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ABSTRACT 

Comp~ehensive indust~ial hygiene su~veys designed to characte~ize employee 

exposures to suspected haza~dous chemicals we~e conducted at five coal 

liquefaction plants. Air sampling was car~ied out fo~ polynuclea~ aromatics 

(PNAs), the simple aromatics benzene, toluene, and xylene, phenolics, aro­

matic amines, and the toxic gases, carbon monoxide and hyd~ogen sulfide. 

Sampling for PNAs was accomplished through the use of a silver-memb~ane fil­

te~ followed by Chromoso~b 102; analysis fo~ 34 individual o~ g~oups of PNAs 

was perfo~ed by gas chromatography/mass spectrometry. 

The results of both area and personal air sampling showed that wo~ke~s a~e 

exposed to numerous PNAs usually at low microgram per cubic meter concentra­

tions. The light molecula~ weight, 2- and 3-~ing PNAs were found in the 

highest concentrations with very small o~ no quantities detected of the 

4- through 7-ring compounds. Highest exposures to PNAs were found to be 

associated with maintenance activities being ca~~ied out in the process area 

during plant operation. 

The results of a1r sampling fo~ a a~omatic amines, phenolic compounds and 

the simple a~omatic compounds benzene, toluene, and xylene showed that these 

chemicals are present only occasionally and at very low levels. Therefo~e, 

airborne exposures to these compounds may not be a major health hazard 

during normal plant operation, although skin absorption would remain a maJor 

concern •. 

Nonquantitative wipe sampling for PNAs revealed the p~esence of up to5-~ing 

PNA compounds on most surfaces sampled indicating that dermal exposu~e to 

higher ring PNAs may p~esent a potential health hazard. 
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Although no standard medical surveillance programs have been developed for 

coal liquefaction plants. the ongoing programs instituted by the plants re­

flect the awareness of the occupational hazards associated with these facil­

ities. They have been developed through recommendations by NIOSH and cor­

porate medical officers. 

This report was submitted In fulfillment of Contract No. 210-78-0101 by 

Oynamac Corporation under the sponsorship of the National Institute for 

Occupational Safety and Health. 
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1. INTRODUCTION 

AUTHORITY 

The Williams-Steiger "Occupational Safety and Health Act of 1970" was passed 

into law "to assure safe and healthful working conditions for working men 

and women •••• " This Act established the National Inscitute for Occupacional 

Safety and Healch (NIOSH) in che DeparcmenC of Health, Educacion, and Welfare 

(presencly che Department of Healch and Human Services) and che Occupational 

Safecy and Healch Administration (OSHA) in the Department of Labor. The Act 

provides for research, informational programs, educacion, and craining In the 

field of occupational safety and health and auchorizes the enforcement of 

scandards. 

NIOSH has been given the authori ty and responsibi lity under che Ac t co con­

duct field research studies in induscry, co evaluate findings, and to report 

on chese findings. Seccion 20(a)(1) of the Act mandates NIOSH co "conduct 

(directly or by grants or conCracts) research, experimencs, and demonscra­

tions relating to occupational safecy and health •••• " Section 20(c) provides 

the authoricy to enCer into contracts, agreemencs, or other arrangements wich 

appropriate public agencies or private organizacions for che purpose of con­

duccing studies relating to responsibilicies under the Act. For this pur­

pose, NIOSH has established a contractual agreement with Dynamac Corporation/ 

Enviro Control Division (Enviro) to study worker exposures to potential 

health hazards in coal liquefaction plants. 

BACKGROUND AND NEED FOR STUDY 

It became apparent in the 1970s that the United States might be forced to 

obtain petroleum supplies from sources other than those then currently 

supplying the bulk of petro lewn imports. Dramatically increased prices of 
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oil from all sources provided further impetus to identify and secure petro­

leum products from less expensive sources. 

The availability of energy sources in the form of coal-derived petroleum 

substitutes had been long known but never exploited in the United States on 

a large scale. With the increased political and economic pressures to 

develop petroleum substitutes, the need for technologies for conversion of 

coal into gaseous and liquid fuels became apparent. 

In its mandate to conduct studies to assess health effects in industry, 

NIOSH initiated a program in 1977 to study coal liquefaction workplace 

hazards. The strategy in this project was to characterize the various coal 

liquefaction technologies while the industry as a whole was in the 

developmental stage. Epidemiological evidence indicated that production of 

coal-derived liquids from a plant operating 1n Institut~, West Virginia, led 

to excess cancers in workers exposed to the coal-derived materials (Sexton, 

1960). Although relatively large, commercial-scale coal liquefaction plants 

had been in operation for several years during the 1930s and 1940s in 

Germany and at the present time in South Africa, no substantive data was 

available on long-term health effects of those particular technologies. 

With this baCkground, NIOSH, through this contract, began an industrial 

hygiene study assessment of coal liquefaction pilot plants which were either 

operating or under construction by the U.S. Department of Energy (DOE). At 

the beginning of the study, only three plants were in operation: the Plant 

A in Tacoma, Washington; Plant C 1n Wilsonville, Alabama; and Plant B 1n 

Wheeling, West Virginia. -Two other plants, Plant 0 in Baytown, Texas, and 

Plant E in Catlettsburg, Kentucky, came on line later and were included in 

the study group. 

The objectives of the study were: 

to identify hazardous chemical and. phys ical agents in the work 
environment which are generated 10 the 1 ique fac t ion process; 

to determine employee exposures to the agents which were 
identified; 
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to identify work practices and controls which would reduce 
exposures to the agents; and 

to identify additional research activities required to eliminate 
or reduce risks to employees In future commercial-scale coal 
liquefaction plants. 

SCOPE OF STUDY 

The general approach for conducting the industrial hygiene study was first 

to conduct a review of existing literature to determine the state of knowl­

edge on chemical hazards expected and methods for sampling and analysis. 

Following the literature search, walk-through surveys were planned to test 

sampling and analytical methods and to determine concentration ranges of the 

species of interest. 

As a result of the literature review, it was apparent that no satisfactory 

method for sampling individual polynuclear aromatic hydrocarbons (PNAs) 

existed which was compatible with the requirements for personal sampling 

devices. Collection devices using large packed columns of solid sorbent had 

been used In environmental studies, but these devices required powerful 

vacuum pumps with nonportable electric motors. A sampling device was 

developed by Enviro for this study which could be adapted to standard, 

battery-operated personal sampling pumps. 

Walk-through surveys were conducted during the first year of the contract at 

two coal liquefaction pilot plants. During the walk-through surveys, sampl­

ing was conducted for chemical and physical agents that had been identified 

in the literature review as potential health hazards. The initial sampling 

was also used to test the PNA sampling assembly and to determine concentra­

tion ranges of the various chemical species. 

Results from the walk-through sampling were evaluated to determine if the 

sampling and analytical methods were adequate for the concentration ranges 

measured, and whether or not specific agents were present in significant 

amounts to warrant further monitoring during comprehensive industrial 

hygiene surveys at the five pilot plants. 
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The major difficulty which arose during the course of the project was sched­

uling of surveys to coincide with plant operations. The experimental nature 

of pilot plants results in frequent test run upsets, and there were also 

delays in startup of those plants that were not in operation at the be­

ginning of the study. It was decided at the onset that sampling would be 

conducted when plant test run conditions were as near to test specifications 

as possible, rather than during major upset or downtime conditions. This 

factor caused some significant delays, particularly early in the project 

(1978-1979). 
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2. BACKGROUND 

GENERAL COAL LIQUEFACTION PROCESS DESCRIPTION 

Introduction 

The liquefaction of coal is a method for producing energy-rich hydrocarbon 

materials of diverse utility; it currently involves the use of several dif­

ferent experimental technologies. The products of the liquefaction plants 

surveyed in this study vary from a solid to light liquids, such as naphtha. 

The utility of these products is comparable to that of petroleum, and in­

cludes materials for use in commercial fuel-burning facilities and refinable 

materials which can substitute for gasoline and lighter oils. Some draw­

backs of direct combustion of coal -- ash and sulfur content -- can be eli­

minated by liquefaction. 

The technologies involved in achieving coal liquefaction have similarities 

to those utilized in petroleum processing, but generally require more rigor­

ous procedures that tend to deteriorate process equipment more rapidly. 

Similar processes include thermal-cracking and hydrocracking of high mole­

cular weight hydrocarbons and their subsequent distillation and fractiona­

tion. Several of the technologies required, however, are unique to coal 

liquefaction. 
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Process Details 

A simplified process schematic of coal liquefaction lS presented In Figure 

2-1. 
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Figure 2-1. Simplified Coal Liquefaction Process Schematic 

Coal liquefaction always requires the crushing and pulverization of coal to 

small mesh size to facilitate contact between the coal and the reaction pro­

cess. Typically. coal is crushed and milled, and then mixed with a solvent 

medium. Liquefaction plants normally use bituminous and subbituminous coal. 

Coa 1 preparation creates safety prob lems wi th dust. and lique fac tion plants 

use techniques common to other coal preparation industries such as closed 

conveyance systems and baghouse filters. 

Prepared coal is mixed with solvent which is a recycled product of the pro­

cess. The solvent-coal slurry is the form in which the coal is reacted. 

Primary I iquefac tion is achieved by thre"e processes: so Ivent extrac tion, 

thermal-cracking, and hydrocracking. Extraction causes some of the coal to 

simply dissolve in the solvent; however, the macromolecular form comprising 

the bulk of the coal requires more extensive chemical reaction. Thermal­

cracking is the effect of heat (400 to 47S a C; 750 to 875°F) fracturing the 

large organic molecules of coal into smaller molecular fragments. 
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Thermal-cracking is often accompanied by hydrocracking which LS accomplished 

by introducing molecular hydrogen into the cracking process. These major 

chemical reactions are facilitated by high pressures (1,500 to 3,000 psig). 

Hydrocracking increases the hydrogen-to-carbon ratio by saturating some of 

the unsaturated bonds in the molecular structure. A catalyst is sometimes 

used to enhance the cracking reaction. 

After the liquefaction reaction, the liquid coal stream is directed to unit 

processes which distill the liquid into different boiling ranges. The stream 

contains a heterogeneous mixture of light and heavy hydrocarbons, as well as 

ash, unreacted coal, and unconsumed hydrogen. The high-pressure stream LS 

usually flashed to successively lower pressures, which permits recovery of 

the unconsumed hydrogen and very light, gaseous hydrocarbons. The hydrogen 

can be cleaned and recycled to the reaction process; and gases can be used 

for in-plant heating purposes. 

Any water present Ln the process stream is also separated from the other 

compounds by flashing. This water contains a significant amount of the sul­

fur from the process and requires sour water treatment. Sulfur -- present 

as hydrogen sulfide -- also contaminates the hydrogen gas stream and is re­

moved with water and diethanolamine (DEA) scrubbers. Treatment of sulfur-

containing wastes yields elemental sulfur by use of systems such as a Stret­

ford unit. 

Continued flashing produces a naphtha or light distillate product which is 

taken as product. To further distill the main liquid coal stream containing 

concentrated ash and other solids, more extensive equipment including frac­

tionators and vacuum strippers is used. In the instance of the (I) pro­

cess, however, less severe reaction conditions result in a very heavy solid 

product that does not require the distillation necessary for lighter liquids. 

The more complicated liquefaction processes produce various boiling frac­

tions. The distillation steps permit the products to be taken as homogene­

ous liquids for use as recycle solvent, for blending into petroleum ;ubsti­

tutes, or for direct use as fuel oils. 
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Fractionation is a distillation process occurring at low or atmospheric 

pressures that produces a clean, light hydrocarbon stream and a bottoms 

stream containing the heavier hydrocarbons, ash, and unreacted coal. The 

bottoms stream may be further processed by vacuum stripping at below atmos­

pheric pressure. This enhances the distillation of heavier hydrocarbons and 

uses steam to increase the production of clean liquid fractions. 

The bottoms stream from the vacuum stripper units is a solid hydrocarbon 

containing the ash and unreacted coal. This solid product is still a poten­

tially valuable energy source, although it has less utility. 

A variation of the liquefaction technology incorporates the use of a hydro­

genated donor solvent. Processes utilizing this scheme include a reaction 

and fractionation step in addition to the initial solvent extraction and 

liquefaction reaction step. Hydrogen is reacted with coal liquids that have 

already been separated from ash and unreacted coal. This results in lm­

proved product liquids and in a recycle solvent capable of aiding In the 

hydrogenation of the initial coal slurry. Hydrogen recovery and distilla­

tion are similar to those previously described. 

A checklist of process units used in the five liquefaction plants surveyed 

in this study is presented in Table 2-1. The major operating parameters 

specific to each plant are presented in Table 2-2. Complete process sche­

matics and descriptions are presented in Appendix A. 
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Table 2-1. Major Process Units at Coal Liquefaction Plants 
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Process Specifics of Plant A--

Plant A uses two variations of a commercial process. In the first variation 

(1), the product is a solid material with a melting point of from 177 to 

205°C (350 to 400°F). In the second variation (II), the major product is a 

liquid of approximate crude oil consistency. 

In the (I) mode, coal is pulverized and mixed with ~ecycled coal-derived 

solvent. The coal slurry is fed through a reciprocating pump for pressuri­

zation to approximately 1,500 to 2,000 psig. High-pressure hydrogen gas is 

added to the slurry. The three-phase stream is heated in the preheater, and 

then pumped to the dissolver where extraction and liquefaction occur. The 

gas, solvent, dissolved coal, and undissolved residue pass from the dis­

solver through a series of flash drums which separate the gas from the 

slurry. The high-pressure gas recovered from the flash steps is passed to 

the high-pressure gas purification system (diethanolamine unit). The sour 

gas which is removed is sent to the Stretford unit for treatment. 

The liquid is further flashed and subsequently filtered to remove ash and 

unreacted coa 1. The fil trate is pumped to a vacuum-flash preheater and' then 

flashed to below atmospheric pressure. The (t) product is pumped onto a 

Sandvik belt (a continuous, water-cooled, stainless steel belt) for solidi­

fication and then delivered either to a waiting truck or to a storage facil­

ity. 

In general, the (I) and (II) processes are the same through the dis-

solver. However, in the (II) process, the slurry exiting the dissolver lS 

split: one portion is recycled to provide solvent for the coal slurry mix­

ing operation, and the other portion is fractionated. The fractionation 

products are naphtha, low-sulfur fuel oil, and bottoms residue. Bottoms 

residue, containing very heavy hydrocarbons, unreacted coal, and ash, is 

solidified on a Sandvik belt in an operation similar to (I) production. The 

increased severity of operating conditions in the dissolver (i.e., the 

increased residence time, operating pressure, and hydrogen concenc:ration) 

results in the majoriC:y of c:he coal being converted to a liquid fuel re­

sembling No. 2 fuel oil with a 175-455°C (350-850°F) boiling range. 
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Process Specifics of Plant B--

Plant B employs a commercial synthetic fuel process to produce low-

sulfur, liquid fuels. In the process, coal is first crushed and mixed with 

aromatic solvent to form a coal/solvent slurry. The slurry -- pressurized 

and preheated passes through an extractor where coal dissolution occurs. 

The extractor is a vertical, compartmentalized, stirred vessel of sufficient 

volume for approximately one-half hour of residence time. The slurry is 

then depressurized and flashed to remOve hydrocarbon vapors and 

noncondensable gases which are formed as a result of thermal-cracking and 

hydrogenation of the dissolved coal/solvent mixture in the extractor. 

The remalnlng slurry is pumped to a solids separation unit which produces a 

clean liquid stream and a thickened slurry. The clean liquid stream -- com­

posed of solvent and coal extract -- is sent through a second flash step 

which yields light and heavy distillate streams. The thickened slurry is 

pumped to a carbonization unit which removes solvent from the slurry and 

produces waste char. 

Heavy distillate produced from the last flash step is directed to a second 

reaction and hydrogenation process. The light distillate is fractionated 

and withdrawn as part of the recyle solvent stream and as a product. Treat­

ment of the heavy stream yields further reacted liquids which can be removed 

as products or used as a hydrogen donor solvent for a portion of the solvent 

recycle. 

Process Specifics of Plant c--

Plant C uses the (I) process; it LS very similar to that described for Plant 

A. In this process, pulverized coal is mixed with process-derived solvent 

in a slurry blend tank. The slurry is combined with hydrogen-rich (85%) 

feed gas and is pumped thrugh a preheater into a dissolver at 427-46SoC 

(SOo-S75°F) and 2500 psig. Residence time in the dissolver ranges from 10 

to 60 minutes. 
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From the dissolver, the slurry 1S split into a vapor and a slurry phase. The 

vapor overhead-- consisting of unreacted hydrogen and hydrocarbon gases --

is sent to the hydrogen recovery and desulfurization units. Unreclaimed 

gases are cleaned and discharged by venting or flare. The slurry phase 

undergoes additional treatment to remove organic vapors; and the liquid 

product is then fed onto two water-cooled trays to solidify and fragment the 

final product. The organic vapors are condensed and processed to reclaim 

the low-boiling (below 177°C) organics, recycle process solvent, and filter 

wash solvent. 

Plant C has a max~mum coal feed rate of 6 tons per day. The plant does not 

have a coal preparation plant onsite. Coal of desired size and moisture 

content is purchased and transported to the facility. 

Process Specifics of Plant D--

Plant D uses a noncatalytic coal liquefaction process utilizing prehydroge­

nated "donorl! solvent to facilitate hydrocracking of coal. The donor solvent 

is a recycled distillate of the liquefaction stream, and is catalytica~ly 

hydrogenated in a separate process. Several liquid fractions, as well as an 

internally consumed fuel gas, are produced by this process. 

Coal can be prepared by either of two milling processes. In one, an impact 

mill crushes the coal to minus 8 mesh and relies on later heating of the 

slurry for drying. In the other, a gas-swept roller mill crushes the coal 

to either minus 8 or m~nus 30 mesh and dries it to a moisture content of 

less than 4 percent. 

The crushed coal is mixed with hot donor solvent and the resultant slurry 

along with hydrogen is pumped to four vertical upflow reactors with addi­

tional hydrogen. Liquefaction is nonc~talytic and depends on hydrocracking 

and on the dissolving properties of the solvent. 

Reactor product consists of gas, vapor, liquefied coal, recycle solvent, 

unreacted coal, and mineral matter. This stream is fed to the reactor 

separator drum where it is split into a vapor stream and a slurry stream. 
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The vapor phase passes through hot and cold separator drums where condens­

able hydrocarbons, sour water, and unused hydrogen gas are separated. The 

main slurry stream passes directly from the reactor separator to distilla­

tion. 

Distillation is achieved through atmospheric fractionation and vacuum 

stripping. Fractionation produces naphtha, a light gas/oil, a heavy gas/ 

oil, a~ bottoms. Bot~ gas/oils are pumped to the donor solvent hydrogena­

tion unit. Naphtha may be blended with the gas/oil stream or taken as prod­

uct. Bottoms are sent to the vacuum stripper. 

Preheated bottoms are pumped to the vacuum stripper where an overhead stream, 

two side streams, and a solids-containing bottoms residue are produced. The 

overhead stream is condensed and separated into liquid hydrocarbons, sour 

water, and fuel gas. Hydrocarbons are sent to the solvent hydrogenation 

section. The vacuum stripper side streams include a light vacuum gas/oil 

(LVGQ) and a heavy vacuum gas/oil (HVGO). The HVGO can be withdrawn as 

product, or can ce combined with the LVGO stream and pumped to the solvent 

hydrogenation section. Vacuum bottoms are pumped to a stainless steel belt 

where they are cooled and solidified. 

The solvent hydrogenation section replenishes the donor hydrogen in the re­

cycle solvent. In effect, solvent hydrogenation is a middle distillate 

hydrotreating plant. The replenished solvent flows through separator drums 

where unconsumed hydrogen is recovered, and sour water and organic vapors 

are condensed and removed. Hydrocarbons from the separator drums and the 

solvent stream are combined and sent to a second fractionation system. The 

fractionation process separates the hydrogenation products into three 

streams: fuel gas, naphtha, and recycle donor solvent. Donor solvent 

possessing the proper characteristics is cycled back to the liquefaction 

section and mixed with coal in the slurry drier • 

• 
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Process Specifics of Plant E--

Plant E uses a catalytic coal liquefaction process capable of producing 

either synthetic crude oil suitable for refining or heavy fuel oil. Coal ~s 

hydrogenated and liquefied in a catalytic ebullated-bed reactor. The hydro­

liquefaction product is then separated by distillation into liquid fractions 

of different boiling temperatures. The process also products. a fuel gas that 

~s consumed onsite for heating purposes. 

Coal is pulverized, dried, and delivered to a slurry preparation drum where 

it is mixed with recycled slurry oil. Slurry oil comes from the hydroclone 

(liquid-phase cyclones) overflow stream and from additional product oil from 

fractionation. The slurry is pumped at approximately 3,000 psig to a gas­

fired preheater where it is heated to about 400°C (750°F). Hydrogen (H
2

) 

is introduced as the stream enters the preheater. The hot slurry is fed to 

the reactor along with additional preheated hydrogen. Plant E's reactor 

utilizes a cobalt-molybdenum catalyst in an ebullated bed. The ebullating 

pump recirculates the catalyst-free slurry from the top of the reactor to 

the bottom and returns it up through the catalyst bed. 
eo 

The reaction product is withdrawn from the top of the ebullating bed and 

depressurized in a series of flash vessels. Reactor effluent consisting 

of gaseous and liquid products, unconverted coal, and mineral matter -- ~s 

separated into a vapor phase and a solid/liquid phase in the reactor effluent 

separator. The vapor phase, containing unreacted hydrogen and gaseous hydro­

carbons, is cooled and the heavier hydrocarbons are condensed. The solid/ 

liquid phase is, flashed in two steps from 3,000 psig to 50 psig. Flashed 

vapor is condensed and sent to the fractionator. Some hydrogen is recovered 

from the flash vessels and is recycled. Bottoms material from the flash 

steps is directed to a set of hydroclones. 

Hydroclones are used to separate solids from the slurry stream and produce a 

solids-free oil for recycling to slurry pTeparation. Solids-free hydroclone 

overflow not used for recycling is sent to fractionation. Hydroclone bottoms 

containing all the solids are pumped to the atmospheric and vacuum strippers. 

2-10 



Process streams enter the fractionation unit at t~o points. The solidi 

liquid slurry stream is pumped through a preheat furnace to the atmospheric 

stripper and the vacuum stripper. Condensed liquids from .the flash steps 

and hydroclone overhead move directly to the fractionator. 

Bottoms from the atmospheric stripper are directed to the vacuum stripper 

and are flashed and steam~stripped again. Bottoms from the vacuum stripper 

consisting of a residuum of unreacted coal and mineral material are delivered 

to a flaker solidification process. 

The combined liquids from the stripper and the flash steps are fed to the 

fractionator through a preheat furnace. The process stream is parcially 

vaporized in the preheat furnace before being introduced to the flash zone 

of the fractionator. The overhead product from the fractionator is sent to 

a stabilizer tower where the gases (C4 and lighter) are removed. The 

bottoms product from this tower is stabilized naphtha. The fractionator 

produces t~o other streams -- light oil and heavy oil. 

Both streams are steam-stripped to remove light ends which are returned to 

the fractionator. The heavy oil stream is recycled with hydroclone overhead 

to slurry preparation. A portion of this stream may be blended with the 

other streams to produce a synthetic crude oil. 

Health Implications of Coal Liquefaction Processes 

Coal liquefaction processes present several health concerns. The exact 

extent of these hazards may be expected to change with the scale of a com­

mercial size operation. A llst of occupational health hazards associated 

with each process unit is presented in Table 2-3. 
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Table Z-3. Potential Occupational Health Hazards In Coal Liquefaccion 

Unie ~rocess Poeeneial Hazard 

Coal ?repara~ion Carbon monoxide: coal dus~: noise: erace me~als; 
f~e 

~xe=aceion/Reac~ion 

Oiseillation 

Solvene Recovery 

Boeeoms Solidi!icaeion 

Hydroqen Recovery 

Waste~ater T=eat=en~ 

WORK FORCE ACTIVITIES 

Polynuclear aromatic hydrocarbons (PNAsl; aroma~ic 
amines: benzene, eoluene, xylene: phenolics 

PNAs: aroma~ic amines: benzene, toluene, xylene: 
phenolics 

PNAs: aroma~ic amines: benzene, toluene, xylene: 
phenolics 

PNAs: aromatic amines: ?ar~i~~la~es; noise 

Eydroqea sulfide: mercapeans, ammQnia; noise 

Rydroqen sulfide: phenolics: aroma~ic amines; 
~nia 

A total of about 800 workers were employed in che five coal liquefactiqn 

plants surveyed during this industrial hygiene study. At present, due to 

the shutdown of two of these plants, this number is closer to 450. In che 

future, a single commercial plant producing 50,000 barrels of oil per day is 

expected to require about 1,000 co 2,000 workers. Based on data concerning 

job assignments and work descriptions obtained from the piloc plants, it is 

projected that between 50 and 80 percent of these workers will have the 

potential for significant exposure to coal-derived materials. 

Piloc plant workers were found to fit into one of three job categories: 

operators or process technicians, maintenance personnel, and laboratory 

technicians. Job assignments within these cacegories are not standardized, 

and some variations of the general des~riptions that follow occur. 

Operators/Process Technicians 

Operators or process technicians work on 8- or lZ-hour shifts and have the 

responsibility for the operacion of one or more unic processes of the pilot 
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plant. In a commercial facility, several operators are projected for each 

process unit. In most cases, operators/process technicians duties are 

clearly defined and include a significant amount of time spent in relatively 

routine activities such as reading gauges, checking valve positions, and 

monitoring process operating parameters. During normal plant operations, up 

to 80 percent of their time may be spent in the control room where exposure 

can be expected to be less than In the process area. Depending upon the 

p"articular operation involved, extended periods up to a full shift may be 

required in the process area where exposure potentials are greater. These 

operations involve the performance of routine activities such as blowing 

down vessels, taking process stream samples, handling chemicals (e.g., In 

the Stretford unit), loading waste materials for disposal, and general 

housekeeping chores such as cleaning the baghouse filters. Upset conditions 

require the operator to assist the maintenance crew in such high-exposure 

situations as cleaning plugged valves and lines, and repairing steam teaks 

and pump strainers. 

Maintenance Personnel 

Shift and nonshift maintenance personnel, belonging to one of several crafts, 

are responsible for maintaining, repairing, and remodeling all equipment in 

the facility. The majority of this work occurs during plant turnarounds or 

upset conditions. These workers may be regular plant employees or outside 

contractors. At the pilot plant, both the job performed by the maintenance 

personnel and the areas of the plant frequented vary unpredictably on a day­

to-day basis. In a commercial facility, exposure situations are expected to 

be normalized by the instigation of detailed maintenance instructions which 

outline the frequency of maintenance work and detail procedures for decon­

tamination of equipment. Jobs with a high potential for exposure include 

removing pumps or equipment containing process material, breaking into pro­

cess lines, and entering tanks or vessels. In general, field exposure lS 

minimized whenever possible by performing maintenance work in offsite shops. 
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Laboratory Technicians 

Laboratory technicians analyze process stream samples; however, job respon­

sibilities vary widely. In one plant. these technicians are also responsible 

for securing process stream samples (a high-exposure assignment) and there­

fore spend time in the process area of the ~lant. In another plant. labora­

tory technicians are responsible only for determining the physical properties 

of the samples. and consequently do not experience any significant exposure. 

In most plants, exposure to process materials and to solvents used In the 

analytical procedures occurs during sample preparation and analysis. In 

these cases, vacuum distillation of sample materials presents the greatest 

potential for exposure. 

Ultimately, analysis of work force activities and correlation with sampling 

data can be used to develop industrywide, uniform job classifications which 

may include semiquantitative or rank-order exposure estimates both to coal 

conversion mixtures and to specific chemicals known to represent health 

hazards. At the pilot plant level, however, changing work practices, cross­

contamination of the small plant units, and the unsteady state of most plants 

. preclude such analyses. 

HEALTH EFFECTS OF EXPOSURE TO COAL LIQUEFACTION MATERIALS 

Workers in coal liquefaction pilot plants are chronically exposed by skin 

contact, inhalation, and inadvertent ingestion to unknown levels of poten­

tially toxic but as yet incompletely characterized liquid, gaseous. and 

particulate emissions and/or solid products and wastes. Acute exposure to 

high ·levels of these same materials can also occur during maintenance and 

repair operations, as well as during accidents. 

Concern over health hazards associated with exposure to these materials is 

based on two types of information. Epidemiological studies have long shown 

an increased risk of mortality and morbidity in workers exposed to coal­

derived materials In related industries. In addition, experimental labora­

tory findings in animals, cells. and bacteria have demonstrated the 
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potential toxicity and carcinogenicity of certain coal conversion materials, 

as well as of individual components of these materials. 

Chemical analysis of materials produced from bench-scale or pilot-scale con­

version plants is incomplete. However, coal liquids have been found to have 

a higher degree of aromaticity and a more condensed ring structure than 

petroleum crudes. In addition, the heteroatomic content of coal liquids is 

increased primarily due to increased amounts of nitrogen and oxygen. The 

result is a considerable amount of material boiling at 370°C ( 700°F). 

Correlation of these high-boiling materials with positive results from muta­

genicity and/or carcinogenicity testing suggests a high potential for car­

cinogenicity and perhaps teratogenicity following exposure (Mobile, 1976; 

Pelroy and Wilson, 1981). In addition, lighter, lower boiling oil fractions 

(31S-425°C; 600-800°F) from coal exhibiting minimai direct carcinogenic 

activity have been shown to possess promoting and/or cocarcinogenic activity. 

Comparison with the petroleum industry has demonstrated that coal liquid 

fractions are generally more mutagenic than are petroleum fractions of com­

parable boiling ranges (Kimball and Munro, 1981). Further, synthetic coal 

liquids, in contrast to petroleum, possess higher levels of acidic components 

such as phenols and cresols which appear in the lower boiling distillates. 

Thus, ~hese fractions, too, represent a potential for adverse health effects. 

A more detailed discussion of the known health effects of coal-derived mate­

rials is presented in Appendix C. 

OTHER RELEVANT STUDIES 

Industrial Hygiene Monitoring 

A comprehensive health program comprising an industrial hygiene monitoring 

program, a clinical medical examination program, a personal hygiene and 

educational program, and a toxicological program was conducted by the DOE 

contractor at the Fort Lewis pilot Plant (DOE, 1980). 
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Individual quantitative PNA analysis of air samples has been carried out 

using high-pressure liquid chromatography (HPLC) with both a UV detector and 

spectrophotofluorometer. The determination of total concentrations of 15 

selected PNAs in random samples has shown a wide variability ranging from 
3 nondetectable to 1,200 ug/m. The product solidification area showed the 

highest PNA concentrations. 

ather conclusions of the program to date include: 

n-Hexane, benzene, toluene, and xylene concentrations are 
extremely low, resulting in virtually negligible exposures. 

Rainy days have been associated with decreased total suspended 
particulate levels, but with increased concentrations of benzene 
so lub les. 

Temporary helpers showed the highest exposures to total particu­
lates. 

Geometric mean exposures to benzene-soluble particulates were 
significantly lower in the (II) mode than in the (I) mode. 

H2S concentrations reached a few thousand parts per million 
during loading of raw naphtha and light distillates. 

Virtually no airborne phenolics were found despite their presence 
in high concentrations in many liquid streams. 

High CO levels were associated with the use of plant inert gas at 
the coal pulverizer. 

Welders working on material contaminated with coal liquids exper­
ienced exposure to benzene solubles of up to 44 percent of the 
total welding fumes. 

An industrial hygiene monitoring survey of PNA· concentra tions in pe tro leum 

refineries was conducted by Enviro Control, Inc. (Futagaki, 1981). Sampling 

and analytical methods for PNAs were identical to those used in this coal 

liquefaction study. 

Results showed that worker exposure, as measured in three different types of 

process units at nine petroleum refineries, was similar to that of the coal 

liquefaction workers monitored in this study. In both studies, the lighter 

molecular weight 2- and 3-ring PNAs were found ~n the highest concentra­

tions, with only minimal amounts of the heavier 4-, 5-, 6-, and 7-ring 
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compounds detected. In the petroleum refinery study, the levels of PNAs 

showed a positive correlation with the age of the facility and with the 

crude petroleum utilized; no correlation was found for production capacity 

of the plant, duration since last major turnaround, or environmental 

conditions during sampling. 

In a closely related study conducted by Enviro in three coal gasification 

p"lants, personal and area sampling was conducted for the same species of 

chemical hazards (Cubit and Tanit3, 1982). Additional discussion and com­

parisons of the results of this study with the petroleum refinery and coal 

liquefaction studies are presented 1n the Analysis and Discussion of Results 

chapter of this document. 

A third industrial hygiene monitoring survey quantifying PNA concentrations 

in air samples was found in the literature (Smith, 1971)." PNA compounds in 

coke oven emissions were measured at 20 different coke plants using a gas 

chromatographic/ultraviolet procedure (Smith, 1971). Since air volumes and 

sampling times were not included in the report, direct comparison with other 

studies is not possible. However, in this study of eight PNAs, the mean 

concentrations of the measured PNAs decreased in the following order: 

fluoranthene benz(a)pyrene ~ benz(a)anthracene pyrene chrysene 

benz(e)pyrene. Benz(a)acridine and benz(a)anthrone were not found. 

