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ABSTRACT

Comprehensive industrial hygiene surveys designed to characterize employee
exposures to suspected hazardous chemicals were conducted at five coal
liquefaction plants. Air sampling was carried out for polynuclear aromatics
(PNAs), the simple aromatics benzene, toluene, and xylene, phenolics, aro-
matic amines, and the toxic gases, carbon monoxide and hydrogen sulfide.
Sampling for PNAs was accomplished through the use of a silver-membrane fil- -
ter followed by Chromosorb 102; analysis for 34 ihdividual or groups of PNAs

was performed by gas chromatography/mass spectrometry.

The results of both area and personal air sampling showed that workers are
exposed to numerous PNAs usually at low microgram per cubic meter concentra-
tions. The light molecular weight, 2= and 3-ring PNAs were found in the
highest concentrations with very small or no quan:ities'detec:ed of the

4= through 7-ring compounds. Highest exposures to PNAs were found to be
associated with maintenance activities being carried out in the process area

during plant operation.

The results of air sampling for a aromatic amines, phenolic compounds and
the simple aromatic compounds benzene, toluene, and xylene showed that these
chemicals are present only occasionally and at very low levels. Therefore,
airborne exposures to these compounds may not be a major health hazard
during normal plant operation, although skin absorption would remain a major

concerns..
Nonquantitative wipe sampling for PNAs revealed the presence of up to S-ring

PNA compounds on most surfaces sampled indicating that dermal exposure to

higher ring PNAs may present 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 havé been developed through recommendations by NIOSH and cor-

porate medical officers.

This report was submitted in fulfillment of Contract No. 210-78-0101 by
Dynamac 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 Institute for Occupational
Safety and Health (NIOSH) in the Department of Health, Education, and Welfare
(presently the Department of Health and Human Services) and the Occupational
Safety and Health Administration (OSHA) in the Department of Labor. The Act
provides for research, informational programs, education, and training in the

field of occupational safety and health and authorizes the enforcement of

standards.

NIOSH has been given the authority and responsibility under the Act to con-
duct field research studies in industry, to evaluate findings, and to réport
on these findings. Section 20(a)(l) of the Act mandates NIOSH to "conduct
(directly or by grants or contracts) research, experiments, and demonstra-
tions relating to occupational safety and health...." Section 20(c) provides
the authority to enter into contracts, agreements,>or other arrangements with
appropriate public agencies or private organizations for the purpose of con-
ducting studies relating to responsibilities 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 petroleum 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 omn
a large scale. With the increased political and economic pressures to

deve lop 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

deve lopmental stage. Epidemiological evidence indicated that production of
coal-derived liquids from a plant operating in Institute, West Virginia, led
to excess cancers in workers exposed to the coal-derived materials (Sexton,

1 1960). Although relatively large, commercial=-scale coai 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 induscrial
hygieneISCudy 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 in Wilsonville, Alabama; and Plant B in
Wheeling, West Virginia. Two other‘plants, Plant D 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 physical agents in the work

enviroument which are generated in the liquefaction 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 exisCing‘liCerature to determine the state of knowl-
edge on chemical hazards expected and methods for sampling and analysis.
Following the lirterature search, walk—through surveys were planned fo 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 satisfaccory
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

deve loped 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 concen:ré-

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 counditions. This
factor caused some significant delays, particularly early in the project
(1978-1979).



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 réquire more rigor-
ous procedures that tend to deteriorate process equipment more rapidly.
Similar processes include themmal-cracking and hydrocracking of high molé-
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 is presented in Figure

2-1.

Aydrogen
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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 facilita:e 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 c¢oal.
Coal preparation creates safety problems with dust, and liquefaction 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 liquefaction is achieved by three processes: solvent extractionm,
thermal-cracking, and hydrocracking. Extraccion 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 475°C; 750 to 875°F) fraccuring the
large organic molecules of coal inco smaller molecular fragments.
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Thermal-cracking is often accompanied by hydrocracking which is 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 ¢racking 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 is
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 in the process stream 1is 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 equibment 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 substi-

tutes, or for direct use as fuel oils.



Fractionation i1s 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 Qacuum stripping at below atmos-
pheric pressure. This enhances the distillation of heavier hydrocarbons and

uses steam to increase the production of clean liquid fractioms.

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 im=-
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 liquefactiom 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
PROCESS wNIT PLANT A r ?LANT B PLANT C PLANT D PLANT 2
Coal Preparation | / / P
Noncatalysis Coal’
Hydregenazicn ’ / -
Cacalytizs Coal
Hydrogenation - - v
Sacalytic Solvent ] !
dydrocreacment = ’ - ‘,
fractionation 7 / ' ) i
Zartonizacion - - T - |
Residue Vacuum stripper/ . Filtracion/ Vacuum stripper/| Vacuum scr /
Separacion Flaker belt Frecipication Seashing Flaker belt Tlaker beie
Table 2-2. Operating Parameters of Coal Liquefaction Plants
FARAMETER PLANT A PLANT 3 PLANT C PLANT O PLANT £
SLANT 3IZE | 39 consday 40 ton/day 6 con/day 250 zons/day 2Q0 zzn/day
(revamped) .syncruda xde)

22CC3Iss Solvent axtsacs:ien/ | solvent extracziaon/ | Solvent extraction/ [ Solvent axtracs=ion/ | Solvene axtracsian/
loncacalyeic 294l Cacalyeic soal Honcatalyzis coal Cacalytic 3olvent Cacalyeis 04l
nydrogenacion nydroqenacion hydrogenation hydrogenation/ Aydregenacion
Soncatalyeic soal
hydrogenation
FEED JTALS | Subbitumnous/ -gunice/ SubbitupLIous/ Subbituminous/ —-=3Jnites
©SE0 Jituzunous Subbituminous 3itunuinous 31tuminous SugoLtunLnouS/
’ 3isuminous
RFACTZIR
~Te ereical Tumuliar starTed-zank Vertical cubular Tusular plug flow Ztullacea-oed
Flug flow EXCTaceor/ 2lug flow
Shullacad-bed
satalyese
aydroqgenacor
Temg.. '3 28-450 100-450 125=47% 450 <50
™ 30045} 1750~450) {800=-475) 8sM) (35Q)
Sressure. 1500~2089 450 = axmractor - 2590 2000- up =9 1300
7913 3000-3500 -
aydrogenacor
lesilence 6d arutes 30 ainuctes - 17 33 89 minutes 80 =:nuces no wunicraacian
ti2e extTTaczor
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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 recycled 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 subsequentcly filtered to remove ash and
unreacted coal. The filtrate is pumped to a vacuum-flash preheater and then
flashed to below atmospheric preséu:e. The (I) 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 slufry exiting the dissolver is
split: one portion is recycléd 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 concentration)
results in the majority of the 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 slufry. The slurry -- pressurized
and preheated -— passes through an extractor where coal dissolution occurs.
The extractor 1s 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 remaining slurry is pumped to a solids separation unit which produces a
cleanlliquid 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 distillaﬁe 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 is 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 427-468°C
(800-875°F) and 2500 psig. Residence time in the dissolver ranges from 10

to 60 minutes.
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From the dissolver, the slurry is 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
géses 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 pfocessed to reclaim

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

wash solvent.

Plant C has a maximum coal feed rate of 6 tons per day. The ﬁlanc 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 noncacalyfic coal liquefaction process utilizing prehydroge-
nated "donor" solvent to facilitate hydrocracking of coal. The donor solvent
is a recycled distillate of the liquefaction stream, and is catalytically
hydrogenated in a separate process. Sevefal 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 6f the
slurry for drying. In the other, a gas-swept roller mill crushes the coal
to either minus 8 or minus 30 mesh and dries it to a moisture content of

less than & 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 noncatalytic 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'ffactionation and vacuum
stripping. Fractionation produces naphtha, a light gas/oil, a heavy gas/
0il, and bottoms. Both 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 overhgad'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

. (LVGO) and a heavy vacuum gas/oil (HVGO). The HVGO can be withdrawn as
product, or can he 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 separétor drums and the
solvent stream are combined and se?c 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.



Process Spécificé 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 is
hydrogenated and liquefied in a catalytic ebullated-bed reactor. The hydro-
liquefaction product is then separated by distillation into liquid fractious
of different boiling temperatures. The process also products.a fuel gas that

1s 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 ac approximately 3,000 psig to a gas-—
fired preheater where it is heated to about 400°C (750°F). Hydrogen (Hz)

is introduced as the stream enters the preheater. The hot slurry is fed to
the reactor along with additional preheated hydrogen. Planﬁ 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 returms it up through the catalyst bed.

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 éffluent
. 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
Qapor 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 preparation. Solids-free hydroclone
overflow not used for recycling is sent to fractionmation. Hydroclone bottoms

containing all the solids are pumped to the atmospheric and vacuum strippers.
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Process streams enter the fractionation unit at two points. The solid/
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 ﬁo the
fractionator through a preheat furnace. The process stream is partially
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 two other streams -- light oil and heavy oil.

Both streams are steam-stripped to remove light ends which are returned to
the fractiounator. 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 Liquefaction4Processes

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 list of occupational health hazards associated

with each process unit is presented in Table 2-3.



Table 2-3. Potential Occupational Health Hazards in Coal Liquefaction

Units Process Poctential Hazard

Coal Preparation Carbon monoxide: coal dust; ncise; trace metals;
fire

gXtraction/Reaction Polynuclear aromatic hydrocarbons (PHAs):; aromatic

: amines:; benzene, toluene, xylene: phenolics

Oistillation PNAs; aromatic amines; benzene, toluene, xylenae:
phenolics

Solvent Recovery PNAS; aromatic amines; benzene, toluene, xylene:
phenolics

Bortoms Solidification ‘ PNAS; aromatic amines; particulates; noise

Hydrogen Recovery Hydrogen sulfide: mercapcans; ammonia; noise

Wastewatar Treatment Aydrogen sulfide: phenolics; aromatic amines;
ammonia

WORK FORCE ACTIVITIES

A total of about 800 workers were employed in the five coal liquefaction

‘planCs surveyed during this industrial hygiene study. At present, due to
the shutdown of two of these plants, this number is closer to 450. 1In the

future, a single commercial plant producing 50,000 barrels of oil per day is
expected to require about 1,000 to 2,000 workers. Based on data concerning

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

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

potential for significant exposure to coal-derived materials.

Pilot 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 categories are not standardized,

and some variations of the general descriptions that follow occur.

Operators/Process Technicians B

Operators or process technicians work on 8- or 12-hour shifts and have the
responsibility for the operation of one or more unit 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 operatiomns, 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 upoun the
particular operation involved, extended pe;iods 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 repairiné steam leaks

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 is

minimized whenever possible by performing maintenance work in offsite shops.



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 plant. 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-—
éoncaminacion of the small plant units, and the unsteady state of most plénCS

"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, 198l). In additiom, lighter, lower boiling oil fractionms
(315-425°C; 600-800°F) from coal exhibiting minimal 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 acidie components
such as phenols and cresols which appear in the lower boiling discillates.

Thus, these fractioms, too, represent a potential for adverse health effeccs.

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).



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

nondetectable to 1,200 ug/m3. The product solidification area showed the

highest PNA concentratioms.
Other 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

solubles.

. 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.

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

. 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 concentrations in petroleum

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 refinerieé, 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 in 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 envirommental

conditions during sampling.

In a closely related study conducted by Enviro in three coal gasification
plants, personal and area sampling was conducted for the same species of
chemical hazards (Cubit and Tanita, 1982). Additional discussion and com-
parisons of the results of this study with the petroleum refinery and coal
liquefaction studies are presented in 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 (NIOSH, 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 féeds:ocks, and low- or medium=-Btu product gasification util-
izing\anchraci:e 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 (NIOSH, 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 operationms.
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3. METHODS OF STUDY

At the beginning of this project in 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 were
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 piloc
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 locatiéns
of the five pilot plants in which sampling was conducted. Table 3-1 lists

the dates of the walk-through and comprehensive surveys.

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

' .
j ?lant l Walk-through Surveys Comprenensive Survevs W
‘ A , June 1978 february 1979
: a B
! | .
i 3 i October 1378 april 1979
od z none November 1979
2 E none - - May 1981 1
= 1 aone August 198l k
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WALK-THROUGH SURVEYS

The sampling program during the walk-through surveys consisted priﬁarily of
"high=volume'" area sampling to collect the 1arges:‘practicab1e amounts of
PNAs, aromatic amines, and simple aromatic species for qualitative analysis.
The sagples 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 results of the screening for PNAs and other
organic éompounds 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 homologs. The selection .of individual PNAs that would be

quantitated routinely in subsequent sampling was based on three requirements:

3-3



P00 op 10u punel@os shreds gy

P 10a0p punalwon sajesIpil e,
n

[
[

1
1

q--

stAyiowrarom Caua sy aeuatplozung
InzeIea(y ‘o) znaqing
auIpleae{l fe) zaaqia
CUEULIT )
auazidzuaqia
LAES TR IR THY)
auaglaad(y b)ozaung
ona2Ad(por-¢ g 1) onnpug
aaundeayunezuannia
auafhiag
ounsid{e)orung
ouaiid{n)ozusn
ouadeyplen
souaty e Ion| Jzuny
RIAINEOUOE ‘ DUBDE SR 2UNY
aasAny/eusyAusidy g /atnoe styue (o) 2ung
BUA JON| ) () OTNUNY
eudtonyj{v)nzuan
apiunplyq “eusjiuang
suagiluayg
tAunyd ‘egopuy
soIpAytp ‘suniky
sthgripemrow ‘ouatiy
bunsly
oumpyueIong 4
s{Ayjomonow ‘ejoreqae)
efozeqie)
eugpriIoy
wo3pAyp ‘ouemnjiveuntyy
stiylowyp ‘eussyyuruayy
s 1A 10w0u0w oo NpIVRLDY S
“uROR I YUY /ete Iy uruoyy
a_wgaalﬂcal ‘ouaioni 4
ouelong 4
suoydojyyozuoq g
weanjozusaqya
s0apAyyp ‘uvingozueg
ey ypdenaoy
soapAyyp ‘ouatiqnpieunsy
suoqeyppdeunoy
wuy jovynb{y)caung
ojf3IfUoqIes ‘ougouind
ouy jouind
1Xkvoyd *puayeniyden
spAusdosd (Ayremysy ‘ouageyiyden|
sjAyrowy 13 ‘ounjeiden
1Ay ‘eunajeyiyden
1Aqye ‘ouvageyyden
athyrowmyp ‘sungeyingien
1Aqiow-q "ouoyennyice
tAyrow_z ‘eungeqiyden
gaunsfennplencueiyy.y
ausyeipnpivn

MAALOG
LLLE L NY

————

wum

A33n0n
-ny
wmanjos

o

-yvoi1y

10 o

-1p1(os
13Nnpo Iy

o) 3313

Xiaao>
-o9
IUBAYOS

nogies

—-wdag

|83 LITN

oiies
-elloag
1eo)

Idin

Hiv

H .._Q_ voay)
punudan)

oy arderg

rjueld

sauerd uvorasejanbrl 1eo) omy 1e sAdaans ybHnoiyn TeMm ul pousaads spunoduwo) ¥Nd *Z~€ 91qv]

3-4

eproduced trom

best available copy.

R

E




-

Sanhy oy uvyap Aq P2 uapy uaavy TPRDAIe P reu gnno juoo LRI L] ] -~ IR AR LI CIITE L TR R L 1 N LT R I

- - - -- - - -- o?PINoLp 2
- -- -- - - -- -- -— - - -- -- -- -- . - - APy Ins uabo 1pAy
L 4 SOPIROUOE eI

] ouypeR iy -

] auIpisIUY -0

-— -- -- -- -- -- -- -- -- - - - -- -- - -- ) ousgyur Ayiaeya-nn
] aut Uy

[ t{ouagdy-g ¢

-- - -- - - -- -- -- - -- -- -- - - - -- - [CUETES SY ¥4
- - . 1ovandiyil-o
- - - rouvondgAirg-4
- - - - -— - -- - - - - -—- - 19833)
- - -- - - - - - - -- ° - - sjousyd poInygIsqns
- -- -- roumyg.y
_— - - - - - - - - -- -—- - - - - - ® suanzy
- - -- -- - -- - - -- - -- -- -—- [ -- -- - 19396 (Auady el
[ auesoIr }on

- - - - - -- -- - - -- - - - -- - - ) overyxoldiung
'] asuadoyyy

- - - - - -- - -— -- .~ - - - -- -- -— [ Ba[OTPIYT PIINIFISANS
. . sjozeiAdig
- -~ - - - -- - - -— -- - -- [ -- -- - ] . 10380 arvivyInd
[ - - - - - auyyIex

~- - - - - . -~ - -- -- - 3 - - - - -- [Auayding
[ -- ° ) ® [ atAuendyq poInyyIsqns

-- -- -- - -- -- - -- -- -~ r -- -- [} [] ° ® [} g Aenplyg
- - - -— - - - - - - - ® - - - - - oue fAuondyg
™ ° - - -- - - -- - - - -~ - - -- - -- spunjiuagy

1 -] -- - - - - ° - -—f -- - - -- - -- . sououynboipAyviles poInyyIsans
N -~ -- -- -- -- -- [ ° - p -- - -- -- .- -- - syAnyomrp
® - - - - - - ® ® - - - - - - - - s 1A 19woucu
- - - - - - -- [ e - ° - - ® - - ~- FasusteypicvuospiyerIo) peinytIsgns
° - - - - - - ° ° - - - ° [ ° ® ) ous ey ydevorpiyering
-1 -1 - - - -- - - ° -- § - - - -- -- - - s1Ayyowy 1303phyyp

o | -1 -- - - -- . .- -- - -- -- - -- -- - -- stiyromy pospinip
-- -1 -- .- - -- - - - -y -- - -— - - - - Souspuy PeINIFI9qNS
PY - - - - - - - . . - - - - - - 0 ovapul

- - - - - - - - - - - - - - [y - -= JnuonaesoipAy uyeyo qhjesss toubyn
- - - - -- - - - - - -- - ] - ° ° ] LLULEL ]
-~ -1 -- -- - -- -- -- ° ° -- -- ) -- [ [ [ ouagiy
- - -- - -- - - - - - - - ° -- ° [ ° slantolt
- - - - - - - - - - - - - ® ° - ° spyoe oy fhAnoqred
- - - - - . - - - - - - - - - - * LIIEER AT

® - - - - - . s - - - - - I - - sdnoat 1no)

° - - - - - - - - - - - - - Y ® ¢ sdnoab oaaqy
° - - - - - - - _— - - - - - - - Y sdnosk om)
- - - —_ - - - — - . - . - - - - ° dno1b owo
° -1 -- - -- -- - -- - -1 -- -- . . ) e . sjqAno-¢‘y

TRPUOZUDTE PO INYY IS
auaznaN

-- -- - -- -~ f -- -- - q-" . ° o®
Ki5h05 mza|Xionos] ~ Uo1y |AIsaoa|uoyies] — T
-jos vy [SLY] T tetieal vy by -1o5] -o4 yuem -eo1 8 -2 -edag Jdos _1
) -edog | -nexina] -Aaq ~voag 4 R runy yeoony

[4:11 0] ey, -19115 TU2A 90D A -pyios INAA {vio [LLth] )

- P10 jaeans] [PO) I IPN punodeon)
-D3) - jos -osg4f -tos 1ohpoag| -tos R
EL B WiV Xina] Adin iy 191Xy o yhurs
a [ 1yueld

SN A woryorjonbyl 1eo) omd, v shoaang YbnoayL-y{rMm Ut pouaa~os sosen pue spunodwo) stuehirQg 192410 “€-€ o1y

3-5



. availability of analytical standards to permit quantitation of
PNA exposures,

. 1Llnclusion of an adequate number of PNAs to represent 2=, 3=, 4=,
5-, 6-, and 7-ring species.

. inclusion of as many of the known or suspected PNA carcinogens as
possible.

Originally, 29 compounds with available reference standards were identified
and quantitatively 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 S5-ring, 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; thus 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 3-4, PNAs Routinely Quantitated by CG/MS in Comprehensive Surveys

i Compound
i Naphthalene
2 l=Methylnaphthalene
3 2-Methylnaphthalene
4 Quineoline
H Acenaphthalene
8 Acenaphthene
7 Flucrenas
"3 Phenanthrene/Anthracane
3 Acridine
L3 Carbazole
1l Fluoranthens
12 Pyrene
*l3 genzo(a) fluorene/Benza(b) £luorane
*13 Benz (a)anthracena/Chrysene/Triphanylene
*15 Benzo(j) fluoranthene/Benzo(b) flucranthene/Benzo (k) fluoranchene
*l6 Senzo(e) pyrene/Benzo (a) pyrene
17 Perylene
18 Dibenz(a,j)acridine
l9 Dibenz(a,i)carbazole
20 Indenc(l,2,3=-cd)pyrene
21 Dibenz(a,h)anthracene
22 Benzo(g,h,i)perylens
23 Coronene
24 Dibenz(a,i)pyrene
25 Dimethylbenz (a) anthracane
26 J-Methylcholanthrane
27 6,ll-0imethyldibenz(a,h) anthracene

*Compounds ncot separated with 6' 1% OV-l7 column.
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Table 3-5. Classes of Samples Collected at Coal Liquefaction Plants

E PLANT A ! PLANT 8 | PLANT Qi PLANT O 4 PLANT =
SAMPLES ‘ - — .
WT Cs WT cs cs cs cs
I f ‘ ] i
AIR SAMPLZS ! ! | 3
! ; i
Orzaniss ' ! ' :
PAAS / / / 2 A A
Arcmacic amines ‘; / v Y /o / : / v
Phenolics i / - Y /| ¢ vy { /
3anzene/Toluene/Xylene ! / / 14 1% ‘ / / /
i
_Hexans | / / / - - - -
Gasas ' ‘ j |
1 ‘ 1
Carbon monoxida (CO) v’ Y ! v/ - | - i - ; v
dydrogen sulfide (HqS) v/ Y l / -y - } - } /
Sulfur dioxide (502) | / / i / - I - - ; -
Ammonia i - - / - ! - - -
Mecal carbonyls - - - - - i - i <
Tracs Mecals | - /2 - s - - ! /<
- | [
3ULRK SAMPLES
Qrganics
PNAS / / / - - / -
Traces Matals - - - .d - - | -
| i
WI?Z SAMPLES ! ; ;
organics i
PNAs - / 7/ - - : J/ | /
J } .
:_wr = w7alk-chrough survey. %¢s = cemprehensive survey. “cobalt, molybdenum, 2ickel.

