém organ to organ, as can their
induction pfoper‘ties (Refs. 107,108,109). Consequently, one cannot
G priort assoeicte wecwiialiion sties fur Pafl derivalives as targel
Drsny for vcedpabi ol ceoneer, Detoxification mechanisms for other
coal cbnversion pollutants such as HZS (Ref. 4) have been identified

(Ref. 110), and therapeutic applications reported (Ref. 111).
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Co-contaminant interactions. Other coal conversion process constit-

uents can affect the uptake and metabolism of particular toxic or

mutagenic substances. ‘These companion materials may act as:

Vehicles -- substances which accelerate uptake and transport.
Promoters -- substances which accelerate metabolic processes.
Inducers -- stimulants for the synthesis of metabolic machinery.
Inhibitors -- subtances which poison the metaholic iachinery.

Key examples of these kinds of interactions among surrogate com-

pounds known to occur in coal conversion processes have already

been documented out of context. Facnols are excellent vehicles

for PAH compounds, and therefore may accentuate the mutagenic and

carcinogenic potential of PAIl derivatives (Ref. 106). riardarn

monoxide (Ref. 112) and certain toxic trucc clemerts (Ref. 113)

nave been shown, on Lhe otner hund, Lo inhitbit microsomal mised-

function oxidase activity. A]tefnative]y, vitamin A may retard

carcinogenesis (Ref. 114) without specifically affecting other

metabolic routes for aromatics. Additional research is needad

to determine . he relative importance of these potential pollutant-

- pollutant interactions in the occupational health effects assessment

for coal conversion systems.

Reswlte of Lhege offoele wil! sl 0070 08 Pie DT oceeorpntd T !
v o . - - f)

health effects activiltics by providing o date base to:

.

Y3

."';'/!urm{-:fu.u'-«’y nierpred e e w el i i con cnng -
uents in combiration -- "synergtoms', "antagonisms", "co-carcing-

genesta, and so un,

stimate hexlth consequenccs and worier recks to partieular
exposure hazards in coal convercion systoams.
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Research activities to resolve the health effects of pollutant combina-

tions are intended to incorporate exposure dose-responsc data into a

causal relationship framework for interpreting occupational epidemiology

results and for implementing the medical surveillance program for

coal liquefaction. Particular tasks toward this end may include:

o Modeling of exposure dose-response informaiion.

© Laboratory verijicaiion. Low-level exposure experiments using coal
liquefaction (surrogate) mixtures, to determine which éxposure dose-
response factors arve imporiant for cccupationai conditinas,

° Occupational epidemioloqy comparison. Establish degree of consis-

tency between predicted and reported occupational health 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 occupatioha] health effects data. The
‘results of this work will identify areas oflhigh risk which can be.
remedied by plant redesign and modificatibn, and will target particularly

susceptible job categories for medical surveillance.

6.4 Medical Surveillance Progran

Development of a medical surveillance program for demonstration phase and
commercial coal liquefaction technology will be aided greatly by input on
occupational health effects which 1inks the toxicology data base to the
medical manifestations of occupacional exposures. The systematic identifi-
cation of target organs and adverse health effects from these inputs mav
improve the sensitivity and reliability of morbidity determinations in

the medical surveillance and cpidemiological studies of coal lViquefaction
workers,
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PHASE IV
HASE i PHASE IV
A. START OPERATIONS A. DECISION ON DISPOSITION
2. TWO YZAR ADDITIONAL CFERATICNS APPROVED B. START DISPOSITION
C. COMPLETE OPERATIONS EITUMINOUS COAL/S! ANT SUBDITUMINOUS COAL OPERATIONS C. COMPLEYE DISPOSITION
D. AFPROVAL OF ADDITIORNAL OPERATIONS
E. START FLEXICOKING QPERATIONS
F, COVPLETE ELCP OPTIRATION ON THIRD COAL/SIART ADDITIONAL OPERATION
G. CCWILETE OFCRATIONS FINST ELCP COTTONS
Y, COPLETE OPEINRATIC!S STCOND LLCP BOTTONS
I COMPLEZTE GPERATIONS
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PHASE L ILTH &IV
FY 80 FY 81 FY 82 FY 83 FY 84 FY 85 TOTAL

MASE 2
FHASE ¢

FINAL DESIGN 43.0 13.0
THASE | .

CONSTRUCTION 32.7 27.3 23.4 28.0 111.4
PHASE 11} - .

QOPERATIONMS 32.0 51.8 55.3 53.2 69.2 2G.3 287.8
PHASE IV

SHUTDOWN 1.6 1.6
TOTAL 77.7 79.1 78.7 82.8 69.2 26.3 413.8

EXPENDITURES PRIOR FY's = $132.3 MILLION
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