Safety and Health Standards and Guidelines 

The National Institute for Occupational Safety and Health (NIOSH) has pub­

lished a criteria document for a recommended standard for coal gasification 

plants (NlOSH, 1978). This document recommends standards for each of three 

types of processes distinguished by both operating process and technology 

and the potential exposures. Included are high-Btu product coal gasifica­

tion; low- or medium-Btu product gasification utilizing bituminous coal or 

lower ranked feedstocks, and low- or medium-Btu product gasification util­

izing anthracite feedstock or very high temperatures. No attempt has been 

made to develop permissible levels of exposure to toxic chemicals. 
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A similar document for a recommended. standard for coal liquefaction plants 

is not available. Instead, an occupational hazard assessment of the in­

dustry has been developed CNIOSH, 1981). This report is a lengthy review of 

the scientific and technical information available; it discusses the occu­

pational safety and health issues of pilot plant operations. 
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3. METHODS OF STUDY 

At the beginning of this project ln late 1977, three coal liquefaction pilot 

plants were in operation: Plants A, B, and C, located in Tacoma, Washington, 

Cresap, West Virginia, and Wilsonville. Alabama. Walk-through surveys ~ere 

conducted at Plants A and B during the first year of the project. Sampling 

was conducted for the purposes of: (1) testing the PNA sampling assembly; 

(2) evaluating PNA analytical protocols: (3) identifying chemical hazards 

by species; and (4) determining concentration ranges of species to be 

studied in the comprehensive surveys. 

In 1979. two additional coal liquefaction pilot plants. one in Baytown, 

Texas, and one in Catlettsburg, Kentucky, were brought on line. All pilot 

processes are variations of the same technology for producing either a 

liquid or solid fuel product. The project scope included comprehensive . 
surveys at all five pilot plant facilities. Figure 3-1 shows the locations 

of the five pilot plants in which sampling ~as conducted. Table 3-1 lists 

the dates of the wallt-through and comprehensive surveys. 

! 
?lant I 

~ A 

I 
I 

3 I 
I 

I C 

Table 3-1. Dates of Industrial Hygiene Surveys 
at Coal Liquefaction Pilot Plants 

! Wa1k-throuqh Surleys I Comprehensive Surleys 

! 
June 1978 fecruary 1979 

I 
I 

! octocer 1978 April 1979 
I 
I 

! I 

I I none I Novem.bp.r 1979 
[ 

none· !iay 198t 

;'lone AuquS1: 1981 
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WALK-THROUGH SURVEYS 

The sampl ing program during the walk-through surveys consisted primari ly of 

"high-volume" area sampling to collect the largest practicable amounts of. 

PNAs, aromatic amines, and simple aromatic species for qualitative analysis. 

The samples were analyzed by gas chromatography/mass spectroscopy and the 

mass spectra compared with a library of 25,000 mass spectra. 

Tables 3-2 and 3-3 show the ~sults of the screening for PNAs and other 

organic compounds conducted on area samples taken during the walk-through 

surveys at Plants A and B. 

In addition to air samples collected for GC/MS analysis, bulk samples of 

process stream and by-product streams were collected for qualitative anal­

ysis of PNAs and aromatic amines, and wipe samples were taken from surfaces 

of equipment, work areas, tools, and protective clothing for PNA analysis. 

No attempt was made for these analyses to be quantitative. Rather, the data 

was to be used as a guideline for the selection of species to be quantitated 

during the comprehensive surveys. 

REFINEMENT OF PROJECT SCOPE 

Based on results of data from walk-through surveys, it was decided to delete 

some agents from the sampling protocols in the comprehensive surveys. These 

were eliminated primarily because the concentrations measured at each of the 

first two pilot plants were below detection limits of the sampling and anal­

ytical protocols, or because the concentrations were far below levels con­

sidered to have health implications. 

The qualitative work·done with the GC/MS showed the presence of many PNA 

compounds and homo logs. The selection of individual PNAs that would be 

quantitated routinely in subsequent sampling was based on three requirements; 
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availability of analytical standards to permit quantitation of 
PNA exposures. 

inclusion of an adequate number of PNAs Co represenC 2-, 3-, 4-, 
5-, 6-, and 7-ring species. 

inclusion of as many of che known orsuspecCed PNA carcinogens as 
possib Ie. 

Originally, 29 compounds with available reference scandards were idencified 

and quantitacively determined in air and bulk sampling. Five more were 

added during the course of this study as standards became available, making 

a total of 34 compounds. They are: seven 2-ring, seven 3-ring, ten 4-ring, 

eight S-ring J one 6-ring. and one 7-ring compound. Eighteen of these are 

listed in the Registry of Toxic Effects of Chemical Substances (NIOSH, 1980) 

as suspected neoplastic or carcinogenic agents; others are considered equiv­

ocal neoplastic or carcinogenic agents. 

Five nitrogen-containing heterocyclic compounds were included because of 

toxicological evidence showing carcinogenic potential for many of these 

related compounds. On the other hand, no such body of evidence associates 

cancer with the sulfur- or oxygen-containing heterocyclic polynuclear aro­

matics; chus none were included. Table 3-4 shows the PNAs which were rou­

tinely quantified on all samples in the comprehensive surveys. 

Table 3-5 lists all classes of samples collected at the five liquefaction 

pilot plants and the analyses conducted. 
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Table )-4. PNAs Routinely Quancicated by CG/MS in Comprehensive Surveys 

0:-:i8:- ot Compouna :::l',1c.ion 

1 Naph~halene 

2 l-MethyL~apht~lene 

3 2-~ethylnaphthalene 

~ Quinoline 
5 Acenaphthalene 
5 Acanaphehene 
7 !,luorene 

-9 ?henan~\rene/Anthracene 

9 Ac=icHne 
La Carl:lazole 
II :'luoranthene 
12 Pyrene 

-13 Senzo(a)fluorene/Ben.zoCglfluorene 
-14 Sen:(alan~\racene/Chrysene/Triphenylene 

*lS SenzoCjlfluoranehene/Benzo(glfluoranthene/Senzo(klfluoranthene 
*15 Senzo(elpyrene/Beazo(alpyrene 
l7 F'erylene 
U O~enzCa,jlac=iain. 

19 OiQenz(a,ilcarbazole 
20 InaenoCl,2.J-calpyreae 
2l OiQeaz(a,h)an~\racane 

22 Senzo(q,h,ilperylene 
23 Coronen. 
24 OibanzCa.ilpyrene 
2S O~ethylbenz(alantbracane 

26 3-Methylcholan~~ane 

27 6. lJ-OimethyLdibenz(a.hlanthracena 

-Compounas not separated with 6' J' OV-11 col~. 
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:'able 3-5. Classes of Samples Collected at Coal Liquefaction Plants 

: "UN'!' ilt. ?LAN'!' 9 ?UNT Ci PL.UI'l' o , ?!.ANT ::: 
S;.MPt.ES 

! Io"l'.a CS" ! '11'1' CS CS CS i CS 

i : i i 

~IR SAMPLES I 
, 

i i I , , I 

Or~ani=s 
I i 
, I I 

l'!lAs I I I I , I I I , 

.~Q1Il4el.C amines I I I I , I I I , 

?~enoll.cs I - I I , I , I 

3.n:.n./TQ1~.n./Xylene I I I I I I I I 

iiexane I I I i I - I - - -: ! -

~ 
i 

: I 

C.ar~on :IIOnoxic1e (COl , , I I I - - - , 
I , 

!!ylUeqen s~1!1c1e (B1 S1 I I I - - - , I , , , 

S~lt".lr Qiexic1. (50,% ) i I I I - - - -, 

:'=on1.4 
, 

I 
, 

I - - - - - -, -
~.e41 carl:lonyls r - - - - - - i .c 

i 
, 

, , 

i 
: , 

~ 
I 

;J I Ie !'race ~.eals I - - - -
i I 
, I 

i 
3ULK S;.MPUS I 

Orqanl.cs I I 

I PNAs I I I - I - I -
Trace :-teeals I - - - ,4 • - - ! -

I , I 

WI"!: S,\MlILES ! i : , 

Orqanics i 
; 

?NAa I - I I - - I I I 

:.Ii't' • ·.,allc-e .... 'reuqn survey. aCeD.le. molybdenum. ~ickel. 
:~s.nl.c. ~er/lliwa. c~um. copper. ~rcury. ~q&Qe.e. nick.l. sereneium. e.ll~r~wa. 
:naqn.sl.um. 
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S.~'-PLn~G AND ANAL Y'!'ICAL ~THODS 

:-he indus trial hygiene sampling and analytical protocals used for these 

studies were standard NIOSH methods; or in the case of PNAs, sampling pro­

cedures were those developed by Env1ro and analytical procedures developed 

and validated by the University of Iowa's University Hygienic Laboratory 

under a subcontract to Enviro. 

A complete description of all procedures including the validation testing 

for PNA sampling and analysis is presented in a companion volume to this 

document, "A ~ethod for Sampling and Analysis of Polynuclear Aromatic Hydro­

carbons in Coal Conversion Plants and Petroleum Refineries" (Oynamac, 1982). 

Prior to the survey, all sampling pumps were calibrated to a primary standard 

with t~e appropriate sampling train in line. Correct sampling rates were 

confirmed by periodic checks with a precision rotameter ttlrougtlout the 

sampling period. Sampling devices were checked periodically for overloading 

of sampling media, pump performance, and functioning of the sampling train. 

Each sample was given a unique identification number ac the scart of the 

sampling period. Sample data sheets were prepared for each sample and iden­

tified by a corresponding sample number. :ieceorologlcal data eaken at the 

plant were supplemented by data from the local weather bureau or staeion. 

:ne following sampling procedures were followed as closely as possible at 

each of ehe liquefaction plants surveyed. 

Sampl! ng was conduc ted du ring each 0 f the th ree s hiE cs du ri ng ehe 
survey period, which was about 5 days for @ach plant. The sur­
veys at Plants A and B were interrupted for several days due to 
plant shutrfown. t.]hen the plants came back on stream, the sam­
pling programs wer~ resumed. 

Full-shift s~mpling was conducted on each worker selected for 
mon i taring. At leas t two ful1~hif t samples were taken for each 
job category. 

'!'wo or ehree a·rea samples were collected during the survey at 
equ1pmen~ or process areas suspec~ed to have the highest con­
cenrrations of PNAs, hydrocarbon vapors, and gas emissions. 
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Plant boundary, or upwind, area samples were collected for all agents 
sampled within the process area to determine background levels. 

After sampling, samples were immediately sealed and proteccedfrom lighc to 

prevent accidental contamination or sample losses. Samples were packed in 

dry ice in styrofoam containers specially designed for the shipmenc of mate­

daIs under refrigeration. Filters, charcoal tubes, silica gel tubes, and 

bulk samples were packed in separate containers with styrofoam packing mate­

rial .to prevent breakage. 

Polynuclear Aromatic Hydrocarbons (PNAs) 

:'he general principle for collection of P~IAs and their aza-analogs from air 

involves the use of a sampling device consisting of a 37-mm silver-membrane 

filter with a solid adsorbent backup. The silver-membrane filter is only 

able to trap particulate-phase PNAs. The C-I02 backup captures the vapor­

phas~ ~As. The two basic assemblies used in chis study are shown in 

Figures 3-2 and 3-3. 

C4.!.lw.ose 
-:bro.,so~ 10: 

?olyc~nlonace 
C~SI.CCot 

I 

Figure 3-2. Area Monitoring Device for PNAs 
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Coissec:e 

:l i.l'/er ~ • ., r:lne 

Figure 3-3. Personal Monitoring Device for PNAs 

Sampling for airborne PNAS was performed by drawing air ehrough ehe ewo­

seage sampling unit consisting of a silver-membrane filter followed by 

Chromosorb 102 (C-102), a porous polymer adsorbent. The commercially avail­

able C-I02 used for this study was contaminated and required preextraction 

prior to use. The C-I02 cleanup scheme is presented in Table 3-6. 

Table 3-6. Chromosorb 102 Cleanup Protocol 

Solvene 

~echylene cnlorlde 

:1ee.!lanol 

:'Ie thy lene chlor lde/lZlee.'tanol 
(1:1; v/v) 

~o. of 
Solvenc 
C~anqes 

" 2 

~ 

Soxhlee 
EXl::3.ct ... on 
'ri.me (hr) 

~a 

24 

H 

The area sampling cassette contained a silver-membrane filter followed by 3 

to 4 grams of C-102 sandwiched in the middle sec:ion of a three-piece cas­

sette. A modified sampling unit was used for personal monitoring. Approx1-

~aeely 150 ~g of C-I02 was packed in a glass tube following the silver-

mbrane-containing cassette, rather than in the cassette itself. The larger 
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quancicy of solid sorbent in the area cassettes minimized the possibilicy of 

sample breakchrough in high-concentration areas. The ~IOSH method (P&CAM 

183) recommends the use of a glass-fiber filter in front of the silver­

~embrane filter to prevent clogging; since this ~as not a problem in this 

study, the glass-fiber filter was not used. 

After collection of personal or area samples, the sampling assemblies were 

covered with foil and stored at -20~C in the dark until analyzed. 

The C-102 solid sorbent and the silver-membrane filter were extrac:ed 

separately. After extraction and concencration, the extracts were either 

analyzed separately or combined. The extraction procedure is shown 1n 

Figure 3-4. 

~1~:3son~c exe:ace~on 
3 ]I. 15 mi:luces 
C"lC lohe:<a.ne 

:'llo:er and 
=once~C:3t:e eo _ ~, 

I 
I 
I 
I 
I 
I 
I 

~pt:~onal 

.l.n~li':e 
se9a r3t:ely 

ReeOlll.l:ane 
.3.l\a 

analy:. 

1 

Soxhl~t ~~t::ac~!on 
22 :"'.ou:s 

1,1 ""I""'O({ 

F!.lt:er and 
;oncent:3ce :0 _ m~ 

I 
I 

"~alv%e 
"~e!,a. race 1 '! 

Figure 3-4. Sample Preparation Procedure 
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The C-l02 adsorbent and stainless steel backup screen were placed in a 

foil-wrapped soxhlet extractor fitted with a SOO-mL round-bottom flask and 

extracted with 300 mL of glass-distilled methylene chloride/methanol (1:1, 

v/v) for 22 hours (Phillips, 1977). 7he extracts were processed by concen­

trating to approximately 10 mL in a round-bottom flask fitted with a 3-ball 

Snyder column. !he concentrate was then filtered through a Millipore sample 

clarifier (0.45-um reflon filter) in a 15-mL serum vial fitted with a 

reflon-lined rubber septum and crimp cap and stored at -20°C in the dark 

untii analyzed. 

:he extraction procedure used for the silver-membrane filters is a modifica­

tion of the N!OSH-validated method P&CAM 217 (NIOSH, 1977). !he modification 

inclurles multiple extractions instead of a single extraction, and cyclohexane 

1n place of benzene. 

The silver-membrane filters ~ere ultrasonically extracted in a ZOO-watt 

Branosonic 52 bath for 15 ~!nutes with 5 mL of glass-distilled cyclohexane. 

The extracts were then placed in a i5-mL centrifuge tube. The process was 

repeated two additional times, and the extracts were combined, filtered, and 

then placed in a heating block regulated at 63°C and concentrated to approx­

imacel~ 1 mL. 

?~As were identified and quantified by the use of two internal standards 

clO-an thracene and d12-chrysene. All GC analyses of the referenced P~A 

compounds produce symmetrical Gaussian peaks, with the exception of quino­

line which tails slightly. 

Each batch of samples included field blanks and reagent blanks to check for 

contamination. Desorption efficiencies were determined on each batch or 

eh romoso rb 102. 

~e CC/MS parameters used for che separations and quancitacion of P~As were 

as fo 110ws : 
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GC Column: 6'x 0.079" i.d. glass column packed with 37. OV-li on 
80lloo mes h Supelcor't (purchased from Supelco, Inc.) 

Column Temperature: BOC/min to 260°C, then held at 260°C for 50 
min 

Injector Temperature: 240°C 

GC/MS Interface Temperature: 325°C 

Ca rn er Gas (h e11 urn) Fl ow Ra te: 30 mL /min 

~S Ionizer Block Temperature: 250°C 

~s Electron Multiplier Voltage: 1800 V 

MS Electron Energy: 70 ell 

MS Emission Current: 500 tnA 

The isomers not resolved by this GC column (i.e., numbers 8, 13, 14, 15, and 

16 in Table 3-4) but found to be present in quantifiable amouncs were quan­

titated as isomeric groups. !f multiple isomers were suspected of contri­

bucing to a single peak, additional analysis by either high-~ressure liquid 

~hromatography (HPLC) (Thomas and Lao, 1977) coupled with a fluorescence de­

tector (Das and Thomas, 1978) or capillary column gas chromatography was 

used. These methods were found co separate isomers noc resolved with the 

6-fl: 3% OV-17 column. 

The capi llary CC parameters are as folloW'S: 

GC Equipment: Varian Model 3700 equipped .r1l:h an auto-integrator and 
dua 1 flame-ionization detectors 

GC Column: l5.m x 0.2495-mm i.d. glass capillary colum packed with 
0.34-um film thickness of S£-52 (from J&W Scientific) 

Column Temperature: 50°C to 250°C at :oC/min 

Injector Temperature: 300°C 

Carrie r Gas (helium) Pressure: 20 psig-
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Aromatic Hydrocarbons 

Air samples ~ere collected on600-mg charcoal tubes and analyzed for: 

benzene, toluene, and xylene. Sampling and analysis followed che NIOSH­

recommended procedures described in ~ethod No. P&CAM 127 (NIOSH, 1977). 

Aromatic Amines 

Separate samples collected on 80o-mg silica gel tubes were analyzed for the 

cwo groups of aromatic amines listed below: 

Aromatic amines: aniline 
N,N-dimethylaniline 
a-toluidine 
2.4-dimethylaniline 
o-an i sid i n e 
p-anisidine 

Naphthylamines: 

p~i troan111ne 

l~aphthylamin e 
2~aph thy lam1ne 

.~alyses followed recommended N!OSH (1971) procedures described tn P&C~~ 168 

for aromatic amines and P&CAM 264 for the naphthylamines. 

?heno Is 

Samples were collected on 80Q-mg silica gel tubes and analyzed USing N!OSH 

(1977) procedures in 5167 for the following phenolics: phenol, a-cresol, 

m-cresol, p-cresol, o-ethylphenol. p-ethylphenol, Z.3-xylenol. and 2,4-

xy lena 1. 

Gases 

Sampling for gases such as CO, HZS, and SOZ was done by grab sampling 

techniques using length-oE-stain indicator tubes or direct-reading monitor­

ing devices. Because of the· intermittent nature of gaseous emissions in the 

facilities, grab sampling and real-time monitoring were preferred because 

full-shift personal sampling did not pinpoint emission sources or measure 

peak concentrations. 

3-15 



~ATA ANALYSIS 

All analytical results were corrected for desot"ption efficiencies as der::er­

mined on each batch or lot of C-I02, charcoal r::ubes, and silica gel r::ubes. 

Corrections were also made for r::he mean field blank values taken duri~5 r::he 

respecr::ive surveys. 

The data were analyzed using the following sr::atistical method: 

Lognormal dis tribution of r::he measured concentrations in the 
samples was assumed (NI0SH, 1977). 

The geometric mean (GM) and the geometric standard deviation 
(GSD) were determined us ing t he formulas: 

G~·I .. an cilog 10 

GSD =ancilog 10 

n(n-l) 

The lower limit of detection was used Eor all values of O. 

The upper and lower confidence limits (VCL, LeL) were calculated 
from the GM, CSD, and the Student's t according to the formulas: 

)-16 

10g10 GSiJ ] 

'J' n -



t '05 was chosen from the standard table. 

(n-l) t.OS 
1 12.7 
2 4.3 
3 3.2 
3 2.6 

6-7 2.4 
8-9 2.3 

10-13 2.2 
14-27 2.1 

28 2.0 

The broad confidence limits on the mean can be attributed to two factors. 

First, the data were widely dispersed; this probably resulted from the un­

steady operating conditions at the plants and inherent variability in the 

sampling and analytical methods. Second, the number of samples in each 

category was necessarily low due to the high cost ot individual sample anal­

ysis tor PNAs. 
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4. RESULTS 

RESULTS OF AREA AND PERSONAL SAMPLING 

This chapter summarizes the results of all sampling conducted at five coal 

liquefaction pilot plants. More than 200 area and personal samples were 

collected and analyzed for up to 34 individual PNAs, or groups of PNAs. In 

order to present the data in an understandable format, "total PNA" values 

are reported. The total PNA concentrations represent the sum of the indi­

vidual PNA concentrations determined for each sample. Individual sample 

results and the measured concentrations of each PNA species, are presented 

for all plants in AppendixB. 

One of the objects of tbe study was to determine which unit processes or 

process areas contributed most to worker exposure or had the highest fugi­

tive emissions. To accomplish this, area samples were collected adjacent to 

equipment in each of the process areas that were expected to be the source 

of highest emissions. Sampling data from these sites were then combined for 

comparison to other process area data and personal sampling results (Table 

4-1). Similarly, personal sampling data representing similar job responsi­

bilities at the different plants were combined for comparison (Table 4-2).· 

When groups of data are combined, geometric means (GM) are used along with • 
the geometric standard deviation (GSD) and the 95% upper and lower confi­

d enc e litlli ts (UCL and LCL). 

In most PNA samples, the 2-ring PNAs, primarily naphthalene and its methyl 

derivatives, comprised the largest contributing mass to the total concentra­

t ions. In 'order to inc lude this information, the percent distribution of 

PNA! by ring numbe"r is also given (Tables 4-1 and 4-2). 
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Table 4-1. Total PNA Concentrations for Area Samples at Coal Liquefaction 
Pilo t Plants & Pe rcen t Dis t ribu tion of PNAs by Ring Number 

:.s; ~ '.:c:. ,J , OlStr~t~n ot ~As =y ~e~qnt 
; .. n& S.u:r.pLoI01 !I':: G30': :.c::. 
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.. I:~a~ ?=eparst.:.on ,; Sl:..:::r !-u.-.:~<; 3 3 ... 3 l.~ 7.; ;'3l.l i .~.o SJ .3 3.01 J :J , 
." 

~':'SSOi'H"q 1. 13.1 HI"" :-II'" :11.\ ;9. J 1.3.0 J. ". :l J J , 
~clS ~ec'lC:~~:iq 

. 1. 0.6 :-II'" :-IIA ~I/ A 2Z.:J 75.J l.J ~ 0 J 

~·.Jl'l.n: ~ecovuy 1 32.a ~/'" ~/A ~II A. ~3.2 a.oJ J.7 0 0 J , 
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Other samples were collected to assess worker exposure to aromatic amines, 

and simple aromatics such as benzene, toluene, and xylene. These data are 

summarized In this chapter, and individual sample results are presented in 

Appendix B. 

Qualitative results of the PNA wipe samples collected at the coal lique­

faction plants is shown in Table 4-3. 

Sampling results for aromatic amines and other organics are shown as the 

highest measured concentration at each area and personal category (Tables 

4-4 - 4-7). Since most samples analyzed for these compounds had no detect­

able concentration, the calculated mean value would, in most cases, fall 

below the minimum detectable level of the analytical method. 

Although "highest lDeasured concentrations" are infrequently used in display­

ing large amounts of sampling data, the results presented are instructive in 

showing that even the highest measured concentrations are well below concen­

trations recognized as having health hazard significance. 
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Table 4-3. ~ipe Sample Qualitative Results for PNAs at Four Coal Lique­
faction Pilot Planr:s (no ~1pe samples collected ar: Plane C) 

?NAs I 
?l4l\~ SiclI Sa=pled : :l-Ri..."q I J -iU.:lq r "-R.:,nq I S-~ql ~-R.:,::q ;-~-:q 

;. Sell vlUl.~ j:\ImP ~<" I .= • • • ~ ::1 recovery ueA, --. 
P:OC:I •• solvent: • • • • - : 

9 'taM !a.r: !1!1l oll ilWIIP • • • -- - : 
, 

P:OC:I.S solvlUl.t: 
, • • • • • : 

:) ·"renc:~ ~. 
, • • • • - --, 
, 

IASt:-"-1.lIII8ll t: I; ovu • • • • - --
'J&lv. !:Andl. I • • • • - -
Ccncol h.o~1 ~OCIr namu. • • • • - --
Ccnerol h.oUSI lWIC:oOlll • • • - - --
NC~ flUu su1r:a .. - qrOWlIi • • • • - -
!IZIC!:I 4DIi l.l:Ic:kus/c!1rcy I;h.anql I • • • • - -:oc= 

I 

:; Sl~ 9ImP • • • • • _. 
Su.l aU ;nmsp i • • • • - • 
Con=ol rOOlll 

i • • • - - --

, 
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!able 4-5. :-!a:<::;nUIll Concenuacions (:ng/m3) of Aromattc Amines !1easured 
in Personal Samples at Coal Liquefaction Pilot Plants 
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!able 4-6. ~ximum Concentrations (ppm) or Organic Compounds Measured 
in Area Samples at Coal Liquefaction Pilot Plants 
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Table 4-7. ~ximum Concene~ac1ons (ppm) of Organic Cocpounds Measured 

in Personal Samples ae Coal Liquefaction Pilot Plants 
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~1:'&l:orl ~ac~c~~ J, -' - - = :I :I 
I 

3 I ~ra=rl ':'ac2..1c:.an I J; - I 0.08 I - I :I I :I I :I 

C ~ru.: Open 1:01:' ~; - - - ::I :I :I 

~I:'&~ry :'ec:::.n~~ li - - - :I CI :I 

!U.ulI:an4l1ce ?ersonnel J - - - :I :I :I 

j ~IU.: Opua:.=1:' l..5 : O.lJ 0.05 O.lS - - -
I 

!U.iAI:UI4l1ce Personnel l6: 0.J4 O.lO 0.05 - - -
e: an.: Opual:" 5 II :I = - - -

!UiACeD.aAC. I'usoccal 5 :I = ::I - - -
. 
-~UIIU:Iu at ump.Le. <:cll~efi • 
.J 

- :nclU&:le. 2. J- md 3.3-.cylanal. 
e' 

, 

4-11 



REVIEW OF INDUSTRIAL HYGIENE/OCCUPATIONAL MEDICINE PROGRAMS 

The induscrial hygiene and medical surveillance programs reviewed here are 

divided into three components: 

those elements designed Co m~nlm~ze physical contact between the 
worker and the plant environment (personal hygiene and educa­
tional programs); 

elements aimed at the detection of medical changes caused by the 
industrial environment (medical surveillance and epidemiological 
studies); and 

industrial hygiene monitoring programs designed to measure chem­
ical pollutants in the plant environment. 

Work practices and controls are discussed in the following section of this 

chapter. 

With some exceptions, all five coal liquefaction plants in this study main­

tained programs containing the basic components of comprehensive occupational 

health progra~. The components of the individual programs at each plant 

. are summarized in Table 4-8. 

Subjective differences in the efficacy of these programs were observed, but 

it proved difficult to quantitate or even to substantiate these differences 

which can probably be attributed to differences in motivation, expertise, 

and interest of the personnel responsible for the management of the programs 

and plant employees in cooperating with prescribed programs. 

Personal Hygiene and Educational Programs 

Recommended personal hygiene procedures designed to protect the coal conver­

sion worker against dermal, inhalational, and ingestive exposures to hazard­

ous chemicals include four major elements: 

protective clothing/equipment programs 

clean clothing pr-ograms 

shower facilities with clean/dirty area separation 

barrier creams and cleansing agents 
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Table 4-8. L~dus~rial Hygiene and Occupa~ional Medicine 
Programs at Coal Liquefaction Pilot Plants 

?ROCiU.'i ~:.z!",!!:!l'! ?!..:w.'l'r A ?UN'!' 3 I ?Uo-':T C I 
?~'l":' :l I 

?!:~ONAL. ;!,:::'C:~:~ ;"''<0 -.. -~ ~I"to.&,:, ... 

!'=:::,,::.c~ lI'e Clo~~~nql!:qu~~mene ?:ooqr.1m 

coveralls . , · .' 

" · 
shcas/'QcCl c.s " " " I 

WlQIllr"",.ar " - - -. 
:,a~naul. :.s/coac.s -I - " " 
qlovas " " " , , 

safeq glasses - I I " !1arChaa " I I · , 
ear.:lJf~s - - - -
:,eS;l~=a eors I · , " · 

Clean. C:'o1::..'linq i'roqram 

clean ccveralls ~aily ~uly daily daily 

~rcescuve shcas , · - " 
clean W'lde:veu "i1y · - · 

Syq:i.ene !"aciliu .. (Shewu RoQlll) · , , , · .-
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dual loclters - - " -
cle&n/dJ.r~ separat.icn " · - I 
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to Oc:::.: I ON,u, i'ROCUIAH 

i'njClD a-al.l1i.nq .- .- " " 
aro~ure./m&n~ " .- " " 
Con t.inuinq educat.ion .- · I " 
i'CI.1::ed aiqn.. · · · .-
~spu'a1:Clr t:::ail!.l.nq I " .- I 

WORK i'RAC':'Ias ANt) i'ERKIT SYS~..M f · " · , 
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Unifor.ll ~roCJJ:UI " · f · 

~OICAL. SOilVEIu..\Na 
Cl.:.nl.cal ~nieor1n9 I " , , 
::pl.dU!ioloql.c&l ilr'CIClJ:UI , - - • 
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The range of protective clothing required or provided by the five plants for 

protection against dermal exposure to coal-derived materials includes: 

shoes -- oil-resistant leather or rubber coverings required and 
provided by some plants 

unde~ear and socks -- daily changes provided by one plant 

coveralls -- provided by all plants 

raincoats, rainsuits, a~rons, hoods -- provided by all plants on 
an as-needed basis or on an assigned basis for high-exposure jobs 
in the process area 

gloves: cotton, asbestos, leather. rubber -- variously available 
or required in all plants for specific jobs. 

Safety equipment is required for everyone entering the process areas of all 

plants and includes safety glasses and hardhats. Earmuffs are usually 

available as well. 

Protection of workers from inhalation of potentially dangerous gases and air­

borne particulates is provided by disposable respirators and full-face res­

pirators with acid gas/organic vapor cartridges; in addition, supplied-air 

respirators include 5-minute, self-contained escape packs, and 30-minute, 

pressure-demand, self-contained breathing apparatus (SCBA). 

The purpose of the clean clothes programs is to minimize exposure to coal­

derived materials and prevent their spread outside the dirty areas of the 

plant. Four of the five surveyed liquefaction plants provide daily changes 

of clean coveralls for workers. These plants also provide laundry service 

for this clothing, either on the premises or at commercial laundries. How­

ever, there was no· evidence of systematic programs in any of the plants for 

cleaning nonlaunderable articles, such as gloves and rubber items. Worker 

contact with heavily soiled articles of this nature was noted frequently. 

All the plants mandate postshift showers which are taken during. the last 20 

to 30 minutes of the Shift; cleansing materials are provided as well. Three 

of the five plants also provide either dual lockers or effective clean/di~y 

area separation in the shower/changing rooms. Barrier creams are generally 

available in the wash areas of the plants. 

4-14 



The UV fluorescent examination of skin for the deteccion of PNA concamina­

cion before and afcer showering, and of clothing after laundering, and of 

cools has only been done on an experimental basis. One plane uses UV fluo­

rescence for determination of cool contamination. No plant provides routine 

spot-checking of this nature for monicoring the efficacy of personal hygiene 

programs. 

Educacional programs for employees of che coal liquefaccion planes were ob­

served Co contain various elemencs consisting mainly of: 

orientation and craining sessions including audiovisual presenta­
cions, cours, discussions, and cesting for understanding of job 
hazard and health informacion; 

health and safety brochures and manuals; 

periodic continuing education sessions for refreshing and up­
dating job hazard and health infonnation, and providing classes 
or courses in specialized subjects such as CPR; and 

posting of signs and labels to indicate hazardous situations or 
to encourage hygienic work habits • 

. All the plants provide training in the use of respirators. 

Medical Surveillance and Epidemiological Studies 

Routine medical surveillance protects the health of the individual by de­

ceccion of incipient health problems, and the health of all workers by che 

provision of long-term health information which may identify plant and in­

dustrial hazards requir~ process or work practices modifications. Ef­

fective programs include medical monitoring of individual workers for im­

mediate evaluation, and a system for continuous recording of both medical 

and exposure data for future study. 

Table 4-9 lists che coal· liquefaction plants included in this study and .the 

components of the medical surveillance program at each. All currently oper­

acing plants provide at least periodic medical history and physical examina­

cions and one or more auxiliary cests, including pulmonary function tests, 

chest X-rays, electrocardiograms, and a standardized battery of serum 
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cheoiscry tests. They also include special skin examinaCions: annual vis­

ual e~aminacion of che skin by a physician (all plants); quarterly examina­

cion of che skin by a nurse (Plant:s A, B and C); charting of skin lesions 

(Plants A and E); color phocography of the face and hands (Plant D); and 

semi-q uan ci caci 'Ie es timacions of a '·b lack. s peck" index for lacer correlacion 

wiCh pathology (Plant A). In addition, cytological examinacions of sput:um 

and urine are provided at Plant D. 

Table 4-9. ~edical Programs in Effect at: Coal Liquefaccion Plants 
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!".,dus!:rial Hygiene ~onitoring Programs 

All five coal liquefaction plants conduct periodic air sampling for chemical 

and physfcal hazards; three of the five have comprehensive monitoring pro­

grams. Table 4-10 summarizes the pollutants monitored in the surveys of 

each individual plant. Rowever, results from only one of the comprehensive 

programs (Plant A) ~ere available at the time of this study. 