*arsenic, beryllium, cadmium, cCOpper, Dercury, nanganese, nickel, strontium, tellurium,
zagnesium.



SAMPLING AND ANALYTICAL METHODS

The {ndustrial 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 Enviro and analytical procedures developed
and validated by the University of Iowa's University Hyglenic Laboratory

under a subcontract to Enviro.

A complete description of all procedures including the validation testing
for PNA sampling and analysis 1s presented {n a companion volume tec this
document, "A Method for Sampling and Analysis of Polynuclear Arcmatic Hydro-

carbons in Coal Conversion Plants and Petroleum Refineries” (Dynaﬁac, 1582).

Prior to the survey, all sampling pumps were calibrated to a primary standard
with the appropriate sampling train in line. Correct sampling rates were
confirmed by periodic checks with a precision. rotameter throughout 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 ident{fication number at the stact of the
sampling period. Sample data sheets were prepared for each sample and iden-
tified by a corresponding sample number. Meteorological data taken at the

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

The following sampling procedures were followed as closely as possible at

each of the liquefaction plants surveyed.

Sampling was conducted during each of the three shifts during the
survey period, which was about 5 days for each plant. The sur-
veys at Plants A and B were Interrupted for several days due to
nlant shutdown. When the plants came back on stream, the sam-
pling programs were resumed.

Full-shift sampling was conducted on each worker selected for
monitoring. At least two full-shift samples were taken for each

job category.

Two or three area samples were collected during the survey at
equipment or process areas suspected to have the highest con-
centrations 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 protected from light to
prevent accidental contamination or sample losses. Samples were packed in
dry 1ce in styrofoam containers specially designed for the shipment of mate-
rials under refrigeration. TFllters, 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)

The general principle for collection of PNAs 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-102 backup captures the vapor-
phase PNAs. The two basic assemblies used in this study are shown in

Figures J=2 and 3-1.

}7-mm
Polycarponace
Cassacte

1

i ]
='.=7-.*é;¢6[i]__

]

1

|

r] Ip 0
g3

A
\

.
h)

5

]
Callulose Syopors ?ad

nromosord Q7 we

) I

‘ l [——SLLvn: Yembrane

Scainless 3ceeal Scraen

Figure 3-2. Area Monitoring Device for PNAs



Ji-mm

Polycarbonace
Cassec:s
I L '
Glass Wool
Tygon Tubing 3 r 2
— | c
21r flow

175" 0.4,
Glass Tubing

Chromosors 102 : —T -

Callulose Jasxac

L—;eilul.ase ndsker

Silver Yemprane

Figure 3-3. Perscnal Monitoring Device for PNAs

Sampling for airborne PNAs was performed by drawing
stage sampling unit consisting of a silver-membrane
Chromosorb 102 (C-102), a porous polymer adsorbent.

able C-102 used for this study was contaminated and

air cthrough the two-
filter followed by
The commercially avail-

required preextraction

prior to use. The C-102 cleanup scheme {s presented in Table 3-6.

Table 3-6. Chromosorb 102 Cleanup

Protocol

No. of Soxhlet
Solvent Solvenc Execraction
Changes Time (hre)
Mechylene chloride 4 48
Mechanol 2 24
dezhylane chloride/methancl 2 43
(L:l; w/v)

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

to 4 grams of C-102 sandwiched in the middle section of a three-pilece cas-

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

mately 150 2g of C-102 was packed in a glass tube following the silver-

mbrane-contalining cassette, rather than in the cassette itself. The larger
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quantity of solid sorbent in the area cassettes minimized the possibility of
sample breakchrough in high-concentration areas. The NIOSH method (P&CAM
183) recommends the use of a glass—fiber filter in front of the silver-
membrane filter to prevent clogging; since this was not a problem in this

study, the glass—-fiber filter was not used.

After collection of persomal 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 [ilter were extrac:-ed
separately. After extraction and concentration, the extracts were either
analyzed separately or combined. The extraction procedure is shown In

Figure 3-4.

SAMPLING CASsSzTTE

Silver-Membrane Lromosors 102
Tilter Stainless Steel
Screen
Jlzrasonic exstraction Soxhlet extracs.on
3 =215 minutes 22 nours
Cvclohexane L:1 MeCl,/MeOH
Jilzer and Tilcer and
soncengratce =0 I m loncentsata 0 . Md
! |
| |
| !
| |
| Recombine '
| and )
Jpeionral analycse sperional
| |
Analyze - Analyze
separacely separacely

Figure 3-4. Sample Preparation Procedure
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The C-102 adsorbent and stainless steel backup screen were placed in a
folil-wrapped soxhlet extractor fitted with a 500-mL round-bottom flask and
extracted with 300 mL of glass~distilled methylene chloride/methanol (1l:1,
v/v) for 22 hours (Phillips, 1977). The extracts were processed by concen-
trating to approximately 10 mL in a round—-bottom flask fitted with a 3-ball
Snyder column. The concentrate was then filtered through a Millipore sample
clarifier (0.45um Teflon filter) in a 15-ml serum vial ficced with a

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

until analyzed.

The extraction procedure used for the silver-membrane filters Is a modifica~
tion of rhe NIOSH-validated method P&CAM 217 (NIOSH, 1977). The modification
includes multiple extractions instead of a single extraction, and cyclohexane

in place of benzene.

The silver-membrane filters were ultrasonically extracted in a 200-watt
Branosonic 52 bath for 15 minutes with 5 mL of glass-distilled cyclohexane.
The extracts were then placed in a 15-mL centrifuge tube. The process was
repeated two additional times, and the extracts were combined, filﬁered, and
then placed in a héating block regulated at 63°C and concentrated to approx-

imatelv 1 mL.

PNAs were identified and quantified by the use of two Iintermal standards --
dlo-anthracene and dlz-chtysene. All GC analyses of the referenced PNa
compounds produce symmetrical Gaussian peaks, with the exception of quino-

line which tails slighetly.

Fach batch of samples included fleld blanks and reagent blanks to check for
contamination. Desorption efficlencies were detarmined on each batch of

Chromosorb 102.

The GC/MS parameters used for the separations and quantitacion of PNAs were

as follows: ‘ -
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. GC Column: 6'x 0.079" {.d. glass column packed with 3% 0V-17 on
807100 mesh Supelcort (purchased from Supelco, Inc.)

Column Temperature: 8°C/min to 260°C, then held at 260°C for 50
min

In jector Temperatura: 240°C

. GC/MS Interface Temperature: 325°C

Carrier Gas (helium) Flow Rate: 30 mL/min

MS Ionizer Block Temperature: 250°C

MS Electron Multiplier Voltage: 1800 V

. MS Electron Energy: 70 eV

MS Emissicn Current: 500 mA

The isomers not resolved by this GC column ({.e., numbers 8, 13, 14, 15, and
16 in Table 3-4) but found to be present in quantifiable amounts were quan-
titated as isomeric groups. If multiple isomers were suspected of contri-
buting to a single peak, additional analysis by either high-pressure liquid
chromatography (HPLC) (Thomas and Lao, 1977) coupled with a flucrescence de-
tector (Das and Thomas, 1978) or capillary column gas chromatography was
used. These methods were found to separate {somers not resolved with the

6-ft 3% OV-17 column.

The capillary CC parﬁmeters are ag follows:

GC Equipment: Varian Model 3700 equipped with an auto-integrator and
dual flame-ionization detectors

. GC Column: 15 m x 0.2495-mm {.d. glass capillary column packed with
N.34-ym f{lm thickness of SE-52 (from J&W Scientcific) '

Column Temperature: 50°C to 250°C at 2°C/amin

In jector Temperature: 300°¢C

. Detector Temperature: 320°C

Carrier Gas (helium) Pressure: 20 psig
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Aroma:ic_Hydrocarbons

Air samples were collected on 600-mg charcoal tubes and analyzed for:
benzene, toluene, and xylene. Sampling and analysis followed the NIOSH-

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

Aromatic Amines

Separate samples collected on 800-mg silica gel tubes were analyzed for the

two groups of aromatic amines listed below:

Aromatic amines: aniline
N,N-dimethylaniline
o-toluidine _
2,4=-dimethylaniline
o~anisidine
p-anisidine
pmnitroaniline

Naphthylamines: l-naphthylamine
" 2-naphthylamine
Analyses followed recommended NIOSH (1977) procedures described in P&CAM 168
for aromatic amines and P&CAM 264 for the naphthylamines.

Phenols

Samples were collected on 800-mg silica gel tubes and analyzed using NICSH
(1977) procedures in S167 for the following phenolics: phenol, o-cresol,
m~-cresol, p-cresol, o—ethylphenol, p-ethylphenel, 2,3-xylenol, and 2,4-

xylenol.
Gases

Sampling for gases such as CO, HZS, and SO2 was done by grab sampling
techniques using length~of-stain indicator tubes or direct-reading monitor-
ing devices. Because of the {ntermittent nacure of gaseous emissions in the
facilities, grab sampling and real-time monitaring were preferred because
full-shift personal sampling did not pinpoint emission sources or measure

peak concentracions.
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DATA ANALYSIS

All analytical results were corrected for desorption efriciencies as deter-
mined on each batch or lot of C-102, charcoal tubes, and silica gel tubes.

Corrections were also made for the mean field blank values taken during the

respective surveys.

The data were analyzed using the following statistical amethod:

Lognormal distribution of the measured concentrations in the
samples was assumed (NIOSH, 1977).

The geometric mean (GM) and the geometric standard deviacion
(GSD) were determined using the formulas:

a
G = ancilogps | o Lol
i=l
n

. <% - i
G3D = antiloggg n 2:l°ql°‘ (2:l°q1°x>

n(n=-1)

The lower limit of detecrtion was used for all values of Q.
The upper and lower confidence limits (UCL, LCL) were calculated

from the GM,‘GSD, and the Student's t according to the formulas:

-
logi1a 350

CCL = antilog)y | logoSM + 55
: nv: 3

,
g

-
log:a GSD

At/

= ancilogiy | logioGM - €45
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t.gs was chosen from the standard table.

(n=1) £.05
1 12.7
2 4.3
3 3.2
35 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 coenditions at the plants and inherent variability in the
sampling and analytical me:hods.‘ Second, the number of samples in each
category was necessarily low due to the high cost of individual sample anal-

ysis for 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 measufed concentrations of each PNA species are presented

for all plants in Appendix B.

One of the objects of the study was to determine which unic processes or
process areas contributed most to worker exposure or had the highest fugi-
tivé émissions. 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 Qnd 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 combihed, geometric means (GM) are used along with
the geometric standard deviation (GSD) and the 95% upper and lower confi-

dence limits (UCL and LCL).

In most PNA éamples, the 2-ring PNAs, primarily naphthalene and its methyl
derivatives, comprised the largest contributing mass to the total concentra-
tions. In order to include this information, the percent distribution of

PNAs by ring number is also given (Tables 4-1 and 4-2).
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Table 4~1. Total PNA Concentrations for Area Samples at Coal Liquefacticn
Pilot Plants & Percent Distribution of PNAs by Ring Number
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Table 4=2. Total PNA Concentrations for Personal Samples ac Coal
Liquefaction Pilot Plants & Percent Discribution of PNds
by Ring Number
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Table 4-2 (concluded)
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| | Mallwrigaz 1| i88.3 | .5 2.3 L.2xie* ! 8.3 | L.l 9,33 3 2 3
} Przafiztar 4] 5.1 ) 2] 37.2 0.1 ] se.2 1.8 3 3 2 3
‘ Zzsulagor 2] 26,3 | 3] <0.i¥ | roax1a' ) 36.3 3.7 9 a 3 3
' flecssician 2] 4.3 1.8 3.3 1.3x19° ] 92.5 6.5 3.3 3 3 )
‘ astUuBdent Techalsian 3 1.5 2.1 6.4 70.4 38.5% 1.4 [*] P] 3 3
Laparer T3] 1.0 | L.a] 8.9 4.3} 96.5 3.3 3 b 3
( Toeal l20] 38.8 | 2.8 23.8 6.5 | 96.3 1.6 3.0L 3 9 3
z | JPERATORS
;':f‘;::;'f‘“" (dia= 3 8.0 |20.8] <02 | t.sxt0°] 99.1 | 0.3 0.3 9 a
Fraczienacion Poal 29.1 | 1.8 9.3 as.a | 9r.e 2.1 Q a a 3
Solids Separacian Ll oee | wa | wa wA | 100 o ) i 3 2
4ascavacer “reacaenc | 2| 47.3 | 1.4 | <0.2 | 2.6%10% ] 100 a 0 2 a 3
Tocal 9] 1.7 | 5.9 4.9 2.7 | . 9.6 0.1 3 bl 3
MAINTEMANGT PERSCMNEL |
Pipeficzar/welder | 8| 12.3 | l0.6| a.7 4.2 | 100 s 3 3 3 3
Macninize 3 1.8 u.s| <0.2 t98.L | 1a0 3 3 2 2 2
lasulacor 2| L21.3 ] 2.a <0.2 L.L«10% | 3s8.7 2.5 9.7 3 s a
zapocer 5| 1.9 | 3.4 1.l 230.4 98.2 1.3 0.3 3 3 3
| romal Tis] 2.6 |10.1| 1.6 4.2 ] 99.2 | aus a2 3 3
'._:ruaau' 2¢ samples collected. "Goomr.ru: aean 9f concensrations. "Gooa-u'.c standard deviuation.
‘.'.:m 354 sanfidance lLimut 9f geometIis asan. "Jppu 9% condidence limuiz of jeomecTis zean.
'-‘H/A = 0¢ applicacla. Fuge iodicaces valua delow datection limac.




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
G=4 = 4-7)., Since most samples analyzed for these compounds had no detect-
able concentra:ion, the calculated mean value would, in most cases, fall

below the minimum detectable level of the analytical method.

Although "highest measured concenmtrations" 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. Wipe Sample Qualitative Results for PNAs at Four Coal Lique-
faction Pilot Plants (no wipe samples collected at Plant ()

. ; ?NAs
?lanc Sice Sampled J -
| I=Ring ‘ l-fang l d=Rang ‘ S-’ing ‘ §=3ng r.'-?:..-.g
A Solvent recovery area, Fump DOTOr: o . . ° -’ a°
Process solvent ] [ 1) ] - a
3 Tank farm fuel oil pump ' | N . - -— 3
Process solvenc ! L ] L] L L ]
2 Wrangh handle i [ [} [ ° -— -
lascTument sover i [} [ ] [) [ -— P,
Valve handle [ [] ] ™ -— -—
Conezol house door handle [} [ [ ° -— -
Control house lunchroom [ ] [} [] - - -
Norzh flaker stairsass - ground [ ] [} ® ® -— -~
2ench and lockers/dizrty change
rocm ) ) ] ° -— -
g | Slurzy pump o | o . . . -
Seal il pump [ ] [} [ ] ) -— [
Canezol rocm : ® ° ° - P -
:'o' indicates compound detaczad. Twmn indicates compound not dacecsed.

®ez* indicates sample rot analyzed for msrqrnup of PNXAs.

4=7
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Table 4-4. Measured Concentrations (mg/m3) of Aromatic Amines Measured
Samples at Coal Liquefaction Pilot Plants

in Area

AZCMATLIE AQLnes

;?‘.A.n: 2rocess Airea N : sailine :1..\::::::.-,1.- 2,4:3:3-{1.- o=Toluidize w“m.b :u:::-::.-,:;,-
; A Coal fraparac.an : —.'- - - - a* 3
] S0l:ds Separacian L = - -— -— -— a P
; Selvent Racovery - - bl -— - a a
sidue Separacica L - - — - 2 3
i 3 Solveat EZxtIactian 2 -— - 3 3 - 3
' Solids Separazion M -— - H F] - a
! Solveant iscovery 2 -~ - 3 3 - 2
i | Sarsonizatian A - - 3 a -— 2
; ‘“ASt8 TTaAC2enc . -— - 3 2 - 3
! | Sezecford Jnauc : - - 3 3 - 2
[ sluz=y 3lend L - - - - - s
i‘ Reac:or i - - - - - a
Solids Separac.on 3 -— - -— -— - P
Jiscillacion L -— -— - - - a
Seal Jxl Pump PO - -— -— - - 3
?Produss Solidificaciaon | L -— - - - - s
3 | Csntrol Rocms s | - - - - - -
slurzy Teed 2] - - - - - -
isactar H - -— - - - -
Acospharic Stripper ) 0.4 - -— 9.1 - -
Vacums JeTigper 8, 0.3 Q.1 9.3 - Q.6 -
salvent Fracsionacion L) Q.3 - - -— - -~
flusa OMl Pump 2! - - . - - -
July dacar Sump 2 ‘ - - - - -~ -
I H Conerol loom b] 1 - -— - -— - -
slur=y ~mp 4] - - - - - -
isactar 3 - - - - - P -~
Solvent Ascovery 4 - - - - - -—
Oistallacion 9, - - - - - -
Aesidue jeparacion 4 ‘ - - - - - -
<ages il Resesvery 4 - - -~ - - -
Seal Oil Pump 3 - - - - P -

;_:lmu 3f samples =ollectwd.
S P wndicates ssspound 20t decactad.

’:nexudu Qo= and peanisidine.
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in Personal Samples at Coal Liquefaction Piloc Plants

Table 4-5. Maximum Concentrations (mg/m3) of Aromacic Amines Measured

Aromatis Amines

2
?Plase seb acagory 4 N.§=Dizacnyl=| 2,4~0izachyl- 3 s=Nizze- | Ya
S N 44 Nitze~ | Napathyl-
Aailine {— aniline aniline Anisidine ‘ o-Toluidine | amilice amiaa”
| - 3

A it Speracar 7 3.08 | Q.1 -_— -— -— a a
~A0Qracory Technician 3 b - bd - -— a -

3 unLg Jparacar 2 -— -— Q.49 - -— H a
lLaboracsry Technician | 41 - - -— -— - 2 a
“aiatanancs 7Fersonnal | § - - -~ bl -— 3 a
upexvidor 14 -— -— 9.40 - -— 3 3

“ ot Jnat Jperacor bR - - - - - - -
Afnrasory Teschnician 4 -— 2.19 - - -— - -—
Maiacsnance Perscanel LE -_ - -— - - - -

3 ‘nit Jperacer J'"'i - -— - - - o -
Maincanance 7ersonnel| 12 - - -~ - - - -—

-4 Jout Cperacor '.J.: - - - — - - -
Malocenance ?ecsocnel | L4 - -— - - - - -—

:m of samples <collectad.
S adicaces compound we dacscted.

":nc.l.ud.u o= and p=anisidine.

4=9
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in Area Samples at Coal Liquefaction Pilot Plants

Maximum Concentrations (ppm) of Organic Compounds Measured

o Organics
Plane ?Tocess Area NT ~ - - -
| senzene Teluane ‘ Xylene Phenols” | Cresols™ | Xylenols™
A | coal Preparac:an 1] e.02 0.03 9.93 2° 3 3
Solids Separation ol 0.04 6.09 .96 . 3 3
Solveat Recovery L 0.02 0.08 0.12 = 3 s
Residue Separacion 1] _— -— -— g s z
] Coal Preparatron 1 - - -— -— - -
Selids Separacion ‘..‘L‘ -— - - - —_ -—
Solvent txtracstion 3 — -— -— - - -~
Solvent Recovery 6: - —-— - .1 - -—
Carsonization 7] -— -— -— -— - -—
Fraceionacion 2 - 0.03 - - - -
Hydrogenation 2 - Q.06 - -— -— -
Stsetlord Unit 2 a a 3 -— -— —
c Slurry 3lend 2 - -— -— ] 2 a
Reactor 1 - -— -— a 3 |
Solids Separation 6 -— - - a ] s
Distillaticn l - - - a a 3
Seal QOil Pump L -— -— -— a a a
Caustic Pump 1 a ] 2 - -~ -
Aot Well 1 3 a ] -— - -—_
o] Control Roocms L] Q.19 o.1l1 Q.12 s -] a
Slurry Feed 4 0.04 -— 0.02 - -— -—
Rsacz=or 2 - -— —_ ] ] 2
Atmospheric Fraction. 6 0.03 0.06 0.321 - -— -
Vacuumn Stripper 8 9.13 Q.14 0.26 -— -4 -
Solvent fractionation |. 6 0.04 0.04 0.17 ] ] a
Flush 0Ll Pump Il 0.04 0.08 9.52 3 s 2
Qily Water Sump 2 Q.32 Q.54 Q.85 a a )
-4 Control Roca S 0.03 Q.01 - bl - -
Slurry Preparation 4 0.01 Q.01 0.01 - - -
Asactor $ 0.03 9.01 0.91 - - -
Solvent Aecovery 7 - 0.01 -— - -— s
Jistillacion 8 Q.06 Q.02 0.01 - - -
Residus Separation 6 Q.01 9.31 -— -— - -
Wasts Oil Raccvery L - 2.92 - - - .-
Seal Oil Pump 2 - - -— -~ - —

':_Nun.bcr of samples collected.

;:ncludos 2,3= and 3,S5~-xylenocl.
"e=" indicates coampound ngc detacted.

:mcj.udu o= and p-evhylphenol.
"2° indicacas sample not analyzed for =his compound.
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Table 4-7.

i

in Personal Samples at Coal Liquefaction Pilot Plants

Maxizmum Concentrations (ppm) of Organic Compounds Measured

Qrzanics

|

?lant Jeb Category N - 3 - -
3snzane [ Toluena [ Xylane [ ?henols [ Cresols” :cy'.ano).s']
A | tnic cperazor 121 oa.08 0.19 " 0.07 a* 2 2
A P
laboracory Techaician | 3 - -— -— 2 3 z
3 rabogatory Tachaician 3 , -~ 0.08 I - - 3 H
e Unis Operacor 4 -— -~ -— F ] 2
Aboratary Tecinisian K -— -— - 2 - 2
Maincsnance ‘ersonnel 3 \‘ -— -— -~ H 3 H
] Uni= Cperacsr 18| Q.13 9.08 Q.18 —_ -— -
!
Maintenancs Perscanel | 16 Q.34 0.180 Q0.08 - - -~
|
E Unis Cperatar S : - a a -— - -
|
Maintenance Persconal | S| s a 3 - — -

;Nunbc 9f samples collectad.

<

“includes 2,3- and 3,3-zylenol.
T indicactes cocompound not dececsed.

:rac.Ludu o= and p-etiylphancl.
fepe indicates sample not analyzad for this compound.

4=-11
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REVIEW OF INDUSTRIAL HYGIENE/CCCUPATIONAL MEDICINE PROGRAMS

" The industrial hygiene and medical surveillance programs reviewed here are

divided into three compounents:

those elements designed to minimize 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 enviromment (medical surveillance and epidemiological
studies); and

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

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

chapter.

With some exceptioms, all five coal liquefaction plants in this study main-
tained programs containing the basic components of comprehensive occupational
health programs. 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 clo:hing programs _
shower facilities with clean/dirty area separation
. barrier creams and cleansing agents
4=-12
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Table 4-8.

Industrizl Hygiene and Occupational Medicine

Programs at Coal Liquefaction Piloc Plants

| 2ROGRAM ZIIMENT PLANT A | PLANT 3 | PLANT C | PLANT 3 | PLant =
“i PERSCONAL HYGIZNE AND SAF=ZTY
’ Proteczive Clothing/Egquipment ?rogram
| coveralls - 2 v ;
shoces/boores 4 4 / v/ /
undervear v - - - -
rainsuits/coacs \4 - / / v
gloves v 4 4 v/ v
safecy slasses - / / / ,
hardhazs 7 14 / / ‘
t ear=uils - - - - -
Tespiratars / v / v .
Clean Clotiing ?rogram i
clean coveralls daily daily daily daily ’;
protsczive shoes v - - / v
¢lean underwear daily - - - -
Hygisne Facilities (Shower Room) v Y’ P 7/ J
single lockar - / - - -
dual lockars - - / - -
clean/dizrsy separation - - / -
barzier cIsams/agents - % / 7
EDUCATIONAL PROGRAM
Prajob training / / / ' .
Brochuzass/manuals / / / 7 .
Continuing educacion / - / / -
Posted signs - - - 7 -
Respirator training / / s / /
WORK PRACTICIS AND PERMIT SYSTEM v v v P ;
INDUSTRIAL HYGIEINE MONITORING
Informal schedules - / - - -
Unifora program ' - v v Y
MEDICAL SURVEILLANCE
Clinical monizoriag ' / v 2 .
. Zpidemiological program v - - v -
[® -

4=-13



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

. underwear and socks -- daily changes provided by one plant

coveralls -- provided by all plants

raincoats, rainsuits, aprons, 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 inhala:iqn of potentially dangerous gases and air-
borne particulates is provided by disposable respirators and full-face res-
pirators with acid gas/organic vapér 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 m#:erials and prevent their spread outside the dirty areas of the
planc. 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 systemacic 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 lastc 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/dirty

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

available in the wash areas of the plan:é;
4-14



The UV fluorescent examination of skin for the detection of PNA contamina-
tion before and after'showering, and of clothing after laundefing, and of
tools has only been done on an'experimen:al basis. One plant uses UV fluo-
rescence for determination of tool contamination. No plant provides routine
spot-checking of this nature for monitoring the efficacy of personal hygiene

programs.

Eaucacional programs for employees of the coal liquefaction plants were ob-

served to contain various elements consisting mainly of:

. orientation and training sessions including audiovisual presenta-
tions, tours, discussions, and testing for understanding of job
hazard and health informaction;

. health and safety brochures and manuals;

periodic continuing education sessions for refreshing and up-
dating job hazard and health information, 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-
tection of incipient health problems, and the health of all workers by the
provision of long-term health information which may identify plant and in-
dustrial hazards requiring 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 the coal liquefaction plants included in this study and cthe
components of the medical ﬁurveillance program at each. All currencly oper-
Ating plants provide at least periodic medical history and physical examina-
tions and one or more auxiliary tests, including pulmonary function tests,
chest X-rays, electrocardiograms, and a standardized battery of serum
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chemistry testis.

‘They also include special skin examinations:

annual vis-

val examination of the skin by a physician (all plants); quarterly examina-

tion of the skin by a nurse (Plants A, B and C); charting of skian lesions

(Plants A and E); color photography of the face and hands (Plant D); and
semi-quantitative estimations of a "black speck” index for later correlaticn
with pacthology (Plant A). In additiom, cytological examinations of sputum
and urine are provided at Plant D. ot
Table 4-9. Medical Programs in Effect at Coal Liquefaction Plants
PLANT A LANT 3 PLANT C F PLANT 2 T FLANT T

| No. of faployees:® 184 28’ 121 | 200-230 | 120°

MIIIMAL ORX-TP ‘

Preplacemane History . / / / / /

and 2aysizal b

Aanual Follow=—ip / 4 / / /

szinalysis v - ’ / -

3leod Zsunc / - / / -

WUTNE WRX-TP

3lcod Chemiscries / - ' - J

AUXILIARY TESTS

Zmast X-ray / - - / -

?ulzenary fuaccions 4 - / -

=XC - - - . -

SPECTALIZED TESTS _

AudicqTaa ' - - g -

sputun Cyealegy - - - / ’r .

Jexae Crealogy - - 7 -

5kis Ixaminacion / 7/ / 7

MISCTILANECUS

ued1cal Work—up hemoccult - - ;”:ﬂ::; .

codaminiogical / /

Preqram

ot 4ll cests jiven =0 all perscanal.

?7rocess workers only.
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Tndustrial Hygiene Monizoring Prograams

All five coal liquefaction plants conduct periodic air sampling for chemical

and physical hazards; three of the five have comprehensive monitoring pro-
grams. Table 4-10 summarizes the pollutants monitored in the surveys of
each individual planc. Hoﬁéver, results from only one of the comprehensive

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

Summary of Industrial Hygiene Monitoring Programs
at Coal Liquefactica Plants

Table 4-10.

“onltoring 2rogram Plant A Planc 3 [ Plant C Plant O ?lant =
?— __
Coal Dust/Respizable | / - - / -
rarticulaces i
| ZSenzane
; 3enzens Senzens Benzene
\FomaTic Hydr Sons | ;::’ublu/ solubles solublaes solubles
Gases 7 o, 228 - 7/ -
Senzane, Toluene, i J/ - / - -
Xyleta
Phenolics }‘ " - / / -
Noise v / / / -

An extensive Industrial hygiene monitoring program is being conducted by the
P{ttsburg and Midway Coal Mining Co. at one of the coal liquefactien pilot
plants (Plant A) (DOE, 1980). Highlights of the program and results to date

iaclude:
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WORK PRACTICES AND CONTROLS

Coal liquefaction processes are primarily closed systems; therefore, this
design feature serves to contailn 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 poincs,
. during upset conditions,
. during activities that circumvent the closed system, and

. as a resultc of catastrophic equipment or vessel failure.

Supplemental engiheefing controls, such as local exhaust ventilation, have

‘been employed at entry and exit points to control emissions at these sites.
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 additiomal 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 performance of
activities which circumvented 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 councern 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 of its presence in coal
liquefaction process streams in the parts-per-million range (by volume). At
- these levels, hydrogen sulfide can be an acute hazard in enclosed areas

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

Maintenance workers have duties which routinely involve contact with process
stream constituents. These workers, therefore, have a higher potential risk
of being exposed to process materials relative to workers in other job cate-
gories found in liquefactcion plants. These maintenance activities are re-
lated 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 condition from coxic 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 the
work site. Only Plant D has formalized these three elements within its
safecty manual. Other facilities reportedly follow these procedures, but

they did not have written 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 isolatiom, draining, and
cleaning because they are more familiar with the process design than are the
maintenance crews. This transfers some of ﬁhe risk of exposure to process
materials from the maintenance crews to the operators. Protection of the
operators is accomplished by the development of fo}malized 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.
Isclacion=--

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

being repaifed is stopped by blanking off all process lines entering and

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

the use of valves, caps, or plugs. Valving is the simplest céchnique, and
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involves the closing of valves on all lines éntering 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

from 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 tempeéatures and
pressures. Where pressurized or high-teﬁperature 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. Hydroblasting
and industrial-strength caustic detergents are used in combination with
steam—c leaning at Plants D and E. Observations at these facilities indi-
cated that the use of detergents increases the efficiency of the cleaning

operation.
Vessel Encry--
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 in the five liquefaction plants to
handle routine housekeeping duties. The technique most commonly employed is
to conduct cleanup ac:ivitieé 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 enviroument 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 permits 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 ?lants 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 is 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 place& 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 D and E.
It was noted during the surveys that this combination is very effective in
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 Plant D 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 are# 1s 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 personmel out of the area. At Plant D,

permanent barriers were erected at the sour water/sour gas system.
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Process areas of plants A, B, D, and E have been designated as "limited
access' areas in their entirety. Visitors entering 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 in 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 locatiom in the facility,
and ensures that visitors are not endangered by accidental violation of
safety procedures. At Plants D 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 AND DISCUSSION OF RESULTS

POLYNUCLEAR ARCMATIC HYDROCARBONS (PNAs)

PNA samples collected at each of the five liquefaction facilities were
divided into four major groups: all combihed area samples (excluding plant
perimeter), and personal samples for: operators, maintenance personnel, and
laboratory technicians. The worker gfoups 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. Selectiods 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 meaﬁ (GM), geometric
standard deviation (GSD), and 95% lower and upper confidence limits (LCL 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.

Statistical analysis of the geometric means of the four groups wegg per-
formed on an intraplant and an interplant basis using the Student's t-test.
The equation used assumes that the variances (SZ) of the groups béing com-
pared are different (Sokal and Rohlf, 1969). The equation is:

log GM, - log GM,

' =
lcs , antilog \/iog 2 log s

+
0y nj
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Table S5-1. Gecmetric Mean PNA Concentrations and $57% Confidence Limits for
Major Sample Groups at Five Coal Liquefaction Pilot Plants

Sroup Paramecas H ?lanc A | ?lane 3| Planz ¢ || 2lanc o] ?Lan:?]
Jsmbined Junper of Samples Collaczted 3 12 13 14 I 27
. |
_nrea Geometric Mean (ug/m’) 2.7 50.6 3.9 133.3 || 14.3
Samples |
Geometric Standard Deviation 8.3 1.5 5.5 7.9 4.2
f
Lowar 358 Confidence Limit (uq/mJ) 4.7 18.9 1.2 85.3 13.7
Uppar 9358 Confidence Limit (uq/:z)' -108.3 63.3 10.2 271.8 8l.2
Jperacor umber of Samples Collectad 13 | 12 3 v '| 3
(Personal Samples) | . peccic Mean (ug/m?®) 35.8 | <o0.27 3.1 6.3 8.7
Geometric Standard Deviation 3.2 ] 2.2 16.0 3.3 04 5.9
Lower 358 Confidencs Limit (ug/m?) 17.8 <0.2 <0.2 52.7 4.3
Uppar 95« Confidenca Limit (uq/ml)‘ 73.0 ! Q0.2 2357 .3 178.2 72.7
Yaintsnancs Vumber of Samples Collected 2 6 7 20 15
(Personal Samples) .. .;gc-ic vean (ug/a’) 103.3 | <o0.2 1.4 8.8 12.6
Geometric Standard Ceviation L.3 4.0 2.9 2.3 10.1
Lower 95% Confidence Limiz (ug/m°) 8.1 <0.2 7.2 23.3 3.8
upper 5% Confidencae Limit (ug/m®)| 1,300 0.3 24.3 63.5 44.2
Laporatory Numper of Samples Collectad 3 6 3 Q Q
Technician - : 3 < -
(Personal Samplas) Geometzic Msan (ug/m”®) 4.2 9.2 12.4 N/A N/A
Geometric Standard Deviation 4.9 4.9 3.2 N/A N/A
Lowar 95% Confidence Limit (ug/md)§ <0.2 <0.2 0.7 N/A N/A
Upper 938 Confidence Limit (ug/m®)| 21l.1 0.2 222.3 /A NP2
“uce indicaces valua Selow degeczion limic. DN/A ® not applicabls.
’




Five Coal Liquefaction Plants

i
Table 5-2. Total PNA Concentrations at Process aArsas of

I ‘ K] c e d cme 3
. . - 3 QM < - GCo I
! ?lanz ’ ?rocass Area Sampled ¥ (so/al) GS2 (oa/m) (o ml)
A Coal Preparaction, Slurrying, 4 31.13 1.9 1
| and Dissolving . . L3 6.2
Solids 3aparazion i 224.3 N/A N/A N/A
fraczicnacion - 2 23.2 5.3 <0.17 5,4« 108
3 Csal 2reparaczon, Slursying, - - -
and Jissolviag 2 iz.d L.3 4.6 53L.6
solids separatien 4 47.0 1.3 8.1 L2l.3
Fracsionacion 8 52.6 1.5 35.3 78.3
e Csal Preparacion, 3lurIying, .
f and Jissalviag : 0.3 4.0 <6.: $.1+ 10
‘ Salids Separation ] 1.8 9.3 15.3 !
| fractionation 3 11.7 . 4.2 12,3
b C2al Preparation, Sluzrving, s ' .
ind Dissolving 3 l6l.2 3.0 41.0 634.3
fractiocnation 22 5.7 1X.1 52.9 337.7
Control Room S 50.4 2.0 1.7 t16.93
Perineter k] 0.7 2.9 <0.1 9.3
2 Coal Presparation, Slurzying,
and Dissolving 7 69.2 1.9 18.9 123.1
Solids Separation 3 135.4 3.7 5.4 3.4 <103
Fracs=i.onaction 1l 24.5 l.9 16.0 17.4
Conzrol Room 3 6.2 13.5 <0.1 9.3« L0?
Per.meter 3 1.2 6.7 <Q0.1 L319.3

“Number of samples collected.
“secmezric standard deviac:ion.
confidenca limit of geometric mean.
1ndicaces value below detsction limic.

é?p;e: 953

CR Y
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“N/A ®» not applicable.



i
where "n” 1s sample size. The t's value is compared with the t' value at

P = 0.05 obtained through extrapolation using the following equatiom:

C.os(a,;-1] ET *'t.os[nz-l] E;

where "n-1" is the degrees of freedom.
Plant A

A comparison of all area samples collected at Plant A (GM = 21.4 ug/mj;
Tab;e 5-1) with the GM of each of the three worker groups shows a signifi-
cant difference (P <0.0l) in the mean concentrations of the worker groups
relative to the area samples (Figure 5-1). The maintenance group mean (GM =
103.8 ug/m3) was five times the area mean, and the operator mean (GM =

35.8 ug/mj) 1.5 times higher. These results indicate an additional 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

activicies.

5-4



= —

e .. B D I R

Combined Area (8)¢

lIlllll.llll*lllllllllllll

ax = 22.7

Operactor (13)

el

aM = 35.3

( . 4aincenancs (2) .
! IIllIlllllIlIlllII*lIIIlIIII.IIIIIIII
@M = 103.3

Laboracory Technician (3}

<* *Nuzsers 0 carsncleses
wndsaca =ne suzser ofF

& e 3.2 samples <sl.ected.

& L o i L

" 1] | ] "
+ ' ' - . . ’ .
0.l 3.2 0.5 1 2 5 0 20 50 100 200 500 1,300 2.300
Concentration of toeal ?NA3 (ug/m?)

Figure 5-1. Plant A Geometric Mean PNA Concentrations and 952 Confidence
Limits for Combined Area, Operator, Maintenance, and
Laboratory Technician Samples

The laboratory teclmicians had a geometric mean exposure of 4.2 ﬁg/m3

which was 20% of the average PNA levels determined for the area samples.

The low exposure for the techmician group is attributed to the fact that the
technicians' duty stations are outside of the process area. The techniclans
at 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 1s associated with this

group.

Significant differences (P< 0.001) are evident among the three worker
groups, with the laboratory technician group having the lowest level of

eprsure (Table 5-1). The mean for the operator group was nine times that
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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 activities that place them in
direct contact with process material; and the operators' intermediate expo-
sure level 1s 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 1is 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.

fractionacion (2)*

GN = 23.2

Solids Separation (1)
o
Concentracicn = 224.]

Coal Preparation/Slurrying/Oissolving (4)

*luopers Ln Zarsnthesas
ndicaca the number
5f samples collected. Gt = 31.]

e N F— L e . .- ' b

b — —_— v Y T T —— + ) T
0.1 3.2 Q.3 l 2 H 10 20 59 100 200 500 1,000 2.900

Concentration of Total PNAs (ug/m3)

Figure 5-2. Plant A Geometric Mean PNA Concentrations and 95% Confidence
Limits for Major Unit Operations



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
liqueféction 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 potencially higher exposures occurring

within this area.
Plant B

A significant difference (P 0.0l1) was observed between the combined area
samples (& = 50.6 ug/m3) and the three worker groups (GM = 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 Concentratioms and 95% Confidence

Limits for Combined Area, Operator, Maintenance, and Labora-
tory Technician Samples

No significan: differences (P> 0.05) were found between the mean conceantra-

tions of the major unit operations (Table 5-2; Figure 5-4) at Plant B,
cating uniform PNA levels throughout the facility.

uniformity in

one another. -

{indi-

The major factor for the
PNA levels 1is the close proximity of all unit operations to

Practionation (6)°*

GM = 52.6

Solids Separation (4)

Gt = 47.0

* ‘abers Ln paranthasas
wndicate the number of
samples collected.

Csal Preparaticn/Slurrying/Dissolving (2)

GM = 52.)

1 b " —t - o &
o T

5 10 10 50 100 200 $00 1,000 :.300
Concantration of Total PNAs (ug/ml)

Figure 5-4.

Plant B Geometric Mean PNA Concentrations and 95% Confidence
Limits for Major Unit Operatioms
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Plant C

The operators at Plant C work throughout the process area. When the mean
for this grouﬁ (G4 = 3.1 ug/m3) {s compared with the mean of combined area
samples (GM = 3.9 ug/m3) (Filgure 5-5), the difference is not significant

(P >0.05). This indicates.;hat PNA exposure for this group closely reflects
PNA concentrations in the process area as a whole. Since the opetators
perform minor repair activities (e.g., fixing a leaking valve), 1t appears

that such activities did not add significantly to the operators' overall

exposure.

Combined Area (13)*

*

e l.9

Operator (4)

(* :

@ =]l

Maintenance (7)

I *Numbers LR parenthesas

@t = 1.4 indicate =he aumoar of
samples collfeczed.

Laboratory Technician (3)

*

N = 12.4¢
" L L P " L n P L. - . e "
N v 1 r v L T T T T T T L
9.1 3.2 9.5 L 2 9 N 0 30 1d0 2co 500 L.,000 2,200

Concentration of total PNAs (ug/m?¥)

Figure 5-5. Plant C Geometric Means and 95Z Confidence Limits for
Combined Area, Operator, Maintenance, and Laboratory
Technician Samples

No significant different (P >0.05) existed between the means of the main-
tenance group (GM = 13.4 ug/m3) and the laboratory technician group (CM =
12.4 ug/mj), indicating that their duties result in similar levels of ex-
posure. The 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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H
duties of the malntenance wcrkers 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 malntenance workers 1s related to the
collection of process samples. These results indicate the importance of

process stream sample collecton as a contributing factor to PNA exposure:

Significant differences in PNA concentrationg (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 laboratory 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 5-2 and Figure 5-6. The fractionation area had the highest level (GM =
11.7 ug/ma) with that of the solids separation area and the coal dissolving

area being significantly lower.

Practionation (5)*

@ = 11.7

Solids Separation (6) *Numbers Ln parentneses
Lndicaca the numcer
of samplaes colleczed.

GH = 4.0

Coal Preparacion/Slurrying/Disselving (2)

M o= 0.]

" ) 3 n 1 . ¢ t 5 "
- ‘ + ' } - + . ' -+ '
3.3 .3 3.3 i 2 S 10 20 50 100 200 590 +,J00 :.J0C
Concentration of Tocal PNAs (ug/m?)

Figure 5~6. Plant C Geometric Mean PNA Concentratons and 95Z Confidence
Limits for Major Unit Operation Samples
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Plant D--

The combined in-plant area sample mean (GM = 133.8 ug/m3) at Plant D 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 operators (GM =
96.9 ug/m3) and 246 percent higher than that of the maintenance staff (GM =
38.8 ug/m3).

Combined Area (34)

Illlll*llllll

G = 113.8

Operator (17)

G s 36.9

Maintenance (20}

*Nuabers L parancheses +
indicace zhe number of

samples collectad. QM = 13.8

o e " L & - "
s

5 1o 20 9 100 200 500 1,000 2.900
Concentration of total PNAa (ug/m?)

e

~Y

3.1 J.3 3.3

Figure 5~7. Plant D Geometric Means and 952 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 enviromment 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
level of exposure relative to the concentration of PNAs in the area samples.
y maintenance crew did not work on onstream equipment during the survey

period; instead, their time in the field was minimal, primarily spent on
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repair 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 (GM = 0.7 ug/ms) (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/coal preparation (GM = 161.2 ug/m3) and the fractionation (M =

155.7 ug/m3) areas more than 220 times the perimeter PNA levels.

There 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 facto; 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 Councentrations and 95% Confidence
Limits for Major Unit Operations, Control Room, and Perimeter
Samples

Plant E-—

Significant differences (P< 0.05) exist between the mean PNA level in the
combined area sampies 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
measured on maintenance workers (M = 12.6 ug/m ) and two times that of

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 time-weighted average

exposure 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-
ficanﬁ 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 Qere equivalent to ambient PNAs in the control room. Actfvities
performed by the operators during the survey of Plant E represented routine

operations.

Maintenance personnel in Plant E do not work on onstream equipment during
test runs unless upset conditions bccur. Their normal workload during a
test run consists of work on support equipment, work on unit operations that
are down, new construction, remodeling, cleanup of the process area, and
making prePafations for shutdown acﬁivities. There were not major process
upsets and all but one 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 in 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 corcentration 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 (M = 1.2
ug/ma) (Table 5-2; Figure 5-10). Significant differences (P 0.05) also
exist in PNA concentrations among the four major unit operations. The con-
trol room had the lowest level (M = 6.2 ug/m3); the fractiomation section
was 400 percent higher (&M = 24.5 ug/m3); the dissolver/coal preparation
area (GM = 69.2 ug/ma) was 400 percent higher than the fractionation area;
and the solids separation section posted the highest level (@& = 135.4

ug/mJ) which was twice that of dissolver/coal preparation area.

The solids separation section is located 50 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
concencrﬁtions, it appears that the solids separation area is a major source
of PNA emissions. Ambient PNA concentrations decrease with an increase in
distance from this section. The control room is located outside the process

area and had the lowest PNA levels.
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Figure 5-10. Plant E Geometric Mean PNA Concentrations and 952 Confidence

Limits for Major Unit Operation, Perimeter, and Control
Room Samples

Interplant Comparison
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 extrapofated to
large commercial facilities.

Worker Groups~—-

The analyses of data from each of the five plants showed significant differ-
ences Iin 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
relat{ionship between plant size, or process type, and worker group exposure
was not Tound (Tables 5-3 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.
These factors have no relationship to plant size and to the type of process
aing used at each facility.