:'able 4-10. Summary of Indus ttial Rygiene ~oni:oring Programs 
at Coal Liquefaction Plants 

~1U':O~Ulq i'rcq:am n.ul~A Ell.an~ B i'l.an~ C I i'lan~ 0 nan~:: 

CQaJ. Ous~R .. pi.raDla .; - I - .; I -"U'ticu.la1:es I 

, 3eD.zane Benzane S&aZen. Benzene 
\roma~ Hydroc:ulxla. solwuu/ - solu.bl. •• solWll .. solW:il •• ! mAs 

G_e. I I ca. BaS - I -
Benzen., rolllene, I .; I ':<ylece 

, - - -I 
, 

i'hanol.1.l:s i I - .; .; -I 
I 

i .; I I I ~oi.l. i -i 
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An e:ttensive indus trial hygiene monitoring program is being conducted by the 

Pittsburg and Midway Coal Mining Co. at one of the coal liquefaction pilot 

plants (Plant A) (DOE, 1980). Highlights of the program and results to date 

i:1clude: 
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WORK PRACTICES AND CONTROLS 

Coal liquefaction processes are primarily closed systems; therefore, this 

design feature serves to contain process constitutents within the system. 

In a properly maintained system, worker exposure to process constituents can 

occur only: 

at feedstock, product or by-product entry and exit points, 

during upset conditions, 

during activities that circumvent the closed system, and 

as a result of catastrophic equipment or vessel failure. 

Supplemental engineering controls, such as local exhaust ventilation, have 

been employed at entry and exit points to control emissions at these sices. 

For upset conditions and for activities that circumvent the closed system, 

work practices and personal protective clothing and equipment are relied 

upon to provide workers with additional protection. 

Work Practices 

The principal objectives of work practices found at the five. coal lique­

faction plants were to minimize skin contact with process constituents 

through the use of protective clothing, and to minimize inhalation exposure 

through the use of respiratory protection. This was accomplished through 

the development of work procedures that would reduce exposures to any con­

stituents encountered during upset conditions or in the perfonnance of 

activities which circ~ented the closed system. The situations requiring 

special work procedures had been identified by the plants as being mainly 

related to maintenance activities, process stream sampling, and emergencies. 

Chemical hazards which the plants had identified as the greatest hazards, 

requiring special procedures, include PNAs and hydrogen sulfide. The PNAs 

were selected because of the carcinogenic·- properties of a number of species 

in this group. Plant concern regarding bodily contact with PNAs is sup­

ported by data obtained in this industrial hygiene study which showed the 

presence of PNAs on work surfaces, tools, and clothing. 
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"Hydrogen sulfide is considered a hazard because or i~s presence in coal 

liquefac~ion process screams "in ~he par~s-per-million range (by volume). AC 

chese levels, hydrogen sulfide can be an acuce hazard in enclosed areas 

(e.g., a vessel) or in emergency sicuacions involving major process leaks. 

Maincenance workers have ducies which roucinely involve contacC wich process 

sCream constiCuents. These workers, therefore, have a higher potential risk 

of being exposed ~o process materials relative to workers in o~her job caCe­

gories found in liquefaccion plants. These maintenance activities are re­

laced to work on on-line equipment, such as breaking into process lines, 

repairing and removing process equipment, and entering vessels. 

Work procedures in the liquefaction plants were designed to minimize worker 

contact with process materials, especially the coal liquids (tars), and to 

prevent the formation of an acute hazard condicion from toxic gases such as 

hydrogen sulfide. The key elements of these work practices are isolation of 

the system, draining the system of process material, and cleaning of ~he 

work site. Only Plant 0 has formalized these three elements within its 

safety manual. Other facilities reportedly follow these procedures, but 

they did not have w~itten procedures available at the time of this study. 

It was noted at the liquefaction facilities that the plant operators gen­

erally perform the premaintenance activities of isolation, draining, and 

cleaning because they are more familiar with the process design than are che 

maintenance crews. This transfers some of the risk of exposure to process 

materials from the maintenance crews to the operators. Protection of the 

operators is accomplished by the development of formalized work procedures 

for these three activities; by the use of a permit system to monitor these 

procedures; and by the use of personal protective clothing and equipment. 

Isolation--

In the isolation step, the flow of process material into the process segment 

b~ing repaired is sto~ped by blanking off all process lines entering and 

leaving the segment. Blanking off of che process segment is accomplished by 

the use of valves, caps, or plugs. Valvirtg is the simplest technique, and 
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involves the closing of valves on all lines entering and leaving the segment 

being repaired; valving is also the least reliable method of isolation 

because of the possibility of valve failure. Valving is the most common 

technique being used at all of the liquefaction facilities; however, Plant D 

uses caps and plugs whenever feasible when working on equipment and vessels. 

Caps and plugs are more reliable because they involve the actual removal of 

a segment of piping, thereby physically isolating the vessel or equipment 

f~o~ the rest of the process. 

Draining--

Once the system is isolated, it is drained of process material to permit 

maintenance work. Drained solid or liquid materials are routed to recep­

tacles, such as covered containers or drains, for disposal; vapor and gases 

are vented to the thermal oxidizers. Health and safety problems are present 

in the draining of isolated systems that are under high temperatures and 

pressures. Where pressurized or high-temperature systems exist, bleed 

valves are used to reduce pressures to atmospheric level. 

Cleaning--

Cleaning operations are used to remove surface contamination -- primarily 

coal tars -- from work surfaces. Steam-cleaning is the most commonly used 

method and was used in all of the liquefaction facilities. Rydroblasting 

and industrial-strength caustic detergents are used in combination with 

steam-cleaning at Plants D and E. Observations at these facilities indi­

cated that the use of detergents increases the efficiency of the cleaning 

operation. 

Vesse 1 Entry--

All liquefaction plants have developed vessel entry procedures which are 

patterned after NIOSH recommendations. These procedures follow the cleaning 

step, and they involve: 
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purging the vessel with air, 

checking combustible gas and oxygen levels, 

measuring concentration of toxic gases, such as hydrogen sulfide, 
likely to be present, and 

employing a buddy system, whereby one person fully equipped with 
the necessary protective clothing and equipment is stationed 
outside the vessel to provide assistance in an emergency. 

Housekeeping--

Different approaches have been developed ~n the five liquefaction plants to 

handle routine housekeeping duties. The technique most commonly employed is 

to conduct cleanup activities on an as-needed basis. At Plant C, spills are 

cleaned as soon as possible by the persons responsible for the spill. Strict 

adherence to this policy, especially the as-soon-as-possible clause, at 

Plant C has produced the cleanest work environment of the liquefaction fa­

cilities visited. 

Plants D and E clean the process area on a daily basis with assigned per­

sonnel. One unit process area is cleaned each day by the maintenance labor 

force because plant size makes it impractical to clean the entire plant area 

in a single day. This procedure pe~its tars time to solidify so that a 

more rigorous procedure is needed to clean up the area. 

Cleanup is conducted on an as-time-permits basis at Plants A and B. Respon­

sibility for cleanup was held by operators who had other- assigned duties 

that took precedence over cleanup. Under this setup, cleaning of areas in 

the plants was intermittent, and as a result Plants A and B had the greatest 

amount of tar deposition of all facilities visited. 

Plants D and E provide for the cleaning of contaminated tools at specially 

designated sites. An additional precaution is taken at Plant D by inspect­

ing cleaned tools under ultraviolet light __ for residual tar contamination. 

Steam-cleaning lS used at all five facilities to remove tar deposits. At 

Plant C, where spills are handled on an individual basis, an absorbent such 
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as vermiculite is immediately spread on the spill. After the tar is ab­

sorbed, the vermiculite is placed in a closed container for disposal, and 

the area is steam-cleaned; this procedure has proven to be most effective In 

keeping the work area free of tar deposits. At Plant B, spills were handled 

by simply flushing the area with water, with the wastewater going to a 

wastewater treatment site. The area was cleaned with steam later when time 

permitted. Under this procedure, Plant B had one of the highest levels of 

tar deposits of all facilities visited. 

Hydroblasting, and a combination of hydroblasting and industrial-strength 

caustic detergents, serve as alternates to steam-cleaning at Plants 0 and E. 

It was noted during the surveys that this combination is very effective 1n 

removing tar deposits. Plant A use a jackhammer to loosen tar deposits 

prior to steam-cleaning; however, this technique was not as effective as 

hydroblasting and detergent cleaning noted at P1ant 0 and E, where it was 

done on a routine, scheduled basis. 

Administrative Controls 

Most of the liquefaction plants surveyed in this project do not consider 
administrative controls to be a significant method in controlling worker 

exposures, preferring instead the use of protective clothing and equipment 

and the use of safe work procedures. In the facilities where administrative 

controls are used, they serve as supplements to the other methods. 

The most commonly used administrative control observed was barricading, 

whereby a person's access to a restricted area is physically restricted by 

barriers. Entry is permitted on the basis of formal training in recognizing 

and handling hazards within the area. In temporary situations -- where pro­

cess upsets or the performance of specific activities such as repair can 

create hazardous conditions colored barrier tapes are often used to erect 

a temporary barrier to keep untrained personnel out of the area. At Plant 0, 

permanent barriers were erected at the sour water/sour gas system. 
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Process areas of plants A, B, 0, and E have been designated as "limited 

access" areas ln their entirety. Visitors ent~ring the facility are assumed 

to be untrained and unfamiliar with the plant's safety measures. A sign-in/ 

sign-out system is being used at these plants to monitor visitors while they 

are in the facility: visitors entering the facility must sign a logbook, 

noting time of arrival; upon departure, visitors must sign out, logging time 

of departure. 

While ln the facility, visitors are provided with company escorts who are 

familiar with the plant's safety policies. This procedure provides an 

effective means of monitoring visitors and their location in the facility, 

and ensures that visitors are not endangered by accidental violation of 

safety procedures. At Plants 0 and E. all visitors planning to enter the 

main process area must take part in a brief training program outlining the 

basic safety program. 
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5. ANALYSIS ~~ DISCUSSION 'OF RESULTS 

POLYNUCLEAR AROMATIC HYDROCARBONS (PNAS) 

P~A samples collected at each of the five liquefaction facilities were 

divided into four major groups: all combined area samples (excluding plant 

perimeter), and personal samples for: operators, maintenance personnel, and 

laboratory technicians. The worker groups were derived on the basis of job 

descriptions obtained at the individual plants and observations of worker 

activities' made at the time of the surveys. Selections were made to ensure 

that the workers placed in each group had similar duties at all five facil­

ities. For each of the four groups, the geometric mean (GM), geometric 

standard deviation (GSO), and 95% lower and upper confidence limits (Let and 

UCL) have been calculated (Table 5-1). Table 5-2 contains the breakdown of 

the PNA results into common unit operations at each plants. 

Statis tical analysis of the geometric means of the four groups were per­

formed on an intraplant and an interplant basis using the Student's t-test. 

The equation used assumes that the variances (52) of the groups b~ing com­

pared are different (Soul and Rohlf, 1969). !'he equation is: 

t~ , • antilog log sf log 5; 
---+---
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Table 5-1. Geometric ~ean PNA Concentrations and SS% Confidence Limits for 
:lajor Sample Groups at Five Coal Liquefaction Pilot Plants 
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Table 5-2. Total P~A Concentrations at Process Areas of 

Five Coal Liquefaction Plants 
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l 
where "n" is sample size. The t' value is compared with the t' value at s 
P = 0.05 obtained through extrapolation using the following equation: 

1:. 05 [n ,-1] [~:J +1:. 05 [n2-1 ] [~:J 
I: ' = • os 

51 52 
+-

n 1 
n . 

2 

where "n-1" is I:he degrees of freedom. 

Plan t A 

A comparison of all area samples collected at Pl~t A (GM. 21.4 ug/m3; 

Table 5-1) with the GM of each of the three worker groups shows a signifi­

cant difference (P < 0.01) in the mean concentrations of the work.er groups 

rela~ive to the area samples (Figure 5-1). The maintenance group mean (GM = 
3 103.8 ug/m ) was five times the area mean, and the operator mean (GM = 

3 35.8 ug/m ) 1.5 times higher. These results indicate an addition~ source 

of exposure to these groups other than average PNA levels present in the 

process area environment. Observation of worker activities at Plant A indi­

cates that specific activities involving repair of process equipment were a 

source of additional exposure. The operator levels are not as high as the 

maintenance because operators did not actively participate in most repair 

act i vi ties • 
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Figure 5-1. Plant A Geometric Mean PNA Concentrations and 95% Confidence 
Limits for Combined Area, Operator, Maintenance, and 
Laboratory rechnician Samples 

, 3 
:be laboratory ~echnicians had a geometric mean e~posure of 4.2 ug/m 

which was 20% of the average PNA levels determined for the area samples. 

!he low exposure for the technician group is attributed to the fact ~hat the 

technicians' duty stations are outside of the process area. rhe technicians 

a~ Plant A are not required to enter the process area because their duties 

primarily involve the preparation and analysis of process stream samples 

which are collected by the operators. Since the technicians' work is per­

formed under laboratory hoods, lower PNA exposure is associated with ~his 

group. 

Significant differences (P < 0.001) are eviden .. t among the three worker 

groups, wi~h the laboratory technician group having ~he lowest level of 

exposure (rable 5-1). !he mean for the operator group was nine times tha~ 
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, 
of the laboratory technician group and for the maintenance group 25 times. 

The low. level of exposure of the laboratory technicians can be attributed to 

their minimal contact with the process areas; the high levels of the main­

tenance group can be attributed to repair ~ctivities that place them in 

direct contact with process material; and the operators' intermediate expo­

sure level Is because their-duties require lengthy periods in the process 

area monitoring equipment and providing occasional assistance to maintenance 

personnel. 

Figure 5-2 is a graphical presentation of the PNA results by unit operations 

for Plant A. Statistical comparison is difficult because of the low number 

of samples. However. no difference (P> 0.05) was observed between the mean 

PNA levels of the dissolver/coal preparation area (GM • 31.3 ug/m3) and 

the fractionation (GM • 23.2 ug/m3) area despite the fact that the dis­

solver/coal preparation system is in an enclosed, three-story structure, 

while the fractionation system is in an open structure. 
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Figure 5-2. Plant A Geometric Mean PNA Concentrations and 95% Confidence 
Limits for Major Unit Operations 
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The ground level of the solids separation area contains most of the pumps 

used in this liquefaction facility. It has been noted at this and other 

liquefaction facilities that pumps are usually a major source of fugitive 

emissions. Therefore, the high PNA level (224.3 ug/m3) measured in a 

single sample taken from this area may be due to the close proximity of the 

sampler to these pumps. This high value, relative to the means of the other 

two process areas, is suggestive of potentially higher exposures occurring 

within this area. 

Plant B 

A ~ignificant difference (P 0.01) was observed between the combined area 

samples (GH • 50.6 ug/m3) and the three worker groups (GK. 0.2 ug/m3 

for each worker group) in Plant B (Figure 5-3). All three worker groups had 

mean PNA levels below the limit of detection, indicating negligible expo­

sures to PNAs. It is apparent from observations made during the surveys 

that most workers were not in the process area long enough to accumulate PNA 

exposures equivalent to levels measured in the process area. Observations 

made during the survey showed that the operators averaged 80 percent of 

their time in the control room because frequent upset conditions during the 

survey precluded their conducting normal activities. The laboratory techni­

cians spent 100 percent of their time analyzing samples in the laboratory 

which is well outside of the process area. Maintenance workers spent 80 

percent of their time in the maintenance shop which is also located outside 

of the process area. 
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Figure 5-3. Plant B Geometric Mean PNA Concen trations and 95% Confidence 
Limits for Combined Area, Operator, Maintenance, and Labora­
tory technician Samples 

No signif1can t differences (P> 0.05) were found between the mean concen tra­

tions of the major unit operations (table 5-2; Figure 5-4) at PlantB, indi­

cating uniform PNA levels throughout the facility. the major factor for the 

uniformity in PNA levels 1s the close proximity of all unit operations to 

one another. 
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Figure 5-4. Plant B Geometric Mean PNA Concentrations and 95% Confidence 
Limits for Major Unit Operations 
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Plan t C 

The operators at Plant C work throughout the process area. When the mean 
. 3 

for this group (GM • 3.1 ug/m ) 1s compared with the mean of combined area 
3 . 

samples (GM • 3.9 ug/m ) (Figure 5-5), the difference is not significant 

(P > 0.05). '!'his indicates .that PNA exposure for this group closely reflects 

PNA concentrations in the process area as a whole. Since the operators 

perform minor repair activities (e.g., fixing a leaking valve), it appears 

that such activities did not add significantly to the operators' overall 

exposure. 

J 
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Figure 5-5. Plant C Geometric Means and 95% Confidence Limits for 
Combined Area, Operator, Maintenance, and Laboratory 
Techaician Samples 

No significant different (P >0.05) existed between the means of the lDain-
3 tenance group (GM m 13.4 ug/m ) and the laboratory technician group (GM • 

3 12.4 ug/m ), indicating that their duties result in similar levels of ex-

posure. !he Plant C laboratory technicians differ from those at the four 

other plants, in that they collected their own process samples. Since the 
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duties of the maintenance workers at Plant C are similar to those of main­

tenance workers at the other plants, it appears that the equivalent exposure 

for the laboratory technicians and the maintenance workers is related to the 

collection of process samples. These resOlts indicate the importance of 

process stream sample collecton as a contributing factor to PNA exposure; 

Significant differences in PNA concentrationS' (P < 0.05) exist between both 

the maintenance and laboratory technician groups and the combined area sam­

ples and operator groups (Table 5-1; Figure 5-5). The maintenance personnel 

and lahoratory technicians have PNA exposures which are about four times the 

mean concentrations measured for the area samples and operator groups. This 

indicates that the maintenance staff and laboratory technicians are exposed 

to additional sources besides those of the general process area environ­

ment. Observations during the survey of Plant C indicate that these sources 

are activity-related, with the technicians' exposure linked to process sam­

pling activities and maintenance workers' exposures related to repair of 

on-line equipment. 

A comparison of means of the major unit operations at Plant C is shown in 

Table S~2'and Figure 5-6. The fractionation area had the highest level (GM • 
. 3 

11.7 ug/m ) with that of the solids separation area and the coal dissolving 

area being significantly lower. 
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Figure 5-6. Plant C Geometric Mean PNA Concentratons and 95% Confidence 
Limits for Major unit Operation Samples 
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Plant D--

. 3 
The combined in-plant area sample mean (GM a 133.8 ug/m ) at Plant 0 was 

significantly higher (P < 0.001) than the mean of the personal samples col­

lected on operators and maintenance workers (Table 5-1; Figure 5-7). The 

mean area PNA level was 40 percent higher than that of the orerators (GM • 

96.9 ug/m3) and 240 percent higher than that of the maintenance staff (GM • 

38.8 ug/m3). 
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Figure 5-7. Plant 0 Geometric Means and 9~% Confidence Limits for 
Combined Area, Operator, and Maintenance Samples 

The significantly lower levels of PNA exposures for the two worker groups is 

an indication that they were not exposed to sources of PNAs other than that 

found in the general work environment and were not in the process area long 

enough to receive the full burden of PNAs from the process area environment. 

The operators were observed to spend only about 60 percent of their time in 

the process area monitoring equipment, which would account for their lower 

lev~l ot t!xp0~urt! relative to the concentration of PNAs in the area samples. 

! maintenance crew did not work on ons tream equipmen t during the survey 

periodj instead, their time in the field was minimpl, primarily spent on 
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repalr of support equipment and cleanup of the process area. A majority of 

their time was spent in the shop areas which are remote from the main pro-

cess area. 

The operators had exposures significantly higher (p 0.001) than those of 

the maintenance group. This is different from the pattern noted at Plants 

A, B, and C, where the maintenance group had the highest level of exposure. 

This difference is attributed to the absence of repair activities on on-line 

process equipment during the survey period; in the other plants, this type 

of activity was found to be a major contributor to the overall exposure of 

the maintenance group workers. It is, therefore, expected that sampling of 

maintenance workers during shutdown when on-line equipment repair activities 

are in progress would show higher PNA exposure levels. 

All major unit operations had means significantly higher (p 0.05) than the 

perimeter (GH • 0.7 ug/m3) (Table 5-2; Figure 5-8). The PNA level for the 

control room (GM • 50.4 ug/m3) was 71 times, and the levels of the dis­

solver/c~al preparation (GM • 161.2 ug/m3) and the fractionation (GM • 

155.7 ug/m3) areas more than 220 times the perimeter PNA leve ls. 

The~e was no significant difference (P 0.05) between PNA levels for the 

dissolver/coal preparation area and the fractionation area. However, these 

two areas had means significantly higher (P 0.05) than that of the control 

room by a factor of 3. The control rOOm at Plant D is about 75 meters from 

the main process area, which may account for the lower levels measured there 

relative to the process area. 
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Figure 5-8. Plant D Geometric Mean PNA Concentrations and 95% Confidence 
Limits for Major ODit Operations. Control Room. and Perimeter 
Samples 

Plant E-

Significant differences (P< 0.05) exist between the mean PNA level in the 

combined area samples and the individual worker groups (Table 5-1; Figure 

5-9). The mean area PNA level (GM • 34.8 ug/m3) was three times the mean 
3 ' measured on maintenance workers (GM • 12.6 ug/m ) and two times that of 

3 the operators (GM • 18.7 ug/m). The significantly higher ambient PNA 

levels of the process areas relative to the worker groups are an indication 

that workers from these groups did not spend sufficient time in the process 

areas during the survey to receive an equivalent t1me-weighted average 

expoS lire to PNAs. 
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Figure 5-9. Plant E Geometric Mean.PNA Concentrations and 95% Confidence 
Limits for Combined Area, Operator, and Maintenance Samples 

The operators at Plant E were observed to spend more than 50 percent of 

their time in the control room. A comparison of means showed no significant 

difference (P> 0.05) between operator and control room samples but a signi­

ficant difference between operator and (P < 0.05) other unit operation 

samples--the operator mean being 50 to 750 percent lower than that of the 

areas (Tables 5-1 and 5-2). The results indicate that the operators' PNA 

exposures were equi valen t to ambient PNAs in the control room. Ac tlvi ties 

performed by the operators during the survey of Plant E represented routine 

opera tions. 

Maintenance personnel in Plant E do not work on onstream equipment during 

test runs unless upset cond1tiODs occur. !heir normal workload during a 

tes t run cons is cs of work on support equipmen t, work on unit opera tions that 

are down, new construction, remodeling, cleanup of the process area, and 

making preparatiODs for shutdown activities. There were not major process 

upsets and all but ODe unit operation were running during the survey of 

Plant E; thus, maintenance activities were primarily in other work areas 

which did not require extensive time within the process area. An estimated 

60 to 80 percent of maintenance staff time was spent 1n the maintenance 

ops which are outside of the process area. 
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A comparison of the maintenance group with the major process areas of the 

plant (Tables 5-1 and 5-2) shows no significant difference (p 0.05) from 

the control room mean. However, the maintenance group had a significantly 

lower (p _ 0.05) mean PNA exposure than the combined PNA concentration levels 

measured at the unit operations, ranging from 50 to 90 percent (Figure 5-9). 

Survey results at Plants A, B, and C indicated that activities involving on­

line process equipment are the major source of PNA exposures for maintenance 

workers; at Plant E, work on on-line equipment is scheduled for shutdown 

periods. It is expected that if sampling were conducted during shutdown it 

would produce exposure results more in line with those noted at the other 

liquefaction facilities. 

The four major unit operations at Plant E had PNA concentrations ranging 

from 50 to 100 times higher (P 0.05) than the perimeter samples (GM a 1.2 

ug/m3) (Table S-2; Figure S-lO). Significant differences (P O.OS) also 

exist in PHA concentrations among the four major unit operations. The con­

trol room had the lowest level (GH • 6.2 ug/m3); the fractionation section 

was 400 percent higher (QI • 24.S ug/m3); the dissolver/coal preparation 

area (GK • 69.2 ug/m3) was 400 percent higher than the fractionation area; 

and. the solids separation section posted the highest level (GM • 13S.4 

ug/m3) which was twice that of dissolver/coal preparation area. 

The solids separation section is located SO feet north of the fractionation 

section and 20 feet west of the dissolver/coal preparation section. During 

the survey, this was downwind of the fractionation and upwind of the dis­

solver/coal preparation area. Based on the ranking of these areas by PNA 

concentrations, it appears that the solids separation area is a major source 

of PHA emissions. Ambient PHA concentrations decrease with an increase in 

distance from this section. The control room is located outside the process 

area and had the lowest PHA levels. 
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Figure 5-10. Plant E Geometric Mean PNA Concentrations and 95% Confidence 
Limits for Major unit Operation, Perimeter, and Control 
Room Samples 

In te rplan t Compa rison 

Combined Area Samples-- , 

Significant differences were found in the overall average total PNA con­

centrations measured in area samples at the five coal liquefaction plants 

(P<0.05) (Table 5-1; Figure 5-11). 

These differences could not be correlated with plant size or liquefaction 

process. Other factors including operating conditions at the time of the 

survey were felt to have a greater influence on the values. 
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Figure 5-11. Geometric Mean PNA Concentrations with 95% Confidence Limits 
for (combined) Area Samples from Five Liquefaction Facilities 

Plants A and C are very similar in their operating specifications. Compari­

son of these two plants indicates that an increase in the size of the plant 

does not lead to a corresponding increase in the ambient PNA levels. This 

result suggests that PNA levels in these plants can not be extrapolated to 

large commercial facilities. 

Worker Groups-

The analyses of data from each of the five plants showed significant differ­

ences in the means of each of the three worker groups for all five plants 

(Figures 5-12, 5-13, and ·5-14). However, evidence of the existence of a 

relationship between plant size, or process type, and worker group exposure 

W;I:I lint founu (Tables 5-J and 5-4). Exposure levels of the operator, main­

tenance, and laboratory technician groups were found to be dependent upon 

time spent in the process area and upon the type of activity being performed. 

!hese factors have no relationship to plant size and to the type of process 

!ing used at each facility. 
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Figure 5-12. Geometric Mean PNA Concentrations and 95% Confidence Limits 
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l 
Table 5-3. Comparison of Plant Size With Geometric Mean 

PNA Exposures for Three ~~orker Groups 

Rank of Geomecric :-lean of Groups:! 
Plane Rank by Size 

I LaDoraeory Operaeor :-Iaint:enance '!'echnlci.an 

;.. J 2 l 2 
(35.81 (103.81 (4.21 

S 4 

I 
5 5 J II 

(e 0.21 II « 0.21!1 « 0.2) . 
C 5 4 4': l 

(3.11 (12.51 (l2.41 

0 l 1 2 :i 
(96.9) (38.8) 

t 2 3 3': d 
(lB.7) 1l3.4) 

aGeOllletriC mean concentration (uq/m1 ) qiven in ~reneneses. 
1It,j,mj,t of detection of analyucal proceaure. 

':~o siqnificant dHference between Plants C anci E: (I' "O.OSJ. 
:i~o samplinq at these plants for laboratory t~hniei&n group. 

Table 5-4. Comparison of Coal Liquefaction Process Type 
With Geometric Mean PNA Exposures for 
Tbree Worker Groups 

Rank by Group Geometric ~ean~ 
Proce.. Type ltlant LaDorat:ory Operator Maintenance 

T,,~"lnu~' ... n 

Oonor Solvent 0 l 2 II 
(96.9) (38.8) 

B 5 a 5 3 .: 
(e 0.21 «0.2) a « 0.21 

Catalytic Bydroqenation t 3 3d II 
(18.71 (13.4) 

Honcatalytic Byciroqenation A 2 1 2 
(35.S) (103.S) (4.21 

C 4 4d 1 
(3.11 (12.6) (12.4) 

~Geom.tric mean conceneraeion (uq/m1 ) qiven in parenenes ••• 
b~o samp1inq conciucted at en ••• plants for laboratory technician qroup. 
at,imit of detection of analytical proceaure. 
dNO siqnificant difference between Plants C and E: (1'.0.05). 
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Although no relationship was found between plant size and worker group 

exposure, an internal consistancy of exposures for all three worker groups 

is evident from the data given in Table 5-3. Plants D and A consistently 

ranked at the top for all the three worker groups. Plant B's worker popu­

lation had the lowest level of exposure in all three groups, while Plant E 

ranked in the middle of the five plants. 

Contamination of process equipment and tools with PNAs was detected by col­

lection and qualitative analysis of wipe samples (Table 4-3, page 4-7). 

Most samples were found to contain PNAs with up to S-rings. Although no 

quantitative exposure estimate is possible to this type of exposure, it 1S 

apparent that continued dermal contact with contaminated equipment is 

occurring at all plants. This emphasizes the need for an effective pro­

tective clothing program and periodic decontamination and cleaning of items 

frequently contacted by plant employees. 

The strongly suspected carcinogen phenanthrene/anthracene (coelutents) ap­

peared to serve as a reliable indicator of the presence of high molecular 

weight PNAs in these wipe samples. They were present in all samples in 

which PNAs with more than four rings were found. 

In order to relate the PNA exposures measured in the five coal liquefaction 

pilot plants to a familiar industry segment, Figure 5-1S was developed from 

data obtained in two other NIOSH-sponsored studies conducted by Enviro 

(Futagaki, 1981, and Cubit and Tanita, 1982). Figure 5-15 shows the results 

(GM and 95% confidence limits) of personal sampling conducted in this study, 

in nine petroleum refineries (fluid catalytic cracking units and delayed 

coking units), and in three coal gasification plants. The sampling and 

analytical methods for PNAs were identical for each study. Since personnel 

activities differ widely in the three industries exact analogies are not 

possible, but the data do show that the range of personal exposures in coal 

liquefaction plants is equivalent to the exposure ranges found in the nine 

petroleum refineries. 

As in the case of the liquefaction plants, most of the PNAs collected in the 

petroleum refinery and gasification plant samples were naphthalene and its 
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methyl derivatives. However, the liquefaction plants tended to have greater 

concentrations of the 3- and 4-ring PNA species. 

AROMATIC AMINES 

In the 90 area samples and 94 personal samples collected for analysis of 

aromatic amines in the five coal liquefaction plants only 12 (13% of the 

samples) had detectable quantities. Tables 4-4 and 4-5 show that the high­

est concentrations measured were all below 1 mg/m3 for the seven aromatic 

amines. The results conclusively demonstrate that employee exposure to 

simple aromatic amines was not a common occurrence in the five plants and 

that concentrations measured were all well below current health standards. 

These data cannot be used as evidence that polynuclear aromatic amines 

(PAAs) are not present in the plant environments, however. 

The PAAs, as discussed in Chapter 3 of this document, have been shown to be 

associated with the mutagenic and carcinogenic activity of high boiling 

point fractions of coal-derived liquids. A suitable method for sampling 

PAAs has not been developed and the methods used in this study (P&CAM 168 

and 264) for the simple aromatic amines are not applicable to PAAs. 

OTHER. ORGANICS 

Over 200 area and personal samples were collected and analyzed for benzene, 

toluene, xylene, phenols, cresols, and xylenols. None of the samples had 

concentrations exceeding 1 ppm for any of the analytes measured (Table 4-6 

and 4~7). Benzene was found in 35 of 208, toluene in 35, xylene in 25, and 

phenols in only 1 of the 298 samples collected. Cresols and xylenols were 

not detected in any of the p.ersonal or area samples. 

The results are a strong indication that exposure to these chemicals does 

not present a health hazard to maintenance or operator personnel performing 

routine duties during normal plant operations. 
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MEDICAL AND INDUSTRIAL HYGIENE PROGRAMS 

The Industrial Hygiene and Occupational Medicine Programs of the coal lique­

faction pilot plants in this study have been developed to minimize the risks 

of fire, accidents, explosions, and exposure to toxic chemicals. Programs 

designed to minimize the first three hazards are modeled after industrial 

programs in related industries, and they comply with industrial standards 

and mandatory requirements. Unique programs to minimize exposure to toxic 

chemicals in the coal liquefaction environment are being developed, and they 

are the subj~ct of this discussion. 

The personal hygiene measures discussed in Chapter 4 provide some degree of 

protection from pollutants; however, the following deficiencies have been 

ident ified: 

failure to identify optimal materials for protective clothing 
manufacture, 

lack of guidelines for discarding nonlauderable, contaminated 
clothing including shoes, boots, gloves, slickers, etc., 

lack of provision for clothing change before meals, and 

• lack of a program for routinely determining the effectiveness of 
the personal hygiene program by checking for residual contamina­
tion of personnel after showers, and of clothing after launder­
ing,. drycleaning, etc. 

Educational programs generally depend upon initial and continuing verbal 

instruction from plant supervisors supplemented by written and audiovisual 

aids; this format provides information and instruction to regular plant 

employees. However, an active program to include all plant maintenance 

workers employed by outside contractors needs to be developed in the 

plants. Only in this way will this high-exposure group of workers be kept 

continuously aware of the potential hazards and special work practices 

necessary in coal liquefaction plants. 