5-17



Plant A (1l3)*

GM = 35.8
Plane B (1l2) - ..
(m

M = <0.2

Plant C (4)

X < *

-

M = .1 .
Plant O (17)
M = 36.9
*Nuabers in parenthases Planc £ (8)
indicace =he aumber of
samples collected.
GM = 18.7
L ] L SR L 1 L ) e L I L
T T T T T - . T T T —— o +
a.l 2.2 3.5 1 2 H 10 20 50 oo 200 500 L.Q00 2,300

Concentration of Total PNAs (ug/m3)

Figure 5-12. Geometric Mean PNA Concentrations and 95Z Confidence Limits
for Qperators at Five Liquefaction Plants

Plant A (2)* l
= 101.8
Plant B (§)
¢ !
M = <0.2
Plant C (7)
GH = L3.4
Plant D (20)
] G = 18.3
“lumcers in Jarencheses Plant E (195)
indicate the nwaber of
samples collectad.
M = 12.6
n 1 - - — e L
v v T T L 1 L T 1 T L L L
7.4 3.2 3.5 l 2 5 . 16 20 50 Lo0 200 seo 1,000 2,300

Concantraticn of Total PNAs (ug/m?)

Figure 5-13. Geometric Mean PNA Concentrations with 95% Confidence Limits
for Maintenance Workers at Five Liquefaction Plants

5-18



(¢

2lant A (3)°

k*

GH = 4.2
2lant 3 (8)
<m
CsM = Q.2
Plant C (3) .
* *“umbers Ln saranthesas
@M e 12.4 indicace zhe number of
sanples colleczted,
1 1 1 L 1 [l L ) L L L e L
y ™ T . L T T 1 1 T T T T
3.2 2.5 1 2 H 19 20 50 100 200 500 1,000 2,300

' Concentration of total PNAs (ug/m3)

Figure 5-14. Geometric Mean PNA Concentrations with 952 Confidence Limits

for Laboratory Technicians at Three Liquefaction Plants

5-19



H

Table 5-3. Comparison of Plant Size With Geometric Mean
PNA Exposures for Three Worker Groups
Rank of Geomecric Mean cof Groupsz
Plant Rank by Size T35 -
Operator Maincenance ﬂeﬁfiizfgé
A 3 2 1 2
(35.8) (103.8) (4.2)
8 4 5 5 3
(<0.2)% (<a.2)° (<0.2)2
c s 4 4° 1
(3.1) (12.86) (12.4)
0 1 1 2 4
(96.9) (38.8)
E 2 3 3¢ d
(18.7) (13.4)

“Geome::ic mean concentration (ug/md) given in parentheses.
br.mi: of detection of analytical procedure.
“No significant difference between Plants C and E (P »0.05).

dNo sampling at these plants for laboratory technician group.

Table 5-6 .

Comparison of Coal Liquefaction Process Type

wvith Geometric Mean PNA Exposures for

Three Worker Groups

Rank by Group Geomatric Mean?
Process Type ?lant
; Laboracory
Operacor Maintenance | L. oo, ..
Donor Solvent D 1 2 -]
.(96.9) (38.8)
8 ] 5 3
(«0.2)° (<0.2)° (<0.2)¢
Catalytic Hydrogenation £ 3 L b
(18.7 {13.4)
Noncatalytic Hydrogenation A 2 1 2
(35.3) (103.8) (4.2)
c 4 8 L
(3.1 (12.6) (12.4)

3geometric mean concentration (ug/m?) given in parenthases.
%Mo sampling conducted at thesa plants for laboratory technician group.
fLLﬂi: of detsction of analytical procedures.

“No significant difference between Plants C and £ (P > 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 5-rings. Although no
quantitative exposure estimate is possible to this type of exposure, it is
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 5-15 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
(M 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 personnél
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
5=-21"
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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 (13Z 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 methed 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 l 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 personal 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 subject of this discussion.

The personal hygiene measures discussed in Chapter & provide some degree of
protection from pollutants; however, the following deficiencies have been

identified:

« failure to identify optimal materials for protective clothing
manufacture,

. lack of guidelines for discarding nonlauderable, contaminated
clothing including shoes, boots, gloves, slickers, etec.,

. 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 regﬁlar 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 urinélysis, this constitutes a minimal program for
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the detection of health changes in essentially normal workers. Because many
industrial ekposures, 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
(EXG, and FVC and FEV1 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. Furthemmore, 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 practiced 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.

A recent study at the Mayo Clinic, repoétinﬁ 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 al. (1980).
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The current standard of practice in most laboratories is to have all, or
almost all, sputum and urine material reviewed and interpreted 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 is 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 radiolbgically. However, while prelimi-
nary findings from early lung cancer detection programs supported by the NCI
have tended to show that combined screening for lung caﬁcer 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 al. (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. 1If 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. Theréfore, 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 exposufe"to
PNAs. The levels measured at Plant D may be the most predictive of exposures
in commercial plants because Plant D was the only plant to rum continuously
at nommal operating conditions during the surveys. The major PNAs present
in all plants were naphthalené and its methyl derivatives. Air sampling
data showed very low levels of 4- and 5-ring PNAs presenﬁ 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 airborné 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 generallynlower ‘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



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 nine 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 faéiiities.
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
Dynamac '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-rin§) 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 177-205°C (350-400°F). 1In 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 minué 200 mesh; then the pulverized coal is mixed with recycled coal-
derived solvent. The coal slurry is fed through the Wilson-Sayder recipro-
cating pump to be pressurized to approximately 1,500-2,000 psig. Carbomn
dioxide is available for use in the coal storage bin to prevent conditions
whiph 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 400-425°C (750-800°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 approximately 500 psig. The high-pressure gas
recovered from the letdown drums is passed to the high4pressure 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, 1s' sent to the Stretford unit.

A-1l



IpoK ~h|mzm J1JewdPPS §S3001J YV Juergd [~V 2andg

170 usnti/i1eas T

ALVTTILSIO XAVAN I

NUNTOD
NAN10S
HISYM NKN100 [ HOLVINHNIOV
ALVIITLS1A I1001H ON3 NI IN3IATOS NSVM

VHLHIYN

u3d4181S

AMMMIS

HN¥a HSY1d A1ORO3
AWNSS3Ud
ALVIGAN

-~43LNI

N

HOLYUVdAS
HALYM/TIQ

HOMA 11SY14
AnNssIua
-191H

HANT0S810

ANIA0IAH

HMa
FLVSNIAANOD

FDVNUNS
IVanId

A-llllllllll_ IU‘Z‘:&—
ANVL
Ak UELE] ANMOIS

NADONAAN th

NO1ANOId
-101108
HOLLOG

.

NOILVHVJIYNd
b [on)




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 sceel belt), solidified, and then delivered

either to a waiting truck or to a storage pad.

The vacuum~-flashed 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 1is
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 (11)
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 :iime at reactor conditions than does (I), which
results in further conversion. Also, during the first pass through the
dissolver, the pyrite (Fesz) undergoes reaction with the hydrogen in the
dissolver to form (FeS + HZO). FeS, is known to have catalytic

properties and apparently helps to catalyze the hydrogenation reaction.



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—conéﬁining
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 solvent.
FACILITY DESCRIPTION

The Fort Lewis Pilot Plant is laid out as a rectangle with a panhandle
(Figure A-2). A railroad 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 (0l 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-préssure
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 :6 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 equipment; 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°C (100°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.



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 bing
to a bucket elevator which dumps the coal into a hammer mill for coarse

grinding.

Ground coal is conveyed with flue gas to a spimner 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 storage 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

A=-7
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15 to 25 percent coal. Once it is mixed, the slurry is fed to the

continuous withdrawal system feed tank.

The slurry is continuously pumped to a preheater which heats the slurry to
about 425°C (800°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 control/
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 om a moisture-/ash-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 ctank.
The‘solids agglomerate as they settle, thus speeding the settling action.
Clear product -- a mix of about 20 percent liquefied coal and 80 percent
solvent, containing less than 1 percent solids -- is decanted from the

overflow weir at the top of the vessel. This clear product flows



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 flash 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 fractiomator
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 noncatalytic preconditioner; and the secbnd is an ebullated-bed, cobalct-
molybdenum catalytic reactor. Hydrogen is added at the first reactor, and
some hydrogenation occurs. light 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 subséquen:ly

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 is
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.




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 coal particles -- is sprayed into the fluid bed‘of char. The
heat of the bed causes the solvent to flash off. The extracf 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 separatioh, 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
A-11



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 150' 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.

A-12 -
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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 pfesented in

Figure A-5S.

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 (450-800°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 hydfogen sufficient to bring the overall gas composition to 85

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 (800-850°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 (150°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.

A-14
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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 prddudt 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.

Vapor 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 b} 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 rechle 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-1l 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-1. Numerical Identification System for Process Equipment:
Plant C
D # . 0. =

éysten Process Equipment ;ygtan Process Equipment

P102 A/8 Slurry 3lend Tank Pumps R101 Oissolver
A Prei 3 P

:103 /8 S]urr# reneater gegd umes Ti01 Hydrogen Caustic Scrubber

106 \ Caust1;'5cr7bb§r :mp : TIOZ Vacuum Column
:108 A/B :aterl 1;cu a:1ng ump Scrubbers Tice Light Solvent Recovery Column

110 A/B eclaim Tank Pumps T108 Fractionating Column
P111 A/8 Filter Feed Pumps
P116 A/8 Preneater Surge Drum Pumps v101 A/8 | Slurry 8lend Tanks
P119 A/B L'lqu'ld Coal pumps ¥y103 H'igh-Pr'essure Separator
P125 A/B Filter Scrubber Pumps V104 Hign-Pressure Vent Separator
P139 A/8 Reflux Pumps V105 Salvent Decanter
p182 A/B/C | Preneat Tank Pumps V106 Recycle Hydrogen Water Scrubber
P143 Wash Tank Circulating Pump V110 Flash Tank
P169 A/B Wash Solvent Pumps Vil Reclaim Tank
P178 Slyice Pump v120 Vacyum Preheater Surge Drum
p203 Flush Solvent Pump V123 Process Solvent Storage Tank
P205 A/B Dowtherm Circulating Pumps V124 A Light 011 Product Tank
P206 Dowtherm Surge Pump viz4 8 Wash Soivent Storage Tank

V129 Caustic Tank
8102 Slurry Preheater
. ) V13l Recovered Solvent Tank
B103 Distillation Column Preheater
8203 Dowtherm Heater V140 Precoat Makeup Tank
V141 Wash Tank

c102 Hydrogen Recycle Compressor V144 High-Pressure Blowdown Tank
c104 Fresh Hydrogen Compressor V147 Precoat Tank
€102 Dissolver Product Cooler V164 Feed Tank for T104
£103 High-Pressure Cooler V170 T104 Overnead Holsing Tank
£107 Flash Condenser vizs Wash Solvent Storage Tank
£122 Solvent Draw Cooler va0s Dowtherm
F103 Pressure Leaf Filter
Klll Vacuum Jet
K125 Product Cooler

A-17
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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. waever, 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 is 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.

A=20..



PLANT D
PROCESS DESCRIPTION

The Plant D system is a unique noncatalytic coal liquefaction process
utilizing prehydrogenated 'donor" solvent to facilitate 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 D 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-8. 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 5,000-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 cosl is crushed to a size of minus 8 mesh or minus 30 mesh and dried to
A-21



:
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
1s placed in a 290-ton-capacity storage bin before being transported to the

slurry drier unit (D-101).
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Figure A-8. Plant D Process Schematic

A=22




The other coal preparation system is an impact mill which will crush coal
only to minus 8 mesh. - When the impact mill is used, the received coal
moisture (16-30%Z) 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-101) is located om 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 120°C (250°F) and at slightly positive pres-
sure (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
wvater 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-102A&B) to the
reactor feed furnace (F-102), where the slurry is heated to about 455°C

(850°F). Molecular hydrogen is added to the stream which continues to the

liquefaction reactors (R-101A to R-101D).
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These reactors ére vertical upflow reactors, 2 feet in 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 temperature 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 toms/day

Reactor temperature: 441 to 451°C (825 to 844°F)
Design temperature range: 427 to 460°C (800 to 860°F)
Reactor pressure: 2,009 to 2,198 psig

Design pressure range: 1,900 to 2,600 psig
Reactor residence time: Up to 80 minutes

Reactor product comnsists 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-

den;able hydrocarbons; sour water, and unused hydrogen gas are separated.
Condensed hydrocarbons reenter the slurry stream, and sour wafer 1s 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 distillatiom.
Distillation

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 i3 condensed and separated in a distillate

drum.
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In addition to naphthé, the fractionmator produces a light gas/oil, 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 yiélds 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-208) 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 seant through a
high-energy water venturi scrubber. 1In addition, the discharge end of the
conveyor, where the solidified bottoms are loaded into transport conmveyors,

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 in
the recycle solvent and to obtain the proper boiling-range solvent. 1In
effect, solvent hydrogenation is a middle distillate hydrotreating plant.
The feed to solvent hydrogenation is normally comprised of the light and
heavy atmospheric gas/oils and the light vacuum gas/oil; however, the -
distillate naphtha and heavy vacuum gas/oil can also be included. The
solvent is hydrogenated in fixed-bed, nickel-molybdate catalytic reactors
(R-301 to R-304).

- 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,
napﬁtha, 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-308) 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 (Hz) 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.
Hydrogen 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 recovéred from the sepafa:or drums which process dis-
tillate streams from the atmospheric tower, vaéuum 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 (P113A and B, and P-105) and low-pressure pumps
(P-115A 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,
gas/oil distillate, and bottoms residue. The major by-product of the pro-

cess is elemental sulfur.
FACILITY DESCRIPTION

The Plant D Coal Liquefaction Pilot Plant is located 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 ﬁeriodically 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 im Figure A-9; and the main process

units involved in liquefaction are detailed in Figure A-10.
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Table A-2. Equipment Checklist for Plant D Process Units

ECLP Unit Equipment
~iquefaction/Distillat:on Unaz #l slurry drier (D=10Ql); high-pressure slurry feed
(20U »#l) (100 area) pumps (P-1C02&&3): slurry preheat furnaces (F-L02A43):;

liquefaczion reactors (R-10lA to R-101D); high-
pPressure separaticn drum (D-103); reacter separator
-, pumps (P-106A&3B)

Liquefaction/Distillation Unit #2 awmospheric fractionator (T-201); light gas/oil pumps
(LDU 32) (200 area) (P=202A4B8);: bottoms pumps (P-204A&l);: vacuum preheat
furnace (F-20l1); vacuum stripper tower (T-204); light
vacuum gas/oil pumps (P-207As53); heavy vacuum gas/oil
pumps (P-208A&3); vacuum bottoms pump (P=-210)

Liquefaction/Distallation Unit #3 solids handling; flaker belt:; Dowtherm facilit:ies:
(LDU #3) high=pressure flush oil pumps (P-113A&3); blowdown
drum (D-121)

Solvent Hydrogenation Unit solvent feed pumps (P-30lA&B); feed filter (D=308):
(SHU) (300 area) solvent preheat furnace (F-30l); solvent hydrogena-

tion reactors (R-30l to R-304): solvent fracticnator
preheat furnace (F-302):; solvent fractionator (T-303);
sour water system: fuel gas scrubbing; acid gas cem-
pressors; hydrogen compressors

Coal Preparation Unit (CPU) railcar unloading; coal conveyors; storage silo and
. bins; impact mill; gas=-swept mill

Qffsite and Utilities (OSU) tank farm: cooling tower: wastaewatar systems; steam
) supply; oQily water sump: compressed air system: low-
pressure flush oil puxps

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 equipment 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
i{s 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 deliveréd by rail to a building northeast of the process area, where
it is unloaded and mechanicélly conveyed to the 5,000-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 preparécion 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 gside 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 syncrude and fuel oil. The fuel o0il 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-l1l.
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 conQeyed to two
900-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 preparaéion 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 (NZ) 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 (Hz) is introduced as the stream
enters the preheater. The hot slurry is fed to the reactor bottom along

with additional preheéted 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

is controlled by varying the circulation rate through the ebullating pump.
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Reactor temperature is maintained at approximately 445°C (850°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 (l00°F) lower than the reactor. Catalyst activity
ié 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

(liquid-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 fractiomation. Hydroclone bottoms containing all the solids are
pumped to the atmospheric and vacuum strippers. Overhead from the vacuum

stripper is sent to fractionation.
Product Recovery

Process streams enter the fractionation unit at two points. The solid/
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 flashedvand steam-stripped again.
Overhead from the vacuum stripper is separated from water in the colleccaf
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 (Ca 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 oil.

Both streams are steam-stripped to remove light ends which are returned to
the fractionator. The heavy oil stream is recycled with hydroclome overhead
to slurry preparation. A portion of 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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2S), and is used in

the preheater furnaces and feed furnaces in the process.

is cleaned of contaminants, such as hydrogen sulfide (H

Hydrogen makeup gas (HZ) 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 SOuf water
produced at various steps in primary separation and fractionation. Hydrogen
sulfide is removed from the fuel gas with diethanolamine (DEA). The H,S
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 syncrude mode yields five products: fuel gas,
naptha, 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 shippéd 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 north 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 ﬁhe 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 treatment (400); and deashing (500).
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-13 is a more detailed diagram of the hydrogenation/

liquefaction area.

The coal preparation area is 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. O0il
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-
mant led 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 in 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 comnected 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 river.

The control house, from which the major parameters of the liquefaction pro-
cegs are mounitored and regulated, is located in the southwest corner of the
coal preparation area. It is a self-contained, concrete block building, aﬁd
it houses a large control room, a lunchroom, bathrooms, and individual

of fices.
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Appendix B

RESULTS OF SAMPLING PRCGRAMS
AT FIVE COAL LIQUEFACTION PLANTS



Table
Tablé
Table
Table
Table
Table
Table

Table

B-1.

B=4.

B-5

PLANT A

FORT LEWIS, WASHINGTON
Plant A Area Sampling Analytical Results (ug/m®) for PNAs
(February &-14, 1979)....... et ieeatrea et eteans a0t aans

Plant A Personal Sampling Analytical Results (ug/m3) for
PNAs (February 7=17, 1979).uitteitecennnenonsnnnas e e

Plant A Area Sampling Analytical Results (ug/m3) for
Aromatic Amines (June 15=20, 1978) .. veciivrrnecracoenanenne

Plant A Area Sampling Analytical Results (mg/m3) for
Aromatic Amines (February 11-=17, 1979) . ..ceirercenncnnnnnns

Plant A Personal Sampling Analytical Results (mg/m3)
for Aromatic Amines (February 10-18, 1979)...cccveenccvannan

Plant A Area Sampling Analytical Results (ppm) for
Benzene, Toluene, and Xyleme (June 15-20, 1978).+ceeccccsn.

Plant A Area Sampling Analytical Recsults (ppm) for
Benzene, Toluene, and Xylene (February 1l1-15, 1979)........

Plant A Personal Sampling Analytical Results (ppm) for
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Table B-3. Plant A Area Sampling Analytical Results (ug/m?)
for Aromatic Amines (June 15-20, 1978)
Sa.mple l Aromatic Amines- 3
. . Sample . Sampling Date ! (decection limit, ug/m°)
location Sampled | \ipper V“;_“;“ Time  |collected T 3 5 )
.t 0.13) ! (0.05) | (0.25) | (3.05)
Slurry Mix Tank 0es 27.1 | 0928-1404 | 6/15/78 - - . -
Pulverizer Racycle 3 410-1615 | 6/15/78 - — — -
o vacar Sceuites | 010 12. 1410-16 /15/
Tilcar 097 25.8 | 0943-1415 | 6/15/78 { - - - -
Filtar 012 12.0 | 1420-1624 | 6/15/78 - - - -
Oownwind of 019 | 18.0 |08S5-2340 | 6/16/78 | — -- - -
surge Rsservoir
Downwind of
Surqe Resacvoir 024 24.0 | 1140-1515 [ s5/16/78
*_—m
Blanks (ug/sampla) 036 6/20/78 - -— -— 0.09
037 6/20/78 - - - 0.07

Siromatic amines: A = Aniline; B = N,N-Dimethylanilines; C = o-Anisidine;

0 = p-Anisidine.

:Ass'un:‘.nq a sample volume of 23 liters.

e

"e=" indicates not detected.




Table B-4. Plant A Area Sampling Analytical Results (mg/m®) for
Aromatic Amines (February 11-17, 1979)

F sazple - " Aromatic Amines=
. . - Sample sanpling Dacs eteczion limit. ag/m’)
ocacion Sampled Numper Vc(Llu)nm .. Time Collecred x s < 5 ‘ H g
' 1 (0.1) (0.1} 0.1} {C.1) 9.1y | (0.1)
slurry Mix Tank 097 | 47.5 | o8%7-1651| 2/16/79 i - - - - -

03 Area Circulating
sump for Filter Feed 084 47.7 084S-1641 2/15/79 - - - - - -

jurqe /assel

;;n:‘::ﬂ:°‘-““1 108 | 49.5 |ossi-lsa3| 2/17/79 | - - - - - -
Sandvik 3elt 117 | 9.8 |csz23-16d0| 2/11/79 - - - - - e
(;; Ares Sandvik 3elt| 058 | 47.1 |o08a2-l63a| 2/12/79 - - - - - -
08 Area Sandvik selc| 086 | 6.2 | 08321638 | 2/13/79 [ - - - - -
| 3lanks (ug/sample) 028 ‘ ) wnss - - - - - -

080 1 1479 -— — — - -— —

“Arcmacic amines: A = Aniline; B = N,N-Dimethylaniline; C s o-Anisidine; D = p-Anisidine; E = o-Toluidine:
T = 2,4-Dizethylaniline.

:.\uum.nq a sample volume of S50 liters. G s indicates not detected.

B-7



Table B3-5.

Plant & Personal Sampling Analytical Results (mg/m3)
for Aromatic Amines (February 10-18, 1979)

s le Aromatis Aminess
> L s led Sample 'I:Tfmn Sampling Date- (decacelon limaiz, m/n’)b
ersonnsl 3amp Number i Tize Collected | A 3 z 5 T T E

! { | (9.1 (9.1} 19.1) (9. 1) (0.1 101
saboracory Tachnician 074 48.§" ] 0915-1720 2/14/79 -7 -— - - -— .-
raboratory Tschnician for -1 47.7 0914-1721 2/14/79 " - - - - - -
aboratory Technician 376 47.5 Q925-1721 2/14/79 -— - - - -~ -

| !

' 21 Arsa Cperator 0sé 48.7 1834-1642 2/12/719 -— - - - .- -—
i Area Tecanician/ 060 | 47.0 | 0s3z-1623 | 2/12/79 - - - - - -
Specralisc [

J1 Aea Mechanic 072 30.4 | 0888-1400| 2/14/79 ] = . - - - -

J1l Area Cperator 093 47.1 | 0844-1638 2/16/79 .- P - - P -

Jl Arsa Jpexator 116 48.5 | 0836~1640§ 2/18/79 -— .- -— .- -— -~

03 Area foreman ols 48.7 0813~-1621 2/10/79 - - - - -~ .l

J) Area Operator al9 47.2 0835-1630 2/10/7% - - - -~ -— Q.2
03 Area Operator 045 54.5 | 1901-0404 | 2/11/79 - - - - - -

33 Area Technician Q57 47.4 09319~1638 2/18/79 - - - - -— Q.1

J) Area Technician 108 50.0 | 0931-1650| 2/17/79 -— - -— - - 9.l

74 Ares Qperator 061 4a32.1 0932-1630 /12779 - - - --' - -

J4 Area Operator 083 47.6 0839=-1624 2/15/7_9 9.1 0.l -— - - 0.1

)4 Area Operator 092 38.3 | 084l1-164S | 2/16/79 — - - - - -

il

28 Area Technician/

Specialist 0%9 46.7 | 0846-1632 | 2/12/79 - - - -~ -

08 Ares Operacor 091 | 48.4 | 0839-l64a | 2/16/79 | - - - - - -
! 3lanks (uqg/sample) Q28 11/79 - -~ - - - -
| 080 2/14/79 - - - - - -

:Azotuue amines: A * Aniline:r B = N,N-Oimethylamiline)r C = o-Anisidine; D = p-Anisidine: £ » o-Toluidine:

§ = 2,d-0.methylaniline.
JAalun.an s sample volume of 50 licers.

-4

indicates not detected.




Table B-6.

Plant A Area Sampling Analytical Results (ppm) for

surge Resexvo.lr

Blanks (ug/sample)

034
03s

6/20/78
6/20/78

15
16

Benzene, Toluene, and Xylene (June 15-20, 1978)
Compound
Sample . ; o
. Sample sampling Date (detection limiz, omm)
Location Sampled Number VQ(].Lu).ma Time Collected Benzene Toluene Xylene
(0.91) (0.01) {0.01)
Feeder Line to , »
Slurry Mix Tank, 006 29.0 0928-1404 | _ 6/15/78 - - -
Grade Lavel.
Feeder Line to
Slurry Mix Tank, 013 18.5 1410-1615 6/15/78 - - _—
lst Lavel .
Filtar 008 26.4 0943-1415 6/15/78 - - -
Filter o1l 12.0 1420-1624 6/15/78 - - -—
Solvent Bottoms 017 17.1 08136-2328 6/16/78 - -- -
Pump
Oparator's ) . — — —
P  carion’ Booth 018 16.3 0836-2328 6/16/78
Operator's - — — -
cacion Booth 023 21.4 1125-1500 6/16/78 -
Solvent Bottoms 022 20.9 1130-1500 6/16/78 - - --
Pump
Dovnwi.;'nd of
Surge Raservoir 020 16.4 0855-2333 6/16/78 - > -
Downwind of 028 21.9 1140-1518 6/16/78 - - -

aAssmu‘.ng a sample volume of 25 litars.

Oeca- indicates not detected.




Table B-7. Plant A Area Sampling Analytical Results (ppm)
for Benzene, Toluene, and Xylene (February
11-15, 1979)

sazple : Compound
Sample Sampling Date (detection limit., oSom)
Location Sampled Number \to(l;;nq Time Collected | Benzene | Toluena | Xylene
‘ (0.01) (0.01) (0.31)
Slurry Mix Tank 042 55.1 1842-0355 2711/79 0.02 0.03 0.03
Recycle Process 083 47.9 | 0844-1642 | 2/15/79 0.04 0.09 0.96
Wacar Tanx .
04 Area Light Ends -
column Reflux 066 42.5 1918-0224 2/12/79 0.02 0.08 0.12
sandvik Belt 117 47.3 | osae-1638 | 2/11/79 -2 - --
3lanks (ug/sample) 027 2/11/79 - - -
081 2/14/79 -— - -
zAsmmq a sample volume of 50 liters. b'--' indicates not detectad.

. B=-10



Table B-8.

Plant A Personal Sampling Analytical Results (ppm) for
Benzene, Toluene, and Xylene (February 9-18, 1979)

3larks (ug/samplae)

Q27
o8l

2/11/79
2/14/79

Sample | Compound
L sample Voline Samplinyg Dace : (derection limit, oom)
Personnel Sazpled Number | () Time Collected | Z2enzene Toluene Kylene
1 (0.02) (0.91) (0.02)
Laboracory Technician 071 48.0 0828-1628 2/13/79 -7 - -
Laboracory Technician 070 48.9 0827-1630 2/13/79 -— - -
}
Laboracory Technician 074 48.86 Q915-1720 2/14/79 -— -— -
0l Unat Qperator 043 53.4 0825-1532 2/11/79 0.02 0.06 0.04.
Jl Area
. - o 7 - -~ -
~echnician/Specialist 046 53.3 1909~040 2/1L/79
Jl Unit Operacor 062 41.3 1905-0200 2/12/79 - 9.02 Q.04
03 Unit Qperator Qal4 3.3 l1248-1820 2/9/79 -— 0.06 -—
03 Unit Cperator 064 43.9 1908-0226 2/12/79 -— 0.01 -
03 Unit Operator 115 48.3 | 0839-1643 | 2/18/79 - - -

a.-\ssuninq a sample volume of 50 liters.

B-11l

"e=" indicates not detectad.
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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)

Aromatic Aminesz 5
(detection limic, mg/m3)

1

| Sample .

- Sample Sampling Date

Location Sampled volume| .. o7

! Number| "~y . Time Collected A 3 c 5 2 " S

; (0.2)](0.2)(0.2)] (0.3)((0.2)1(0.3)] (0.0)

Solvent Extracetiecn 135 43 ]0730-1500| 5/25/79 | ~=°| -- - - -— - -

Solids Separation 0S4 92 0819-160Q03| 5/14/79 - - - - - - -
100 79 0830-1530| 5/23/79 - - - - - - -

Carbonizacion 0s3 46 0821~-1601| 5/14/79 - - -= - - - -
299 41 |0834-1530| 5/23/79 - - - - - - -

Solvent lecovery lo8 47 1600~2319| 5/23/79 - - - - - - -
117 §0 0920-1545| 5/24/79 - - - - - - .

Fractionation 055 44 0825-1604§ S5/14/7% - .= - .- - - -

Hydrogenation 0l4 45 0853-1620] 4/17/79 -— - - -— - - -
082 45 1538-2326| 5/13/79 - - - - - -— -

Tank Farm 0l1s 44 0900-1626| 4/17/79 - — - —-— -— - -

Eavironmental Area; 056 46 0829-1630f S/14/79 -— - - - - - --

8lanks (mg/sample) | 087-1 5/23/79 - -— - - - - -
144 $/28/79 - - - - -— - -—
1458 $/28/79 - - - - -— e -~
146 3/29/79 -— -— - o= - -— -

dircmacic amines:

D = peNitroanilinae;

A = Aniline:;

E = 9-Toluidine:

8 = N,N-Dimethylaniline;

P = o~Anisidine:;

;Assu.mng a sample of approximately 80 liters.

B-16

T

C = 2,4-Dimethylaniline:
G = p-Anisidine.

indicates not detected.




; ‘
Table B-12. Plant B Personal Sampling Analytical Results (mg/m3) for

Aromatic Amines (April 17-18, 1979; May 13-25, 1979)

s L Sample s L 5 4 Arcmacic Amines? . AW
ample ampling | ate (detection limit, mg/m°)
Personnel Sampled Sumber Volume wime Collected -
(2) A 8 c 7] E F G
(0.2)1(0.2)1(Q.2)1(0.,3}{r0.2 (0.3)1(0.3)
—
iOperacors
—
1200 Area 027 42 |1622-2303{ s/13/79 | =% --= | 0.6 | -- - - -
073 91 [0733-1458} S5/15/79 -- - - - -— - -
134 44 19733-1455) 5/25/79 - - - - - - -
100/800 Area 045 49 0742-1448| 5/14/79 - - - - - - -
046 89 0743-1502| 5/14/79 - - - - - - .
057 61 1528-2357 5/14/79 - - 0.6 - - - -
[500/700 Area 103 34 1542-2248| 5/23/79 - - - - - = P
114 38 0817-1448] S/24/79 - - - - . .- -
118 75 1610-2258| 5/25/79 - ~- - - - - -
1600/900 Area 006 98 |0740-1506| 4/17/79 - - - - - - .
044 82 0740-1530f 5/14/79 - .- - - - - -
101 91 1523-2300| S5/23/79 - - - - - - -
109 57 1l603-2318| 5/23/79 - - - - - - -
1100/1200 Area 033 48 1620-2306{ S/13/79 - - - - - - -
034 40 1625=-2315| 5/13/79 - - - - - - -
047 45 0750~-1448{ 5/14/79 - - 6.6 - - - -
104 41 1547-2252] 5/23/79 - - —— - - - .
Supervisors
J———
Operations oll 68 0923=~1510) 4/17/79 -~ - - - - .- -
048 43 |0750~-1555| 5/14/79 | -- - | 0.4 | -~ - - -
shife 06l 84 1554-2359) 5/14/79 - - 0.3 - - - -
Maintenancses Workers
dillwright 026 48 0937-153S| 4/18/79 - .- - - - .- -
Insulators 021 40 0903-1530| 4/18/79 - - - - - - -
022 37 0910-1530| 4/18/79 - - - - - .- -
Pipeficzers 024 78 0915-1543( 4/18/79 - - - - - - -
02s 62 0916-1543| 4/18/79 - - - -~ - -~ -
_
Laboratory Workers
Chemists a7s 82 |0810-1550| $/13/79 -— -— o~ | == - - --
098 47 10847~-1347| 5/23/79 - - - . - - -
lJG 42 0800-1543| %/25/79 - - - -— -— - -
Technlic.ans 017 83 (o0800-1300| 4/18/79 - - - - - - -
018 80 |0809-1501| 4/18/79 | -- - - - - - —
049 41 0804-1504| 5/14/79 -— - -— -~ - - -—
062 46 1846-2300( 5/14/79 .- - - -— - - --
Blanks (mg/sample) 087-1 5/23/79 .- - - - - - -
144 $/25/79 - - - - - - -
145 35/28/79 - - - -— - S -- -
146 5/25/79 - - - - - - -~

3arcmacic amines:
D = p-Mitroaniline:

A » Aniline;

E = o-Toluidine:

B = N,N-Dimethylaniline:

’Assuming a sample volume of approximately 30 liters.
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F = o-Anisidine;

C = 2,4-Dimethylaniline:

G = p-Anisidine

e'--'

indicates not detected.
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Table B-13. Plant B Area and Personal Sampling Analyticai Results
(ppm) for Benzene, Toluene, and Xylene (April 17, 1979;
May 14-23, 1979)

C;ompognd 2
sample S:TE;: Sampling Date (detection limit, ppm)
Number | (g, T}me Collected Senzene | Toluene | Xylene
’ (0.04) (0.02) (0.01)
Location Sampled
Hydregenation 013 42 0852-1620 4/17/79 - 0.06 -
Fractionation 084 47 1547-2327 S/15/79 - 0.03 -
Personnel Sampled
Laporatory Technician 064 57 1550-2300 S/14/79 - 0.02 -
076 8s 0740-1448 S/15/79 - 0.08 -
077 46 0742-1447 5/15/79 - Q.03 -
3lanks (mg/sampla) - 041 S/714/79 - - -
088 5/23/79 - - -
Je

:Assuminq a sample volume of 40 liters. -=-" indicates not detected.

Table B-14. Plant B Area and Personal Sampling Analytical Results (mg/m3)
for Phenolic Compounds (April 18, 1979; May 14-25, 1979)

ie Phenolic Compounag<
Samplae | 220P Sampling Date ; - o b
Volume (detection limit, mg/md)
Number (1) Time Collected ————zy R I T T
Location Sampled
Carbonization 099 41 0834<1330 | 5/23/79 [ | ca o= ac| o= | am | =] o=} -=
Envxéonmen:al Area 056 46 0829-1630 5/14/79 | e | v | @ | == p == | ="
Laboratory 062 46 1346-2300 $/14/79 o | ew | em | 2w | co| e | va | e | o=
Parsonnal Sampled
Operators:
600/9Q00 Area 109 87 1603=2318 5/23/79 ca | e |[ae| e | ee| mw | =] e= | ==
1100/1200 Area 034 40 1628-2313 3/13/79 o | e |en | ew | ew | cw | oo | @ | e
Maintanance: ‘
Millwright. 026 48 0937-1333 4/18/79 e | mm | em [ = | ve| em | em | w= | e=
3lanks (mg/sample) | 040 - o $/14/79 J o= | w= | om ) e | o= f ca [ em| aa ] -
087 5/23/79 o | ww | om | an]| ca| s | an | 2= | a=
145 | $/28/79 | ce | en | ae| cn| wm | ea | o= | aa

Zphenolic compounds: A = Phenol; B = o-Ethylphenol: C = p-Ethylphenol: 0 = o=Cresol:
E = n=~Crasol; F = p=Craesol; G = 2,3=Xylenol:; H w 2,S5-Xylencl; I = 1,5-Xylenol.

bAssum;nq a sample volume of 45 liters. dewwr indicatas not detaected.

B-13




PLANT C
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:

Table B-17. Plant C Personal and Area Sampling Analytical Resul:s (mg/m3)
for Aromatic Amines (November 12-17, 1979)

! PERSONAL SAMPLES ,'
; | OPERATOR I MA[NTENANCE [ LABORATQRY J
| %amole Locatian: ‘ y ————rey v — . '
| . i Pipe= | JNSTru- . lAstru-  [nstru= [ MiTi- O, recn= | . ]
) (¢ 1 0 | O | fitrar | menc | ment | ment ﬁwrian: | Analyst | o\ qp | Chemist | Chemst !
i Sample Numoer: | (<) J74 ¢ 096 r Q09 4 033 1 034 1 /9 980 JOl 1 JO¢. Q03 v Q03
! Sample folume (&): _Jd7 48 1 4L | 48 4733 115 o I T = T - N T - D - N
! le Ti .1 3645- 1 0700~ ‘06:7- 1 07¢1- Q70¢- | /700- | 0705« 0628~ ‘ J710- | 0713 1 Q9740- |, d/%5-
; Samole 'ime’ a0 | 1as57 ) na12 | isia | 1ese | ias7 b 1500 ! 3se7 ! 414 | 1415 ¢ 1815 ¢ %13 |
ZOMPQUND
Aniline L2 - - e - e — - o - e -
9.2y ¢
"M, 4-dimethylaniline | - - —- — e - - s . .
j(0.2) 9.3 o
]z,4-aime:nylani1ine - - . .- - e — - o . . ..
(3.2}
p-Nitroaniline - — o - - — — — - o o .
(0.3)
g=Tolyidine — . — e . e e - e - i -
(0.2)
g-Anisidine . — — . . - . . - - - .
(0.2)
p-Anisidine .- o e e e — — - o - .
Q.10 0.8
1-Naonhthylamine o - - - - - — - - . . -
(0.4) -
AREA SAMPLES
I
WASH FLUSH CIRCU- | LET- FILTER FRACTION-
D | FeeD | SLUMCE| soLvent | soLvewt | REFLUX) Uarion| oo | scRUBBER| FILTER|  ATING BLANKS
samole Location: | 5o | oryy | pi7a PUMP PUMP P139 PUMP | VALVE PUMP F103 COLUMN '
P169 | P203 PL&3 | 415 | PL2S T105 (mg/samplej -
Sample Number: 104 ge0 | 101 019 (] 06l 10 061 106 798 103 f J¢3 Jdg, J3d
Samole “Yolume (1): 49 19 [ 30 47 107 33 43 39 50 13 125 ‘
Samole Time: Ol- -] Ub58- 0250~ | 0443- Jgeds- | Ubsl- | 0700~ 0640- 0630~ 0625~ |
© 1 1504 | 1511 1503 1032 1030 1505 1433 1308 1443 1455 1425 ’ |
COMPOUND , } l,
|
{ Aniline — — — — . - - . o . . ! ;
| 10.2) - . R
|
! M,N-Cimatnylaniline . . - - . — - e o R . l !
(0.2} N - . R
i 2,4=)imetnylaniline - - - . i - - ‘ | .
I l - - h - - R o
!
Ip-N1:raaniTine Lo - . - - . ! |
;(O.J) i - o - = - - = o ; T
i 9=Toluidine Co " - i - " . . . - . . i
E(O.Z) ! T | .. i ..
| g-anisidine - . - . . - . ; L
e ' R A A R R Mt B
{ p=Anisidine A .- - - - - .- - - - . Gl
110.3) : ae - R
| 1-Napghthylamine l - -~ - - - . . - . . .. el e ! L
i (O-‘n i ; ‘ , -
2 numper in narenthesis indicatas detection limit fn mg/m® and assumes 3 sample volume of acouc 45 liters.

-

"= ingicates comoound was not detected.
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Table B-18. Plant C Personal and Area Sampling Analytical Results (ppm)
for Benzene, Toluene, and Xylene (November 12-17, 1979) .
I ERSONAL -SAMPLES l
- ; OPERATOR { MA[NTENANCE [ LABCRATORY | BLANKS ;
| samole Location: MiT1 M7= | Instru- g (mq/samo] '
‘ ) ) ! g/sampie)
| | ¢ | ¢ | l X wriqht wert nenc | Chemist| Chemist | Chemist B ,
Sample Mumcer: | 029 | 066 | 032 | 040 | 063 \ 064 L €31 | os= | ose | 092 | 026 ! 052 ' Q91 |
Samole Yolume (2):| 46 | 109 | 43 | &7 B @ | s | | e | : | i
samole T .| 0636~ | 1423- | 0640- | 1425 | 0703- | 0704- | o705- | 0630- | oOséz- | 142s- | !
ample Time:, "415 | 2215 | 1350 | 2215 | 1503 | 1514 | 1454 | 1416 | 1418 2215 ;
| comeoun l ’ ,i N 5
= ! ! '
lenzene (3.01}° | =) e= | e= | e= -- -- - - -- 9.004 | 9.004 | 0.0¢4 |
Toluene (0.01)¢ - .- - - -- - - .- - -- 0.002| 9.002| 0.002 |
(ylene (0.31)° R EEE BRI -- - - -- 0.002 Oﬂmjonwj
|
AREA SAMPLES ]
j i | !
| CIRCU- | oo I | FRACTION- |
! €50 | 8LEND | SLUICE | VACUUM| SCLVENT | LETDOWN | SCRUBBER SOLYENT
canole Lacation: | ATING | puep | TANK | PUMP | PUMP | PP | VALUE F}§S§R' e | ATING 1 Totp
PILL | V101 | P178 | TI02 | P203 415 l p125 | b p169
| ere3 § ] Pt !
Samole numver:| 45 | 046 | 097 | o7t | o078 | oe3 | oz | o030 | 099 | 100 | 105 |
sample volume (2):{ &7 | &7 | s | @ ) 8 | 4 | % | @ | uo | u |
samole Time: | 1453- | 1456-0635- | 1342 | 0641-| 1046~ | 0643 | 0646- | 06d0- 0628- | 0643- |
° 12285 | 2265 | 1435 | 2234 | 1835 | 2245 | 1425 | 1422 | 1443 1427 1 1845 |
COMPOUND ' [ | |
. |
3enzene, (0.01)% O IR RS - -- - - - | .- -- ! --
Taluene (0.01)% | -- - .- - - - - - 1 - .- I --
. ) ! !
tylene (0.01)% .- - b - -- - - -- -- .- --
Y | ! ’ ’ [ j
 nagection limit in ppm.
.~ ".-" indicates compound was not detected.

B-23



Table B-19. Plant C Area Sampling Analytical Results (mg/m3) for
Phenolics (November 12-=14, 1979)

. CAUSTIC HOT
Sample Location: PUMP NELL BLANKS
P106 : A (mg/sample)
Sample Number: 020 1 070 027 1 051
Sample Volume (2): ﬁz | 48
o 1352~ 1434-
Sample Time: Yy 59542
COMPOUND
Phenol (0.3)° --° - - ‘ -
o-Cresol (0.3) -- .- .- .-
m-Cresol (0.3) - - - .- -
p-Cresol (0.3) .- -- -e -
o-Zthyliphenol {0.7) 7 - . - - —
p-tthylpnenol (0.7) -- .- - -
. 2,3-Xylenol (0.7) -- . - -
2,4-Xylenol (0.7) - - —- -

@ Number in parenthesis indicates detection limit in mg/mi,
9 n..* indicates compound was not detected.

BE-24




Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

B-25-
B-26.
B-27.
3-28.

B-29.

PLANT D

Plant D Area Sampling Analytical Results (ug/m3) for

PNAS (May 18-23, 198L) .. tursvnnrennenennennnanneeaneanns

Plant D Personal Sampling Analytical Results (ug/m3)

~for PNAs (May 18-23, 1981l).......ocvvivniiiiiin s,

Plant D Blanks Sampling Analytical Results (ug/sample)

for PNAs (May 18=23, 1981) ..t iitiiinenninenenneoccnennns

Plant D Wipe‘Sampling Analytical Results for PNAs

(MAY 23, 198L) et nenetteneneneeee et eneneneianeeennnn,

Plant D Bulk Sampling Analytical Results for PNaAs

(May 23, 198 Ll) ittiieiinninereenerannnenannaonnassnssnnns

Plant D Area Sampling Analytical Results (mg/m?®) for

Aromatic Amines (May 18-23, 1981l).......ccciiivniiinann,

Plant D Personal Sampling Analytical Results (mg/m?)

for Aromatic Amines (May 18-23, 1981l)....icieirennennnn.

Plant D Area Sampling Analytical Results (ppm) for

Benzene, Toluene, and Xvlene (May 18-23, 1981l)..........

Planc D Personal Sampling Analytical Results (ppm)

for Benzene, Toluene, and Xylene (May 18-23, 1981l)......

Plant D Area and Personal Sampling Analvtical Results

(mg/m3) for Phenolic Compounds (May 19-23, 198l)........