Most occupational health programs provided by the plants include a pre­

employment physical, annual checkups, and a termination physical. Together 

with a blood count and urinalys is, this co'nst itutes a minimal program for 
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the detection of health changes 1n essentially normal workers. Because many 

industrial exposures, including those in coal conversion plants, are to mul­

tiple chemicals whose toxic effects cannot always be predicted, a more 

complete screening program should include more specific heart and lung tests 

(EKG, and FVC and FEVl pulmonary function tests), as well as a standard­

ized battery of serum chemistry tests which can detect a broad spectrum of 

organ dysfunctions, often before other signs and symptoms of disease become 

apparent. 

For the coal conversion industry, this "routine" screening program may not 

be adequate to protect the health of the worker. Preliminary epidemiologic 

and toxicologic testing data have indicated an increased risk of cancer from 

chronic exposure to some coal-derived materials. Furthermore, these studies 

have pinpointed the skin, lungs, and urinary tract as organs at special risk 

from such exposure. For this reason, more extensive examination of these 

target organs has been. recommended and is being prac ticed in some coal 

liquefaction plants. 

Urinary cytology is the most widely used and accepted screening test for 

cancer of the bladder. Because early detection of this lesion significantly 

enhances survival, the routine use of this examination as a screening tool 

in high-risk workers would seem obvious. However, from its institution in 

1956 by Crabbe as a systematic screening tool among dyestuff workers in 

Great Britain to the present, controversy has waxed and waned concerning its 

record of positive correlation with proven bladder cancer. Difficulties 

associated with the preparation of cells suspended in urine, as well as in 

the interpretation of results have resulted in widely varying reports on its 

efficacy in detecting bladder cancer. 

I 

A recent study at the Mayo Clinic, reporting on 8,140 patients undergoing 

this procedure, cites a sensitivity of the procedure for bladder cancer of 

66.6 percent with 5 percent false positives (Rife et al., 1979). A range of 

26 to 100 percent positive correlation is reported from different labora­

tories by Betkerur et ale (1980). 

5-25 



The current standard of practice 1n most laboratories is to have all, or 

almost all, sputum and urine material reviewed and interp=eted by a pathol­

ogist (Ng, 1980). The most important factor determining the quality of the 

results is the pathologist's expertise, motivation, and interest. It must 

be recognized, however, that in a mass screening program economic consider­

ations dictate that this material be screened by less highly trained pro­

fessionals (cytotechnologists) with only positive results being reviewed by 

the pathologist. Whether acceptable correlations of these results with 

proven cancer can be obtained is unclear. 

The cytological diagnosis of cancer of the lung from sputum 1S a diagnostic 

test with a correct detection of about 68 percent (Springs, 1977). Its use 

as a complement to chest X-ray in the detection of lung cancer would seem 

desirable because those tumors most likely to shed cells into the sputum are 

often the most difficult to detect radiologically. However, while prelimi­

nary findings from early lung cancer detection programs supported by the NCI 

have tended to show that combined screening for lung cancer by annual sputum 

cytology and chest X-ray is more effective than chest X-ray alone (Melamed 

et al., 1977), they have not shown that this screening program significantly 

influences lung cancer mortality (Fontana et al., 1975). The rationale for 

the routine use of this test in high-risk, asymptomatic workers would then 

depend upon the identification of premalignant cells in sputum. Saccomanno 

et ale (1965) described such a finding in 24 uranium miners who subsequently 

developed lung cancer. Confirmation of these findings and the possible 

institution of examinations aimed at detecting these early cell changes 

represent an important avenue for research. 

Two of the coal liquefaction plants have ongoing epidemiology programs; how­

ever, pilot plants by definition are small. If they are to supply the 

health information demanded from them that will stand up to statistical 

analysis and extrapolation to commercial facilities, pooling of information 

from similar plants, both now and in the future, is necessary. Therefore, a 

standardized and central reporting system with uniform data bases is es­

sential. 
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6. CONCLUSIONS 

Coal liquefaction plants were shown to be sources of worker exposure to 

PNAs. The levels measured at Plant D may be the most predictive of exposures 

in commercial plants because Plant 0 was the only plant to run continuously 

at normal operating conditions during the surveys. The major PNAs present 

in all plants were naphthalene and its methyl derivatives. Air sampling 

data showed very low levels of 4- and 5-ring PNAs present as particulate or 

vapor, hence inhalation exposure to PNAs known to be carcinogens may not 

present a significant hazard in the plants. 

Plant size, design, unit process, and operating conditions could not be 

directly related to the concentrations of PNAs found in area and personal 

samples. 

Employee activities were directly related to PNA exposure levels. Main­

tenance activities involving breaking into process equipment or handling 

contaminated equipment resulted in higher exposures to airborne PNA concen­

tations. Routine plant operator activities did not result in PNA exposures 

comparable to maintenance operations. Mean operator levels of exposure were 

generally lower than the mean of area samples. This finding was related to 

the fact that operators spend considerable amounts of time in control rooms 

where PNA levels are generally lower 'than in process areas. 

Dermal contact with process liquids is a significant source of chronic PNA 

exposure in these plants. This exposure is not easily quantifiable but may 

represent a significant hazard in light of the available health information 

concerning adverse effects of coal tar derivatives. 

Aggressive equipment cleaning and decontamination programs combined with 

appropriate personal protective equipment and personal hygiene programs are 
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necessary to reduce the dermal exposure risk. Since there is no standard 

method for assessing this risk, the effectiveness of programs is difficult 

to estimate. Visual inspection of equipment or clothing surfaces is not a 

reliable indicator of PNA contamination. 

Employee exposure to other organic chemicals resulting from plant emissions 

of benzene, toluene. xylene, phenols, cresols, and the n~ne aromatic amines 

included in the study does not constitute a significant health hazard in the 

five coal liquefaction plants studied. Samples collected for these groups 

of chemicals rarely showed measureable concentrations. This negative find­

ing is particularly important in the case of phenol -- a known promoter of 

the carcinogenic effects of many chemicals including PNAs. 

The medical surveillanCe programs established by the plants reflect their 

awareness of the occupational hazards associated with the facilities. 

Although no standard medical surveillance or battery of tests has been 

widely accepted for these types of facilities, each of the plants has based 

its program on those recommended by NIOSH and its corporate medical offices. 
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7. RECOMMENDATIONS 

Oynamac's recommendations are: 

o Additional toxicology studies should be conducted to assess the occu­

pational health hazard of long-term inhalation exposure to low levels 

of 2-, 3-, and 4-ring PNAs. 

o Standardized sampling methods should be developed for assessing the 

dermal exposure factor to PNAs in residues on equipment surfaces. 

o Methods should be developed for cleaning or decontaminating equipment 

and protective clothing of coal tar residues. 

o Additional studies should be conducted on the permeability and pro­

tection factor for PNAs afforded by various materials used in protec­

tive clothing, particularly gloves. 

o A PNA indexing system for selection of "proxy" PNAs for assessment of 

total PNA exposures needs to be developed. This method should be able 

to utilize analytical instrumentation other than mass spectrometry 

because of its high cost and inherent variability. 

o The feasibility of organic vapor sampling badges for light weight (2-, 

3-ring) PNAs should be investigated. 
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APPENDIX A 

PROCESS/FACILITY DESCRIPTIONS OF COAL LIQUEFACTION PILOT PLANTS 



PLANT A 

PROCESS DESCRIPTION 

The Plant B process, as used at the Fort Lewis facility, has two varia­

tions. In the first variation, (I), the product is a solid material with an 

approximate melting point of l77-20s oC (3s0-400°F). In the second varia­

tion, (II), the product is a liquid approximately of crude oil consistency. 

A schematic showing the (II) process mode is presented in Figure A-l. 

In the (I) mode, coal is ground to 100 percent minus 20 mesh, and 70 per­

cent minus 200 mesh; then the pulverized coal is mixed with recycled coal­

derived solvent. The coal slurry is fed through the Wilson-Snyder recipro­

cating pump to be pressurized to approximately 1,500-2,000 psig. Carbon 

dioxide is available for use in the coal storage bin to prevent conditions 

which could lead to a fire. High-pressure hydrogen gas is added to the 

slurry. The three-phase stream is pumped through the preheater and heated 

to approximately 400-42s oC (7s0-800°F); then it flows from the preheater to 

the dissolver -- an upright cylinder with liquid feed in the bottom and 

total stream takeoff at the top. 

The gas, solvent, dissolved coal, and undissolved residue pass from the dis­

solver through a series of pressure letdown drums which separate the gas and 

the slurry. The slurry temperature is dropped to about 288°C (550°F), and 

the pressure is dropped to dpproximately 500 psig. The high-pressure gas 

recovered from the letdown drums is passed to the high-pressure gas purifi­

cation system (diethanolamine unit). The purified gas is scrubbed to remove 

light hydrocarbons, is recompressed, has fresh hydrogen added, and is re­

turned to the preheater inlet. The sour gas, primarily carbon dioxide and 

hydrogen sulfide, is' sent to the Stretford unit. 
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the liquid -- including the solvent-dissolved coal, undissolved solids, and 

dissolved gases -- is sent to the low-pressure flash vessel where the dis­

solved gases are released. The liquid is then filtered. The filter cake -­

containing coal mineral matter, undissolved coal, and filter precoat -- is 

sent to a rotary-drum kiln where solvent from the filer cake is recovered. 

The solid residue is transported to a bin from which it is removed from the 

plant by truck. 

The filtrate is pumped to a vacuum-flash preheater, heated to approximately 

316°C (600°F), and then flashed from 130 psig to approximately minus 11 psig. 

The vacuum-flashed liquid for solvent refined coal contains approximately 10 

to 20 percent solvent. This product is pumped onto a Sandvik belt (a con­

tinuous, water-cooled, stainless steel belt), solidified, and then delivered 

either 'to a waiting truck or to a storage pad. 

The vacuum-tlashed vapor is sent first to a distillation column for removal 

of light ends. The heavier liquid is then sent to a second column for 

recovery of the wash solvent and process solvent. The wash solvent is 

returned to the filter section; the process solvent is recycled back to the 

slurry mix tanks. Excess solvent or wash liquid generated during the pro­

cessing of the coal is stored to the west of the plant in storge tanks. 

The (II) process is a slight modification of the (I) process. In the (II) 

process, a portion of the whole product from the dissolvers is cooled to 

approximately 232°C (450°F) and recycled back to the slurry mix tanks. This 

material -- which contains solvent, dissolved coal, undissolved coal, and 

undissolved mineral matter--.is then used as the solvent to slurry the 

coal. The slurry is sent through the preheater and back to the dissolvers. 

(II) has a longer residence ~ime at reactor conditions than does (I), which 

results in further conversion. Also, during the first pass through the 

dissolver, the pyrite (FeS 2) undergoes reaction with the hydrogen in the 

dissolver to form (FeS + H20). FeS 2 is known to have catalytic 

properties and apparently helps to catalyze the hydrogenation reaction. 
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Dissolver liquid product is not filtered (although the mineral separation 

tankage, 03 Area, is used to increase dissolver product surge capacity); 

instead, the dissolver product is vacuum-flashed and the aSh-concaining 

liquid is the residue. This residue is cooled on the Sandvik belt as 

described above. (II) product is recovered in the same manner as the (I) 

process so lvent. 

FACILITY DESCRIPTION 

The Fort Lewis Pilot Plant is laid out as a rectangle with a panhandle 

(Figure A-2). A rai lroad track is located along most of the southern 

boundary of the plant. The railroad is used both to bring in coal and 

remove the solvent refined coal product. 

The coal preparation section (01 Area) is located at the southeastern corner 

of the plant rectangle. This totally enclosed unit is located about 30 

meters from all other portions of the plant. The maintenance building is 

located directly north and slightly to the east of the coal preparation 

section; and the preheating and dissolution section (02 Area) is located to 

the north and to the west of the coal preparation unit. The coal pile is 

located to the west of the coal preparation area, within approximately 10 

meters of it, and to the south of the control building. The high-pressure 

preheating and dissolution sections are separated from the remaining por­

tions of the plant, and most of the high-pressure work area is located in 

this one section. 

Directly west of· and 10 to 15 meters away from the high-pressure area is the 

mineral separation building <03 Area). The top floor of this building is 

totally enclosed and includes filtration equipmentj tanks and piping are on 

the second floor; and tanks and pumps. are on the bottom floor. The 03 Area 

also includes all the equipment used to recover solvent from the filter 

cake. The main kiln is located on the second floor of the building. 

Directly west of the adjacent to the mineral separation building is the open 

framework for solvent recovery <04 Area). The solvent recovery area has 
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eight floors of equipment including the distillation towers, the vacuum­

flash preheater, and the section surge tanks. 

All rotating equipment is located on the ground floor of the solvent re­

covery structure. The Sandvik belt, which is used for final cooling of the 

product, and the conveyor that unloads the product either onto trucks or 

onto the product pile are also located on the ground floor. The product 

pile is located to the west and slightly south of the product solidification 

section. 

The utilities -- including cooling tower, boiler, Stretford unit, and 

natural-gas reformer for the production of hydrogen -- are located north of 

the 03, 04, and 08 Areas and adjacent to them. 

The tank farm -- consisting of variously-sized tanks and the liquid nitrogen 

tank -- is located to the west of the 08 Area and some 30 meters from it. 

This area is semi-isolated from the rest of the plant and is diked to 

prevent spillage of product liquid into the adjacent areas. 

The water treatment plant is located to the west of the tank farm, and some­

what downhill from it in the panhandle. The accumulation pond contains 

water at a temperature above 38°e (lOO°F); the odor from this pond is quite 

strong. Water from the pond goes through a biotreatment unit (Trickle­

filter type) which gives a product that can be returned to the local 

streams. After biotreatment, the water can be passed through a sand filter 

and through activated-carbon filters; the water product coming from the 

biotreatment unit has no odor. 
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PLANT B 

PROCESS DESCRIPTION 

The Plant B Test Facility used a commercial process to produce low-sulfur 

liquids of different boiling ranges. A simplified process schematic is 

presented in Figure A-3. The operating parameters of the process are shown 

below: 

Coal Feed: 20 tons/day 

Extractor Temperature: 385 to 450°C (725 to 850°F) 

Extractor Pressure: 450 psig 

Hydrogenation pressure: 3,000 to 3,500 psig 

Extractor Residence Time: 30 minutes 

Coal is trucked to the plant and deposited in either of two 10-ton bins 

located below ground level. The coal is transferred from the unloading bins 

to a bucket elevator which dumps the coal into a hammer mill for coarse 

grinding • 

Ground coal is conveyed with flue gas to a spinner separator and cyclone 

where drying occurs. Coal from the cyclone is sized and delivered to a 

70-ton storage bin. The storage bin and conveyance systems are purged with 

nitrogen to eliminate the danger of fire or explosion. 

Coal is dropped from the sto·rage bin through a rotary valve into a slurry 

mix tank, where it is blended with recycle solvent and fresh hydrogenated 

solvent. In the tank, the slurry is mixed with an agitator, and blended 

from bottom to top with a centrifugal recycle pump; residence time in the 

slurry mix tank is 30 minutes. The mixed slurry usually consists of from 
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15 to 25 percent coal. Once it 1S mixed, the slurry 1S fed to the 

continuous withdrawal system feed tank. 

The slurry is continuously pumped to a preheater which heats the slurry to 

about 425°C (SOO°F). From the preheater, the slurry passes to the top of 

the extractor (dissolver) and flows downward to the bottom of the vessel. 

The residence time in the vessel is normally sufficient to complete all dis­

solution that will take place at the particular conditions of operation and 

thus stabilize the slurry. Downstream from the extractor, the slurry flows 

through a knockout pot for removal of agglomerated solids. After the knock­

out pot removes the solids, the slurry is passed through a flow controll 

pressure reduction valve, where pressure is reduced to approximately 150 

psig. This pressure reduction permits some of the dissolved gas to flash at 

the valve and may also cause some solvent flashing. 

Hydrocarbon vapors and noncondensable gases are formed as a result of thermal 

cracking and hydrogenation of the dissolved coal/solvent mixture in the ex­

tractor. This gas-vapor mixture includes methane, the higher hydrocarbons, 

hydrogen sulfide, carbon monoxide, and carbon dioxide, and amounts of about 

3 weight percent of the coal fed to the extractor on a moisture-lash-free 

basis. It,also includes 2 to 5 percent water. 

These gases, water vapor, and light hydrocarbon solvent vapors are exhausted 

from the top of the reactor and cooled. The gases go to the Stretford unit, 

and the condensed light oil and water form an emulsion which is sent to the 

carbonization section. 

The slurry from the extraction section flows to the feed surge tank in the 

solids separation section, where dissolved gas is separated from the slurry. 

Slurry from the feed surge tank is fed to the 4,200-gallon settling tank. 

The solids agglomerate as they settle, thus speeding the settling action. 

Clear product -- a mix of about 20 percent liquefied coal and 80 percent 

so 1 vent, containing less than 1 percent so lid s -- is decanted from the 

overflow weir at the top of the vessel. This clear product flows 
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to the solvent recovery product feed tank. The underflow material -- con­

taining approximately 25 percent solids -- is fed to the low-temperature 

carbonization section. 

The liquefied coal/solvent product is pumped to the extract solvent recovery 

section, where the material is first preheated to 325°C (600°F) at 80 psig 

and then flashed across a pressure control valve into a fla~h still at minus 

5 inches of water pressure (14.5 psig). A part of the unflashed liquid, now 

rich in dissolved coal, is recycled back to the flash still heater; and the 

remainder is pumped to the catalytic hydrogenation section. 

Flashed vapor is fed to a fractionator column where a light and middle 

distillate are separated. Light distillate removed from the fractionator 

top is sent to tankage. Middle distillate may be recycled to the slurry 

mixing operation or sent to tankage and ultimately blended into a fuel oil 

product. 

Unflashed vapor from the flash still is pumped through a preheater to a 

catalytic hydrogenation system. The system employs two reactors: the first 

is a noneatalytic preconditioner; and the second is an ebullated-bed, cobalt­

molybdenum catalytic reactor. Hydrogen is added at the first reactor, and 

some hydrogenation occurs. I,ight ends are removed from this reactor, and 

the remaining liquid continues on to the catalytic reactor. More light ends 

are taken from the second reactor, combined with the first, and treated for 

separation of gases and condensable hydrocarbons. Gases are subsequently 

treated to remove hydrogen sulfide. 

The primary liquid stream from the reactors is sent for final fractionation 

into light-, middle-, and heavy-distillate cuts. Fractionation uses two 

columns: the first column serves to stabilize the reaction product; and the 

second column separates the three distillate cuts. The light distillate ~s 

stored in tankage. The remaining cuts may provide a portion of the recycle 

solvent for slurry mixing, including donor solvent component. A portion of 

these cuts also comprises the main fuel oil product of the process. 
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The low-temperature carbonization section is designed to recover solvent 

from the mineral residue which was separated from the extract product in the 

solids separation section. This residue -- containing solvent, coal extract, 

and very fine caal particles -- is sprayed into the fluid bed of char. The 

heat of the bed causes the solvent to flash off. The extract and minus 325 

mesh particles coat the particles in the fluid bed. The large surface area 

of the bed particles means that each particle receives only a thin coating 

of extract which rapidly pyrolyzes, leaving behind char particles. 

Flashed product gas and vapors pass through two internal cyclones and are 

immediately quenched with condensate oil. The gas is cooled further and 

then separated from condensed light oil and water. The water is pumped to 

process water cleanup, and the light oil is returned to the settler in the 

solids separation section. A portion of the off-gas which contains car-

bon monoxide, carbon dioxide, nitrogen, and some hydrogen sulfide and sulfur 

dioxide -- is purged to the Stretford unit. Char is removed from the pro­

cess and disposed of. 

FACILITY DESCRIPTION 

The. Plant B Test Facility is located in Cresap, West Virginia, approximately 

20 miles south of Wheeling, West Virginia, and next to the Ohio River. The 

plant has a north-south, east-west orientation, with the Administration 

Building at the south end of the plant and the holding ponds for char, 

solvent refined coal, and sulfur at the north end. The plant itself is 

divided roughly in half by a service road. 

The primary or main control room is located to the north of the operations 

area, and adjacent to the utilities and electrical control room. Coal stor~ 

age, coal preparation, solids separation, and solvent recovery areas are 

located in the western half of the plant, to the south of the control build­

ing. Solvent distillation, extract hydrogenation, and hydrogenated product 

distillation are located in the eastern half of the plant, to the south of 

the control room. Hydrogen recycle and hydrogen compression are located on 

the east side of the plant, directly opposite the control room. Methane re­

formation to produce hydrogen, the utilities, cooling tower, and boiler 
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areas are located on the west side of the plant, in back of the control 

room. The sour-water tank and water purification sections are north of the 

control room and to the east; the Stretford unit is located on the west side 

of the plant, and to the north of the control room. 

Figure A-4 show the plant layout of the Cresap Test Facility, including 

locations of the unit operations. Unit operations at the Cresap pilot plant 

are segregated into two groups which are separated by the service road, 

which is about 20 feet wide. The two sections are housed in open, multi­

level structures. The two sections are each approximately lSO' x 120' in 

area with vessels and superstructure about 60' high. Most process equipment 

is unenclosed; an exception is the third level of the 300' area which is 

enclosed and contains the filtration system (the filtration units were not 

in use at the time of the comprehensive survey). 

The ground level of all units is constructed of concrete which simplifies 

cleanup of spills; in addition, all flooring is diked to contain solvent 

spills. Most of the pumps are located on the ground level which simplifies 

monitoring and maintenance of the pumps. 
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PLANT C 

The Wilsonville Pilot Plant uses the (I) process to produce a low-

sulfur, low-ash solid fuel. A schematic of the (I) process is presented 1n 

Figure. A-5. 

Coal, which has been pulverized offsite so that 95 percent is smaller than 

200 mesh (74 x 74 microns), is mixed in a slurry blend tank with process­

generated solvent which has a boiling range of 232-427°C (45O-S00°F). 

Hydrogen-rich feed gas is added to the coal slurry upstream of the slurry 

preheater. The feed gas stream is composed of scrubbed recycle gas plus 

fresh makeup hydrogen sufficient to bring the overall gas composition to S5 

percent hydrogen by volume. 

The coal slurry and gas mixture leaving the slurry preheater flows upward 

through the dissolver. The dissolver is 23 feet in height and 1 foot in 

diameter. The dissolver operates at 427-454°C (SOo-S50°F) and at 1,400 to 

2,100 psig. Depending upon the dissolver outlet being used, the residence 

time in the dissolver can vary from 10 to 60 minutes. The product from the 

dissolver is cooled by the dissolver product cooler to 260-343°C (500-650°F). 

The vapor and slurry phases are separated in the high-pressure separator. 

Vapor from the separator is cooled to about 56°C (l50°F) by the high­

pressure cooler and passed to the high-pressure vent separator. The water 

and organic compounds condensed in the dissolver product cooler are fed 

through the letdown valves to the flash tank, the flash condensor, and into 

the solvent decanter. Gases from the high-pressure vent separator include 

unreacted hydrocarbons, light hydrocarbons, hydrogen sulfide, and carbon 

oxides. 
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The slurry which is flashed through the high-pressure valves flows to the 

reclaim tank which serves as a feed reservoir for the batch filtration 

system. The flashed vapor is condensed and separated. The slurry from the 

reclaim tank is pumped to a pressure-leaf filter where the undissolved 

solids are removed. 

Filtered product solution is pumped though the vacuum column preheater to 

the vacuum column. Recirculated liquid product is mixed with material from 

the vacuum preheater surge drum. The vacuum column overhead pressure is 

main- tained at 28 to 30 inches of vacuum. The material in the column is 

sep- arated into liquid product and vapors in the overhead. The condensed 

organic vapors are pumped to the feed tank and then to the light solvent 

recovery column. 

Liquid product from the vacuum column is fed to the product cooler, which is 

a water-cooled vibrating conveyor. The product solidifies into brittle 

1/8- to 1/4-inch-thick sheets which shatter into small fragments upon 

vibration; the fragmented product is drummed for storage. A portion of the 

liquid product is fractionated and used as recycle solvent. 

Vap~r from the high-pressure vent separator contains hydrogen, hydrocarbon 

gases, hydrogen sulfide, and carbon dioxide. At Wilsonville, the hydrogen 

sulfide and carbon dioxide are removed in the hydrogen scrubber by a dilute 

solution of caustic soda. To provide a feed gas containing 85 percent 

hydrogen, scrubbed recycle gas is blended with pure hydrogen. Pure hydrogen 

from storage is compressed by the fresh hydrogen compressor, and flows to 

the hydrogen recycle compressor which boosts the feed gas stream to the 

inlet pressure of the slurry preheater. 

FACILITY DESCRIPTION 

A numerical identification system is used at the Wilsonville facility to 

identify the individual equipment. This designation system is given in 

Table A-l and is used in Figure A-6 and A-7, the plant layout and the layout 

of the main process areas, respectively. 
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Table A-I. Numerical Identification System for Process Equipment: 

I. O. " 
SystE!l1 

Plan t C 

Process Equipment 

?lOZ A/B 
! PlOJ A/B 

Slurry alend rank Pumps 
Slurry PreMeater-F~ Pumps 
Caustic Scrubber Pump i 

I 
I 

Pl06 
PIOS AlB 
PllO A/B 

~ater Circulating Pump Scrubbers 
Reclaim Tank Pumps 

Plll AlB 
P1l6 AlB 
PU9 AlB 
PIZS A/B 
PIJ9 AlB 
Pl4Z A/B/C 
Pl4J 
Pl69 A/B 
Pl7S 
PZOJ 
P20S AlB 
P206 

B102 
B10J 
8203 

C102 
C104 

EI02 
E10l 
n07 

E122 

Filter Feed Pumps 
Preheater Surge Drum Pumps 
Liquid Coal Pumps 
Filter Scrubber Pumps 
Refl ux_ Pumps 
Preheat Tank Pumps 
~ash Tank Circulating Pump 
~ash Solvent Pumps 
Sluice Pump 
Flush Solvent Pump 
Oowtherm Circulating Pumps 
Oowtherm Surge Pump 

Slurry Preheater 
Distillation Column Preheater 
Dowthe"" Heater 

Hydrogen Recycle Compressor 
Fresh Hydrogen Compressor 

Dissolver Product Cooler 
High-Pressure Cooler 
Fl ash Condenser 
Solvent Draw Cooler 

FlOJ Pressure Leaf Filter 

KIll Vacuum Jet 
K125 Product Cool ... 
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1.0. • 
S y'StE!l1 

RlOl 

nOl 
Tl02 
Tl04 
nos 
VlOl A/8 
VIOl 
VI04 
VIOS 
V106 
VUO 
Vll1 

Vl20 
Vl2l 
V124 A 
V124 B 

V129 
Vlll 
VI40 

Process Equipment 

Dissolver 

Hydrogen Caustic Scrubber 
Vacuum Column 
Light Solvent Recovery Column 
Fractionating Column 

Slurry Blend Tanks 
High-Pressure Separator 
High-Pressure Vent Separator 
Solvent Decanter 
Recycle Hydrogen ~ater Scrubber 
Flash Tank 
Reclaim Tank 
Vacuum Preheater Surge Drum 
Process Solvent Storage Tank 
Light 011 PrOduct Tank 
Wash Solvent Storage Tank 
CaustiC Tank 
Recovered Solvent Tank 
Precoat Makeup Tank 

V141 Wash Tank 
Vl44 
V147 
V 164 
V110 
VI1a 
V206 

High-Pressure Blowdown Tank 
Precoat Tank 
Feed Tank for T104 
TI04 Overnead Holding Tank , 
Wash Solvent Storage Tank 
Cowtherm 
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The Wilsonville process is housed in an open, multilevel structure. The 

open structure reduces the' likelihood of localized accumulation of pro- cess 

emissions. However, the close proximity of the individual pieces of 

equipment is expected to enhance the degree of cross-contamination between 

the equipment, thereby masking the contribution of the individual components 

of the process to the measured levels. 

The grade level floor of the process structure 1S constructed of concrete 

which simplifies cleanup procedures. The flooring is diked to contain major 

spills. Most of the pumps and equipment prone to leakage are located at 

this level. 
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PLANT D 

PROCESS DESCRIPTION 

The Plant D system is a unique noncatalytic coal liquefaction process 

uti lizing prehydrogenated IIdonor" so 1 vent to fac ilitate hydrocracking of 

coal. The system uses crushed bituminous, subbituminous, or lignite coal 

and reacts it with donor solvent and hydrogen at elevated temperature and 

pressure. The donor solvent is a recycled distillate of the liquefaction 

stream and is catalytically hydrogenated in a separate process. Several 

liquid fractions are produced by the Plant 0 process, as well as an 

internally consumed fuel gas. 

Pilot Plant D was built to test the major process steps involved in the 

system. A process schematic of the Plant D facility is presented in Figure 

A-S. For dicussion purposes, the facility may be divided into the following 

process areas: 

coal preparation 

slurry drying 

liquefaction 

product recovery 

solvent hydrogenation 

support processes. 

Coal Preparation 

Raw coal is delivered to Plant D by rail and stored on site in a 5,00o-ton­

capacity storage silo. Coal from the storage silo is fed to one of two coal 

preparation systems. The first system is a gas-swept roller mill, in which 

the coal is crushed to a size of minus 8 mesh or minus 30 mesh and dried to 
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a moisture content of less than 4 percent. Drying is accomplished by con­

tacting the coal with hot flue gas. Prepared coal from the gas-swept mill 

is placed in a 29O-ton-capacity storage bin before being transported to the 

slurry drier unit (0-101). 

':OA~ 
'REPaUTION 

- .. -

Figure A-B. 

~RU" 
SE~AUTOII 

_ ... -

_ ....... 

~ lauE FaCTI a N R!~C TaRS 

It-IOIC: 

~_'·~J~·J __ i"""""~~~ 

Plant 0 Process Schematic 
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The other coal preparation system is an impact mill which will crush coal 

only to minus S mesh. - When the impact mill is used, the received coal 

moisture (16-30%) is removed by heating the feed coal slurry to about 135°C 

(275°F) and boiling off the moisture. 

Several control mechanisms are in use for dust suppression and explosion­

proofing for the coal preparation processes. For dust suppression, control 

mechanisms include: covers for all conveyors and for railcar unloading; a 

water spray system for the railcar hopper and coal preparation area; and 

venturi scrubbers and bag filters for the drying gas streams. Explosion­

proofing in the coal storage silo and bins is provided by a constant 

nitrogen-inerting system. 

Slurry Mixing and Drying 

The slurry drying tank (D-10l) is located on the coal preparation block 

where it receives crushed coal from both mills and mixes it with hot donor 

solvent from the liquefaction/distillation unit. Donor solvent recycled 

from the solvent fractionator enters at approximately 230°C (450°F), and the 

slurry tank operates at about l20°C (250°F) and at slightly positive pres­

sur~ (3 psig). 

Coal from the impact mill is dried by the hot slurry, the moisture being re­

moved as vapor. The vapor containing some light organics is condensed and 

separated, organics recycled to the slurry tank and water directed to sour 

water treatment. Coal from the gas-swept roller mill does not require dry­

ing, and sour water is not produced from the slurry. 

Liquefaction 

The coal slurry is pumped via high-pressure slurry pumps (P-I02A&B) to the 

reactor feed furnace (F-I02), where the slurry is heated to about 455°C 

(SSO°F). Molecular hydrogen is added to the stream which continues to the 

liquefaction reactors (R-10IA to R-lOID). 
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These reactors are vertical upflow reactors, 2 feet 1n diameter and 55 feet 

tall. Although four reactors are available, the number in use can be varied 

according to the residence time needed to achieve proper conversion. The 

reactors are noncatalytic and depend on the dissolving properties of the 

solvent and hydrocracking to achieve liquefaction. Hydrocracking of the 

coal is produced at operating tempera ture and pressure with hydrogenated 

donor solvent and molecular hydrogen. The operating parameters of the pilot 

plant are presented below: 

Coal feed rate: 160 to 200 tons/day 

Reactor tem2erature: 441 to 4510C (825 to 844 OF) 

Desi~ tem2erature ra!!!e: 427 to 460°C (800 to 860°F) 

Reactor 2ressure: 2,009 to 2,198 psig 

De si~ 2ressure range: 1,900 to 2,600 psig 

Reactor residence time: Up to 80 minutes 

Reactor product consists of gas, vapor, liquefied coal, recycle solvent, 

unreacted coal, and mineral matter. This stream is fed to the reactor 

separator drum where it is split into a vapor stream and a slurry stream. 

The vapor phase passes through hot and cold separator drums where con­

densable hydrocarbons, sour water, and unused hydrogen gas are separated. 

Condensed hydrOcarbons reenter the slurry stream, and sour water is removed 

for treatment. Unused hydrogen is recycled to the reactors after puri­

fication in gas scrubbers. The main slurry stream passes directly from the 

reactor separator to distillation. 

Disti llation 

Preliminary distillation occurs in the atmospheric fractionator tower 

(T-201) where the slurry stream is flashed and steam-stripped. Fractionator 

temperatures of up to 345°C (650°F) are regulated by the input rate of 

cooler liquids from the drum separators. Flashed vapor consisting of naph­

tha, sour water, and fuel gas is condensed and separated in a distillate 

drum. 
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In addition to naphtha, the fractionator produces a light gasloil, a heavy 

gas/oil, and bottoms. Both gas/oils are pumped (P-202) to the hydrogenation 

unit. Naphtha may be blended with the gas/oil stream or taken as product. 

Bottoms are sent to a vacuum stripper. 