B-25



FLSEN

‘otrlues ut

PaIDaap ‘aungeynpiey yrtm 2INTI-0D Youya ‘<at e Aniog,

*[VI10019p 10U s21EDTPUY -,

"E13311 Q07’1 30 Hunjoa apdwes e B:_E:n_éc

_{panui jnon) q
v 779 6 91¢L & THE S ey 699 L ey (108 [ 14 a'set 6 66 6 v 928 0°9¢ [ 9 ¥4 ‘LG
_ - . . _ (2°0) awanenjjue
- T - - T - . - o — ("’ e) zuaAyramIa-C1°9
. - - -- -- - - -- - - -- -- -- (z 0) avarygue oAy Ion-¢
- -- - - -= - - -- - - - - -- (z°0) suanremue(e}zuaqiAyramiq
-- -- - .- -- -- - - -- - -- -- - (1 0) suarhdy’e)zuaqig
= __ _- . - -- _- - - - .. - _— (s:°0) auaunio)
- - - —- -- - - - - - - - -- (Z°0) euathiad(y "y’ b)ozuog
- -- - -- - -- - - - - -- - - (7°0) ouaneayjue(y’e)zuaqyq
- - - -- -- - -- - - - -- - - (Z°0) @u23Ad{pd-¢ 'z’ 1)ouapul
- - -- - -- -- - ~-- - - - - - (z°0) oyozeqies(y‘e)zuaqiq
- - - -- -- -- -- -- -- - - - - (z-0) ourprade((’e)zuaqin
- - -- - -- -- - - - -- - -- -- (z2°0) »uathiag
{z°0) ouaiid(e)ozuag
=" o - - - - - -- = - T - -T /euaiAd{s)ozuag
{Z "0) ouajuerong) (y)oznan
- 2 . - _— - - - - - - - - /ouatjjuelony ) (q)ozuag
. /auanjuetong ) ({)ozusg
(7°0) suagluandyay
T o T - T - T -= T T - - o /oussiayy/ausse njjue (o) ziag
. . ({7 "0) euazonyj)(q)ozuarg
Lo T (4] T T " T - - T T =T T /ouaiong j (e)oziag
Tt -- v €0 -- s'0 S0 o ~- - -- -- -~ (z-0) ouailq
B0 - 6'0 -- - v'0 z°0 -- - -- - -- -- (z°0) puoyjuelonyy
-- -- - - -- z'o -- -- - -- .- - -- (z°0) ojozeqie)
t'o -- Lo -- -- -- i -- - -- -- 9'0 -- {z°0) suypridv
051 9 Ll e 8t L o1 0°9 o't vz 61 61 (B} -- (Z°0) eunswIYIUY/PUBIIVCUDYY
[ A1 EA 6" 1t [ [ A4 s -zt 981 0°9 6°S -- 9° 61 0 (r°0) euazongy
| ANA | 6L € st L3 | 91 e b o1 (1 e €z L'z 9°f €1 (z°0) evayiydevooy
9 v -- €0 -- 921 L3/ 9°0 s'o -- -- -- -- (z 0) euayeniydeusoy
-- -~ -- - -- -- -- -— -- -- -- -- q (z'0) sujronInd
v oz € e | A4 o rt 9°SZ »-Z91 [ A A4 S 0S 9°1s LSt 6°6€ t'6 926 (z2°0) suageyIydeuLy1dn-7
b 6S €99 f "9 bl | 2 L 49 9 00 1o [l A ] L9 et 6°7 Lt 4 (2-0) euarepydentiAyinn-1
6790t S Lyt voLel a el [ ¥ 1t eze 679 ¥ °6S 112 [ : 21 [ ¥4 L'e 6L (Z°0) euogenypien
u-pnuma I
_ uo132930f) pumodwo) —_
18/2¢/s | 108/0z/s | 18/a1/s | 1871275 | 1876175 | 1871275 | 1870275 | 16761/s | \8/ce/s | 1878175 | 1872275 | 18702/ | 1876175 | TP31391107 ®3ed
(4701 8750 rozo €zel 6591 atso otel a8pso S0 wio REATA o0Lt Zs9t rowy] buy ((wes
-5060 -nsel -9l -1v60 -5060 -bgoZ |} -oveo | -rt1z -{y0Z -8791 -9ve0 -0CtLo -(€80
9Pz’ L 80”1 [T (S2° 1 s 62z’ 16€°1 'y st Lzen ote 1 860° 1 giz' 1 || ' (1) emniop ojdwes
efal-b S01-¥ S00-v sbbl-b 120-¥ G (-0 vO60-P s 090-b o0Z-» PO0-b [4:] 5 4 voi-¢ Lzo-v TN (dues
S IS v 3115 9N\ -d « »IS "¢ ens 1 ats
- o B NE) — - H T
074 dumy pro/uen by dung 1ogravilog Z01-4 dung moM {01100 4D sunol (UMD Uy EH pafdues wogiesoy
RIR G I 311 2030vdy ooy Aamis aanssa1g-ybn

Aep) SVYNd 10] Aws\w:v s1TNS3ay fedtrAferuy Sujidweg eaay g Juefd °-0Z-9 219el

B-26



‘BATIRUBEAIdRY DAIAPICUND Bq IOV PITOm 4] ‘suojarmy, ‘dmd cTy) tPnanrp PRLIGAID Tum
WG B Ul armpeR(o wayy meare 8 AmeRtee amid v R ummy sem ofdeet ny, -

apdnna uy

P33003ap ‘ouggeppgen yara

“IUetd TeTAIDmMY ¥ Jo oaTIRTmuerdad 1. T

SN e g e gAYy g,

(pany o) - BUABRSAETIES T LN E R LAY LN ] ..||...~ KAV gl JO canpoa ofduvyg v bu
et [ AN AN s el [N -- 9 e | 7oRLL( t's 9 10g rziv’e oo\ ‘1VLO0L
— e - e - e rm— | — e e = L — = ———————a
o . . . o __ . (z 0) ~udrDeIyINE
- oT - —(u'e)zunqApamg-cte
- - - -- -- -~ -- ~= -- [ -~ -- (7 0) auasguegoudtAying-t
-- - -~ -- -- -- -- -- - - -- -- {70} suasenpuv(e) zuaqriyrowyg
- . - - -- -- - -- - -- -- -- (00} n=rld(y’e) zuaqyy
- Aa - -~— -- - -- -- - - - -- {p 0) auduoio)
-- T - -- -- -- -- - -- -- -- -~ (7°0) eunpdand(y ’B)ozung
- - . - -- -— - - - - - -- {7 °0) ouddeue(y’e) Zunqeg
- - -- - — - -- - - -- -- - (7°0) euazddipo-g'z 1)ouagm
- -- -- -- -- -~ ~-- S0 -- -- - -~ (Z°0) arozeyarn{y’e)zuagig
- -= —- -- -- -- -- -- -- -- - -- (Z°0) emypyrde(f w)zuoqin
- - . - -- - - -- - -- -- -- (z°0) nathaog
N ~ ) {7 '0) susshd(w)ozuig
o T o T - - - - T s'o o - /auaskd(a)ozuag
{7 °0) aumjjuesong)(y)ozuag
- . - - -- - - - -— [ 1] - - /ouatpyueiong ) (q)ozung
/oumnjyuesong ) ({)ozuag
) . (z'0) ouvajluaydeay
- o - cT T - - T - st T o Jouasingy/muasesiue(e) 2ung
i A ; . A B (70} ouasonyjy(g)ozuag
6t 9y (] -- -- -- Lo L | -- A a0 -- Jaunaony) (e)ozuny
[ A4 t'9 ez t'0 to - 81 €t -- L 3344 6t L | ©°0) ousidqg
(| (4 (| 0 70 -~ (o} (A1 -~ et L 3¢ 4 80 (z°0) ousauviongy
50 02 o -- -~ -- -- -- - 60 90 - (°0) etozeqie)
00 s 1t -- -- - te’ U6 -- [ 9°0 -- tz 0} suIpyIN
au £ 911 €0z I 6t -- [ 0d:14 0tz 6°0 [ 91t 9°51 (£ 0) evosenuy/eusayIeusy,
anl 6 e Lot 91 vz -- oty [ MY ()] 0tz t-ef 61z (£'0) sunsonyy
971 [ 2114 (A4 (3] L} -- 9° 1S 8 19 -~ -3 14 [ 34 14 8°s? (z:0) suenIndencay
z (A 4 80 -- o - 6'S S0 -- 91 9-01 a8 (2 0) euwageyandeuasy
-- -- -- -- -- -- -- -- -- - -- - (r-0) ovjtoun)
e 9°06 0¥ e e - 9°sit’t Jo et vt tvo1 L6189 Lt eve (z'0) ouspeyandeniiyron-7
s°e ' ng ol e (84 -- 0°99¢ L"90b S0 L 9°619 S Z91 (2 0) eusjenaydeugiiion-y
6 sl 17 7¢ 6°ST vz 001 q 6B frrozy o'z 0°6L L ote ¥ ISt (z°0) enegepivn
n{gW/bn Taymyy
. uoj 190 18p) pruhodwo)
W/iL/s | 1072275 | we/02/s [To/1z75 | To7ee/s | iuei/s | 1671276 | 1670275 | V876175 | 1872275 | 1071275 | 10761/ | ‘xaidait0g siwd
SPSH LOSO 1001 | eivl (444 (150 (AL 0750 SS9t o1so .c~a- (4 2\ 1ompL Guypdwes
| -Ublo -92t0 | _-6500 -1z -8z60 | -us6l -8r80 -tolz ZPLGO RULH
b1’y _oto’t | s9z’t evc’t | oez't | weo’d g0t bev't 29Z°1 st |1 owngop opdwes
Siz-v | vot-v | t9u-r | esti-t | ohut-b SZ0-¥ Bei-v |Fiti-v [-700 b [+ ionn aylues
nons REETED R
Noz-a my pro/sen Aavan §ogosog dmna gyo/sen by t07 - (hmugy swoy ey tpoplmus aoreinrg
ERUATE BT TITIRITEY nlil )5 wvnoep 103vVOY TN DF

(ponuyuod) cha.v—szb



P p3IIDI0P JOM 833WIIpy

“adues uy P210931aP ‘ouatenidey (i a 8NI-0d I1Ym

(RCZRED ) ZATRLITM

‘81231 007z°'tl jJo eumioa aplues e buyvanssy
D

q
1 [ | -- 070611 vee L ze 1°st 9t oLy 9°518 0°666'2 L X' R NLOL
. o . . - . . . . (2 "0} ovuaoeiyjue
o - -{u‘e) zuaqiprAnramg-(1°9
- -- -- -- -- -- -- -—- -~ -- -— -- (Z°0) euaayyue o1 AIaN-(
-- -- -- -- .- -- -- -- -- 6'0 -- -- (z°0) ouasemnpive(e) zuaqiyraurq
- - - . — - - - - - -~ - (U°0) 3uazAd(s’'e)zuaqyq
_— - - - .- - - -- -- -- - -- {8°'0) PusnoIO)
- - -- -— - - - - - - - - (2-0) suatliod{y y ' 6)orung
- - - - - -- - - - - - - {Z"0) euadenpyue(y’e) zuaqyq
- -- - - -- - -- - . - - -- (z°0) ouoikd(pa-g'g’()ouapuy
- - -—- - - - - -- -—- -— -— -- {Z"0) ®o|ozeqied{}‘e)zusqiq
- -~ - - - - -~ -—- - - -- - (Z '0) euypyraw((’e)zunqiqa
- -— - - -— - - - - - - - (z°0) suethiog
. _ . = - . . . {z°0) ousiid(rv)ozuag
- -- €0 == - /aueiAd(v)ozuag
{Z ‘0) sueInesony ) (y)ozuag
-- e - - - - - - - Lo - - /onayjueaony j {(q)ozusg
/oueyqjuviong ) ({)ozuag
L}
. . _ N . i . . . N (z 0] suvatiueydyiy
o to - /ouesiig)/ounseiyiue(v) Zung
] . . _ ~ . . . 12°0) ®usaony)(q)ozuey
- v'o - - ot - - /ous1ong3(v) oTudy
-- -- -- o -- vo 9t o vo 1z o o . (2-0) ouoild
-- -- -- -- -- o 't -- - o1 -- vo (z°Q) auewaueroniy
-- - -— -- -- o o - - - - - (Z°0) otozpqrw)
-- -- -- -- -- -- 9°0 - -- S0 -- 81 (z°0) suppyaov
-- -- -- v €0 [ / LA | 24 4 2 4 €6 (ol ] o'e (T°0) ouodumjIUY/ave N IRIRYY
-- - - L9 o't Ltz y-o1 €T e L'e t9 te (z°0) susioniy
-- -- -~ v "y T 60 80 st 61 o'y €r (z'0) euauiydevooy
- -- - €1 -- vo 80 -- - N to AR {z°0) suajwniydeussy
- - -- - - -- - - - -- -- -- (z-0) oujtoutnd
to o -- 1162 ozt 9°s1 et L9 611 t'11z [o'e60't | ooz (z°0) ousyeyypdvugiyron-z
-- -- -- 9'88 922 €S S°s L1 Ly vzt L 9vz €y (z°0) ousjwyndeuyAyron-1
670 (B q ritet v ot Lt [ I £4 [ 4 | 24 8'ess o 8E9‘l tel . {z°0) oustvysudeny
— a—-uuwa T
uoy1dalep) punciwo)
\8/22/5 | Ve/Ve/s [ 1070275 J16/1275 | 1876175 | 18/t2/s | 1871275 | 182/ | 1870275 | 1878178 | 1671275 | 1876175 § -¥23501100 a1eq
ovel 8750 X1 €zs0 v550 (123 stert v150 9050 olzo SIS0 9591 R oq)a Bujrdees
-60690 -1502 -5060 -1voz Hidi4 -1Z¢0 ~-6160 -9502 -St6l -9p91 Pat34114 -8s80
972" 1 [TIH voc’y €S20 TN A 8L’ 00z’ 1 [T 9Le’l T’y 991°1_J'(3) vemjop oidurs
sal-b \ST-v_| t60-% ] eBP1-b 190-p pZZ-v | Sti-¥ t61-» | tot-v | +.600-¢ J,0S1-» | 9z0-p [ :13qunN aydumes
€ aus 21 23S (l1-d 11 oS o
@y aag paiadn dung dang (10 ysnyy g0€f-4 Jumyg swoyr0Q 90t tpadees uoyyedon

ae3wm L4110

onsgaag-ubhyn

Jo1euoy 19013 UBA[OS

wP211S IpIS 107e
~vo} ey JUIA|OS

(papniouod) Qz-a o1qey,

B-28



‘apdues uy

TPaINBIAP JOU SHIEDI MY

D100 10p "anapenpled 1 ta anga_on Yrtys surter o jAyyon,
tenmng !

EIBIN] oL 10 Mmjoa apdues e burwiessy
»

(ponuy 3uon) q
[ %4 £t°729 o ol [ ¥4 aty t°9f 9 ZvT JOISk 1 1 976110 0°o1 6" (S T°69Y | 9°9¢ €Clv ] 919 [s e 9°9¢ "tyLon
== | Eanindeih Resiit ———— - - - — = —
_ L . . . o o . . . . . . . {(v-0) 2vasenyne
- - o ! -ty e) zuaqIpl Aowi-g1 ‘9
- - — -- -- - ~- - -- -- - -- -- -- - -- - (v -0) suaiyiuejoyajAyyon-¢
- -- - - - -- -- -- -- -- -- -= -- -- - -- -- (b-0) Ausdemue(e) zuaqiiyirerg
- - - - - -- - -- - -- -- -- -- -- -- -- -- (9°1) suazAd(y’'e)2zuaqiq
L Y
- - - - - -- -- - -~ -~ - -- -- -- -- -- -- {9°1) susuoro)
- - - - - -- -- -- - -~ -- -- - -- -- - -- {v-0) auejiiaad(i 'y 'h)ozusg
- -- - - - -- -- -- -- -- -- - -- -- -- -- -- (v a) o:auunLu..a.J.c-u..g___
. - - - -- -- -- - -— - -— - - - - - - (v °0) ouasid(po-g'z’'1)ouapuy
- - -- - -- -- -- -- -- ~-= -- -- -- -- -- -- -- (b'0) ®rOoZEqQIPOI({1 ) ZUIqI(
it -- b -- == - == == - == -= -- -- -- -= -- -- (v 0) aurpyroe(l - e)zuaqiqg
- - -- - -- - - -- -~ -- -~ ~= -- - -- -- -- (p-0) duarhiay
_ . _ . _ _ ~ _ {(y'0) ouaszid{e)ozuog
= =" - - - ) - - T " /eusiid(o)oztuag
(y°0) suanjueisong)(y)ozuag
- - toea -= - -~ -— - - - -- -- - - -- -~ - /ouoyjuerong ) {(q)oziing
. /ouayjuesony j{{)ozuog
. . L _ _ (y0) ovatiuoydrir
- - - - =T - - - - - - T e /euesd ) /ouadeiyue (v) zitog
. {y°0) suoionyj)(q)ozuag
o o - - - - o T 0T o o -T o 9’0 - o o /oueiony ) (e)ozung
-- - -- -- -- - 9°0 -- -- -- -- s'0 -~ 80 -- -- -= (y-0) ouailkg
- -— - - - -- - - - - - - - (-3} - - - {¥-0) susyiuezongy
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- (r-0) otrozvqre)
-- -- -- ~-- 9°0 -- -- [ ] -- -- -- -- -- 0 € - - -- (y°0) ouypyIdY
9z 6°7 9y el 6°0 L 6°S [ AN 4 e -- ve 6°9 oz z°01 L 4 re o't (¢°0) ouedeayuy/euanjyveusiy
8°s 0t [ 4 91 o1 9 T'6 T u [\ 08} 80 6°S 56 o't 0°0t | 2 4 e E A 4 (y Q) ouvazoniy
vf L 4 9°€ 1"t (2 } 1y 6°S 911 A ] S'o L't 801 91 9°01 9t 6°T 91 (v 0) eueyyieuwasy
-- -- -- -- -~ S'o 01 2o 91 -- »o $°0 -- ‘9L -- S0 - {r-0) suayeviydeuaoy
-- -- -- -- - -- - -- -- -- -- -- -— -= -- - a|| (¥ p) dUYlOUIND
I8 :14 | 2814 g8y | se1 6°91 91z [\ 3 ¥ LI 4] 4 [ 44 6°¢C 9'sz [r-tszl6°st [vamt | @ 1C e | ot (v:0) eueyeyydeugiyian-z
66 ver | ot 9°Z 0°s 8 1Y o t¢g 9-1z! ol (A | 0°g | 28 2 6y 99 €t 8'sz ] 9ot (°0) overeyrydeutinron-t
Qv [ § tAa 1 69 67 L1 £°ez 97911 1°S6B - se 9°C 601 jr-ocr | z'oz Jote9t | z st 1°62 | e | {y'0) ovuagviiyden
; u:lwwﬂ il i I
e - ‘uoy32230p) punodwa)
\e/s 1 61/ |'wi/s | 7i/e Joi/s Jti7e [ie7e | 61/ 12/ | 6175 | 8t/s | 2¢/s | 0e/6 [o0z/s | ze/s | z2t/% | 02/5 § ' Paioat1od {isel) sied
LOR! 9ral 0011 8750 T\90 1t 8001 SISO 6SL1 sg8l 8ivo orot 0€so .mvnq SYot 150 v 190 1oy, Puydwes
-ST60 | -T2l | -zz¢0 | -kolz | -10zz |-6te0 |-SZ60 -%00 ¢ -ST60 | -€101 } -1102 | -0v60 | -910Z | -8V60 J -SP60 | -SS00 | ~(E1Z X
11 919 | Eit (4173 9tL 09s [4:]3 9!9 e (e (444 019 099 vit 88s 65¢L 9LL 1{3) _ounjoA e[cdwirs
TEV-b JOv0-b 1812-y Jort-v | Bi1-b [61z-% J®T1-b |.650-0 L€Tt1-v | 6¥0-b | 110-9 [duz-» | cVt-v [,to1-¢ foiz-v | Le1-¢ [ort-p | aaqun aydwes
I SYEERTT] nm M o [ w
b} 15140 votjeredasy feo) uoy yeudhorphit yraajos 2100 g_ue——_um_cn:o_.umww.ﬂ._ 1 payimes [auuos zad
{s103e1adp) sue|DyuYIal ssadoig

(1861 ‘€Z-81 Aep) SYNA 103 (w/31) siynsay jesyikfeuy Buitdwes [euosrag @ IUeTd

‘17-9 21491

B-29



“p3odI9p Jou

*apdues up pryoarep aua e gden ira AI012-03 yorym ‘saY{eI191 (A1

saieotpur oo,

TSI QO JO Aumfoa apdues v hutwnsay
' 124

A°09

90
L3 |

€
[ o
e

e’9
(AN 4
8’9

1'%z
e
6" 8T

[ k4
[ |
0°el

02
0z
vt
90| --

6°07
a's
9 1

0°s
[

a 29 JO°tP U 6P

S W,

7" 89

fzee’

[ Ay

v'e

€6l Jose

LOL

€0z
et
9°GT

91
0°z
[ 3
9°7
o

L : 14
6°L
1 Le

Ss’S
Tz
0°6

" (v 0) auanempue

-(u'e) zunqyprAgrswrg-g1’9
(¥°0) »uargrvwe joydfAyrau-g
(r-0) 3uadseryye(e) zuaqiiyyomiq
{9°1) auarid{r’e)zusqrg

{(9° 1) 2ununio)

(9°0) nauaghrad(t y’'b)ozuan
{y-0) ou3adempyue({y’e)zuaqiq
(% 0) auerAd(po-f°z 1)ouapul
(y'0) @tozeqied(y’e) zuanry,
(y°0) duyptraoe({’e)zuaqin

(9 Q) auazAd{e)ozuan
/oudiid(a)ozuog

(9 0) suanpyuevrIOongj{y)ozusg
/austjueront ) {4jozuasn
/oueiyueson ([ )ozuog

{y-0) suagiuandisy
/8ussdagy/ounsenine (e) 2usng

(y°g) suairongj(qjozuaq
/euslony) (e)ozuog

(»°0) ousikyg

.-,.3 suayIUeIONY

(¥°0) etozeqire)

(¥ -0) ouypyIONV

(v°0) SuSSEIYIVY/BUB Iy IUPUD f
(9-0) suasonyy

(0 0) eusandeuvsoy

(»'0) ouajryyydeuvaoy
(¥-0) BuyfouInd)

(v 0) susjeraydeajiyion-;
(y-0) suageypdeuiiiprion-|

(y°0) ouajeyiyden

ole® EALJR]
uo§ J393ep) puncieo)