Bottoms are first pumped (P-204) through a preheat furnace (F-201) and then 

to the vacuum stripper (T-204). The vacuum stripper yields an overhead 

stream, two side streams, and a solids-containing bottoms residue. The 

overhead stream is condensed and separated into liquid hydrocarbons, sour 

water, and fuel gas. Hydrocarbons are sent to the solvent hydrogenation 

section. The vacuum stripper side streams include a light vacuum gas/oil 

(LVGO) and a heavy vacuum gas/oil (HVGO). The HVGO can be withdrawn as 

product or can be combined with the LVGO stream and pumped (P-207, P-20S) to 

the solvent hydrogenation section. Vacuum bottoms are pumped (P-210) to the 

flaker belt where they are cooled and solidified on a stainless steel con­

veyor belt, and discharged into bins. Bottoms still contain potentially 

valuable hydrocarbon material and are presently stored in a building on site. 

The fumes from the cooling belt are completely withdrawn and sent through a 

high-energy water venturi scrubber. In addition, the discharge end of the 

conyeyor, where the solidified bottoms are loaded into transport conveyors, 

is enclosed with a hood that sends fines-containing air through a bag filter. 

Solvent Hydrogenation 

The solvent hydrogenation section serves to replenish the donor hydrogen 1n 

the recycle solvent and to obtain the proper boiling-range solvent. In 

effect, solvent hydrogenation is a middle distillate hydrotreating plant. 

The feed to solvent hydrogenation is normally comprised of the light and 

heavy atmospheric gasloils and the light vacuum gas/oil; however, the· 

distillate naphtha and heavy vacuum gasloil can also be included. The 

solvent is hydrogenated in fixed-bed, nickel-molybdate catalytic reactors 

(R-JOl to R-J04). 

The liquid feed is mixed with hydrogen gas and pumped (P-301) to the reactor 

preheat furnace (F-30l) and to the reactor. The replenished solvent flows 
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through separator drums where unconsumed hydrogen is recovered, and sour 

water and organic vapors are condensed and removed. Hydrocarbons from the 

separator drums and the solvent stream are combined and sent to the solvent 

fractionator (T-303) via a preheat furnace (F-302). The fractionation pro­

cess separates the hydrogenation products into three streams: fuel gas, 

naphtha, and recycle donor solvent. Fractionator overhead is directed to a 

distillate drum where sour water, fuel gas, and the naphtha product are 

separated. Solvent comes directly off the fractionator and is pumped 

(P-306, P-307, P-30S) to storage in the tank farm. Donor solvent possessing 

the proper characteristics is cycled back to the liquefaction section and 

mixed with coal in the slurry drier. 

Support Processes 

Three integral support processes are critical to Plant D operations: 

hydrogen (H2) recovery, fuel gas recovery and use, and sour water 

removal~ Certain of these processes are linked to a nearby refinery. 

Hydrogen is initially piped to the Plant D from the refinery and is 

introduced at both the liquefaction and the hydrogenation reactors. 

Hyd~gen not con- sumed in reactions is recovered from the separator drums 

after the process stream leaves the reactors. The impure gas is scrubbed 

with water and die- thanolamine (DEA) to remove ammonia, hydrogen sulfide, 

and carbon dioxide. Clean hydrogen is recompressed and recycled to the 

reactors along with make- up hydrogen from the refinery. 

Fuel gas is similarly recovered from the separator drums which process dis­

tillate streams from the atmospheric tower, vacuum stripper, and solvent 

fractionator. Fuel gas is composed of light hydrocarbons (C4 and less) 

and impurities. It is treated in a system similar to hydrogen scrubbing to 

remove impurities, and is subsequently used for heating purposes. Fuel gas, 

along with makeup natural gas, supplies fuel for the several preheat and 

feed furnaces used in the process. 

Sour water is removed from the process at various separator and distillate 

drums, and is also produced from water scrubbing of fuel gas and hydrogen. 
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Sour water contains large amounts of sulfur compounds and is sent via pipe­

line to a nearby refinery for treatment. 

The DEA used for gas scrubbing is regenerated on site, producing a stream of 

hydrogen sulfide and carbon dioxide. This gas is also sent to the re­

finery for treatment. The treatment of sulfur-containing wastes results in 

the formation of elemental sulfur as a by-product. 

Plant D has a flush oil system to provide solids-free solvent for flushing 

lines, instrument taps, and solids-handling valves. Flush oil is provided 

by high-pressure pumps (Pl,13A and B, and P-IOS) and low-pressure pumps 

(P-llSA and B). This flush oil is a hydrogenated distillate. Solids­

handling pumps are externally flushed with process sidestreams. For 

example, P-204 atmospheric bottoms pumps is flushed with light vacuum 

gas/oil from the vacuum tower T-204. 

The process yields five separate products: fuel gas, naphtha, solvent, 

gasloil distillate, and bottoms residue. The major by-product of the pro­

cess is elemental sulfur. 

FAC~LITY DESCRIPTION 

The Plant D Coal Liquefac tion Pi lot Plant is lo.cated north of Baytown, 

Texas, and is situated on level ground. Directly south of the unit is a 

large petroleum refinery which provides chemical feedstock and waste treat­

ment services for the liquefaction process by pipeline. The refinery was 

operating during the survey, and the wind blew periodically from the direc­

tion of the refinery. 

The facility is divided into several units containing equipment for 

different phases of the process. A checklist of the process units and 

associated equipment is presented in Table A-2. A diagram showing the lay­

out of the pilot plant is presented in Figure A-9; and the main process 

units involved in liquefaction are detailed in Figure A-IO. 
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Table A-2. Equipment Checklist for Plant D Process Units 

E:C:U> Uni~ E:qu.i;:men~ 

~~quefac~~on/Ois~.illa~~on Un~,: ~l slurry driu (0-101) ; lugh-pressure slurry feed 
(!.:)U ,1) (100 area) pw:lPS (1'-10UI'S) ; slurry prehea~ furnaces (F -l.0 2",a) ; 

l.iquefaC":~on reac':ors ( «-101,.; :0 R-101DI; hl.gh-
pr,essure separa~~on "dr\lll\ (0-103) ; reac':or separa~or . pumps (1'-106A&S) 

~.iquefaceion/Ois~illael.on Uni: .2 atmOspheric frac':1.ona~or (T-201) ; l.ighe gas/oil pump" 
("-QU ~2) (200 area) (1'-202AU) ; coetoms pumps (1'-204A'S) ; vacuum preheae 

furnace (F-201) ; vacuWII suipper eower (T-204) ; lighe 
vacuum gas/oil PWllPS (1'-207A&S) ; heavy vacuum gas/oil 
pumps (1'-20SA&S) ; vacuWII co~~Ol!lS pump (1'-210) 

~l.quefac~l.on/01.s~l.llae~on Unit 113 solids handling; tlaker belt; Oo~herm ~a.ci1it1.es; 

(I..:IU _J) lugh-pressure fll1sh 01.1 plmlpS (1'-llJA&B) ; blo-.down 
drum (0-121) 

Solvent Hydrogena~ion Unit solvent feed. pumps (P-JOlA'S) ; feed filter (0-309); 
(SHU) (JOO area) solvent preheat furnace (F-301) ; solvene hydrogena-

tion reac~ors (R-301 ~o R-J04) ; solvent frac~1.onator 
preheat furnace (F-302) ; solven~ trac~ionaeor (':'-J03); 
aour ~~er'system; fuel" goas scrubbing I aclod gas COlll-

pressors/ hydrogen compressors 

Coal 1'reparaeion Unit (CPU) railcar lmloac1ing: coal conveyors; seorage silo an~ 
bins; i.mpa~ lIIill; qas-swepe lllill 

Of!s1.~e an~ Uti1iel.es (OSU) tank tum: cooling tower: wastewater sys~elU ; s~eam 

supply: oily wa~er S1.Imp: cozapresseci air system: 10'01-
pressure flush oil pumps 

, 

Primary pipelines interconnecting the process areas are elevated above grade 

level. Several multilevel structures are present in the process area in­

cluding those which house the towers. These contain equipment and workspace, 

and are open to the air. 

The process sections containing e~uipment susceptible to liquid leakages 

have concrete floors and are diked. Specific equipment and subsections are 

diked within the sections to further isolate any spills. The tank farm area 

is covered with crushed stone, and equipment is supported on concrete pads 

or piers. Most pumps are located on ground level within the diked areas. 

Several units in the liquefaction and hydrogenation sections rise from grade 
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level to 4th and 5th levels. The reactors, preheat furnaces, atmospheric 

and vacuum towers, and solvent fractionator have attendant steel super­

structures with workspace for testing, sampling, and maintenance activities. 

Flooring on these structures is steel grating. Numerous areas had visible 

accumulations of process liquids, although these were usually confined. 

Areas of high foot traffic were observed to be clean and relatively free of 

process emissions. 

Coal is delivered by rail to a building northeast of the process area, where 

it is unloaded and mechanically conveyed to the S,OOO-ton raw coal storage 

silo. The process stream is initiated at the slurry drier in the coal 

preparation unit, and moves to the liquefaction and distillation section. 

Recycle solvent hydrogenation occurs in the. hydrogenation area. Products 

removed during distillation or solvent fractionation are stored in the tank 

farm areas located east of the process area. A flaker belt for solidifying 

vacuum bottoms residue is located in the liquefaction section. Solid bot­

toms product is collected and transported from there to a storage building 

north of the process area. 

The process is monitored and regulated from a main control house located 

north of the compressor area. Employees pass through the control house 

going to and from the process area, and it therefore receives heavy foot 

traffic. A secondary control room is located in the coal preparation area 

and controls processes for this section; it receives little foot traffic. 

Utility buildings used by maintenance personnel for various activities are 

located on the .extreme south side of the process area, and to the north 

outside of the area. These buildings receive fairly heavy use. 
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PLANT E 

PROCESS DESCRIPTION 

The Plant E process is a catalytic coal liquefaction process capable of pro­

ducing either synthetic crude oil suitable for refining or heavy fuel oil. 

The process can use either bituminous or subbituminous coals. Coal is 

hydrogenated and liquefied in a catalytic ebullated-bed reactor. The hydro­

liquefaction product is then separated by distillation into liquid fractions 

of different boiling temperatures. The process also produces a fuel gas 

which is consumed onsite for heating purposes. 

The Catlettsburg facility was originally built to conduct experimental runs 

to produce both sync rude and fuel oil. The fuel oil mode of operation and 

its associated deashing unit have never been used. The syncrude mode with 

its. greater hydrogen requirements and increased reactor residence time, on 

the other hand, has produced several distillate cuts which can be blended 

into a refinable oil. The syncrude mode is presented schematically in 

Figure A-ll. 

The process can be divided into the following component process units: 

coal preparation 

hydrogenation and liquefaction 

primary separation 

product recovery 

support processes 
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Coal Preparation 

Raw coal is delivered by railcar and is mechanically conveyed to two open 

piles with a combined storage capacity of 12,000 tons. Coal from these 

piles is reclaimed with front-end loaders and fed into a crusher which re­

duces the coal to minus 3/4-inch size. Crushed coal is conveyed to two 

90o-ton storage bins. This coal is removed with a weigh feeder and conveyed 

through a dryer feed bin to a bowl mill where it is pulverized to minus 100· 

mesh. 

The pulverized coal is dried to 2 percent moisture and simultaneously con­

veyed with hot flue gas to a cyclone where most of the coal is separated. 

The dry coal then passes through a rotary gas lock to a screw conveyor where 

it is distributed to two 250-ton bins. 

All phases of coal preparation are protected against dust emissions and 

explosions. Baghouse filters are used at every step of the operation, with 

coal dust being recirculated to the coal stream. Variable height boom con­

veyors are used to distribute coal to open piles and to reduce dust at this 

stage. Nitrogen (N2) inerting and blowout panels are used in the bins to 

prevent and control explosions. 

Hydrogenation and Liquefaction 

Prepared coal enters a slurry preparation drum via a weigh feeder,· and is 

mixed with recycled slurry oil. Slurry. oil comes from the hydroclone over­

flow stream and additional product oil from fractionation. The slurry is 

pumped at approximately 3,000 psig to a gas-fired preheater where it is 

heated to about 400°C (750°F). Hydrogen (H2) is introduced as the stream 

enters the preheater. The hot slurry is fed to the reactor bottom along 

with additional preheated hydrogen. 

The Plant E reactor utilizes a cobalt-molybdenum catalyst in an ebullated 

bed. An ebullating pump recirculates the catalyst-free slurry from the top 

of the reactor to the bottom and up through the catalyst bed. Bed expansion 

1S controlled by varying the circulation rate through the ebullating pump. 
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Reactor temperature lS maintained at approximately 445~C (8S0~F) and kept 

uniform throughout the reactor by the recirculating slurry. The temperature 

of the exothermic hydrogenation reaction is controlled by regulating the 

feed which is about 38~C (lOO~F) lower than the reactor. Catalyst activity 

is maintained by daily addition of fresh catalyst and withdrawal of spent 

catalyst in a batch operation. 

Primary Separation 

The reaction product is withdrawn from the top of the ebullating bed and 

depressurized in a series of flash vessels. Reactor effluent -- consisting 

of gaseous and liquid products, unconverted coal, and mineral matter -- is 

separated into a vapor phase and a solid/liquid phase in the reactor efflu­

ent separator. The vapor phase, containing unreacted hydrogen and gaseous 

hydrocarbons, is cooled and the heavier hydrocarbons are condensed. Gaseous 

hydrocarbons are absorbed in a lean oil scrubbing tower. The solid/liquid 

phase is flashed in two steps from 3,000 psig to 50 psig. Flashed vapor is 

condensed, sent to condensate storage, and ultimately delivered to the frac­

tionator. Some hydrogen is recovered from the flash vessels and is recycled. 

Bottoms material from the flash steps is directed to a set of hydroclones 

(li~uid-phase cyclones). 

Hydroclones are used to separate solids from the slurry stream and produce a 

solids-free oil for recycling to slurry preparation. Recycling of this oil 

containing unreacted coal (hydrocarbons boiling above 524~C, 975°F) improves 

yield structure. Solids-free hydroclone overflow not used for recycling is 

sent to fractionation. Hydroclone bottoms containing all the solids are 

pumped to the aemospheric and vacuum strippers. Overhead from the vacuum 

stripper is sent to fractionation. 

Product Recovery 

Process streams enter the fractionation unit at two points. The solidI 

liquid slurry stream is pumped through a preheater furnace to the atmos­

pheric stripper and the vacuum stripper. Condensed liquids from the flash 

steps and hydroclone overhead move directly to the fractionator feed tank. 
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The solid/liquid stream (hydroclone bottoms) is flashed and steam-stripped 

at the atmospheric stripper. Bottoms from the atmospheric stripper are 

directed to the vacuum stripper and are flashed and steam-stripped again. 

Overhead from the vacuum stripper is separated from water in the collector 

drum. Water is sent for sour water treatment. Hydrocarbon is pumped to the 

fractionator feed drum, where it is combined with liquids from primary 

separation. Bottoms from the vacuum stripper -- consisting of residuum, 

unreacted coal, and mineral material is delivered to the flaker solidifi-

cation process. Here, a fully enclosed and exhausted belt cools the liquid 

and delivers the solidified material to storage piles. The flaker material 

is later trucked offsite for disposal. 

The combined liquids from the strippers and the flash steps are fed to the 

fractionator through a preheater furnace. The process stream is partially 

vaporized in the preheater furnace before being introduced to the flash zone 

of the fractionator. The overhead product from the fractionator is sent to 

a stabilizer tower where the light ends (C4 and lighter) are removed. The 

light ends are suitable for use as fuel gas. The bottoms product is stabil­

ized naphtha. The fractionator produces two other streams -- light oil and 

heavy oi 1. 

Both streams are steam-stripped to remove light ends which are returned to 

the fractionator. The heavy oil stream is recycled with hydroclone overhead 

to slurry preparation. A portion o·f this stream may be blended with the 

other streams to produce a synthetic crude oil. 

Support Processes 

Three other processes are critical to operation of Plant E: hydrogen 

recovery, fuel gas recovery and use, and sulfur removal. Fuel gas is 

recovered and used onsite, while the other processes are linked to systems 

in the nearby refinery. 

Fuel gas, composed of gaseous hydrocarbons, is recovered from the process at 

the last condensate storage tank and from the naphtha stabilizer. The gas 
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is cleaned of contaminants, such as hydrogen sulfide (H
2
S), and is used 1n 

the preheater furnaces and feed furnaces in the process. 

Hydrogen makeup gas (H2) is obtained from a nearby refinery, and intro­

duced into the process at the reactor feed preheater. Hydrogen not consumed 

by the hydrogenation reaction is removed from the process stream at the re­

actor effluent separator and subsequent flash steps. Hydrogen is separated 

from other gases and is recycled to the reactor. 

Sulfur-containing contaminants are removed at several stages of the process. 

Hydrogen sulfide is removed with the fuel gas stream and with the sour water 

produced at various steps in primary separation and fractionation. Hydrogen 

sulfide is removed from the fuel gas with diethanolamine (DEA). The H2S 

is then stripped from the DEA. The DEA is regenerated onsite. Sour water 

is steam-stripped of its hydrogen sulfide. A concentrated stream of hydro­

gen sulfide from the fuel gas stream and sour water is piped to the nearby 

refinery, where a Claus sulfur recovery unit is used to convert the hydrogen 

sulfide to elemental sulfur. 

The Plant E process in the sync rude mode yields five products: fuel gas, 

nap~ha, light oil, heavy oil, and a solid bottoms residue. The solid 

bottoms material is a combination of unreacted carbon, ash, and residuum, 

and is currently a waste product that must be shipped offsite for disposal. 

The single major by-product of the process is elemental sulfur. 

FACILITY DESCRIPTION 

The Plant E pilot plant in Catlettsburg, Kentucky, is sited alongside the 

Big Sandy River just nortb of its parent corporation's oil refinery. Coal 

is delivered by rail and hydrogen by pipeline from the refinery. 

Process-produced hydrogen sulfide gas is piped back to the refinery for 

sulfur recovery, and product oil for refining. Liquid wastes are discharged 

into the Big Sandy River 2 miles upstream from its juncture with the Ohio 

River. A nearby interstate highway is used for trucking solid waste 

offsite. Fog and variable winds are frequent weather conditions in this 

low-lying valley. 
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Enclosed by chain link fencing and protected from unauthorized access by a 

guard house. the Plant E facility is roughly divided into five functional 

areas: coal preparation (100); hydrogenation/liquefaction (200); waste oil 

recovery (600); sour water and acid gas tre·atment (400); and deashing (Sao). 

The first two areas and the deashing area with the adjacent flaker belt com­

prise most of the physical plant. Figure A-12 depicts the overall layout of 

the plant; and Figure A-l3 is a more detailed diagram of the hydrogenation/ 

liquefaction area. 

The coal preparation area lS itself divided into three functional units. 

Coal receiving includes a covered hopper and conveyor system which delivers 

coal to a tall transfer tower and then to open stOCkpiles on cement slab. 

An above-grade control shed located nearby is used to direct this operation. 

Coal reclaiming -- including conveyers, a primary crusher, and large storage 

bins -- is housed in a tall, open structure. The pulverizer drying area, 

dominatd by the Raymond bowl mill, is housed in a semienclosed, circular 

building. Catch basins around the perimeter of the area divert rain water 

to a settling pond at its northern edge. Elaborate dust collectors keep the 

area relatively free of dust and soot. 

The.hydrogenation/liquefaction area, located roughly in the middle of the 

facility, contains the bulk of process and support equipment. As in the 

other areas, the general flooring is crushed stone. Concrete pads support 

major equipment. The atmospheric stripper and vacuum towers rise several 

stories above the other equipment including the hydroclone, reactor, hydro­

gen compressor, seal oil pumps, and high-pressure slurry pumps. This equip­

ment is open to the air and connected by above-grade pipeline. Equipment 

susceptible to liquid leakage is floored and diked with concrete. Oil 

stains and small spills are present in these isolated areas. Products re­

moved during fractionation are stored in the tank farm, which occupies the 

eastern tip of the facility just inside the perimeter road. 

The deashing area of the plant contains a nonoperational, partially dis­

mantled deashing unit. It is located immediately south of the hydrogenation 

unit and adjacent to the stainless steel, water-cooled flaker belt. This 
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belt, located above grade ln a 2-story sturcture equipped with an extensive 

hood, delivers solidified waste material to a stockpile at its base. 

Located at the extreme north end of the plant, the enclosed wastewater 

treatment plant is connected by pipeline to the surge basin and solids set­

tling pond. Cooling tower blowdown, coal pile runoff, boiler blowdown, and 

process wastewater from foul water stripping are processed here, before be­

ing discharged into the rlver. 

The control house, from which the major parameters of the liquefaction pro­

cess are monitored and regulated, is located in the southwest corner of the 

coal preparation area. It is a self-contained, concrete block building, and 

it houses a large control room, a lunchroom, bathrooms, and individual 

offices. 

A~l 



Appendix B 

RESULTS OF SAMPLING PROGRAMS 
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Table 8-3. Plant A Area Sampling Analytical Results (~g/m3) 
for Aromatic Amines (June 15-20, 1978) 

Sample 
SAmple 

-.cc:~cicn Sampled. llWIIQu 
volWlie 
. (I.) 

Slurry )ti.x Tank 005 27.1 

Pulverizer Recycle OlO l2.3 
C4s <iacu Sc:uDtler 

:ilcer 007 25.S 

E'ilcer Ol2 12.0 

Cownvind ot 019 18.0 
Surqe ilesarvoir -

Cownvind ot 024 24.0 
Surq. Reservoir 

BlanJts (loIq/umple) 036 

037 

a .\ro_~l.c amin.SI a.. AAi.lJJ1., 
o • p-Anis:i..rUn •• 

samplinq 
Time 

0928-l404 

1410-1615 

0943-1415 

1420-1624 

0855-2340 

114o-1515 

J~sUm.nq a sampl. volume ot 25 lit-us. 

8-6 

.\rcmaCl.C: Allu.nes· . 
Cace I (decec:~icn l~c. :.a !!I l )" 

collec:~ed ' A a c C 
I (0.13) (0.05) (0. ::l5) (0. OS) 

6/15/78 
a -- -- -- --

6/l5;78 - -- - -
6/l5/78 - -- -- --

6/15/78 -- -- - -
I 
: 

6/16;78 - -- - -

6/16/78 - - - --

6/20178 -- - - 0.09 

6/20178 - - - 0.07 

, 



Table B-4. 

:":'coll:"on SoAIIIpl8l1 

SL..rry :-11.1: l'anJc 

03 .>.:cn C1reual:l.n'l' 
pump ~or f"1.ll:u ... ed. 
'urq. 'l." •• l 
:4 !.rea Hoc :oIell 
l'&l\/( rump 

S4l\dvlJ( 3elt 

·:lB .>.:cOl. S4l\dvl.X Belt 

OB .>.:ca. SandvlJi; Belt 

B!.utit. (~q/"ample) 

Plane A Area Sampling Analytical Results (mg/m3) for 
Aromatic Amines (February 11-17, 1979) 

Sampl. .>.:cOIll4I:l.C .llU.nu- !1 
SampL. SampLJ.lI'1' Ooll:. (.ie~ec : .. on ~:..:s1.1:. .,../",l, - !/OLUlU •.. 1':i.III. CoU~1:8I1 ... s c " ~ 

(£) 
(O.l) (0. II fO .ll (0.11 '0.:'1 

097 47.S OB57-1651 2/16/79 
;: -- - -- --

OB4 47.7 OB45-164l 2/l!/79 - -- -- - --

LOB 49.S OB53-L643 2/17/79 - - - - --

U7 49.B OB2l-l640 2/11/79 - - -- -- -
05B 47.l OB42-L634 2/12/79 - - -- - -, 

'OB6 4B.l 0832-L635 2/U/79 - -- - - -- I 
02B %lU/79 - - - - -
oeo 2114/79 - - - - -

, 
fO .11 

-

--

-

--

--

--

--
';.>,rQmACl.C aauw.. A· AIUl.l.Da. a· 1I.If-ot.et!lyl&rU.J.lA.. C. o-o\IlUld.uw, c. p-Anhl.din.: E. o-Tol IUd in. I 

: • 2." -0 lJDe en y LAlu . .11n<1. 

, 

B-7 



I 
I 

I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 
I 
I 

Table 3-5. 

?ersonnel Sampl~ 

I I ~racory ~ac~.c:.an 
I 

I ~coracory ~IICM.Ci.4A 

I ~racory 't'ec:Mi.can 

I ~1 I ","lIa ':peracor 

':1 ","ee ~ec::uu;l.anl 
speculuc 

JL """ea :1ec!\an.C: 

Jl ","ea opera cor 

Jl Area Jperaten' I 
03 ","ea :or_ 

J3 ","e. Operator 

OJ Are. Operator 

03 Aru ':'eclllu.cUn 

oJ3 Are. 't'ecMi.cUA 

)4 ","ea Opencor 

,)4 ""' •• ·Jperetor 

J4 .:..r .. Operator 

'::8 .u •• recMl.c:~oUIl 
Spec •• l .. c 

08 ""' .. Opu.cor 

! U.nJc. ("qI5&1111l.1 
l 

I 

Plant A Personal Sampling Analytical Results (mg/m3) 
for Aromatic Amines (February 10-18, 1979) 

Sample 
","01llol1:1.C: Muone," 

Sam91e Samp1inq Oace' laececuQn lau: ..... /"'3 1,!) 

lIU111iler 
'/01I.l108 'rim. Coll.lI<:ced. I A S C :) 0: 

(t) 
(0.'11 '~.! I '0.11 (0. II '0.11 

~ 
074 4fJ'.6· . 0915-1120 2114/19 -- - - - -
075 47.7 0914-1121 2/14179 . - -- - -- --
:J76 47.5 0925-1121 2/14179 - - -- - -

r 

I 056 4fJ.7 0834-1642 2/1V79 - -- -- -- --
060 47.0 083l-L6U 2112179 - -- -- -- --
012 30.4 0855-1400 2114/19 

r - -- -- - --
093 47.1 0844-1638 2/16/79 -- -- -- -- --
116 48.S 0836-1640 2/18/79 - -- - -- -
OlS 48.7 0813-1621 2110/79 - - - - -
019 47.J 0835-1630 %110/79 - - - -- -
045 54.S 1901-0404 2/11/79 - - - - -
057 47.4 0839-1636 2/15/79 - - - - -
105 50.0 0831-1650 2117179 - -- - -- --
061 42.l 093%-l630 2/12/79 - -- - -- --

I 
, 

085 47.6 0839-1634 2115/79 0.,1, O.l - -- --
092 .&8.l 0841-l645 2116/79 - - - -- --

I 

059 46.7 0846-l61% %112179 - - -- - --
091 -'1.4 0839-1644 2116/79 I - - - - --I 

028 21U179 - - - - -
080 2114179 - - - -- --

~","OIIIatl.c: ~.I A· ~1n8, a. H.II-o~tllyl..u.,I,J.lI., C. o-AAulod1n81 o. p-o\a1u41z1., 
: • 2.4-0 ... cnyL&n~1Ae. 

8-8 

'O . ..!. \ 

--
--
--
-
--
--
-
-
O.l 

0.2 

-
O.l 

O.l 

--
0.,1, 

--
--
--
--
--



Table 8-6. 

Location sampled 

Feeder t,ine 1:0 

SllJrr,( Ki.x 'I'anX. 
Grade tAvel· 

Feeder Line to 
Slurry Ki.x 'ranA. 
1st Level 

Fileer 

FUter 

Solv8n1: SOtl:OlU 
Pump 

opua1:or'. 
COSlWU.catioD a001:h 

aperac.or's 
CcaIIIIuIUc:a tion Boou 

SOlven1: 801:1:0_ 

PI:IIIIP 

Downwind of 
Surqe bservoir 

Downwind of 
Surqe bsuvou 

Bla.nlts (Ilq/sample) 

Plant A Area Sampling Analytical Results (ppm) for 
Benzene, Toluene, and Xylene (June 15-20, 1978) 

Sample Compouna 
ocm)a Salllple volume Salllplinq Date (detection limit. 

NUlllber (1) 'I'ime Co 11 ec:: ed aenzene Toluene xylene 
(0.01) (0.011 (0.011 

b 006 29.0 0928-1404 . 6/15/78 -- - --

013 18.5 1410-1615 6/15/78 - -- --

008 26.4 0943-1415 6/15/78 -- -- --

OU 12.0 1420-1624 6/15/78 - -- -
017 17.1 0836-2328 6/16/78 - -- -

018 16.3 0836-2328 6/16/78 -- - --

023 21.4 1125-1500 6/16(78 - -- -

022 20.9 1130-1500 6/16(78 - - --

020 16.4 0855-2333 6/16/78 - r --

025 21.9 1140-1515 6/16/78 - - -

034 6/20/18 9 15 --
OJ5 6/20/78 9 16 --

B-9 



Table B-7. Plant A Area Sampling Analytical Results (ppm) 
for Benzene. Toluene, and Xylene (February 
11-15, 1979) 

Sample J ComPQWld 
::lcm,J 

Location Sampled 
Sample llo1ume 

Sampl.i.:1q Oal:e I (deeece:'on limit. 
~er • (I.) 

't'ime COllected Benzene 't'olu.ena xylene 
(O.Oll (0.01) (0. n) 

Slu.rry :1i.x 't'aruc 042 55.1 1842-0355 2711/79 0.02 0.03 0.03 

Recycle Process 
083 47.9 0844-1642 2115/79 0.04 0.09 0.06 

)laeer taM 

I 
04 Area Ughe tnd.s 066 42.5 1918-0224 2/U/79 0.02 0.08 0.12 
CO 1 wan Reflux Pump 

Sandvik Bale 117 47.3 0846-1638 2/11/79 
b -- - --

a14MS (lIq/SUlph) 027 2/11/79 - -- -
081 2114/79 - - --

:l Assuaunq a s_ple 'IOlwDe ot SO lleers. " 

, 

B-10 



Table 8-8. Plane A Personal Sampling Analyeical Resules (ppm) for 
Benzene, Toluene, and Xylene (February 9-18, 1979) 

Sample Compound. 
oCIIII

Gt 
sample Sampll.nq Cace (dec:ecc:ion l~~c. 

?ersoMel Sampled N'Ulll.ber 
VolWlle 

Ti.;na CO~leeC:ed aenzene Toluene X.ylene 
til (0.02 J (0.011 (0.02) 

-
LaDora cory Teehnician on 48.0 0828-1628 2/13/79 I ), 

i -- -- --. I 

~racory Technician 070 48.9 0827-1630 2/13/79 - -- --
I 

~ratorl Technician 074 48.6 0915-1720 2/14/79 - - --

01 Un~t Operaecr 043 53.4 0825-1532 2/1l/79 0.02 0.06 0.04. 

.Jl A:rea 046 53.3 1909-0400 2/1l/79 -- -~eehnic..n/Speeialise -

'Jl U/Ut Operator 062 41.3 1905-0200 2/12/79 - 0.02 0.04 

OJ Unit Operaecr 014 33.3 1248-1820 2/9/79 - 0.06 -
OJ tJnic: Opuaecr 064 4J.9 1908-0226 2/12/79 - 0.01 -

OJ Uni.t Operac:or 115 48.J 0839-1643 2/18/79 - - -, 

31arJts (liq/sample) 027 2/11/79 -- -- -
081 2/14/79 - - -

a , 

8-11 



PLANT 3 

Table 3-9. Plant 3 Area Sampling Analytical Results (ug/m 3 ) for 
PNAs (May 14-24, 1979) ................................... 3~13 

Table 8-10. Plant 3 Personal Sampling Analytical Results (ug/m 3 ) 
for P~s (April 17-18, 1979; ~ay 14-25, 1979) ............ 8-14 

Table 3-11. Plant B Area Sampling Analytical Results (mg/m3 ) for 
Aromatic Amines (April 17, 1979; ~~y 14-25. 1979) ........ 3-16 

Table 8-12. Plant B Personal Sampling Analytical Results (mg/m 3 ) for 
Aromatic Amines (April 17-18. 1979; :1ay 13-25, 1979) ..... B-17 

Table 3-13. Plant B Area and Personal Sampling Analytical Results 
(ppm) for Benzene. Toluene. and Xylene (April 17, 
1979; May 14-23, 1979) ................................... 8-

Table B-14. Plant B Area and Personal Sampling Analytical Results 
(mg/m3) for Phenolic Compounds (April 18. 1979; ~ay 
14-25, 1979) ............................................. B-
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Table B-ll. Plant B Area Sampling Analytical Results (mg/m3) for 
Aromatic Amines (April 17, 1979; May 14-25, 1979) 

I Aromatic Amines'~ . 
mq/lII l )13 , Satllple Sample Sampling Date (aetection limit. 