(v'0) suaghiag

z7/s) ze/s ) oz/s

12/

0z/s

61/5

zt/s | 61/s

ot/s|el/s] tz/s J 1¢/s

8t/s

12/5

(X263

61/s

ki243

1Z/s] 61/%

Tp33da(In) (1861} a3ed

StSt
-z

(4 4%4
-S091

8160
-olzt

(18 ¥4
-8esi

92091
~-1ouo

[ 439 ]
-0S¢0

zest
-0z v

oSt
-ZLeo

1441
~-8l8v

Lzst
-6ZL0

1 41%4
mixll

et
-ssit

abat
-5Z80

L1 ¥4
-sost

ots1
-beLo

13144
121

0190
-S000

6rst
-freo

Los1] 6pStH
-1€£03 -ShLO

:omyy Huyyleeg

0Sde 150 (444

TTL

80L

9L

: 143 Z19

6SL 659 619 | L19 bt

oZL

6£9

sb9

avs

6L

re9 97 L

:(3) »unfop apfmes

G9T-H{ Z61-V

9ZI-v

2L0-¢

2Z0-¢

€91-b] PT0-V

8Lo-vlizo-pRivi-v

Z91-¥] LLO- ¥

0o-p

RI1GD

sto-v

960-¥¢

bolL-v

TI-vp10-t

: Joquny o [Jues

v

S 12307

SUPIIHTOYNIL
dwnaysu]

I BIEN)
-oo(d

sl1ojeynsug g18371))ndyg

siyhyimi IR

s papam

[9UNCS 134 3aduTuUI U e

rpapdues [ouInsAdg

(papniouod) 17

a1qelL

B-30



Table B-22. Plant D Blanks Sampling Analytical Results (ug/sample)
for PNAs (May 18-23, 1981)

™/pe of Blank: Area Sample 3lanks : Personal Sample Blanks
Sample Nusper: 4=039 | 4-042 4-284 +=1i86 4-235 . =229 $=343 3-083 | 4-187 4=236
L‘JT::-C:LJ.e'::ed: 5/18/81 1 5/19/9L | 5/20/81 [ 5,22,8L1 1 S/23/8L B5,:3/3L | 5/19,8L 5/2081 ] $,22/8L | 5/23,81
Compound
Napnthalane 5.01 0.34 1.50 0.64 0.23 0.683 .23 Q.25 Q.04 0.43
l-Mechylnaphthalene 1.40 ag.12 Q.27 0.07 0.0-2 Q.41 0.10 0.28 0.22 0.06
2-Machylnaphchalena 3.36 Q.20 Q.73 0.23 0.07 0.41 9.09 9.12 =2 Q.10
Quinoline -— -— -— -— - - -— - - .
Acenaphthalene - - 0.01 - - - - 0.93 - | a.01
Asasnaphthene .13 0.08 0.03 9.0l - Q.11 -— 0.0L1 - -
Fluorene 0.16 0.17 0.05 0.04 -— Q.13 0.13 0.01 . 9.31
Phenanchrene/Antiiracens . 0.66 1.10 Q.07 -— - 0.64 - - - -
aczidine - _— Q.08 - 0.07 - -— 0.14 - -
Carbazole - - - - - - - 0.10 - ] -
Flucranthens 0.02 0.02 Q.01 el - - 0.02 -— 0.02 - -—
Pyrene Q.01 0.01 0.03 Q.01 9.0l 9.0 L= 0.02 - -
e hanrens’ S N I B e B B K B
Benz (a)anthracens/ 0.01 — 0.04 -— -— -— - 90.03 -_ -

Chrysena/Triphenylane

Benzo(j) fluoranthene/
Senzo (b) Lluoranthane/ -— -~ - -— - - - e -— -
pBanzo (k) flucranthens

3enzo(e)pyTene/

Benzo(a)pyrens
Pearylens - -— - -— -— - -— - - -
pibenz (a,j)acridine - -— - T - — -— - -— - -~
Oibenz (s, i)carbazole - -— - - - - - -~ - -
Indeno(l.2,)=cd)pyrene - -— - -~ .- -~ - - - —
Dibenz (&,h) anchracene - -— — -— - -— -~ - - -
Benzo(g,nh.i)perylane -— - -~ - -— -— - - b - -—
Caronene -— - - -— -~ -— .- - -— -
Dibenz (a.i)pyrene - -— - -— -— - - - - -
Dizacthylbenz (a)anchracene -— - - - - - [— - o -
l-4ethylcholanthrene - - - -— -— -— -— - -— -
6,l1-Dizechyldibenz(a,hl = - - - —_ — - - 0.94 - -
anthracene

TOTAL 10.76 1.01 2.88 L.Q0 Q.40 2.36 Q.55 0.83 ! 2.06 .61
F]

"e=" 1ndicates not datected.
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Table B-24. Plant D Bulk Sampling Analytical Results for PNAs
) (May 23, 1981) ’

. Solvent Solvent
Material Sampled: Hydrogenation | ~Tractionator
Nanohtha Bottoms
Sample Number: $-259 4=-260
Date gsi}ec:ed: 3/2:2/31 3/23/8%
Compound
Naphthalene ’ Of ®
l-Methylnaphthalene . -
2-Methylnaphthalene -- .
Quincline -- -
Acenaphthalene -- .
Acenapnthene : - [ ]
Fluorene L .
Phenanthrene/Anthracene , . ®
AE:idine - [
Carbazole - e
fluoranthene [ ®
Pyrene ’ [ ] )
Benzo(a) flucrene/Benzo (b) flucrene -- ]
3enz (a) anthracene/Chrysens/ - o
Triphenylene
S3enzeo (j) fluoranthene/Benzo(b) - - .
- fluoranthene/Benzo (k) flucranthene
Senzo{e)pyrene/Benzo(a)pyrens - ()
Pervlene - ¢
Dibenz(a,j)acridine -- °
_ Dibenz(a,i)carbazole -- .
Indeno(l,z,l-cd)pyrene - o,
Dibenz (a,h)anthracene - ]
Benzo(g,h,i)perylene ' - [ ]
Coronene ’ - [
Dibenz(a,i)pyrene . - e
Dimethylbenz(a)anthracene - )
l=-Methylcholanthrene - [
6,l3-Dimechyldibenz (a,h)anthracene - ]
%re" indicates compound detected. .~ “rec® jndicates compound not
‘ : detected.

B-33




Table B-25. Plant D Area Sampling Analytical Results (mg/m3) for
Aromatic Amines (May 18-23, 1981)

i
S 1 Aramatizs AmLis
e ae. sa.mple|.=up‘° Samplang Dats - —n
Le=azion Sampled Nu.n.:e:i’i{?‘ Tine Collected /o’.\'.) E,:,_" r:“..'.u
3.3 Isnzzol House | 4-029 | 100 [083L-1652| S,/19/8L | ==%| = | -
sra L 4-1c8 | 90 [193040500| $/20/8L | = | = | = [ = | a= | w2 | = 3 a
4=177 | 129 |0850-1753 5/22/81 { - - - - - - - .- -
27U Zonerol fwom 4=302 | 11l |1828-0140] S/18/81 — e | e | e | = | e | oaa | e | -
Size 2 4-207 | 96 [2046-0445| 5/22/81 | = | e= | o= | = | o= | = | @ 2 s
H§ign-Pressure Slurry| 4-186 102 [2117-0848¢ S/19/81 - - -— -~ - - Py P -
f”: ;“’p" P=l0%. [ ez | 113 josae-181l| s/2e/8L | o= | = | = | o= | = | =] a 2 a
it
feacsor Separater +=036 | ' 35 |0905~-1653| 5/19/81 - - - - - - a 2 2
Pump. P=138, 3188 4 | 4146 | 104 [0943-1824) 5/21/81 ] e= | e | ee | = | =} = )] <= | o= | --
Atmoscnerts Frac- 4307 11l |16350-0205| 5/18/81 -~ - - -~ -— - H 2 H
cionator Light Sas/ -17 4 |o90s-1744| s/22/8 . - - . - - - - -
a1l Pump, P-202, 4=178 10 S-1 /22/81
3ita S
Atmos. Trac. Boczsms| 4-143 105 |0936-182L( 5/2L/891 | 9.4 - Q.1 -~ -~ -— - - -
Fump, 2204, 3128 3 | 03| 97-[2103-0510f 8/22/8L | e | = | == | o= | = | - | = s 2
jacuum 3ETiper 4=931 38 |0947-1635| 5/19/8L | = | = | —= | o= | == | - 3 s s
Ligng Cas/OLl PumP. | il113f 89 [1984-0821] 5/20/81 | == | e [ e | e f | oo | 3 2
P=237, Size ?
4-139| 106 |[0929-1818| s/21/81 | 0.4 | 0.l | = | 0.3 | e« [ Q6] = | - | --
vacuus Stripper +-080 | 102 [2101-08533( $/19/81 B B T Iy e a a a
H..w G"/OLL Pm' - - i —-— -— - - - - - - -
22208, Sice 6 4=-179 | 106 |0900-1748| $/22/81 |
vacuum Stripper 4-037 | 115 [0830-1805| 5/20/81 | —= | = | = | = | = | - | =z e z
JoteoRs Fuap. P-210.1 soz01| 95 (2124-0%07| 8/22/8L | = | = | = | = | = | = | 3 | = 2
3=232 9" 074°-ls4s 5/13/51 -— - -— - - - - -— -
Selvent fractionator|4-032| 96 |0855-1656| 8/19/8L [ — | == | == | = | <= | - | 3 z 2
Side 5tTedn Pumps. - — - - - — - -
e a307, sireriaf4-159] 106 [2023-0815| 5/21/8L : a e
1-231 98 |0734-1948| 5/23/81 - -— - - - - - —— .
Solvant fractionacor| 4-J10 112 |1650-0210¢ S/13/81 1 3.3 - - - - e - -~ -
dotsans Pusp. P308:)4aui0| 90 [1337-0307| s/20/81 b= === |=]"
- -
4=208 | 100 |2083-0514) $/22/81 | = [ = | = | == | o= | .- 1 z 2
Hign-Pressure flusn | 4-157 | 38 |l644-2083| S/2L/81 | -~ -— - - - - .- .- -
- . -]} . A
ol orade. Pl 4-233 | 100 |o721-1s40| 8/23/8L | - | = | = | = | = | - | 3 | 3 | 3
21ly Hater Sump. =68 | 192 [2123-0884| 5/19/9) | = | o= | e | e= | we | e | e | e | aa
Size U 4-1356 | 104 [2043-0534] $/21/8L | == | w= | e= | e | e | e ] a3 | 2 | a3
gwind Pez.mecer =16l [ 104 |2050-0%29| $,21/81 | == -~ -— . - - - - -
4-181 | 102 (0909-1739| $/22/91 | o= | o= | = | = | <= | .- 3 3 )
3lanks 1=186 5/20/8L | = -— . -— - - — -— —
3-i91 $/22/81 § = | o= | = | = | -= { -- 3 a | s
1-218 4/23/81 | = - .- .- - - .- - .-
4-241 $/23/8L | o= | ee | ee | we | we | = | .- -- --
‘.."nma:'.: Amines: A = aniluine: 3 » N,lU-dimetiylaniline: T = o-=3luxdine: 2
,: ® 3-aniszdine: © = J-=anisidine:; 3 ® lenaghechvlamine: H = I-napataviaoine:
"Ass-.mx.-.q 4 sample miume a2f 1J0 l.zers. C e wadizacas zoopound not jatected.-

“7z2* :ndicazes samples not analvzed Zor these compounds.
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Table B-26. Plant D Personal Sampling Analytical Results (mg/m3) for
Aromatic Amines (May 18-23, 1981)

. a ]
‘ - amin, , 3,
Lea |SampLe Sample| o oo1ing Dace Aromatic e  (detection limit, ag/m?)
Personnel Samp Nuzber Volume Time Collected Fy B 1 > T T = m :
() to. 0l 1o nloul o) onlonlonlen
Process Tecaniciansg -, '
~iquefaction/ 4-014 108 |(2009-0430| 5/18/81 -~ - - - - - nd a a
Distillation Unat #1f . .. a9 [1113-1837| 5/19/81 - - -— - . - - - -
~iquefaction/ 4-047 99 |l028-1842| 5/19/81 -— - - - - - - = -
Distillation Unit #2f ., .., 96 |0746-1841} 5/23/81 -~ - -— -— - - a H] [N
Liquefactyon/ 4-069 | 30 |2201-0613| 5/19/81 — | - e | e - - a a s
Distillacion URit 3| 4 599 | 99 [2107-0525| 5/20/8L | == | == | == | = | —~ | =] @ | s | =
4=-220 90 |0735-1535| 5/23/81 -~ - -— .- - - -— - -
Solvent Mydroge=- 4-119 26 (2147-0602| 5/20/81 - -— - - - - a a z
nacion Unit 4-172 | . 84 |2058-0510| $/22/81 ] = = =] = = =] = -
offsite & Utilities | 4-054 89 |2153-0605( 5/19/91 -— -— - -— - - - - -
4-097 97 |2100-0532} S5/20/81 - -~ -~ - -~ -— a a a
MaALNtenaAncae W<Oorxars |
walders 4-019 | B85 [0742-1547] S/19/81 - -] -- - - - a a a
4=079 | 167 ]0759=-1543| 3/20,81 — - - - -_ - 3 a a
| Mit1wrignes 4-124 | 76 |oor2-0728| s/t | — | =~ | = | ~= | = | - | a a 2
4-131 88 ([1530-2302} S/21/81 - -— -— -— — - - - -
4~-198 20 {2104-0837 | 5/22/81 - -— -— - -— -— -— - -
Pipefitters 4=05S 97 J1538-2341 | 5/19/81 - - -— -— -— - - -~ .
4-102 79 11602-2344; S/20/81 - -— - -— -— - a a a
4-169 74 |0753-1838 | 5/22/81 -— - - - -— -— - - -—
- lnstrumenc 4-073 43 [0007-0710| S/20/81 P — - -— -— -— - -
Techaicians 4196 | 89 1eos-233s|ss22/81 | = | - | - | = | - | = | - | -] -
Laborers 4017 | 72 |0010-0706 | 5/19/81 [ ~ | =~ | — | ~ | -~ | —~ | @ s e
4-056 97 |1540-2345| 5/19/81 - .- - - -~ ~- F 3 - .-
Blanks 4=037 5/19/81 -— -— . - - - a a 8
4-188 %$/22/81 -— - - . pos - - e -
4-239 5/23/81 - - - — | - - a a a

ar\zonnu‘.c Aglines: A = aniline;

£ = o-anisidine; I = peanigidine;

3 = N,N~dimethylaniline:
G a l-naphthylamine’

:Auum'.nq a sample volume of 100 liters.
d'n' idicates samples not analyzed for these compounds.

e
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C = o~toluidine;
H = 2-naphthylamine;

"e=" indicaces compound not detected.

0 = 2.4-dimechylaniline:

I = p-natzoaniline.
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Table B-27.

Toluene, and Xylene (May 18-23, 1981)

Plant D Area Sampling Analytical Results (ppm) for Benzene,

Sample

Compound (dataction limie, ppms

Location Sazpled Sample | o) g | Sa2FLing Jate
cation al|
Number | ", Tize Collectad f oo zane (0.01) | Toluene (0.02) | xylene (0.02)
o
Main Zonersi House, 4=030 100 08l2-1652 $/19/81 - - .
§Sica l 4-109 90. | 1930-0800| s/20/81 - 0.11 -
4«176 109 0900-1748 5/22/81 Q.19 - -e
©PU Control Recwm, 4-003 | 1L | 1626-0140| s/18s81 § -  o0.02 - 0.31
Sice 2 4-208 96 | 2045-0445 | s5/22/81 - - -
High-Pressure Slurry 4=06% 102 2117-0548 5/19/81 - - -
Teed Tusp, PoiCZ. 4-091 | 113 | os4e-1811| S5/20/81 - - 0.02
4-154 | 105 | 2034-0s20| s/21/81 0.04 - -
Reactor Separator Pump, | 4-03% ‘95 | 090s-16%5| S/1l9/81 -— - -
P-106, sics 4 4-145 | 104 | 0942-1823{ s5/21/81 - - -
Atmospheric fraction- 4-006 114 1636-0204 | %/18/81 -— -— -
ator Laght Gas/Qil . . -0837
bens, 1202, oiue s 4114 90 | 1958-a837| s/20/81 0.03 0.06 0.21
4178 | 104 | 0908-1744| s/22/81 -- - -
Atmospheric fraction~ 4=052 103 2101-0533 5/19/81 - - 0.02
ator Bottoms Pump, - < — - -
s Phat S a-142 | . 108 | 093s-1820| s,21/81
4-204 97 | 2103-0810] S/22/81 - - -
vacumm Stripper Light | 4-031 | 100 | c834-1éss| s/1s/81 - 0.02 a.02
2:::°§1 Pamp, P-207, 4-112 90 | 1982-0821| s/20/81 0.12 0.14 0.26
4-140 | 108 | 0929-1818| s/21/81 0.13 - -
Vacuum Seripper Heavy | 4-0S1 [ 102 | 2101-0533| s/19/81 - - -
::::°;* Puzp, P-208, 4-17¢ | 106 | 0900-1748 | /22,81 - - -
4-228 99 . | 0726-1843| $/23/81 - 0.02 0.06
Vacuum Stripper Dottoms | 4-089 114 0832-1803 $/20/81 -— - -
Pump, P-210, Sice 9 4=202 98 | 2114-0807| s/22/81 - - -
Solvent Fractionator 4-034 9% 0858-1656 5/19/81 - -— ’ -—
Side Stream Pumps, - - - -
S heior giew 10 | 4-158| 108 |[2028-0m13) s/2/m
4-227 98 | 0734-1%4s| $/23/81 - 0.03 0.17
Solvent Fractionator 4-009 | 113 | 1647-0210{ $/18/81 - - -
::::‘T; Puzp, P=108, 11 90 | 1937-0804| s/20/81 0.04 0.04 0.06
4-206 | 100 | 2083-0814| s/22/,81 - 0.03 0.11
High-Pressure Flush OLl| 4=136 8s | o919-1641| s/21/81 0.04 0.08 0.52
Puzp, P-ll3, Sice 12 4-138 98 | 1644-0082| s/21/81 - - -
4-229 | 100 | 0721-1840| S/23/81 - - -
oily water Sump, 4-067 | 102 | 2123-0s%4| s/19/81 - - -
Site 13 4=153 | 104 | 2048-0s2¢] s/21/81 0.32 0.54 0.85
Upwind Perimecar 4-094 | 112 | ogoe-1826 | s,/30/81 - - -
4-152 | 103 | 20%1-0829] s/21/81 - - 0.02
4-180 | 102 | 0%09-1719| s,22/81 - - -
Blanks 4-038 $/18/81 - - -
4085 $/20/81 - - -
4-189 s/22/81 -- - -
4-237 s/23/81 - - -

':Aasusmq 4 sample

volume of 90 lizars.

==" indicates not

detectad.




Table B-28.

Benzene, Toluene, and Xylene (May 18-23, 1981)

Plant D Personal Sampling Analytical Results (ppm) for

le Sample sampling bace Compound (detection limaz, ppom)
Personnel sampled W‘ Volume Tize Collectad
) () 8enzene (0.0l) | Toluene (0.02) | Xylene (Q0.32)
Process Techniclans, 4=013 . 82 2009-0430 5/18/81 0.04 0.03 0.l8
E:ft‘f:‘“°"'°"“l““°“ 4-044 s2 | 1113-1837 | s/l9/8L -0 - -
4-216 48 Q714-1%34 5/23/81 0.14 - Q.02
Procass Technicians, 4-045 b 1028-1842 5/19/81 - 0.02 -
::ft’f;“‘°"'°"“ll“‘°° 4-371 | 98 | 2200-0612 | s/19/81 - - -
4-218 01 0716-1541 $/23/81 - g.02 -~
Process Tschnicians, 4-070 113 2203-0613 | S/19/81 0.02 - Q.32
3;32‘f;“‘°“'°*"‘11“‘°" 4100 | 111 |0907-1728| 5/20/81 0.13 - --
4-217 95 0735-183S 5/23/81 - - -
Process Techniclans, 4-120 1S 2147-0601 5/20/81 - - .
Solvent Hydrogenation Unit 4=173 66 0858-1710 5/22/81 — — -
4=212 80 2151-0445 5/22/81 0.93 0.08 -
Process Technicians, 4-053 -] 21%2-06405 S$/19/81 - - -
cftsite & Utilicies 4-099 | 101 | 0%00-1732| s/20/81 0.13 -- -
4-209 47 2150-0450 5/22/81 -~ 0.05 0.04
Maintanance Personnel, 4-020 30 0743~-1547 3/19/81 0.02 -— -—
Aelders 4057 76 | 1538-234L| s/19/81 0.34 - -
4-080 88 0759-1543 5/20/81 0.03 - -—
4=-082 %% 0800-1340 $/20/81 - - -
Maincenance personnsl, 4~123 84 Q012-0727 S5/21/81 Q.97 g.10 Q.05
“illwrighes -128 86 | 1s30-2308( s/21/81 - - -
. 4=194 82 1557-2338 $/22/81 0.08 0.02 -
Maintenance Personnel, 4-103 95 1602-2344 1 $/20/02 -— 0.02 -
Pipatictars 4-122 [ 67 |oo1s~0720 s/21/81 - - -
4-167 40 |1952-0338| S/22/81 - -- ’ -
Maintenance Perscnnel, 4=074 a9 0008-0710 $/20/81 -— —-— -—
fnscrumenc Technicians 4-166 | 38 |0738-1529| s/22/81 - - --
4=193 9?7 1605-2338 $/22/91 - - -—
Maintenance Personnel, 4-016 63 Q010-0706 | 5/19/81 - - -—
“aborers ' 4-0%8 83 | 1840-23¢5| 3/19/81 - - -
4-129 91 1547-2320 $/21/81 - -— -—
Slanks 4-038 $/18/81 - - -
4=-040 $/19/81 - - -
4=-08% 8/20/81 -— -~ -—
4=190 $/22/81 .- -~ -—
4=240 5/21/8) - - -
4-242 $/23/81 b - -
%assuai ng a sample volume of 30 litecrs. bu_s indicatas not detectad.

v
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Table B=3l. Plant E Personal Sampling Analytical Resules (ug/m?)
for PNAs (August 10-14, 1981)

Qperators

Personnel sampled: ™ 5] ) (H 5 B 8 v 11 Vil
pPlant Statusd: R N N R [ N N Fl R
Sample Number: § 039 121 149 060 110 211 020 218 031