I ~ocat~on Satllpled NWIlber VolWII~ . " rae Collected 
I (1) A B C 0 2: 

I (0.2) (0.2) (0.2) (0. J) (0.2) 

ISolvent Extracc~on 135 43 0730-1500 5/25/79 ':-" -- -- -- -
iSOliaS Separation 054 !J2 08l9-1603 5/14/79 -- -- -- -- --

100 79 0830-1530 5/23/79 -- -- -- -- --
ic,ubon~zation 053 46 0821-1601 5/14/79 -- -- -- -- --
I 099 41 0834-1530 5/23/79 

I -- -- -- -- --
!SOlvent !lecovery 108 47 1600-2319 5/23/79 -- -- -- -- --

I 117 60 0920-lS4S 5/24/19 -- -- -- -- --
lE'racc .. onation I 055 44 0825-1604 5/14/79 i -- -- -- -- --
'!fyc1roqenation OH 45 0853-l620 4/17/79 - -- -- - --

082 45 1538-2326 5/15/79 -- -- -- - --
l' iii rue E' 4r.lI 015 44 0900-1626 4/17/79 -- - -- -- -
E:lvl.rcNllental Area 056 46 0829-1630 5/14/79 - -- - -- --
Blanks (mq/sample) 087-l 5123/79 -- - -- -- -

144 5/25;79 -- - -- -- -
145 5/25;79 - -- -- -- -
l46 5/25/79 - - -- -- -

~Arcmat:ic amine.: A. Aniline, B. N,N-D1aI.tl1yLAnJ.lin.; C. 2,4-D:i.methylaniline; 
o • p-Nitrc4Diline; e· c-Toluidine, p. o-ADisidin., G· p-Anisidine. 

;~ssuml.nq a sample ot approximately 80 liters. a ____ indicates not detllCced. 

, 

B-16 

F 
(0. J) 

--
----
--
--
----
--
----
--
-
------
--

G 
(0. J) 

--
----
--
--
----
--
--
--
--
--
-------



Table 3-12. jPlanc 3 Personal Sampling Analytical Resulcs (mg/m 3) for 
Aromacic Amines (April 17-18, 1979; May 13-25, 1979) 

Aromaeic a 
SaJllple Amine, . 

?ersonnel Sampled Sample Volwne Sampling· Oaee (deeeceion limi e , r.lq/m,3) ~ 
~um.ber 

(Ll 
':' ir.le Celleceed A a C 0 E .. 

10.2) 10.2) 10.21 10 J 1 10.21 (0. J \ 

loperaters 

: 200 ."-rea 027 42 1622-2303 5/13/79 ~ 0.6 -- -- -- -- ---
073 91 0733 -1458 5/15/79 -- -- -- -- -- --
134 44 9733-1455 5/25/79 -- -- -- -- -- --

JOO/800 Area 045 49 0742-1448 5/14/79 -- -- -- -- -- --
046 89 0743-1502 5/14/79 -- -- -- -- -- --
057 61 1528-2357 5/14/79 -- -- 0.5 -- -- --

,500/700 Area l03 84 1542-2248 5/2l/79 -- -- -- -- -- --
I 

114 38 0817-144S 5/H/79 -- -- -- -- -- --
138 75 lEilO-225S 5/25/79 -- -- -- -- -- --

600/90,0 Area 006 88 0740-1506 4/17/79 -- -- -- -- -- --
044 82 0740-1530 5/14/79 -- -- -- -- -- --
101 91 1523-2300 5/23/79 -- -- -- -- -- --
109 57 1603-2318 5/23/79 -- -- -- -- -- --

1100/1200 Area 033 48 1620-2306 5/l3/79 -- -- -- -- -- --
034 40 1625-2315 5/l3l79 - -- -- -- -- --
047 45 0750-144S 5/14/79 -- -- 0.6 -- -- --
104 41 1547-2252 5/23/79 -- -- -- -- -- --

Supervisors 

Operatl.ons all 68 0925-1510 4/l7/79 -- -- -- - -- --
048 43 0750-1555 5/14/79 -- -- 0.4 -- -- --

ShiH 061 U 1554-2359 5/14/79 -- - 0.3 -- -- --
Mal.neenance IIorkar s 

:-Hllwriqht 026 48 0937-1535 4/U/79 -- -- -- -- -- --
Insul<!tors 021 40 0903-l530 4/U/79 - -- -- -- -- --

022 37 0910-1530 4/U/79 ~ -- -- -- -- -- --
Pipetl.t:t:ers 024 75 0915-1543 4/U/79 -- - -- -- -- --

025 62 0916-1543 4/18/79 .-- -- -- -- -- --
t.<!J:)oraeory W'orxers . 
Chellll.ses 075 82 0810-1550 5/l5/79 - - -- -- -- --

098 47 OS47-lS47 5/23/79 - -- -- -- -- --
136 42 OSOO-1543 5/25/79 -- - -- -- -- --

Technl.c:.ans 017 83 0800-1500 4/18/79 -- -- -- -- -- --
018 80 0809-L501 4/U/79 -- -- -- -- -- --
049 41 0804-L504 5/14/79 - -- -- -- -- --
062 46 1546-2300 5/14/79 -- -- -- -- -- --

SlAnxs (mq/sampLe) 087-L 5/23/79 -- -- -- -- -- --
144 5/25/79 -- -- -- -- -- --
L45 5/25/79 -- -- -- - -- --
146 5/25/79 -- -- -- -- -- --

~i\romael.c aJIIines: ,A. Aniline; B .. N,N-Dimeehylanilinel C. 2.4-0imethylaniline: 
o • p-~Iitroaniline; E· o-toluidine: F. o-Anisidine: G. p-Anisidine . 

;Asswninq a sample ~olume of appro&imataly 80 liters. ~.--. indicates not deeeceed. 

B-17 

G 
10. J 1 

--
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--
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I 
Table B-13. Plant B Area and Personal Sampling Analytical Resu£ts 

(ppm) for Benzene, Toluene, and Xylene (April 17, 1979; 
~ay 14-23, 1979) 

Compound 
ppm)~ 

S4lIIple Sample Samplinq Oate (dete<:tion lim~t, 

!lumber Volume Time Collected (t) Benzene Toluene lCylene 
(0.04 ) (0.02l (0.01 ) 

~ocat~on Sampled 

Hydroqenation 013 42 0852-1620 4/17/79 --b 0.06 --. 
E'ractionaeion 084 47 1547-2127 5/15/79 -- 0.03 --

?ersonnel Sampled 

~aaoratory Technician 064 57 1550-2300 5/14/79 -- 0.02 --
076 85 0740-1448 5/15/79 -- 0.08 --
077 46 0742-1447 5/15/79 -- O.OJ --

:Hanks '(mq/!l4lIIplel 041 5/14/79 - -- --
n88 5/23/79 -- -- --

. 
-Assuminq a !lampl. volume of 40 liters. ,"-" indicates not detected • 

Tdble 8-14. Plant 8 Area and Personal Sampling Analytical Results (mg/m3) 
for Phenolic Compounds (April 18, 1979; May 14-25, 1979) 

S4IIIi'1e ::iampJ.. Samplinq Oate ?heno.l.~c CompoUllQs'" 
!lumau Volume Time Collected (detection limit. mQ/m 3 J b 

,ltt -~ I 3 (" E I ::' G H 

~ocation Sampled 

Carbonization 099 41 0834-1530 5/23/79 --~ -- -- -- -- -- - --
'- I I E:nvlronmenea1 Area OS6 46 0829-16JO 5/14/79 -- -- - -- -- , -- -- --

I "abora tory 062 46 lS46-:ZJOO S/14/79 -- -- - -- -- -- -- --
?ersoMel Sampled I 

Operators: 

600/900 .\r •• 10' 57 1603-2318 5/23/79 - -- -- -- -- - -- --
1100/1200 Ar •• 034 40 1U5-2315 5/13/79 - - -- -- - -- - --

!4ll.ln t aance : 
:-tillwrl.qtlt, 026 48 0937-1539 4/18/79 -- -- - - -- -- -- --

:HanJc. (mq/ ... p1el 040 - 5/14/79 -- - -- -- - -- - --
087 5/23/79 -- - -- -- -- -- -- -
US 5/25/79 - -- - -- -- - - --

~?henolic compounds: A. Phenol I B. o-Ett1~ptlaao1: C. p-Ethy1ptl.no1: o· o-Cresol: 
t ·1Il-Cresol; 'E'. p-Cr •• ol.: G. 2,J-lCy1enol: a. 2,S-Xylenol: I. 3.S-Xyleno1. 

'AISum4nq II sam~le volume of 45 liters. a"_" indicate. not detected. 
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Table B-17. Plant C Personal and Area Sampling Analytical Results (mg/m2) 
for Aromatic Amines (November 12-17, 1979) 

PER S 0 rl A :. SLI1PLES 

OPE~ATOR :1AINT'E~ANCE LABORATORY 
S4mo 1 e LocHion: ~------""';'-..-:~-""~=-=~-r=~""1"""~=--"-:."!"'\"T"~---""""""""''''--''''''''-----~ 

I 
0 I· P1oe- \.nstru-: Ins,ru-,' ,nStru- :'1fTT- .• 1 ·1 I~n- i C . IC ' i C 

:OMPQUND 

~niline 
(0 .1) ~ --= 
~.~-Jimetrlyianiline 
(0.2) -- i 
Z ,J-.J imetny i ani 1 i ne 

o ;0. Z ~ 
p-,~i troanil i ne 
(0.31 
o-ioluidine 
(0.2) 
o-..\nisidine 
(0.3) 
p-"nislc1lne 
(0.3' 
l-/olaontny 1 am; ne 
(0.4l 

I 
BLEND 

• TANK 
Samole ~ocatian. Pl02 

I 

COMPQUrlD I 

I 

o 

O.S 

FEED 
PUMP 
P1l1 

fitter me~t I ment ment wriarlt I ",na y\t, nic:an I nSlllst h~lSt, 

WASH 
SLUICE SOLvENT 
P~P PLIMP 
1'178 1'169 

0.3 

ARE A SAMP~ES 

OA 

, 

BLMIKS 
(mq/sample) 

I I 
1 ! i ~ni 1 :ne I 

: ',0.2 I I 
! ~I •. ~-Oimetnylani 1 ine I 

-- \ -­
I 

-- t 

\ (0.2) . I 
, 2.~-;)imetnylani 1 ine I 
; ;\).2; 
I ~-o~ ltrOJan iT i ne I 

(0. J) I 
o-ioiuidine I 

(D.Z) I 
0-..\n1 S idi ne 
(0.3) 

p-"nisidine 
(0.3) 
I-.~apnthylamine 
(0 ... ) 

i 

I 

I 
I 

I 

I 

-- .- I 
o 

:: I :: 
i 

o 

= I 

I 
-- I 

-- I 
: ,':wnoer ;n ;:IareMt.,esis indicates detection T 1m;t in ntqi",Jl and assl.A1Ies a sample 'Iolume of aoouc -'5 1 ;te,.s. 

; "--" inaicates CQmoound ·.-as nat detKted. 

D-22 

--I --
I 

~~ I ~~ 
-- i ... I .-

i 
_. -.. , .... 

! 
I 

l 

I 
-- I 

I 
-- : 

, i 
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I 
I 
J 

J 

I 
I 

J 

J 

I 
) 

J 

J 

I 
J 

j 

Table 3-18. Plant C Personal and Area Sampling Analytical Results (ppm) 
for Benzene, Toluene, and Xylene (November 12-17, 1979) 

PER S 0 ~ A l :s AMP ~ E S 

: 'OPERATOR I i'IA[NTENANCE [ LABORATORY ! 
I Samel e ~oca t ion: ~: --I---I--~--:""")1:;j""l--:""')1::":'Tlrl --:-"l", ::":'t=:-----------~!I 
I ICC 0 -I· 0 '~"\Oht I ~,.\qh~ ! .nmSe~~-1 Chemist f Chemist: Chemist i 

6l,l.NK$ 
(mg/sameie) 

I Sampl e ,~umce":! 029 ! 066 032! 040 OS3 1 064 C31' 05~ I 056 I 092 

i Same I e '10 I ume (I.): I 46 I 109 43 I 47 49 1 ~':i 47 1 45 I ':6 

I 
' I 0636-1 1423 -1 0640-/1425-1 0703- 0704- 0705- I 0650- " 0642-

Sample r1me:! 1415 2215 1350 2Z15 1503 1514 1454 1416 1~18 

I 025 I 052 
, 

I 

1425- II 
2215 II i 
lOS 

c :MPaU~IO I I i i 
i I 

091 : 

I 
I 0.C04 0.004 0.OC4 

~olue~e (O.Oll a 

(yiene I,O.()ll-

0.002 0.002 O.OOZ 

O.OOZ 0.002 O.OOZ 
I ; 

ARE A SAMPLES 

I ' I I I o ,I , I ! I FRACirON-: , i : ~~~~G! F~EU I BlE~IO SlU [eE VACUUM S liENT I ~E;uO.N FILTER I SCRUBBER I A-[NG : SOllENT I 
Same Ie Loca t 1 on: I PUMP I PUMP I TANI( I PUMP PUMP PIJoIP , VALVE I PUMP I I • , PUMP 

I PH3 Plll I VIOL P178 noz P203 I 415 I Fl03 , P125 I PUMP ! P169 
I i PIS 1 I I 

Same I e Numbe,.:! 0451 046 I 097 I 071 1 078 043 OZS I 030 
I 

099 I 
100 

I 
105 I 

I I I I I 

Sample Volume (tl: 47 
/ 47 1 48 47 41 13 I 46 46 I "8 , I 110 : 

I 
44 

Sample Time: I 1453- 1 1456- i 0635-, 1442- 0641-, 1446- , 0643- 0646- I 0640-

I 
0628- , 0643- I 

I 

2245 I 2245 1435 2234 1435 2245 1425 1422 I 1443 1427 I 14~5 I 
I 

I I 
I 

I 

COMPOU~IO I ! 
3enzene, l a.Ol).l I -- ;, -- -- -- --

J 
-- -- -- -- -- --

I 
"!'oluene (0.01)= I 

I 
I -. -- -- -- -- -- -- -- -- --
I 

_. 
,(ylene (0.:)1 r" I -- -. -- -- I _. -- -- -- ! -- I ,.- -- I 

I I I I I I 

= Jetect10n I imi t in ppm. 

- indicates compound ~s not detected. 

8-23 
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Table B-19. Plant C Area Sampling Analytical Results (mg/m3) for 
Phenolics (November 12~14, 1979) 

. CAUSTIC HOT Sample Location: PUMP WELL P106 . 
Sample Number: 020 070 

Sample Volume (1): 48 4s-
Sample Time: 1452- I l434-

2234 2232 

COMPOUND I 
(0.3)~ !l Phenol -- --

Q-Cresol (0, J) -- --
m-Cresol (0.3) -- --
p-Creso I (0.3) -- --
o-~thylphenol (0.7) -- --
p-Ethyl phenol (0.7) -- --
2.J-Xylenol (0.7) -- --
2.4-Xylenol (0.7) -- --

a Number in parenthesis indicates detection limit in mg/m3 , 

.; "--" indicates compound was not detected. 

n-24 

BLANKS 
(mg/sample) 

027 051 

I 

-- --
-- --
-- --
-- --
-- --
-- --
-- --
-- --

, 
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Table 3-20. Plant D Area Sampling Analytical Results (~g/m3) for 
PNAs (May 18-23. 1981) ................................... 3-26 
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Table B-22. 

1"/pe Q~ Blanlt: 

Samol. ~=U: 
':)al:e -:~ l':'e-:-=ed : 

CompoWld 

Napne.'\alene 

l-M.~hyln4pn~al.ne 

2-~.~ylnapn~len. 

,",unol.!.Ae 

Ac.n.pnUlalene 

AI; en4pn e.'lane 

,lllo..:.ne 

P h.enan UIJ: enel An !:hzacane 

Acndine 

c.u-~ole 

!'lllorant:hene 

pyr.ne . 
gen&0(.)~1IlOreA./ 

llen&o (b) tlllO..:ene 

Ben&(a)an~acaae/ 

Chrysen./~iphenyl.ne 

llenao ( i ) tlllOun t:haae/ 
Sen&o(b)tlllOJ:an~De/ 

lleMO (k) tlllOJ:ut:hene 

aeMO (.1 pyrene/ 
Se.n.so (a) pyrene 

puylene 

Clbenz (a. i )acJ:l.d~e 

O~(a.1)c&r~ole 

!ndeno(l.~.3-cd)pyr.n. 

Ci.ben& (a.h) AAth.!:&CeII. 

S.nzo (~.n • .i.)per,lene 

CQJ:onene 

C~(a.1)pyreAe 

o~~y!.Denz (a) ancbracell. 

J-M.UlylcholAA~ene 

6.LJ-C~~yldi.be.n: (a.n)-
&n~lIJ:acene 

'I'OTAL 

Plant D Blanks Sampling Analytical Results (~g/sample) 
for PNAs (May 18-23, 1981) 

.>.rea SAmple Slan.l(s Pe,,:son4l Sample Slanlcs 

.;-J39 4-<J4~ ';-0B4 .;-LB6 ';-2l5 .;--ns ';--;43 4-JBl ';-lo97 

;;:'8/91 5/19/91 5120/B 1 51: 219 L 5123/81 5/ ,3 /31 I : 19181 S/:20/S1 5/2.2 8 l 

5.0l 0.34 1.50 0.64 0.23 0.63 0.23 0.2S 0.04 

1.40 0.1:2 0.27 0.07 0.02 O.H 0.10 o.OS o.n 
3.36 0.20 0.73 0.23 0.07 o.n 0.09 O.U - a 

- - - - -- - - - --
- - 0.01 - - - - 0.03 --

O.U 0.005 0.03 0.01 - O.ll. - o.Ol --
O.lEi 0.17 0.05 0.04 - 0.l3 O.ll 0.01 --
0.66 1.lO 0.07 - - 0.64 - - -
- - 0.08 - 0.07 - - 0.14 -
- - - - - - - 0.10 --

0.0% 0.0% O.Ol - - 0.0% - 0.0% -
0.01 0.01 O.Ol 0.01 0.01 0.01 - 0.02 -
- - 0.06 - - - - 0.02 -

0.01 - 0.0" - - - - 0.03 -

- - - - - - - -- -
- - - - - - - - -
- - - - - - - - -
- - - - - - - - --
-- - - - - - -- - --
- - - - -- - -- - -
- - - - -- - - - --
- -- - - - - - - --, 
- - - - - - -- - -
- - - - - - - -- -
- - - - - - - - -
- - - - - - - - -
- - - - - - - 0.04 -

10.76 %.01 loSS l.OO 0.40 2.36 0.55 0.93 I 0.06 

B-3l 

4-236 
5/23/81 

0.43 

0.06 

a .lO 

--
0.01 

--
o.n 
--
--
--
-
--
-
--
-
-
-
-
--
--
--
-
--
--
-
--
--
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Table B-24. Plant 0 Bulk Sampling Analytical Results for PNAs 
(May 23. 1981) 

~aee:ial Sampled: 

Samcle Nwnber: 
~aee Collected.: 

Compound 

~a~hthalene 

l-Methylnaphthalene 
2-Meehylnaphthalene 
Quinoline 
Acena~hthalene 

Acenaphthene 
F'luorene 
?henanthrene/Anthracene 

Ac::-idine 
Car~azole 

:'luoranthene 

Py=ene 
Benzo(a)fluorene/Benzo(b) fluorene 
Senz(alanthracene/Chrysene/ 
Triphenylene 
genzo(jlfluoranthene/Benzo(bl­
fluoranthene/Benzo(k)fluoranthene 
genzo(e) pyrene/Benzo (a)pyrene 

Pe=ylene 
Dibenz(a,jlacridine 
Dibenz(a,i)carbazole 
Indeno(1,2,J-cdlpyrene 
Dl.~enz(a,h)anthracene 

Benzo(q,h,ilperylene 
Coronene 
Oi~enz(a,i)pfrene 

Dimethylbenz(alanthracene 
J-Methylcholanthrene 
6,13-u~e~~yldibenz(a,h)anthracene 

a".~ indicates compound detected. 

B-33 

Solvene Solvene 
Hydroge:'laeion ==acel.onator 

Naohtha Bottoms 
4-259 4-260 

312.3/81 3/23/82. 

. .:;: • -- :, • -- • -- --

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

~ 

-"--" indicates compound ~oe 
detected. 



! 
i 
I , 

Table 8-25. Plant 0 Area Sampling Analytical Results (mg/m3) for 
Aromatic Amines (May 18-23, 1981) 

Sari '. 
. ;r":l~ .. ,'e:.= ..:..ml.~9:'; ~'!'!~':.l.:'In ~:..~:.: . ~:r/~;):; 

I I s.unpla 1,/ lP- Sampl.nq Oa1:. 
!..;:at:':"Qn S.Unl'UC! IIWIICer I 0, :~e !!.:Ie Collec.:ed ;.. 'I a ~ :> :: , . 1 a 

1" J ~ - \ (,J. ~) If';. :.: (~. ~ l I ~ • :'1 (-; . ~} 'r'J.:l : ~,.I '_'" 

.. 00 ~8Jl-lQ5~ 5/l9/Bl :C
1 

-- -- -- .; 
'.J ;.~ ;~,,~::ol Hcu,se "'-~~9 -- -- Q " 
~ ':':111 1 

~-!'C8 90 19jO-osoo 5/~O/81 -- -- -- -- -- : " 
... --'.77 l'J9 0850-175J 5/~2/8l -- I -- -- -- -- -- -- --

L025-0140 5/19/81 
. 

I 
--r' :.-nuol ~Olll 4-002 111 -- -- -- -- -- -- -- --'_r .. 

S.:.. ~ 
~-207 96 2046-0445 S/22/al -- -- -- -- -- -- Q Q 

!i~<;:l-Prus=e Slurr, 4-,166 102 2117-oS49 5/19/81 -- -- -- -- -- -- -- --
:~~ F'J:lPS. ?-10:. 

~-an 113 0846-1Bll 5/20/Sl 
s~:. 3 -- -- -- -- -- -- " " 
:=.e.r::~or ;.p8 .. 11.1:0:- ~-aJ6 3S 090S-1SH 5/19/91 -- -- -- -- -- -- " 

, 
?~9· ~-l=Q, Sl.ce 4 4-146 104 0943-l924 !/U/al -- -- -- -- -- -- -- --
"co s ~ lUll.' ~:: ::'3::-- ~-,J07 III l650-o205 5/lS/S1 -- -- -- -- -- -- , 

" 1:.ollA1:or :,~q"l: :411 4-175 104 0905-1744 5122/91 -- -- -- -- -- -- -- --
"~l i'1JlIIp. P-20Z. 
.$J.:. 5 

;'C:IIOI, :rae:. Sot':OIU 4-143 l05 0936-1921 5/U/U 0.4 -- 0.1 -- -- -- -- --
?'.&.:'l9, ?-2"4. 3i:1I Q ! 

4-20l 97 . 210l-0510 5/22/81 : -- -- -- -- -- -- : II 

'ia.c:' .. t.UB SC:.rrllr ~-013 38 0847-1635 5/19/81 -- -- -- -- -- -- " " :""r;ilt 1~ .. /O~l ?\iID;I. 4-113 n 1954-v5U 5120/S1 -- -- -- -- -- -- .. " .-207. S.~. 7 

4-ll9 106 0929-1818 5121/S1 0.4 O.~ -- O.l -- 0.6 - --
"ACUUCI Su~"p.~ 4-050 102 210~-o5ll 5/19/U -- - -- -- -- -- .. ~ 

Heavy ," ... /O~l P~. 4-179 106 0900-1748 5121/81 - - -- -- -- -- -- --?-2CS, Hce 9 

?ac':.lWD Su~~pU' 4-037 llS 0830-1805 SIZOISl : - -- -- -- - -- : .. , 
30t~0III. Pump. P-210. 4-201 95 2ll4-0507 512V81 -- -- -- -- -- -- ~ : 
SJ.~. 9 

4-2l2 97 0740-1545 5123/E11 I -- -- -- -- -- -- -- --
Sol',ent ::ac: uon .. to~ 4-012 % 0855-1656 5/19/Ell 

I 

I - - -- - - -- 2 : 
S.de SU.&.!:! PWIIP •• 4-lH 106 2023-0515 512~/Sl I - -- -- -- -- -,-;06,;>-307, .. ic. 1~ 

: " I , 
.&-231 98 0734-1545 5/23/E1l -- - -- -- -- -- -- --

Sol','!nl: :rar::,:~oIlACOI.' 4-0l0 ll2 1650-0210 S/la/U 0.1 -- -- -- -- -- -- --
aOC~~M ? .. p. ?-309. 

4-110 90 U37-o507 5/20/8l - -- -- -- -- -- " " Slota ~1 

1,,-205 
i 

lOO 205l-05U 5/22181 - - - -- -- -- ~ : 

Hl.;r:-i'res.ure tluan \"-157 98 lEM4-'053 5/41./91 -- -- - -- -- -- --
I 

--
-:~l ?~, i»-lll. 4-23l 100 0721-1540 51ll/a!. -- - -- -- -- - " ~ , , 
3 .. :s .. 
=:1:"/ 'oJacer S..a>p. I ~-l6a 1':1: Ul3-J554 ~/19/91 -- -- -- -- --

I 
-- -- --

5.:. ~J 
4-156 l04 204l-05:~ !lU/Ell -- -- -- -- -- -- 2 2 

:':~'''l.:"'~ Fe: ,-".eel.' I ~-lEi~ 104 2050-o~:!9 5i21/EIL 

I I 
I 

I 
-- - - -- -- --

I 
-- --, 

.&-l81 LO: 0909-l7l9 5/22/91 -- -- - -- -- -- " 2 

31anlr.s ~-J86 5/l0/al : - - -- -- -- -- -- --, 
.&-In 5/:2181 -- -- -- -- -- -- ~ 2 

~-138 '/ll/81 -- -- -- -- -- -- -- --
,,-Hl Si23/Ell -- -- -- -- -- -- -- --

,'Y:~l!Ia:~= ,""'~.'\el: ;.. ~nl.l"'.: 3. ~.:1-cl1:I.c.."'y!.an~1j,n.: =. o-,::l~J.dine: ::. : •• -::I:..:Ie':::''1~.lr..:;.~.iI: 
:;: • ~"'1n.J..i~j.;,n.: c. "-anl.sl.d.~.,,.: ,~. l-~a.Fhcnyl4lllJ,l\.: !ol. :-n.4~I'".t:'\Y.!..I~J.l"'.'l!; !. ?-~J..:=o4n:..':'.:.:'.e. 

·;"i=~".q ~ jalllPI.. 'IOi.WIle ~t .. .:10 •• ::eI.'5, ~'--- .nd~=.lt •• :OlOpoW\c! ~::>1: jecer::~oICi,· 
-':- l."~.~.a:iI. ';aIII;ol.s "oc £nal'l:ed ~Ol.' :. ... e •• ~olllpound •• 
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Table 13-26. Plant D Personal Sampling Analytical Results (mg/m3) for 
Aromatic Amines (May 18-23, 1981) 

I 
Aromatic AIUn.

cz 
(dnectl.Cln lUIl.t. lDq/",J ):; 

S_ple S_ple SampUnq o.sc:. 
~usoM.l Sampled 

NWIIber 
Vol ..... Tl.me CoUecc:ed .\ a c D e: p (; II 

(t) 10. l) (0. f) (O.l) (0. ~) (0. l) (0. l) 10.1) 10.1) 

?~"cess ':'e-::."lJ'1l.: loans 

:'l.quefaetJ.on/ 4-014 105 ~009-0430 5/1S/Sl -c - -- - - -- ad a 

DJ.stl.llation Un.t U 4-046 89 lU3-1Sl7 5/19/S1 - -- - -- -- -- -- --. 
:. .. quefacti.onl 4-047 99 1028-1842 5/19/S1 - -- -- -- -- -- -- --
DJ.sti.llAtion Unit '2 4-2%2 96 0746-1.541 S/23/Sl - -- - - - - " " 
t.J.quefa~~ol:l/ 4-069 30 220J-06LJ S/19/Sl - - -- -- - - " " Oi.tillatl.Cll:I Un.t U 4-09S 99 2107-0525 S/20/81 -- - -- -- - -- " " 

4-220 90 0735-1535 S/23/Sl - -- - -- -- - - --
Sol"ent Hyd.roq.- 4-119 26 2147-060~ S/20/81 - - -- -- - -- " " n.at.OG unJ.t 4-17l S4 2058-0510 S/2~1S1 - - - -- -- - -- -
ott •• t. i Uti1itJ. •• 4-054 89 2153-0605 5/19/81 - - - - - - -- --

4-097 97 2100-0532 5120/81 - -- - - - - " " 
."t4J..nc,en4nce '''crJcl!r9 

.... lder. 4-019 85 0742-1547 5/U/Sl - - -- - -- -- " " 
4-079 167 0759-1543 5/20/81 - - - - - -- " " 

/!J.llwr J.qhu 4-124 76 0012-0728 5/U/Sl - - - - - -- " II 

4-LJ1 S8 1530-lJ02 5/21/81 - - - - - -- - --
4-195 20 2104-0537 5/22/Sl - - - -- - - - --

hpeHttU'a 4-055 97 1538-2341 5/19/Sl - - - - - - - -
4-102 79 1602-2344 5/20/Sl - - - - - .... 

" " 
4-169 74 0753-~38 5/22/S1 - - - -- - - -- -

tlIaU1JIIIaIIt 4-075 S3 0007-0710 5120/81 - - - - - - - --
~echllJ.Cl.Ma 4-196 B9 1605-2335 5/22/81 - - -- - - -- -- -
:.aaorU'a 4-017 12 0010-0706 5/19/S1 - - - - -- - II " 

4-056 97 1540-2345 5/19/S1 - -- -- -- - -- ~ .-
BUnU 4-oJ7 5/19/81 - - - - - - " " 

4-188 5/22/Sl - - - -- -- -- -- --
4-239 5/23181 - - - -- -- -- " " 

C%.\romat.l.c: AILin.a: A. &lIi1J.ne, 8. N.N-.:l~c.nyl&Al.l1n.' C. o-to1u.i.4ine, D. 2.4-.:l~thyLAnJ.lin., 
e: • o-M.aJ.dine, p'. p-Alti.al.liJ.Ae, co. 1-ftApntll.Y1~1 H· ~-napnc.nylA&ul., I. p-nJ.UOIInJ.1.n •• 

::.ual.l&i.nq a SUlPl. w11ma at 100 l1cara. C._. UldiQat.a c~ not detec:~. 
d.". Uldicat •• MllP1 .. not &II&lyud tor tlI.e .. CCIIIpOUDda. 
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Table B-27. Plant 0 Area Sampling Analytical Results (ppm) for Benzene, 
Toluene, and Xylene (Xay 18-23, 1981) 

I Compound (c!a~ectl.on limit. <: I SampU SalDplizlq Oac. Ppllll 

I.cca Cl.on Sampled 5011119l. ',/olwu 
T.- CQllec~ec\ 

lNIIIbU (1) Benzen. (O.Oll Toluene (0.021 Xylene (0.021 

100 08ll-16S2 5/1.5'/131 
() 

!1alJl :antrol HCu.S., 4-030 -- -- --
Slot. 1 4-109 90· 1930-0500 5/20/81 - 0.11 --

4-L76 L09 0900-L748 5/22/81 0.19 -- --
OU Control ROOIII. 4-003 111 1626-01.40 5/18/81 . 0.02 - 0.31 
Slota 2 4-208 96 2045-0445 5/22/131 - - --
Hloqn-Pr.8SQZ. Slurry 4-065 l02 2117-0548 5/U/81 -- -- --
Feed PWI!P. P-l02. 4-091 113 
Sit. l 

0846-1811 5/2018l - - 0.02 

4-154 105 2034-0520 S/21/81 0.04 - --
Raaccor S.par.cor Pu!DP. 4-035 95 0905-1655 5/1.5'/81 - - --
P-106, $1c. 4 4-145 l04 0942-1U3 5/21/81 - - --
Atma.pnarl.c ~act~a- 4-006 114 1 636-02 04 5/18/81 - -- -
acor ~qnc GA8/0il 4-114 90 1958-05l7 SIlO/U 0.03 0.06 0.21 
Pump, P-202. 51ta 5 

4-178 104 0905-1744 S1l2/81 -- - -
ACDOapnarl.C ~rac:c.i.=- 4-052 10l nOl-0533 5/19/81 -- -- 0.02 
acor BotC_ Pump. 4-142 LOS 0935-'1820 5/21/81 -' - -P-204. S1U (, 

4-204 97 n03-o510 51%2/81 - - -
'1.c:wa Str1~ t.i.qllc 4-031 100 oa34-1655 5/19/81 - 0.02 0.02 
G •• /Oil ~. P-207. 4-U2 90 1952-0511 5/20/81 0.12 0.14 0.26 
S1c. 7 

4-140 105 0929-1818 5/U/U 0.13 - -
'1ac:wa S CZ'ippu- llUyY 4-051 102 2101-0533 5/U/81 - - -
G&a/Ol1 PU=p. P-2oa. 4-174 106 0900-1748 5/22/81 - - -S1u a 

4-228 99 0726-1542 51llial - 0.02 0.06 

'1.CUIm 5tr1PPG' BoC_ 4-089 114 0832-180l S!lO/81 - - -
~. P-210. Sic. 9 4-202 95 2ll4-o507 5/22/U - - -
Solftn t rr acc.i.ou c.= 4-034 96 0855-1656 5/19/81 - - -
S~. SU." PwIIp •• 

, 
P-306. P-307. 51t. lO 4-155 101 l025-o515 5/21/81 - - -

4-U7 98 0734-1545 5/23/81 - 0.03 0.17 

SolvClt ~.c:c.i.OI\&c.= 4-009 113 1647-o110 5/18/81 - - -
BottolU PwIIp. P-loa. 

4-1ll 90 19l7-o504 5nOll1 0.04 0.04 
S1C. 11 

0.06 

4-206 100 205l-0514 5/22/81 - O.Ol 0.11 

IUqll-Pr .. aw:. rLl&all 011 4-U6 as 0919-1641 5/21/al 0.04 O.oa 0.52 
PU=p. p-113. S1ta l2 4-lS8 " 1 ... -0052 5/21181 - - -

4-229 100 0721-1540 5/23/81 - - -
O.ly WAtar SWIp. 4-067 102 2Ul-0554 5/19181 - - -
Slot. II 4-153 104 2045-0524 5/21/81 0.3% 0.54 0.85 

upwU¥:l p.r.-tar 4-094 l12 0908-1126 S/lO/81 -- - -
4-152 10l 2051-0529 5/21181 - - 0.02 

4-110 102 0909-1739 5/22/81 - - --
BlaAll.. 4-ol8 5/l8181 - - -

4-oaS 5/20/11 - -- -
4-189 5/22/81 -- -- -
4-237 5/21/81 -- - -

~ 
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Table B-28. Plan~ 0 Personal Sampling Analy~ical Results (ppm) for 
Benzene, Toluene, and Xylene (May 18-23, 1981) 

sample 
s ..... pl. 

5amp.linq 0&1:. 
::Qlllpc>ulld (dell:~l:l.Qn l.I.IIU.l:. "Pili)::: 

P.rsonn.l SaIIIplad 
~ 

Vol .. e 
Tia. Collected 

(l) Senzene (O.Ol) Toluen. (0.02) :<ylene (0.02) 

Proce.s Techn.cl.4n •• 4-013 ~2 2009-04JO 5/18/81 0.04 0.03 a .l8 
~quet&cl:l.on-Ol.!l:il.l.I:~n 4-044 52 11lJ-1837 5/19/81 --b -~'IUI: H --

4-216 46 07l4-1534 5/23/81 0.14 -- 0.02 

Proce.s Tecnnl.Cl.4n!. 4-045 ZS 1028-1842 5/l9i81 -- 0.02 --
~qu.tactl.Qn-ol.stl.llAl:ion 

4-071 9S 2200-061.2 5/19/81 -- - -"nie '2 
4-215 101 0716-1541 5123/81 - 0.02 --

i'roc8s1 Tec:!ml.Cuns. 4-070 113 2l03-o613 5/19/81 0.02 -- 0.02 
~l.qu.fac!:l.Qn-01s~llaeion 4-100 Ul 0907-17:15 5/20/81 0.13 - --tlnl.e 'l 

4-211 95 0735-1535 5/:13/81 -- - --
Process Tec:nnl.cJ.&n!. 4-UO 15 2147-0601 5/:10/81 - - --
Solvent Hydroq~l:l.on tJnie 4-173 66 0858-1710 5/22/81 - - -

4-Z12 80 2151-0445 5/22/81 0.03 0.05 -
Proce.s T.cnnl.cl..Uls. 4-053 98 21S2-o605 5/19/81 - -- -
aUne. , tlti1iel.es 4-099 103 0900-1732 5/20/81 0.13 -- -

4-Z09 47 2150-0450 5/22/81 -- 0.05 0.04 

:1al.n taft&nC. PU5CM • .l. 4-020 90 0743-1547 5/19/111 0.02 - -
".14ers 4-057 16 1538-2341 5/19/81 0.34 - -

4-080 88 0759-1543 5/l0/81 0.03 - -
4-082 96 0800-1540 5/Z0/81 - -- --

.'Ia l.n CanaN: e PusoMel. 4-1l3 84 001l-0727 5/21/81 0.07 0.10 0.05 
:oIl.llwrl.qllu 4-128 8. 1530-2305 5/21/81 - - --

. 4-liM S2 1557-2338 5/21/81 0.05 0.02 -
:oI&l.n e &IIAI'IC. PerlOM.l, 4-103 " 1602-2344 S/20/81 - 0.02 -
i'l.petitl:u, 4-l.l2 67 0015-0720 5/21/81 - - --

4-1.67 40 1952-0338 5/22/81 - -- f -
:Ul.nt&l\AnCe l'u'cnAe.l, 4-014 89 0006-0710 5/l0/1ll - - -
! ns uumen e Tee iulic i.aIuI 4-166 38 0735-15l9 5/2l/81 - - --

4-193 97 1605-2335 5/22/81 - . -
:-I&l.ne._e persoNlel. 4-016 65 0010-0706 5/19/81 - - -
~rul 4-058 8l 1540-2345 5/19/81 - - --

4-11' it 1547-23l0 5/21/81 - - -
3l&lLlts 4-038 5/18/81 -- -- --

4-040 5/19181 - - --
4-<l85 5/20/81 - -- -
4-190 5/22/81 -- - -
4-240 5/U/81 -- - -
4-24l 5/23/81 - - --
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Table B-31. Plant E Personal Sampling Analytical Resulcs (~g/m3) 
for PNAs (August 10-14, 1981) 

PersoMel Sampled. 
U IJ 0 .5 

o era tors 
.s .5 '8 III III 

Plant statuB'-': II 1I N R R N N R. R 

sample NWllDer: 039 121 149 060 110 Hl 020 018 031 

Samale 'Iolwae (t) : 468 59] 729 752 686 70S 671 546 ~70 

Samplinq 'riJN: 
0918- lll5- 1818- 1904- 065J- 1900- L509- 0730- 2J21-
1430 1810 0244 0245 1410 0250 2240 L~ ]0 0650 

Date (19al) Collected. : 8 1 9/ll 9 LJ B/ll 8/L2 9/14 9 10 9/L1 9/L2 

Compouna (detecSion 
1imJ.t u .. /m J l' 

~aphthalene (0.41 --a 1l.7 2.9 7.8 4.1 11.6 0.8 4.9 20.1 

l-Methylnaphthalene (0.4) -- 31.6 1.4 4.5 J .0 6.8 J.7 4.2 LS .4 

2-Me~ylnaphthalene (0.4) -- 89.8 LO U.S 9.1 21. 9 5.1 LO.S 64.6 

QIlinoline (0.41 - -- -- -- -- -- -- -- --
Acenapnthalene (0.4) -- 2.0 -- 0.7 0.5 0.6 -- -- 1.1 

Acenaphthene (0.41 -- 4.7 0.3 1.7 0.8 -- -- 0.5 loS 

rll.lOrene (0.41 - l.' -- 2.] 1.1 1., -- -- 4.4 

Phenanthrene/Anthracene (0.4) -- -- - -- -- 1.9 -- -- --
Acr~ine (0.4) - - -- -- -- -- -- -- --
Carbazole (0.4) -- 0.6 -- -- -- -- -- -- --
fluoranthene (0.4) - -- -- -- -- -- -- -- --
Pyrene (0.4) - 0.9 -- 0.5 -- -- -- -- --
aenzo(alfll.1Orene/ - -- -- -- -- -- -- -- --Benzo(blfluorene (0.4) 

aenz(alanthracene/Chry.ene/ - - -- -- -- -- -- -- --t'riphenyle'" (0.4) 

Senzo(jlfluoranthene/ 
Senzo(blf1uoranthene/ -- -- -- -- -- -- -- -- --
aenzo(klf1uoranthane (0.4) 

aenzo(elpyrenel -- - -- -- -- -- -- -- --8enzo(alpyrene (0.4) 

PeryLene (0.41 -- -- -- -- -- -- -- -- --
o L benz la • 1 1 acr i.d Lne (0.4) -- -- -- -- -- -- -- -- --
OLban:la.ilcarbazole (0.41 -- -- -- ' -- -- -- -- -- --
Indenoll.2.]-ed)pyrene (0.4) -- -- -- -- -- -- -- -- --
OLbenz(a.hlanthracene (0.41 -- -- -- -- -- -- -- -- --
Senzo(q.h.l)perylene 10.4) -- -- -- -- -- -- -- -~ --
Coronen. ( 1.61 -- -- -- -- -- -- -- -- --
Oi.ben: la. i. 1 pyrena (1.61 -- -- -- -- -- -- -- -- --
OLm8thylbena(alantbrac.". (0.4) -- - -- -- -- -- -- -- --
l-Metl'lylcl'lolanthren. (0.4) - -- -- -- -- -- -- -- --
6 .1l-D1.a8l1:hy14U1en:1 la .111- - -- -- -- -- -- -- -- --antlll"acene (0.4) 

T'01'Al. 0 111.1 7.6 29.1 L8.' U.6 ~.6 "0. L L L: ' J 

~ 
Plant Itat~: 1I. no~l operaclnq conditlona: R. reclrculatin .. oll. (cont lnued) 

b -U_lnq a ..-ph vol_ of 625 liten. a - - Lndicat .. not detected. 
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Table B-32. Plant E Wipe Sampling Analytical Results for PNAs 
(August 14, 1981) 

-ry;,e of Sa.mele: Ii "lee Sameles 
~ca~40n Sameldd: It Con~rol Room Slu.r:'v ?ume Seal Oil. ?umc 

Samele NUI!Ii:ler: il 229 lJO :34 
Da~e Collec~e<i: I, a/l4!Sl 3/14/81 9/1 .. /91 

Compound 

Naphehalene .a. • • 
l-Meehylnaphehalene --b • • 
2-Maehylnapheh41ene - • • 
Qu~nolUle -- - --
Acenaphenalene -- • • 
Acenaphehene - • • 
Fluorene - • • 
Phenan~~ane/Anehracene • • • 
Acridine -- • • 
carbazole -- • • 
Fluorant.hen. - • • 
pyren. • • • 
8enzolaltlucren./ • Benzolblflucran. • • 
Benz la I anehracen./ - • • Chrysen./Triphanylan. 

Benzotj)fluoran~an./ 
Ben%otblfluoranehan./ -- • • B.nzotklfluoraneh.ne 

B.nzo leI pyren./ - • • Benzo tal pyran. 

lIeryl.n. - • • 
D~.nz(a.jlacridine - • • 
OiDenz( •• ~lc&rbazol. - • --
Ina.notl.2.J-cdlpyr.n. - • • 
Dibenzta.hlanehracane - -- --
Benzolq.h.ilperyl.n. - • • 
Coronan. - - • 
Oib.nzta.~lpyran. - • --
o imeehy ~ (& I anehracan. - - --
J-M.ehylcnolanehzen. - • • 
6.1J-Oimeehy14ibenZta.h)- -- -- --an.ehracan. 

~~--~ ~icaee. compound noe deeeceeJ. 

B-44 
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Table B-33. Plant E Area Sampling Analytical Results (~g/m3) for 
Aromatic Amines (August 10-14, 1981) 

! Sac;:le 
S~?hn<; :.a.ce ii 

:.:>e .. ~l.on Sa&lOllac I Sa.:!!?le volW!la 
~:~er ( t) ':'1...1:1. C"llee~ad 'I 

Sl"r.""/ ?::,'!pa.:a-:.:.cr. J04 36 HOS-.20S 9/10i91 

~94 85 0728-1433 8/l~/81 

l65 94 1527 -.3 16 8/11/91 

1.94 91 0740-1503 8/14/81 I 

".e .. ceo C' ~O2 95 1409-2206 a/lO/81 

163 106 1524-2250 8/13/91 

lJ5 96 1123-1926 8/13/81 

iiyd=xlone 062 a2 1251-2227 S/ll/Sl il 
1515-2315 8/13/81 

i 
~62 104 

.36 100 2Jl5-0737 S/ll/81 

lS6 98 0730-1450 8/14/91 

'.' AC" .. ll..UI ~o ... er 006 95 1417-2208 S110181 

097 91 OnS-1442 S/1l/91 

164 96 1.505-2305 9/13/91 

18S S9 On2-1445 8/14/81 

;laiteC' S.l!: 050 15 0850-1437 8/11/91 

028 lH 2314-0846 8/11/81 

168 102 1456-4300 9/13/Sl 

19~ 93 0700-1445 9/14/91 

;C'ae!::I.OMeoC' 065 105 1430-U29 S/ll-/U 

081 S6 0720-14:8 9/12/91 • 

096 S6 0720-1428 S/1l/81 

1.67 96 LS09-noa 8/13/91 

191 89 0720-1445 S/14/81 

· .... e. o· , .- RacovU"f 053 68 0900-1442 S/U/91 

137 99 1100-:'916 S/13/81 

129 94 1543-2JJ'l 9/13/81 

195 l3 0750-1140 13/14/81 

Con::ol RDom ll0 97 1132-1935 8/11/81 

lJ4 93 1532-211.9 8/11/81 

La3 96 0708-1500 8/14/91 

SeaJ. OU pump 052 74 0915-143i 9/11./81 I 092 87 :2323-0637 8/11/91 

laB a8 0735-1455 9/U/81 I 

pUl.III.eu 107 ~o 07:0-1448 9/12/91 

131 96 lU5-1947 9/11/91 

191 96 0718-1515 a/U/81 

BlaniU I:';/Iampl.) 078 8/u/al 

:79 S/ll/at i 
--;.zOIllll:~; aml.l> •• : .~. Anilin.. B· N.:I-Ol.:l.e. ... ylarul-"ll.: 
:: • o-AlIl.s~~e: :-. i'-AlIl.u.d.~.: ... l-N.apnu.ylaau.n.: 

B-45 

Aro",,"!:~: .;cc.J.!1es- ,ceea:~l."n :~l.:. '..;q.'::'; 1,: 
;. 3 ,~~, I ~ - f : H 

r: ~) 'J~) .: :.? ~ ..... \ ." ': 51 ':26) ,- . l •• 

~ -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- - -- -- -- --
-- -- -- -- -- -- -- --
-- -- - -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- - -- -- --
- -- -- -- -- -- -- -
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- - -- -- -- -- -- --
-- - -- -- -- -- -- --
-- - -- -- -- -- -- --
- -- - -- -- -- -- --
- - - -- -- -- -- --
- -- - -- -- -- -- --
-- - -- - -- -- - --
- -- - - -- -- -- --
-- -- -- -- -- - -- --
- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
- - -- .- -- -- -- --
-- - -- -- -- -- -- --
-- -- -- -- -- -- -- --
- -- -- -- -- -- -- --
-- -- -- -- - -- -- --
-- -- -- -- -- -- -- --

, -- - -- -- -- -- -- --
-- -- -- - -- -- -- --
- -- -- -- -- -- -- --
-- -- -- -- -- -- j -- --
-- -- -- .- -- -- -- --
': • 2. "-C~.t:!'\y.i..In;.:'~.; 
H • ~-saPrl~.~~·lalUll •• 

:;l • Q-!'ol~l.d..n.: 
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Table B-35. Plant E Area Sampling Analytical Results (ppm) for Benzene, 
Toluene, and Xylene (August 10-14, 1981) 

sample 
CompoW'ld 

Sample Volume Samplinq Daee (det:ect:lcr: !.i.."':t,l~ , ::e::\l~ 
!..oc a e.:. on Sampled NUl!l.ber Tillie ::0 IIeceed I 3enzene To.i.1.lene :<ylene 

(2.) 'e. 'J1) iC.~l) I J . 0: ~ 

Sl~ry E'reparauon OlO 116 2306-0936 8/ll/81 O.Ol O.Ol c.n 

~eact:or 047 i3 0844-1450 ·8/11/81 --~ -- --
Oll 106 2309-0S30 8/11/91 0.03 0.01 0.01 

l39 96 2322-0723 8/13/81 0.02 O. :ll --
Hydroclone 085 99 2305-0626 8/11/91 -- -- --

084 95 0725-1430 9/12191 -- O.Ol. --
151 96 1515-2315 8/13/91 -- -- --
200 100 0130-l450 9/14/81 -- -- --

Vacuum Tower OOS 95 1417-2208 8/10/S1 O.Ol 0.01 0.01 

069 9S 1441-2230 9/11/91 O.Ol -- --
OS3 90 0715-1443 9/12/Sl -- -- --
152 88 1505-2305 8/LJ/81 -- -- --

E'laker Sele (empty) 003 93 14<14-2<1U 9/10/S1 -- -- --
153 9S 1456-2300 9/13/81 -- -- --
197 105 0700-1445 9/14/S1 0.01 0.01 --

E'ract:l.cna eor 068 93 1431-2224 S/11/81 -- -- --
138 99 1105-191.9 S/l3/91 -- -- --
198 56 0720-1445 8/14/S1 0.06 0.02 O.Cl 

Waste 011 Reccvery 009 l16 2317-0856 9/U/81 -- -- --
048 6S 0900-144<1 8/11/81 -- -- --
140 99 1100-1916 9/13/S1 -- 0.02 --

Conerol RQCIII 012 97 2301-0S50 9/11/91 0.02 0.01 --
049 89 0831-1554 8/11/S1 -- -- --
U6 96 U35-1935 9/12191 -- -- --

Seal 011 pump 070 97 1436-2230 8/11/81 -- -- --
Per illleeer 108 90 0720-1448 8/12/91 - -- --

143 96 1145-1947 8/13/81 -- -- 6-

219 125 0715-1515 8/14/91 0.03 -- --
91an.lcs (loq/sample) 076 8/11/91 0.003 -- --

17S 9/13/81 -- -- --
222 9/14/91 -- -- --
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Table B-36. 

:..cca:..:...::u"'. 3a.mcJ.e.: 

SllU""" Pre~ara'C.J.on 

ileac':Qr 

HydrcxlQne 

'1acuIIIII To_r 

!'laAU ael~ (empcy) 

Fr.c~.lOnaeor 

Nun OU ~ 

Seal 011 PIDIIP 

eonuol ace. 

pu~c.r 

lUAU (aaq/WIIPlel 

,ersoMel S&IIIc1eci 
Opuaeon 

U Opua c.ar 

iii opuaUlr 

.a opuaUl&' 

.10 opezat.or 

'11 cpu. t.or 

~l.nean&AC. perSOMeJ. 

IlIa=-c/Ucul.cun 

~ru 

IhnJea 

~ --

(lIIq/s&lllp1.1 

Plant E Area and Personal Sampling Apalytical Results (mg/m3) 
for Phenolic Compounds (August 10-14, 1981) 

Samph 
Comccu,na i aV'eraae ae~e~,:~on l.",. <. ~.a/~J \ 

S4IIIPle VolWlle 
SolIftpll.nq ~4~e Phenol Cresols 

o-E:~:lyl- P-::~:lY l-I ~ • .l- l.'; -
Nwo.ge.r 

(1) 
':'l.me CQlleCU4

r 
(0.11 (0 .11 phenol phenol Xylenol Xyl.eno.i. 

(0. ;,,) r C. ~ l {C. • ~ ~ (C • ~ ) 

I 

005 96 1405-2205 S/10/81 
__ a. -- -- -- -- --

09S SS 072S-14JJ 8/12/81 -- -- -- -- -- --
196 89 0740-1503 S/14/91 -- -- -- -- -- --
001 95 1409-2406 S/10/Sl -- -- -- -- --

I 
--

1J J 96 1123-1926 S/1J/81 - - -- -- -- --
064 105 1426-2227 8/11181 - -- -- -- -- --
161 96 1515-2315 8/13/81 - -- -- - -- --
190 88 0730-1450 8/14/81 - -- -- -- - --
007 95 1417-2208 a/lO/81 - -- -- -- -- --
095 90 0715-1443 8/12/81 - -- -- -- -- --
169 105 1505-2305 8/13/81 - -- -- -- -- --
187 91 0112-1445 8/14/81 - -- -- -- -- --
051 0850-1435 8/11/81 -- -- -- -- ~- --
029 114 2314-0846 8/11/81 - -- -- -- -- --
193 96 0700-1445 8/14/81 -- -- -- -- -- --
06J 126 14J6-2229 8/11/81 -- -- -- -- - --
079 86 ;331-0639 8/11/81 - - -- -- -- --
LJ2 190 1105-1919 8/1J/81 -- - -- -- -- --
170 98 1508-2308 8/13/81 - -- -- -- - --
189 89 0720-1445 8/14/81 - - - -- - --
16i 94 1541-Un 8/13/81 -- - - -- - --
199 22 0755-1508 8/14/81 -- - -- -- -- --
080 87 2l23-0637 8/11181 - - - -- -- -
160 107 1532-2319 9/13/81 - - - -- -- --
184 96 0708-1500 8/14/81 - - -- -- -- --
106 iO 0720-1448 8/1.2181 -- -- -- -- -- --
loll 96 1165-1947 8/13/81 -- - -- -- - --
182 96 0717-1515 8/14/81 - -- - -- -- --
075 8/11/81 - - -- - - --
lIIO 8/11/81 - - - -- -- --
224 8/14/81 -- - - -- -- --

024 104 0711-141.2 8/10/81 -- -- -- -- -- --
043 101 0740-1UO 8/11/81 -- -- -- -- -- --
Oll 74 2330-0650 8/11/81 -- - - -- - --
102 51 0655-14JO 8/12/81 -- -- -- -- -- --
0:13 100 1506-2242. 8/10/81 -- -- -- -- -- --I 

067 85 1602-2250 8/11/81 -- -- -- -- -- --
OJ4 89 2350-0655 8/11/a! -- -- -- -- -- --
092 ~2 2l30-0705 8/11/81 -- -- -- ." -- -- --
09J 7": ~J30-oJ705 8/U/81 -- -- -- -- -- --
103 77 080J-1507 S/l2181 -- -- -- -- -- --
075 a/ll/Sl -- -- -- -- -- --
180 S/ll/Sl -- -- -- -- -- --
224 8/14/81 -- -- -- -- -- --
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APPENDIX C 

HEALTH EFFECTS OF COAL-DERIVED MATERIALS 



EPIDEMIOLOGICAL STUDIES 

Epidemiological studies of workers throughout the world have long established 

an association between exposure to the combustion or distillation products of 

coal and an increased incidence of cancer at many sites throughout the body. 

One epidemiologic study of workers 1n a coal conversion plant can be found 

in the literature (Sexton, 1960). This study is based on 5 years of medical 

surveillance of 359 workers employed in a direct coal hydrogenation plant 

in Institute, WV. Fifty workers were described as having skin 

abnormalities, and 10 of these lesions were originally diagnosed as skin 

cancer. The conclusion by the author stated that "an increased incidence of 

skin cancer was found in workers exposed nine months or more to contact with 

coal hydrogenation chemicals." 

In a subsequent review of the data, a consulting pathologist confirmed only 

5 of the 10 cases of skin cancer, and statistical analysis of this new in-

c idenc e does not support the initial conc lusion. Fo llow-up studies on the se 

50 workers have not as yet revealed an increase in systemic cancers or in 

cancer mortalities in that work force. However, the age of the workers, the 

long latency period of systemic tumors, and the small number of workers 

studied (the group of 309 workers without skin lesions were not followed) 

preclude conclusions concerning long-term health effects. The follow-up 

studies were limited primarily to maintenance personnel expected to have 

high contact but low inhalational exposure to coal process liquids. 

In addition, the relevance of these studies to today's coal conversion pro­

cesses is questionable. Process and control technology, as well as work 

procedures and hygiene practices, result in significantly reduced worker 

exposure levels in present-day plants. 

Epidemiological studies of other workers exposed to soot and carbon black, 

as well as to coal tar and pitch, over a long period of time have established 

an association between exposure to these related materials and an increased 

incidence of cancer. 

C-l 



Soot was first noted as a cause of skin cancer by Pott (1775) and later by 

Butlin (1892a) in chimney sweeps. Supporting evidence was provided by 

Schamberg (1910) who noced the reduction of scrotal cancer after che insti­

tution of control measures. Positive correlations between increased systemic 

cancer and exposure to carbon black and oil in the rubber industry were re­

ported by Henry (1946). Polynuclear aromatic hydrocarbons (PNAs) which are 

carcinogenic to mice have subsequently been identified in carbon black and 

processed rubber tire extracts (Falk and Steiner, 1952). 

Skin cancer among coal tar and pitch workers was firsc described by Butlin 

(1892b). Since that time, studies by Henry (1946, 1947) and by Bogovski 

(1960) have enumerated over 3,000 cases of occupational skin cancer attri­

buted to tar and pitch. Subsequent chemical analysis of coal tar has iden­

tified numerous PNAs including benz(a)anthracene, benz(a)pyrene, dibenz­

(a,h)pyrene, dibenz(a,i)pyrene, benzo(b)fluoranthene, and dibenz(a,h)­

anthracene (IARC, 1973). 

Exposure to coal tar products as they are produced in the coking industry 

and in the coal gas industry provides the closest industrial analogy to coal 

conversion. The common use of coal, similar temperatures and the reducing 

atm~sphere used in its processing provide the basis for this comparison. 

The latter factor of temperature is of significance because the production 

of carcinogenic materials and the incidence of lung cancer in occupational 

workers appear to increase with coal processing temperatures up to about 

815°C (l,SOO°F) (U.S. DOE, 1980). 

While the chemical content of these materials can be argued to be similar, 

the potential exposures are not. Coking is carried out in batches with poor 

containment of materials. Fugitive emissions are much higher than those 

expected from the continuous, enclosed coal liquefaction processes. In 

addition, concurrent exposures to other chemicals will be different in the 

two industries. For example, coking involves significant exposure to sulfur 

dioxide which is reported to have synergistic effects on carcinogenicity. 
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Nonetheless, a knowledge of the health hazards of these related industries 

can be exp~cted to provide a base for chemical and medical monitoring and 

future risk assessment of coal conversion technologies. 

Doll et ale (1972) reported the results of a l2-year prospective mortality 

study of over 11,000 gas industry workers in Great Britain having exposure 

to coal tar products. Significantly higher rates of death from lung cancer 

were found for the high-exposure coal-carbonizing workers than for men 1n 

genera 1; this was not. t rue for 0 ther workers in the plant. Subsequent longer 

term cumulative studies indicated an increased risk of death from bladder 

cancer as well as possible scrotal cancer in these high-exposure workers. 

Similarly, Kuroda and Kawahata (1936) reported excesses of lung cancer among 

Japanese coal gas workers, and Kennaway and Kennaway (1947) found a threefold 

increase in lung cancer mortalities in coke oven-charger workers. 

Redmond et ale (1976) reported on an epidemiologic study of cancer in steel­

workers including coke plant workers. They found that coke oven workers 

with 5 or more years of exposure had a higher risk of cancer of the lung and 

kidney than did the workers in the plant who were not coke oven workers. 

Reid and Buck (1956) conducted an epidemiologic study to determine the cancer 

mortality of coke plant workers in Great Britain. Their results also showed 

higher-than-expected numbers of deaths from respiratory and other cancer in 

coke oven workers but not for other workers in the plant~ 

The NIOSH (1977a) criteria document on coal tar products contains a recom­

mendation for a permissible exposure limit (PEL) of 0.1 mg/m3 of coal tar 

measured as the cyclohexane-extractable fraction of total particulate matter. 

This recommendation takes ini:.o consideration both the carcinogenicity of this 

material and the lowest concentation that can be reliably detected by env~­

ronmental monitoring. The federal OSHA standard is 0.2 mg/m3 of coal tar 

pi tch vo latiles defined as "the fused po lycyc lie hydrocarbons which vo lati 1-

ize from the distillation residues of coal, petroleum, wood, and other or­

ganic matter" (OSHA, 1978). 
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TOXICOLOGICAL TESTING OF COAL CONVERSION MATERIALS 

Coal conversion materials have been estimated to contain over 10,000 differ­

ent chemical substances, often of unknown biological activity. The first 

toxicological testing of these materials was undertaken by Hueper (1956a, 

1956b) on oils produced in Bruceton, PA, by the original German Bergius pro­

cess and in Louisiana, MO, by the old Fischer-Tropsch process. Carcinogeni­

city of the higher boiling fractions when applied to animals (skin painting 

and injection) was thus established. In addition, greater carcinogenic po­

tential was seen for materials produced by the Bergius process than by the 

Fischer-Tropsch process. 

Battelle's Pacific-Northwest Laboratory (PNL), under the aegis of the 

Department of Energy (DOE), is currently implementing a comprehensive test­

ing program of SRC-I and SRC-II liquefaction materials. Dupont has pub­

lished limited and preliminary toxicological data on SRC-II and EDS 

materials. Oak Ridge National Laboratory (OaNL) is currently evaluating 

H-Coal materials. Preliminary results from all of these toxi- cological 

programs are discussed below -and summarized in Table C-l. 

Acute and Subchronic Toxicity 

Acute toxicities of the three SRC-II coal liquefaction products (light, mid­

dle, and heavy distillate), SRC-I process solvent, and SRC-I light oil have 

been determined from oral feeding studies in female rats. SRC-II materials 

were found to have toxicities which were similar to those of many compounds 

in commercial uSe (benzoic acid, phosphoric acid, and sodium tartrate) but 

which exceeded that of crude petroleum. SRC-I wash solvent was at least 

five times more toxic than any of the other process streams in this study. 

All materials -or their effects were shown to be cumulative {Mahlum, 1981>. 

In cultures of Vero (African green monkey kidney) cells, SRC-II heavy dis­

tillate and SRC-I process solvent were significantly more toxic than either 

middle or light distillate or than Prudhoe Bay or Wilmington petroleum 

crudes (Battelle PNL, 1979). 
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Mutagenicity/Carcinogenicity 

High-boiling point materials ( 230°C; 450°F) from all four of the major 

coal liquefaction processes having potential for commercialization (SRC-I, 

SRC-II, H-Coal, and EDS ) have displayed significant mutagenic activity In 

the Ames microbial system. In general, higher boiling point materials 

exhibit greater mutagenicity. This activity exceeds that of petroleum 

crudes, and resides primarily in the basic fractions as contrasted with 

petroleum crudes where the major mutagenic activity is found in the neutral 

fractions and is attributed to PNAs. 

In the cases of SRC-I, SRC-II, and H-Coal materials, this mutagenicity has 

been. found to be associated mostly with primary aromatic amines. Further, 

in the cases of SRC-I and SRC-II materials, these primary aromatic amines 

were found to be mostly 3- and 4-ring compounds including aminonaphthalenes, 

aminoanth racenes, aminophenanthrenes, aminopyrenes, and aminochrysenes 

(Battelle PNL, 1979). The mutagenic/carcinogenic role of PNAs in coal 

liquids (found in the neutral fractions and in both greater quantities and 

variety than in petroleum fractions) in unclear. Elucidation awaits further 

advances in subfractionation and characterization techniques. 

In the case of SRC-II materials specifically, the light-oil fraction was 

found to be negative in the Ames assay, while the heavy-distillate product 

was positive and the heavier vacuum bottoms even more strongly positive. 

Inconsistant results for middle-distillate oil -- found inactive by Pelroy 

(1981) but active by calkins et ale (1979) -- can possibly be attributed to 

the variability of the chemical composition of· different test samples. No 

temperature ranges for definition of these distillate fractions were in­

cluded. 

Skin painting studies in mice have been carried out using saC-II heavy and 

light distillates (Mahlum, 1981). Heavy distillate was found to cause 

malignant skin tumors following dermal application. Increasing concentra­

tions of this material both increased the incidence of these tumors and de­

creased the latency period for tumor development. Light distillate did not 

exhibit tumorigenic properties in mice similarly treated. 
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Hydrotreatment of SRC-II distillate materials has been shown to alter both 

the chemical comp?sition and the mutagenicity of these materials. A distil­

late blend of SRC-II product containing 3 parts middle distillate and 1 part 

heavy distillate was found to contain primarily 2- and 3-ringed aromatic and 

heteroatomic. species together with high concentrations of phenolic and poly­

nuclear aromatic components. Hydrotreatment resulted in predominately hydro­

aromatic species of lower overall molecular weight, along with reduced con­

centrations of heteroatomic species. Most nitrogen- and sulfur-containing 

compounds underwent transformation. Oxygen content was reduced, resulting 

in lowered phenolic concentrations and the elimination of the furans 

(Battelle PNL, 1980). 

The mutagenic response, as measured by the Ames assay, was considerably re­

duced for this hydrotreated material. Hydrotreatment severe enough to remove 

67 percent of the nitrogen and 82 percent of the oxygen produced mutagenic 

rates comparable to those of the controls (Battelle PNL, 1980). 

A second, less expensive approach to reducing the genotoxic potential of 

high-boi ling coal liquids, that of disti lling off the heavy fractions, cor­

related with positive results in the Ames mutagenicity assay, is currently 

being investigated by Battelle Laboratories (Pelroy and Wilson, 1981). Un-

certainties concerning analytical methods and masking of genetic effects of 

individual fractions require further study. 

Of SRC-I materials, SRC solid product and SRC process solvent have both been 

found to be mutagenic in the Ames assay. Unlike SRC-II materials, however, 

part of this activity was found to be located in fractions identified with 

phenolic compounds (Pelroy, 1981). 

SRC-I materials exhibiting a positive effect in the microbial test also 

caused mammalian cell transformation. For most materials, the presence of 

S9 was necessary to effect the transformation; however, a~small amount of 

activity was observed with SRC-I process solvent without S9, indicating the 

presence of direct-acting agents (Mahlum, 1981). 
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Toxicity testing of H-Coal materials has shown that the neutral and basic 

fractions of blended H-Coal distillates from the Trenton, NJ, PDU exhibit 

significant mutagenic activity eliminated by high-severity hydrotreatment 

(Cowser, 1980). Mammalian toxicity and skin carcinogenesis assays with 

these materials are under way. Process materials from the H-Coal pi lot 

plant are being added as they become available. However, no test results 

for specific streams produced under standard operating conditions are yet 

available. 

An Exxon Donor Solvent (EDS) product sample (heavy gas/oil) was tested for 

mutagenic and tumorigenic activity by Calkins et ale (1979). The heavy gas/ 

oil was found to be strongly mutagenic in the Ames assay and a potent tumor­

igenic agent in a mouse skin painting assay. In the latter study, 18 of 30 

mice developed skin tumors. 

Reproductive Effects/Teratogenicity 

Reproductive effects/teratogenicity studies in rats using SRC-II light, mid­

dle, and heavy dis_tillate (by gavage) showed some increased prenatal mortal­

ity by all three materials, and an increase in the incidence of malformations 

by heavy distillate when administrered on the 12th through 16th day of ges­

tation (Battelle PNL, 1979). The increased frequency of prenatal mortality 

occurred occasionally in the absence of signs of maternal toxicity, but the 

increase in malformations nearly always was accompanied by a decrease in 

maternal weight gain during pregnancy. 

Likewise, SRC-I light oil and wash solvent were not significantly fetotoxic 

or teratolenic at doses below those causing maternal toxicity; thus, the 

fetus may be no more sensitive to these exposures than are adult females. 

However SRC-I process solven.i: consistently induced fetal mortality and major 

malformations at leve ls below those producing signs of fetal toxicity 

(Batte 11e PNL, 1979). 
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POLYNUCLEAR AROMATIC HYDROCARBONS 

Polynuclear aromatic hydrocarbons (PNAs) are produced when organic materials 

are subjected to high temperatures. Hundreds of different compounds result 

which can be absorbed following skin contact, inhalation, and ingesti~n. 

The content of PNAs ln coal-derived crude oil has been estimated to be 5 to 

20 percent compared to 1 percent in petroleum crudes (Zedeck, 1980). Anal­

ysis of coal liquefaction process streams and the industrial hygiene air and 

bulk sampling carried out in the present study have confirmed the presence 

of vapor and particulate PNAs at coal conversion plants. However, emissions 

from plants have not been completely characterized, many processes and re­

sulting material streams are being changed as the technology matures, and 

improved control technologies are expected. 

The most important concern regarding the effects of this exposure (dermal, 

oral, and/or inhalation) is the potential risk of cancer and/or inheritable 

chromosomal damage in persons chronically exposed to low levels of these 

chemicals over long periods of time. 

The chemical family of PNAs has been found to contain many potent mutagens 

and carcinogens that act in minute amounts almost universally at the site of 

application. That is to say, tumors appear in the tissue directly exposed 

to the carcinogen, usually in the skin or lung. The property of carcino­

genicity appears to depend on metabolic activation of these chemicals by the 

microsomal mixed-function oxidase system to biologically active diolepoxide 

derivatives. It also appears to be stereospecific. Slight changes in 

molecular structure can result in significant changes in carcinogenic acti­

vity. Only PNAs with three or more rings have been found to be strong muta­

gens and carcinogens, and alkylation often produces an increase in this 

mutagenicity. Nonetheless, despite recent advances in the understanding of 

some structure-activity relationships of these chemicals, it is not possible 

to predict mutagenic activity based on molecular structure. 
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Interactions among carcinogens, cocarcinogens, and promotors must also be 

considered when exposure to complex mixtures of chemicals occurs. Co­

carcinogens increase the overall carcinogenic process caused by a carcinogen 

when exposure to the cocarcinogen occurs simultaneously with exposure to the 

carcinogen. Kuschner (1981) demonstrated that cancer incidence in rats ex­

posed to benz(a)pyrene (a carcinogen) increased directly with simultaneous 

exposure to sulfur dioxide (a cocarcinogen). The aliphatic hydrocarbon 

dodecane was found by Smith et ale (1951) to have cocarcinogenic properties. 

Bingham and Falk (1969) demonstrated a l,OOO-fold increase in the potency of 

low concentrations of benz(a)pyrene by the simultaneous application of dode­

cane. The authors suggest that certain long-chain hydrocarbons may play the 

decisive role in determining the carcinogenic potency of a mixture; the im­

portance of the concentration of the initiator (carcinogen) may be minimal. 

Finally, certain sulfur compounds, aldehydes, and phenolics have all been 

shown to stimulate the effects of PNAs and other carcinogens in mouse skin 

(Slaga et al., 1978). 

Equally complex and imperfectly understood is the role of promo tors in cancer 

production. These chemicals increase the tumorigenic response to a chemical 

carciongen when they are applied after the carcinogen, but do not have 

carcinogenic properties when applied alone. For example, Van Duuren et ale 

(1978) have shown that the application of a PNA can be followed by months 

and, in fact, 1 year later by a promoting stimulus such as the application 

of phorbol esters from croton oil and still result in the production of skin 

tumors. 

To further complicate the picture, other interactions occur between chemicals 

as they undergo transformation by chemical and physical processes in the 

environment, and alteration during uptake and transport by the human body. 

This often leads to health effects totally unpredictable on the basis of a 

simple knowledge of effects of exposure to individual PNA compounds in 

animals. Thus, while information concerning effects of individual chemicals 

fills many gaps in the understanding of general PNA toxicity, it has severe 

limitations when applied to analysis of the risk involved from exposure to 

complex mixtures. 
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Toxicity 

Very limited acute or chronic toxicity information, other than that concern­

ing carcinogenicity, is available for PNAs. In general, these chemicals are 

primary irritants which on repeated or prolonged contact with the skin cause 

photosensitaization and dermatitis, and upon contact with lung tissue cause 

pulmonary edema, pneumonitis, and hemorrhage (Boulos, 1978). 

A review by Philips et ale (1973) pinpoints the hematopoietic system, gonads, 

and intestinal epithelium as being especially susceptible to PNA injury. The 

cells of all these tissues are rapidly dividing, and it is easy to speculate 

that injury to the DNA replicative phase of the cell accounts for this tox­

icity, as well as for the carcinogenic potential associated with many of 

the se chemicals. 

Naphthalene is the most abundant constituent of coal tar. Inhalation of 

naphthalene causes headache, confusion, nausea, and perspiration. Severe 

exposure has been reported to cause severe hemolysis, vomiting, hematuria, 

and optic neuritis (Boulos, 1978). The OSHA standard for exposure to naph­

thalene of 10 ppm is intended to minimize the risk of adverse ocular effects. 

Carc inogenic ity 

The Environmental Protection Agency has compiled a list of 124 PNAs identi­

fied in the environment which summarizes the toxicity/carcinogenicity data 

available for them. Those PNAs ranked by EPA and also included in the 

present industrial hygiene study as well as several related compounds are 

listed in Table C-2 (adapted from Kingsbury and White, 1979). Also shown in 

the table are info~tion summaries of the experimental animal testing data 

for each compound. 

Thirty-one PNAs, including many of those measured in this industrial hygiene 

study, have been rated by the National Academy of Science (NAS). This in­

formation based on an evaluation by the International Agency for Research on 

Cancer (IARC) is presented in Table C-3. Other carcinogenicity rankings for 

PNAs are available as well. However. quantification and ordering in the 
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Table C-2. Carcinogenicity Data for Selected PNAs 
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Table C-3. National Academy of Science Ratings for Selected PNAs 
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Table C-) (concluded) 
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field of carcinogenicity is difficult due to the necessity of weighing di­

verse factors such as percentage and species of animals at risk with tumor, 

mutiplicity of developing tumors, time of tumor occurrence, and routes of 
exposure utilized by the investigators. 

No federal he,alth standards exist for individual PNAs, although 13 of these 

compounds* are listed in the EPA Consent Degree List and are considered as a 

group to be potential carcinogens. A threshold limit value (TLV)!time­

weighted average (lWA) of 0.2 mg/m3 for total particulate PNAs determined 

as cyclohexane--solubles has been recommended by the American Conference of 

*Benz(a)anthracene, benzo(a)pyrene, 3,4-benzofluoranthene, benzo(k)fluor­
anthene, c:hrysene, acenaphthalene, anthracene, benzo(g,h,i)perylene, 
fluorene, phenanthrene, dibenz(a,h)anthracene, indeno(l,2,3-cd)pyrene, and 
pyrene. 
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Governmental Industrial Hygienists (ACGIH, 1981). This TLV recognizes the 

carcinogenic potential of PNAs collectively and is an attempt to minimize 

concentrations of the higher weight PNAs that are suspected carcinogens. 

The 34 individual species of PNAs that were measured in the present indus­

trial hygiene study are pictured in Table C~4; molecular weights, boiling 

points, and the number of aromatic rings are included when available. 

Tumorigenic citations of either "CAR" or "NEO" are listed in the Registry of 

Toxic Effects of Chemical Substances (NlOSH, 1980) for 17 of these chemicals 

(footnoted in Table C-4), and several others including the prevalent naph­

thalene are rated as equivocal tumorigenic agents on the basis of at least 

one experimental study in the literature. A special occupational hazard 

review for chrysene has been published by NIOSH (1978b). 

The PNAs contain some species which are also highly teratogenic. Not all of 

these PNAs are alike in their teratogenic properties, and the teratogenic 

effects are even less well understood than the carcinogenic effects. For 

example, benzo(a)pyrene is not an effective teratogen, whereas 7,12-dimethy1-

benzanthracene produces a high incidence of defects in exposed animals 

(Weisburger and Williams, 1980). The evidence for inheritable chromosomal 

damage is limited and inconc lus ive. 

Virtually no toxicological data are available for the oxygen or sulfur 

heterocyclic PNAs, and there is no evidence to suggest that they are car­

cinogenic. On the other hand, nine nitrogen heterocyclic PNAs have demon­

strated carcinogenic activity, whereas data are lacking on many others 

(Kingsbury and White, 1979). Five nitrogen heterocyclics were measured in 

the present industrial hygiene study. Three of them (quinoline, dibenz­

(a,j)acridine, and dibenz(a,i)carbazole) are suspected of having carcino­

genic properties; information on the other two (acridine and carbazole) has 

not demonstrated this carcinogenicity. 
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Table C-4. Polynuclear Aromatic Hydrocarbons 

compound 

!lapht.l'lalene 

Quinoline-

1-Methylnaphthalene 

2-Me~~ylnaphthalane 

Acenaphtllalene 

Acenapbthene 

rluorene 

AcricUne 

S.nzo(a)t1uor.ne 

Senzo(ble1uor.ne 

• 

Seructure 

00 
00 
00 
rOOf' 

60 
00 
000 
060 

~ 
000 
000 
096 
oca 
QCrOO 

!1o.l.ecul.ar SOl..l.l.nc; POlon>; ll~er 0: I 
'o'/e' (7nt (O~l Io.~omat· c ~; :o:as I 

128.19 218 2 

129.16 238.05 

142.2 244.64 2 

142.2 241.05 2 

152.21 265-275 2 

154.21 279 2 

166.23 293-295 2 

167.21 355 3 

178.22 340 J 

179.22 345-346 J 

202.24 375 3 

216.29 413 3 

Assoeiate4 with tumoriqenic citations ot either ~NEO· or "CAB" in en. 1979 Reqisery oe 
:oxic '::heu ot ChCII.l.cal SuDS~c.S (ItIOSB. 1980). 
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Table C-4 (concluded) 

COlllpounc: St=uc-:ura :-10 ecu a: ao;.,;.;.n<; ?Ol:\~ :-lwnoer 0:: 
Weiah~ 

( a_, ?noma;;: ~;"~5 ~f 

aen%o(elElyrene ~ 252.32 3l0-312 S 

aenzc(&lpyrene* ~ 
OiDenz(&.ilca=bazole* W 267 5 0 1 10. 

I or9OO ' Indenc (l. 2. 3-cdl Elyren.· o DO 275.22 5 

J 

~ j ·3enzo(q.h.ilperylen.· 

DdO 
276.22 ;:73 5 

J 
: OiD.nz(4.h)an~acen.· 278.33 262 5 

I 
1 : 0 Ulenz (a. j 1 acr 1d1n.· ~ DOD 2BO.32 S 

1 0 
6.l3-0~.~yld1beAZ(&.hl- 306.35 5 
4l1thracen.* 

1 
1- : ::>il:l.nzo (a. 1) pyc'eDe* 

I , 
302.ZB 6 

-J J 

I Coronen.* 300.34 525 7 

I 
·AsSOC~4~.~ W~~ tumcriqenic c1tations of e~~er "NEO· or ·CAR· ~ ~h. 1979 Reqisery of 

I ~OXlC ~!fec~s of Ch-=ical S~s~anc •• (NIOSH. 19BO). 
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AROMATIC AMINES 

Aromatic amines have been detected in high-boiling point 

coal liquids. They have been shown by chemical fractionation and analytical 

methods to be largely responsible for the high level of mutagenicity asso­

ciated with these materials in the Ames test. The· most mutagenically active 

boiling-point cuts appear to contain the highest concentration of 4- and 

5-ring polynuclear aromatic amines as well as the highest concentration of 

total polynuclear aromatic amines (Pelroy and Wilson, 1981). 

The major health concern regarding occupational exposure to aromatic am1nes 

is the potential risk of cancer, especially of the urinary tract. Absorption 

of these chemicals occurs readily through both the lungs. and the skin, and 

can result in the appearance of tumors following a latency period of from 4 

to 40 years. In addition, exposure to many of the aromatic amines results 

in methemoglobinemia which, in very large, acute exposures, can be fatal. 

Many aromatic amines, derivatives, and analogs have been found pos1t1ve in 

the Ames Salmonella bioassay for mutagenicity and/or to be carcinogenic for 

animals undergoing toxicity testing. Unlike the carcinogenic PNAs, these 

compounds do not usually cause cancer at the point of application, but 

rather at distant locations in the body. An exception is 2-anthramine 

which, in addition to causing a variey of tumors in areas distant from the 

site of exposure, causes skin cancer in rats subjected to dermal applica­

tions. The specific target site seems to depend on the animal species 

tested and on the specific structure of the aryl group. In man, the urinary 

bladder appears to be the most common target (Weisburger and Williams, 1980). 

The property of carcinogenicity appears to require metabolic activation. 

Studies have established that, with few exceptions, a key activation re­

action, N-hydroxylation (a liver mixed-function oxidase-dependent metabolic 

reaction) is a prerequisite for tumor production. Animals lacking this meta­

bolic pathway often exhibit negative aromatic amine carcinogenic assays. 

Further, the sensitivity of a particular tissue to carcinogenicity induced 

by aromatics amines appears to depend at least partially on the ability of 

the target organ to convert the carcinogen or an intermediate metabolite to 

C-l9 



its active form. Thus, it is generally believed that aromatic amine-induced 

cancer of the urinary bladder is most likely due to the release of active 

carcinogens such as arylhydroxylamine derivatives from their transport con­

jugates at this site (Clayson and Gardner, 1976). 

Certain structure-activity relationships have been elucidated for the 

aromatic amines. For example, the monocyclic arylamines including aniline 

show weak or no carcinogenic potential in animal tests, whereas a number of 

substituted anilines are positive. In general, arylamines when substituted 

by an electron donating methyl or halogen in the ortho position appear to be 

more·powerful carcinogens than the unsubstituted compound. Although these 

relationships are important in the selection of suspected chemicals for 

testing and/or monitoring, it is not yet possible to predict carcinogenic 

activity on the basis of molecular structure. 

OSHA (1978) recognizes 17 chemicals as causing cancer 1n humans; nine of 

these are aromatic nitro and amino compounds.* Of the nine aromatic amines 

measured in this industrial hygiene study of coal conversion facilities, two 

(l-naphthylamine and 2-naphthylamine) are on this OSHA list. Two others 

(o-toluidine and o-anisidine) are suspected carcinogens, having induced 

ca~ers in animals but only at high doses and without the establishment of 

dose-dependent relationships. On the other hand, aniline long thought to 

be the agent responsible for hUman bladder cancer in the dye industry -- has 

been found to have only very weak carcinogenic properties in animals. Other 

aromatic amines including benzidine, the naphthylamines, 4-aminodiphenyl, 

4-nitrodiphenyl. and 4,4-diaminodiphenyl are not generally believed to be 

the carcinogenic agents in the dye industry (Beard and NOe, 1981). 

*2-Acetylaminofluorene, 4-aminodiphenyl, benzidine (and salts), 3,3-di­
chlorobenzidine (and salts), 4-dimethy laminoazobenzene, l-naphthylamine, 
2-naphthylamine, 4-nitrobiphenyl, and 4,4-methylenebis-(chloroaniline). 
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The monocyclic arylamines -- aniline, o-toluidine, o-anisidine -- have all 

been found to be carcinogenic in animals, but only after continuous intake 

of high doses. Aniline studies failed to produce the characteristic bladder 

tumors, but unexpectedly resulted In subcutaneous carcinoma (NCI, 1978). 

These chemicals, when substituted in the ortho position by an electron do­

nating methyl or halogen, appear to be more powerful carcinogens than the 

unsubstituted compounds (Weisburger and Williams, 1980). In addition, 

hemorrhagic cystitis has been observed in workers handling toluidines and 

chlortoluidines in other industries; however, a relationship to urinary 

tract cancer has not been established (Hamilton and Hardy, 1974). 

2-Naphthylamine is one of the most potent industrial carcinogens ever en­

countered (Clayson and Gardner, 1976). Occupational exposure to commercial­

grade 2-naphthylamine has shown a strong association with bladder cancer. 

In a report by Case et ale (1954), 26 deaths occurred among exposed workers 

where 0.3 were expected. Other studies found incidences of bladder tumors 

in exposed workers of up to 94 percent. 

In addition, 2-naphthylamine was the first aromatic amine conclusively estab­

lished as an experimental carcinogen. Subsequent testing has shown positive 

tum~rigenic results from exposure in dogs, monkeys, mice, and hamsters (the 

latter response occurring only after high doses); results in rats and rabbits 

have been negative. Good correlation between tumor production and the ap­

pearance of N-oxidative products in the urine lends support to the belief 

that an active metabolite is the carcinogenic agent (Clayson and Gardner, 

1976). 

l-Naphthylamine remains unproven as a carcinogenic agent. Occupational 

exposure to it in a number of industries has been correlated with bladder 

cancer (Parkes, 1976); however, the possibility of simultaneous exposure to 

2-naphthylamine cannot be ruled out. In animals, no carcinogenic effect has 

been found after testing in dogs or hamsters. However, its metabolite 

N-(l-naphthyl)-hydroxylamine causes cancer in animals when administered 

intraperitoneally. 
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Federal standards for exposure to seven of the aromatic amLnes measured 1n 

the industrial hydiene of coal conversion facilities are as follows: 

ani line 

N, N-dime thylaniline 

o-toluidine 

2,4-dimethylaniline 

o-anisidine 

p-anisidine 

p-ni t roani line 

5 ppm 

5 ppm 

5 ppm 

5 ppm 

1 ppm 

3 19 mg/m 
3 25 mg/m 
3 22 mg/m 
3 25 mg/m 
3 0.5 mg/m 
3 0.5 mg/m 
3 6 mg/m 

Because there is no known threshold dose below which a carcinogen will not 

induce cancer, I-naphthylamine and 2-naphthylamine have no exposure limits; 

all contact is to be avoided. 

The most important toxic effect following exposure to many aromatic amines 

including aniline~ N,N-dimethylaniline, p-nitroaniline, and the toluidines, 

other than the development of cancer, is the development of methemoglobi­

nemia. Methemoglobin, a chemical oxidative product of hemoglobin, cannot 

combine reversibly with oxygen, and at blood levels approaching 60 percent 

produces symptoms of hypoxia (Beard and Noe, 1981). 

Table C-5 shows the molecular structure, molecular weight. and when avail­

able. the vapor pressure of the nine aromatic amines measured in this study. 

C-22·· 





THE SIMPLE AROMATICS (BENZENE, TOLUENE, XYLENE) 

Light and middle coal liquefaction distillates have been found to contain 

concentrations of the monocyclic (simple) aromatics ranging from 0.1 to 1.0 

percent by volume (Pittsburg and Midway Coal Mining Co., 1980). 

Due to high volatility and low skin absorption, the major exposure to these 

hydrocarbons is from vapor inhalation. The major acute toxic effect is 

narcosis. In addition, chronic exposure to benzene produces damage to the 

blood and the blood-forming organs. However, this myelotoxicity has .not 

been demonstrated for either toluene or xylene. 

Benzene 

The major effect of acute inhalation of benzene is central nervous system 

(eNS) depression with death resulting from respiratory failure and circula­

tory collapse. For man, an exposure of 20,000 ppm is usually fatal within 5 

to 10 minutes, and 7,500 ppm inhaled for 30 to 60 minutes produces toxic 

effects (Flury, 1928). The NIOSH (197Sc) IDLH (immediately dangerous to 

life or health) level is 2,000 ppm. 

Other toxic effects from severe, acute exposure' to benzene include CNS 

symptoms of convulsions, paralysis, and unconsciousness. Milder exposure 

produces reversible euphoria, giddiness, headache, nausea, and unsteadiness 

(NIOSH, 1974). Postmortem findings in fatal cases include petechial hemor­

rhages of the brain, pleura, pericardium, urinary tract, mucous membranes, 

and skin (Gerarde, 1960). Breathlessness, nervous irritability, and unsteady 

gait have been found to persist for up to 3 weeks following an acute expo­

sure (Gerarde, 1960). 

Strong evidence linking chronic benzene exposure with damage to the blood­

forming tissue and to chromosomal aberrations has long been recognized. On 

the basis primarily of depression of such blood parameters as erythrocyte 

count, hemoglobin, hematocrit, mean corpuscular red cell volume, platelet 

counts, and leukocyte counts in persons exposed to benzene, NIOSH (1974) 
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recommended a TWA exposure for workers of not greater than 10 ppm, with a 

ceiling of 25 ppm. This is In agreement with the existing Federal standard. 

In addition, more recent clinical and epidemiological evidence has impli­

cated benzene in the causation of leukemia. Presumptive case histories of 

benzene-induced leukemia reported by NIOSH (1974) include those of: Mallory 

et ale (1939), 2 such cases; Vigliani and Saita (1964), 6 cases; Forni and 

Moreo (1967), 1 case; Forni and Moreo (1969), 1 case; and Tareeff et ale 

(1963), 16 cases in the U.S.S.R. Vigliani and Saita (1964), comparing the 

incidence of acute leukemia in Milan in 1959-1961 with that in 1962-1963, 

found a 2D-fold increase in leukemia In the latter period which coincided 

with a sharp increase in benzene poisonings. Cavignaux (1962) demonstrated 

a high incidence of leukemia among cases of benzene poisoning in France. 

These reports are substantiated by a Japanese case-control study (Ishimaru 

et al., 1971) in which leukemia patients were paired with controls. The 

authors concluded that occupations involving exposure to benzene occurred 

more than twice as frequently among leukemia victims than among controls. 

On the other hand, Thorpe (1974), studying 28,000 petroleum workers exposed 

to low levels of benzene, found the incidence of leukemia to be no higher 

for these petroleum workers than for the general population. 

The early symptoms of chronic benzene poisoning are vague, consist ing of 

headache, fatigue, and anorexia; and early blood examination usually shows 

only slight abnormalities in hematological parameters. As the disease pro­

gresses, however, bone marrow changes including aplasia or hyperplasia, and 

peripheral blood changes including anemia, leukopenia, and thromocytopenia 

develop. 

Acute dermal contact with liquid benzene may cause local erythema and blis­

tering of the skin. Repeated or prolonged contact may result in drying, 

scaling, or dermatitis. However, no evidence exists for systemic injury 

following dermal contact. 
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Toluene and Xylene 

The primary health effect associated with occupational exposure to both 

toluene and xylene is CNS depression following acute inhalation of vapors. 

Reports comparing the relative acute toxicities of benzene, toluene, and 

xylene are conflicting, possibly because of the different toxicities associ­

ated with various isomers. However, these toxicities all appear to be of 

the same order of magnitude (NIOSH, 1975). 

Distinct symptoms from an exposure to toluene appear at about 200 ppm; they 

include headache, lassitude, anorexia, fatigue, and skin paresthesias. As 

concentration and/or length of exposure is increased, more severe symptoms 

appear, including muscular weakness, incoordination, mental confusion, and 

loss of consc iousness (NIOSH, 1973). 

Exposure to both toluene and xylene vapors produces local effects as well; 

they are irritating to the eyes. noise. and throat. In a subjective study 

by Nelson et ale (1943). reported in NIOSH (1975). a majority of test sub­

jects felt that they could work in an atmosphere of 200 ppm for toluene, but 

only of 100 ppm for xylene. 

Current scientific evidence indicates that, unlike benzene, neither toluene 

nor xylene cause injury to the blood-forming tissues of the body (NIOSH, 

1973). In addition. other effects from chronic exposure to low concentra­

tions of toluene and xylene have not been documented. 

The OSHA (1978) standard for toluene is 200 ppm as an a-hour TWA, with an 

acceptable ceiling concentration of 300 ppm; maximum peaks of 500 ppm are 

allowed for 10 minutes. However, NIOSH (1973) recommends a TWA of 100 ppm 

and a ceiling of 200 ppm. The OSHA standard for xylene is 100 ppm, which is 

in agreement with the NIOSH recommendation. 

PHENOLIC COMPOUNDS 

Phenolic compounds are formed from coal during conditions of high tempera­

ture and high pressure. Production of phenolic compounds is highly variable 
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depending upon process conditions and quench system operations. In the 

liquefaction process, phenolics can comprise up to 25 percent of the light­

oil fractions and are present in concentrations of up to 10,000 mg/L 1n un­

treated wastewater (Herbes et al., 1976). 

Industrial exposure to phenolic compounds is chiefly from dermal contact 

resulting in both local injury and systemic toxicity following absorption. 

However, at high process temperature, inhalation of vapors and particulate 

phenolics with rapid absorption is also possible. 

In general, these compounds are highly irritating to the skin, mucous mem­

branes, and eyes. Systemic effects usually involve the central nervous or 

cardiovascular systems, or both; this may be accompanied by renal and hepatic 

damage. Of the phenolics measured* in this liquefaction study, phenol is by 

far the most prevalent and the one that has been studied most. Therefore, 

the health effects from exposure to phenol are discussed in the most detail 

here; information concerning the cresols and the xylenols is also discussed 

when their toxicological manifestations differ from those of phenol. 

Phenol 

Phenol is a general cell toxin that coagulates protein and produces tissue 

necrosis (Liao and Oehme, 1980). Its potent corrosive properties cause 

local damage to exposed tissue. Dermal contact initially produces painless 

whitening of the exposed area; continuing exposure results in severe burns 

and necrosis. Skin contact by humans with solutions, emulsions, or pure 

preparations containing from 80 to 100 percent phenol for a little as5 to 

20 minutes has resulted in death. Eye contact may cause severe damage and 

blindness (NIOSR, 1976). 

The systemic action of a large, acute exposure following absorption appears 

to be on the eNS resulting in collapse and unconsciousness. Death may occur 

*Phenol, o-cresol, m-cresol, p-cresol, o-ethylphenol, p-ethylphenol, 
2,3-xylenol, and 2,4-xylenol. 
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from respiratory arrest or from direct cardiac paralysis (Sollmann, 1957; 

Deichmann and Keplinger, 1981). The "immediately dangerous to life or 

health" (IOLH) concentration has been set by NIOSH (l978c) at 100 ppm. 

Absorption from the lungs following smaller acute or chronic inhalation 

exposure and from the skin following acute or chronic contact with solid, 

liquid, or vaporized phenol is rapid and results in systemic damage to the 

nervous system, heart, respiratory system, liver, and kidneys (Whitthaus, 

1911; Piotrowski, 1971). In some exposures, hemolysis leading to hemo­

globinurea and jaundice have been reported. NIOSH (1976) further states 

that "phenol in excess of normal physiologic capacities adversely affects 

nearly all organs." 

The significant health hazard from chronic exposure to low levels of phenol, 

especially in industrial environments, may be its tumor-promoting activity 

which has been demonstrated in several strains of mice. However, no infor­

mation is available concerning chronic human exposure to phenol from inhala­

tion or skin contact; nor are epidemiological studies of occupational ex­

posure to phenol by inhalation found in the literature. 

However, animals clinically exposed to phenol vapor have exhibited myo­

cardial, pulmonary, vascular, hepatic, and renal damage (Deichmann et al., 

1944). In addition, phenol appears to have tumor-promoting activity in many 

strains of mice when repeatedly applied to the shaved skin after initiation 

with known carcinogens (Boutwell and Bosch, 1959; Van Duuren et al., 1971; 

Van Duuren and Goldschmidt, 1976). It was not found to be carcinogenic when 

applied alone to the skin of standard strains of mice. 

A threshold limit value of 20 mg/m3 (5 ppm) determined as a TWA, or of 60 

mg/m3 as a ceiling concentration for 15 minutes has been recommended by 

NIOSH (1976) and is in agreement with the OSHA standard. 

Cresol 

Cresol presents an occupational hazard from both dermal contact and vapor/ 

aerosol inhalation. Due to the similarities between the reported health 

effects of exposure to cresol and phenol, these two chemicals have usually 

been considered analogous with regard to toxicological manifestations. Both 
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chemicals are readily absorbed, cause skin and eye burns, and produce sys­

temic damage to the nervous system, heart, liver, and kidneys. 

However, NIOSH (1978a) cites a French study of 34 resin workers exposed to 

cresol, formaldehyde, and ammonia <Corcos, 1939) and a Russian animal study 

(Uzhdavini et al., 1974) as evidence for setting a more stringent limit on 

exposure levels of cresol. They conclude that, while dermal exposure to 

phenol and cresol products similar effects, inhalation of cresol results In 

more severe upper airway irritation. In addition, NIOSH reports that re­

peated or prolonged skin exposure to low concentrations of cresol may cause 

skin rash and discoloration -- a sensitization reaction not seen in phenol 

exposure. 

A threshold limit value of 2.3 ppm determined as a time-weighted average lS 

recommended by NIOSH (1978a). The OSHA standard is 5 ppm ( 22 mg/m3) • 

Xylenol 

Inhalation and dermal contact with xylenol result in absorption, rapid 

metabolism, and excretion of the urine (NIOSH, 1978a). Much of the informa­

tion on the toxic effects of exposure to xylenol comes from Russian studies 

in animals. 

Acute exposures to xylenol cause moderate toxic effects, but less than expo­

sure to phenol or to the monomethylphenols (cresols) (Uzhdavini et al., 

1974). Signs of acute toxicity include irritation of the skin and mucous 

_membranes, blood vessel dilation, and neuropathy, all of which vary with 

dose and route of exposure. 

In chronic toxicity studies using mice, xylenol inhalation produced slight 

growth retardation (Uzhdavini et al., 1979). A study with rats given oral 

doses of xylenol .resulted in decreased liver, kidney. and heart weights, and 

dystrophy of liver cells (Maazik, 1968). 

Xylenol disolved in benzene promoted_papillomas and carcinomas when skin­

painted on mice after one subcarcinogenic dose of the initiator OHBA 
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(Boutwell and Bosch, 1959). Some of the results indicated that xylenol 

might also be a carcinogen; however, the mice used (Sutter) are highly 

susceptible to carcinomas. No information was found on xylenol's possible 

carcinogenicity for humans, but contact 1S generally avoided at levels far 

below those used in the animal studies. 

No exposure guidelines are available for xylenol. 

TOXIC GASES AND VAPORS 

Coal liquefaction processes which involve the reaction of coal constituents 

under high temperatures and high pressures present a potential for leakage 

of toxic gases and vapors into the industrial environment. Although these 

gases and vapors are normally confined in vessels and pipelines, release can 

occur from leaking valves, seals, flanges, and vents, as well as during a 

process upset or vessel rupture. 

The toxic gas that is expected to be present in all coal liquefaction pro­

cesses at concentrations that can be dangerous is hydrogen sulfide. In 

addition, lower levels of other toxic gases and vapors including hydrogen 

cyanide (HCN), carbon disulfide (CS 2), carbonyl sulfide (COS), and various 

metal carbonyls may be present. 

A large, acute exposure to hydrogen sulfide can cause respiratory failure 

and death within a few minutes. Other CNS symptoms of an acute, sublethal 

dose include weakness t dizziness, headaches, nervousness, and convulsions. 

Recovery is usually complete t although residual polyneuritis from resulting 

CNS damage has been reported (Hamilton and Hardy, 1974). The mechanism of 

actions appears to be inhibition of the cytochrome oxidase system necessary 

for cellular respiration (Doull et al., 1980), and toxic action on the 

carotid body (Hamilton and Hardy, 1974) leading to central respiratory 

paralysis. Hypoxia resulting from the inability of cells to utilize oxygen 

can cause damage to other organs as well. 

~drogen sulfide is also a potent local irritant. Eye exposure re~ults in 

conjunctivitis, keratitis, and palpebral edema, although corneal ulceration 
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is rare. Photophobia and lacrimation have also been reported. However, no 

reports of lasting eye damage were found in the literature (NIOSE, 1977b). 

1espiratory tract irritation produces rhinitis, pharyngitiS, bronchitis, 

pneum~nia, and hemorrhagic pulmonary edema. 

Effec ts of ch:-onic exposure to low concen trations of hydrogen sulfide have 

oot been documented. Cough, disturbed sleep, fatigue, headache, nausea, 

vomiting, and diarrhea have all been repo~ed at a wide range of concentra­

tions. 

NIOse recommends a ceiling concentration for hydrogen sulfide no greater 

than 10 ppm; the OSEA standard is a ceiling value of 20 ppm with a maximum 

peak of SO ppm for a maximum duration of 10 minutes one time only. 

Table C-6 summarizes the major toxicological effects and target organs for 

the groups of chemicals studied in the five coal liquefaction plants. 

I 

Table C-6. Major Toxicological Effects of Chemicals Sampled 
at Five Coal Liquefaction Plants 
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0%1D&Z"y ~ (cucc) 
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AAil1:1. as 
tJ.'IU 
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