Tample Volume (L1: | 468 | 591 | 729 | 752 | 686 | 705 | 677 | 346 | 570
59L3= | LL35-| 1838~ | 1304~ ] 0653- | 1900~ | 1505- [ 0730~ | Z323-
sampling Time: | .44 | 1510 | 0244 [0245 [ 1430 | 0250 | 2240 | 1430 | 0eso
Date (1381] Collected: | 8/1i | 8/13 | 8/13 | 8/11 | 8/12 | 8/1a | 8710 | 8/1L | 8/12
Campound (dc:ecg.i.on
o

Limit, ug/m’)
Naphthalene (0.4} C | 7| 29| 7.8 | 4.3 | 11.s] 0.8 | 4.9 | 201
l-4ethylnaphthalens (0.4) o= 37.8 1.4 4.5 3.0 6.8 3.7 4.2 19.4
2-Methylnaphthalena (0.4) - 89.8 1.0 11.8 9.1 21.9 5.1 10.5 64.6
Quinoline (0.4) - - -~ .- - - -~ - -
Acenaphthalene (0.4) - 2.0 - 0.7 0.5 0.6 - -- 1.3
Acenaphthens (0.4) - 4.7 0.3 1.7 0.8 - -— 0.5 1.5
Fluorene (0.4) - 3.8 - 2.3 1.1 1.8 -- .- 4.4
Phenanthrene/Anthracene (0.4) - - - -—— .- 1.9 - - .
Acridine (0.4) -_ - .- - -- - - - -
Carbazole (0.4) - 0.6 - - - -- - - -
Fluoranthene (0.4) - -- - - - - o .- .-
Pyrene {0.4) -— 0.9 - a.3 - - .- - -

8anzo{a) fluorene/
genzo (b) fluorene (0.4)

Benz (a) anthracene/Chrysene/
Triphenylene (0.4)

Benzo(j) fluoranthene/
Benzo (b) fluoranthene/ - - - - - - .- .- .
Benzo (k) fluoranthene (0.4)

Benzo(e)pyrene/
8enzo (a)pyrena (0.4)

Perylene (0.4) - - .- - - - -- .- -—
Dibenz(a,j)acridine (0.4) .- - - - - - - - -
Dibenz (a.i)carbazole (0.4) - - - - | == s .- -
Indeno(l,2,)-cd)pyrene (Q.4) .- - - .- - - - - e
Dibenz {a.h)anthracene (0.4) - - - - -- .- - - -
Benzo(9,h,1)perylene (0.4) .- - .- - .- - .- - .
Coronane (1.6) .- - - - -~ .- - --, -
Dib;nz(a.xlpyron. (1.6) .- - - | - - - .- - -
Dxm-:hylbchz(alan:hracon. (0.4) - - P - - .- - .- -
J-Mgschylcholanthrene (0.4) -— -- - - - -- -a - -

6,l1-D1mechyldibenz (a.h) -
anthracene (0.4)

TOTAL o} 171.1 7.6 29.) 10.8 4.6 3.6 0.1 ) LL2)
4
Plant stacus: N ¢ normal operacing conditions: R = recirculating oil. {centinued)
-]
Assuming a sample volume of 625 liters. R indicatas not decected.
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Table B-32. Plant E Wipe Sampling Analytical Results for PNAs
(August 14, 1981) :

TYpe of Sample: | Wlpce Samcles
Location Sampled: | control Room Slursy dump Seal J1il Pume
Sample Numper: | 222 230 234
Date Collected: 3/14/81 5/14/81 8/14/81
Compound
Naphthalene o []
l-Methylnaphthalene --b [}
2=-Mathylnaphthalene - ° [
Quinoline - -— --
Acenaphthalene - ° .
Acenaphthene - [ [
Fluorene - [} [}
Phenanthrene/Anthracene [ o ')
Acridine l - [ [ ]
Carbazole » - [ ) [}
Fluoranthene - ® [}
Pyreni [ ® [ )
Benzo(a) fluorene/ . o o
Benzo (b) fluorene
Banz (a) anthracene/
Chrysene/Triphenylens - . .
Banzo(j) flueranthene/
Benzo (b) fluoranthene/ - ® )
Benzo (k) flucranthene
" Benzo(e)pyrene/ - o o

Benzo(a) pyrene
Perylene - [ ] [
Dibenz (a,j)acridine -— [ ] . [
Dibenz (a,1)carbazole - [ -
Indenc(l,2,3=cd)pyrene -— [ )
Dikbenz (a,h)anthracens -— - -
Benzo(g,h,i)perylene - [
Coronene - -
Di.bcnz(;l.x)pytcno - - [ ) -
Dimechylbenz (a) anthracene -~ -— -
J-Methylcholanthrene -~ [} [
6,13-Dimethyldibenz (a.h)~- - ‘ - -
anthracene

D- -

a_._ indicates compound detected. ~=" indicaces compound not detected.
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Table B-33. Plant E Area Sampling Analytical Results (ug/m3) for

Aromatic Amines (August 10-14, 1981)

sam:zle - 1| Aromaz:s Amines® (dececzion Limiz, ug.s
. - - ' saz=ple | .. sampling Late !

~ocasion Sampied | .ooer ‘°1£“" Tize cotreczed [ 3 = 3 I T 3 ( T q
(L ANEE T S PUU RET-TI N S N S L -1 B3
Slursy Preparazicn | 04 6 1405-2205 | 8,10/31 -] .- -- - - - - -
294 85 0728-1433| 8/:2/81 - - - - -- .- .- -
165 24 1527-2316 | 8/13/8L | == - - -- - - - -
194 91 0740-1503 | 8/14/81 h .- - -- - - -- - -
Jeactor 202 95 NO?-ZZOS a/10/81 - - - - - - - -
163 106 1524~2250| 8/13/81 -- - - - - - - -
135 96 1123-1926 | 3/13/81 - - - .- - - - .-
Hvdroclone c62 32 1251-2227 asil/el -- - - - - .- - -
162 104 1515-2315| 8/13/81 - - - -- - - - .-
136 100 2315-8737 | 8/13/81 -- - - - - -- - .-
186 a8 0730-1450( 8/14/81 . - - - - - - -
vacuum Tower 0C6 25 1417-2208 | 8/l0/8L - - - - - - - -
Q97 ‘91 0718-1442| a,s12/81 - - — - - - . —
164 6 1508-2305] 8/13/81 - - _— . . - - .-
189 89 0712-1448 8/14/81 - - - - e .- - -
7laker Selt as0 78 0850-1437 8/11/81 - - - - - - - -
028 114 2314-0846| a/11/81 - - - - - - - -
168 102 1456~-2100 8/13/81 - - - P - = e -
192 CX] 0700-1445 | 8/14/81 - - - - - - - -
fracsionator 065 108 1430-2229 a/11/81 -~ -— -~ - - - . -
081 86 0720-1428 | 8/12/81 .1 - - - - . - - -
096 96 0720-1428 | 8/12/81 -— - -— - - - - .-
167 96 1808-2308 | 8/13/81 -— - - - - -— - .-
191 89 0720-1448 | 8/14/81 - - - - - - - -
Waste Qal Recovary Q83 68 0900~-1442 a/11/81 - -~ -— — - - .- -
) 137 99 | 1100-2916| 8/13/81 § = | eo | oo | e | | | =] --
129 % 1543-2331 8/13/81 - -- - an | a= - - .-
195 33 0750-1140| 8/14/81 - - - - —- .- - .-
¢onszol Room 130 97 1132-1935| 8/13/8L - - .- .- - - - -
L34 93 1532-2319| a/13/81 . - - - - - - -—
183 96 0708-1500| 8/14/891 - - - - - - - -
Seal 01l Pump 082 74 0918-1437 | 8/11/8L f == - - - - - - -
0812 87 | 2323-0637! 8/11/81 § o= | oo | eef ee | =] el e | a
188 88 073%-145%| 8/14/81 - - - - - - - -
Parimeter 107 30 0720-1448 | 8/:2/,81 .- - - - -- - - --
131 96 1145-1947 [ 8/13/81 - - - - - - .- .-
181 96 J3718-1518 §/14/81 -— - - - - - - -
alanks (.3/sample) | 078 8/11/81 - - - - - | e -
179 8/13/31 - - - -- - - -- -

‘:;.:om:i: amines: A @ Aniliner B = N,N-Dimetiylaniline: < = 2,4-Cimethvianiiire; O o c-’.‘o_lu;.d;ne:

£ = geAnlsidine:

F = p=Anisidire:

:;..lm.m; a sarple volume of 30 liters.

S = le-Napntrylamane:

Py
LI }
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Table B-35.

pa——

Toluene, and Xylene (August 10-14, 1981)

Plant E Area Sampling Analytical Results (ppm) for Benzene,

Compound

sample : ! -
. Sample N sampling Dace (deteczicr limit, cco)
Locaczon Sampled Number VQKJ.;;ne Time Zollected 3enzene Toiluene {ylene
J c.o1) (C.0L! 2.0
Slurry Preparazion T Qlo 116 2306-0836 8/11/81 0.01 ¢.01 3.31
Reactor 047 73 0844-1450 | -8/11/81 =L - .-
oll 106 2309-0830 as11/81 C.03 0.Q1 0.0l
139 96 - 2322-0723 8/13/81 0.02 0.01 ~-
Hydrocleone 085 as 2305-0626 8/1_!.1/31 - - -
[o]- 2] "85 0725-1430 8/12/81 - 0.21. -
151 96 1515-2315 8/13/81 - -~ --
200 100 0730-1450 8/14/81 - - -
vacyum Tower 008 95 1417=-2208 8/10/81 0.01 0.0l 0.9
' 069 98 1441-2230 8/1L/81 0.01 - --
083 90 0715-1443 8/12/81 - - -
152 88 1505-2305 8/13/81 - .- --
Flaker Belt (empty) 003 93 1424-2211 8/10/81 - -- -
153 . 95 1456-2300 8/13/81 - -- --
197 108 0700-1445% 8/14/81 0.0 Q.01 --
Fraczionator 068 93 1431-2224 8/11/81 - -- --
138 99 1105-1919 8/13/81 - -- -
198 56 0720-1445 8/14/81 0.06 Q.02 0.C1
waste O1l Recovery 009 116 2317-08%6 8/11/81 - - -
’ 048 68 0900~1442 8/11/81 - - -
140 99 1100-1916 8/13/81 - 0.02 -
Control Rocm 012 97 2301-0850 8s11/81 c.02 0.01 --
049 a9 0831-1554 8/11/81 - - -
116 96 1135-1935% 8/12/81 -- - -
seal Oi1l Pump Q70 97 1436-2230 8/11/81 - - -
Perimecer 108 90 0720-1448 8/12/81 - .- -
143 % 1145-1947 8/131/8) - - s
219 125 0715=1515 8/14/81 0.03 .- -~
alanks (Lg/sample) 076 8/11/81 0.003 -- -
178 8/13/81 - -- --
222 8/14/81 - -- --

cAuunu‘.nq a sazple volume of 100 licers.
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Table B-36. Plant E Area and Personal Sampling Apalytical Results (mg/m?)
for Phenolic Compounds (August 10-14, 1981)

la Comoound taverage dete==ion limiz. mg/ @)
sample Samg Sampling Dace - o=Etnyl- | p=Eenyl- i.3= 3, 3.
Nunoer Velume Time Collected Phenol .zes:‘:ls phenol ghenol Xylenol Xylenol
(£) (0.1 | (9.1 (2.1 (c.1) (S (e,
ocazoarn Sampiec
Slurrv Preparacion c0s 96 1405-2205 8/10/81 -2 - - .- - -
Q98 a8 0728-1431 | ars12/81 - -- - - . —
196 89 0740-1503 8/14/81 - - - = .- -
Reactor Q01 95 1409=2406 8/10/81 - - - - - -
133 96 1123-1926 | 8/131/81 - - - - - -
Hydroclone ce4d 108 1426-2227 as/11/81 -— - - - - -
161 96 1515-2315 | 8r13s81 - - - - - .-
19¢ a8 0730-1450 | 8/14/81 -— .- - - — -
vacuum Tower Q07 95 1417=-2208 8/10/81 - - - e - -
395 90 0715-1443 as12/81 - - .- - .- -
169 105 1505-2305 8/13/81 -— - - - - s
187 9l Q712-1445 8/14/81 - - - - - .
rlaxer Belt (ampty) 051 0850-1435 8/11/81 -~ - - - - -
Q29 114 2314-0846 8/11/81 -— - - - = -
193 96 0700-1445 1 8/14/81 - .= - - - -
Fractionatcer 063 126 1436-2229 8/11/81 - - - - -— -
979 a6 <331-0639 | 8/11l/81 - -— - - - -
112 190 1105-1919} 8/1l3s81 ° -~ - - - . e
170 99 1508-2308 | 8/13/81 -— .- - e - -
189 a9 Q720-1445 | 8/14/81 -— -— -— - -— -
Wasce QL1 Recovery 166 4 1541-2331| 8/13/81 - - -— - - -
199 22 0755-1508| 8/14/81 - - - - - -
Seal Oil Pump 080 a7 2323=-06371 8/1l/81 - -— - - - —
Control Room 160 107 1532-2319( 8/13/81 -— - -— - - --
’ 184 96 0708-1500 8/14/81 - - - - - -
Perimetes 106 90 0720-1448¢{ 8/12/,81 - -~ - - .- -
141 96 1145-1947} 08/13/81 -- -— -- - — -
182 96 Q717-1515 | 8/14/81 -~ -- -— .- - -
Blanks (mg/sample) 075 8/11/81 - - - - - -
180 8/13/81 -— - - - - -
224 8/14/81 - - - -m .- -
Personnel Samcled ‘
[Cperacors
83 Qperator 024 104 0711-1412) 8/10/8L - e - - .- -
48 Operator 04l 101 0740~-1440| a/11/81 P - - - - -
8 Operater Q33 74 2330-0650| 8/11l/81 - -— - - -— .- )
10 Operator 102 s1 | oess-l1430| 812,81 - - - - - -
s11 Operazor 023 100 | 1506-2242 | 8/10/81 - - - - - -
vailntenance Personnel
#
Instrunent/Electrician Q67 as 1602~-22%0| 8/11i/81 - - - - — -
034 a9 2)50-0658( 8/11/31 - - - - - --
Laborer 092 32 2330-070S| 8/1ls81 - — - . -- .-
093 ke 2330-0708| B8/11l/8) - - -- .- -- .-
103 7 0803-1507| 8sl2/81 -- - - - - .-
Blanks (mg/sample) a7s 3/11/81 .- - .- - - .
’ 180 8/131/81 - - - - - --
224 8/14s81 - - - - .- -~

Senan wndicaces not detected.
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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 in a coal conversion plant can be found
in the literature (Sextom, 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-
cidence does not support the initial conclusion. Follow-up studies on these
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. Thevfollow-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. carbom 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-1



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 noted the reduction of scrotal cancer after the 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 carbom black and

processed rubber tire extracts (Falk and Steiner, 1952).

Skin cancer among coal tar and pitch workers was first 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)fiuoranthene, 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

atmosphere 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 (1,500°F) (U.S. DOE, 1980).

Whilg the chemicgl 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. 1In
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.

c-2



Nonethe less, a knowledge of the health hazards of these related industries
can be equcﬁed to provide a base for chemical and medical monitoring and

future risk assessment of coal conversion technologies.

Doll et al. (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 meﬁ in
general; this was not true for other 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 al. (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 pianc 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 inio consideration both the carcinogenicity of this
material and the lowest concentation that can be reliably detected by envi-
ronmental monitoring. The federal OSHA standard is 0.2 mg/m3 of coal tar
pitch volatiles defined as ''the fused polycyclic hydrocarbons which volatil-
ize from the distillation residues of coal, petroleum, wodd, 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 (ORNL) is currently evaluating
H-Coal materials. Prel1m1nary results from all of these toxi- cologxcal

programs are discussed below and summarized in Table C-1.
Acute and Subchronic Toxici:y'

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-
tillace and SRC~-1 process solvent were significantly more toxic than either
middle or light distillate or than Prudhoe Bay or Wilmington petroleum
crudes (Battelle PNL, 1979).

C-
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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-1I, 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
c¢rudes, 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 aminonapﬁchalenes,
aminoanthracenes, aminophenanthrenes, aminopyrenes, and aminochrysehes
(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 strohgly positive.
Inconsistant results for middle-distillate oil -- found inactive by Pelroy
(1981) but active by Calkins et al. (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 SRC~-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 fumorigenic properties in mice similarly treated.

C-6--



Hydrotreatment of SRC-II distillate materials has been shown to alter both
the chemical composition and the mutagenicity of these materials. A distil-
late blend of SRC-II product containing 3 parts middle distillate and 1l 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 coﬁparable to those of the controls (Battelle PNL, 1980).

A second, less expensive approach to reducing the genotoxic potential of
high-boiling coal liquids, that of distilling off the heavy fractioms, 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-1 materials exhibiting a positive effect in the microbial test also
caused mammalian cell transformation. For most materials, the presence of
S9 was necesgssary to effect the transformation; however, a.small amount of
activity was observed with SRC~1 process solvent without S9, indicating the

presence of direct-acting agents (Mahlum, 1981).

c-7



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 pilot

plant are being added as they become available. However, no test results
for specific streams prodﬁced 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 al. (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 distillate (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 l6th day of ges-
tation (Battelle PNL, 1979). The increased frequency of prenatal mortality
occurred occasionally in the absence of signs of matermal toxicity, but the
increase in malformations nearly always was accompanied by a decrease in

maternal weight gain during pregnancy.

Likewise, SRC-I light o0il and wash solvent were not significantly fetotoxic
or teratogenic at doses below those causing maternal toxicity; thus, the
fetus may be no more sensitive to these exposures than are adult females.
However SRC-1 process solven: consistently induced fetal mortality and major
malformations at levels below those prodﬁcing signs of fetal toxicity
(Battelle PNL, 1979).



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 ingestiom.

The content of PNAs in 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‘directlf 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 6xidase 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. Nonethe less, 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.



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 al. (1951) to have cocarcinogenic properties.
Bingham and Falk (1969) demonstrated a 1,000-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 ﬁinimal.
Finally, certain sulfur éompounds, 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 promotors 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 al.
(1958) 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 al. (1973) pinpoints the hematopoietic system, gonads,
and intestinal epithelium as being especially susceptible to PNA injur&. The
cells of all these tissues are rapidly dividing, and it is easy to speculate
that injury to the DNA replica:i&e phase of the cell accounts for this tox-
icity, as well as for the carcinogenic potential associated with many of

these 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 néuritis.(Boulos, 1978). The OSHA standard for exposure to naph-

thalene of 10 ppm is intended to minimize the risk of adverse ocular effects.
Carcinogenicity

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 information summaries of the experimental animal testing data

for each éompound.

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

Sampound Informacion SummAry Compound l Information Summary
;,m.-_z-.n:.n. lLowest effsctive dose 2;: Tumori- Fluoranthene LDsg (oral, cat): 2000 mg/kg3.
: genic response in 2ice 18 3300 39/XGf gonzg (k) flucranthene | Lowest effective dose for Tumori-
?Phenantarane Lowest dose for tumOrigenic responss genic response in mce is 72 =g/kg.

3enz (a)anciracens

|
!
| 1,:2-Dizechylbans (a)=
i anchracsne

| JeMechylcholanthrene
|

3enzo (¢} phenanthrens
and alkyl derivacives

urysens

Tciphanylene

?yrens

3enzo (§)carysens
. Ju>ent (a,c)anchracens

Jibenz (a,h) anthracens

3enzo (a)pyTOnS

3anzo (a) pyTuns

' 2ecyleane
! Pwoame

: Jiubenzo(a,b)pyrene
" dibenzo(a.i)pyrese
. Jubenzo (a,l)pyrene

' benzo (qhi) parylans
. Corenene
2.l=Senzofluorens

in mace is 71 og/kg.

Lowvast effective dose for tumori-
ganic respoass in mice is 2 2g/kg.
Tumors in 7 species rwported. Lowest
effactive dosa Ls 21 ug/kg.

oors Lo 8 species reportad. Lowest
affective dose is 0.312 mg/xg.

Lowvast effective dose for tumori-
genic responsa in aice is 10 mg/kg.
Lowest effsctive dose for tumori-
genic response in mice is 39 mg/kyg.
Lowast effective dose reported for
cumoTrigenic response in mice is

10 g/%g.

lovest effective dose rwportad for
=morigenic respanse in mice is
720 aq/kg. .
Lowest effective dosa reported for
amerigenic responss in aice is
440 mg/%g.

Tupors in § species ars ceported.
Lowast effective dose is 0.006 ng,

Tumors in 6§ species are repartad.
Lowest effective dose is 2 ug/ny.

Tumcrs in 2 specias are repartad.
lowest affective dose is 140 my/kj.

lLovast affactive dose for tmmori-
genic response in aics is lll ag/kg.

lovest effactive dose for tumari-
genic response in mice ls 1645 mqg/kg.

Tumors in 2 speciss reported. lLowest
affective dose 13 2 mg/ky.

Lowast affective dose for tumori-
genic respopse in mics Ls 48 2g9/k3.

Banzo (1) flucranthens
1,2:5,6=-Dibenzo~
fluorene

Benzo (b) f£luoranthens
Indeno(l,2,3=ecd)~
pyrene
Phananchridine

Benzo (£)quinoline
3anzo (h)quinoline

Banz (a) acridine
Bensz (c)acridine

Dibeng (a,]) acridine
Oibanz (a.h) acridine
Oibens (c.h) acridine
Cazbascls

Beanso (c)carbasels
Oibense (a.i)carbasole
Dibenso (¢,g)cacbazole
Dibeanso (a,g) cachasole

3anso (b) thicpbens

Lowast effective dose for tuori-
genic Zesponse in aice is 288 ag/kg.

Lovast effective dose for tunori-
genis response in aice is 530 my/kg.
lowest effective dose for tumori-
genis response L{n nics is 40 oy/kg.
Lowast effective dose for tumori-
Jenic respense 1o mice is 72 pg/k§.

Based on acridine. LDy (ozal, rat):
2000 oy/kg.
Based om acridine. [Wep (ozal, rat):
2000 mg/kg.
Based on acridine:r IDsg (eral, zat):
2000 my/%g.

Lowsst effective doses for Tumeri-
genic rasponss in nice is 468 ag9/kg.
lowast effective dose for tumarie~
genic responss in mice is 1l mg/kg.
lowest affective dose for tumori-
geaic response in amice is 10 _II;/‘kq.
Lowvest effsctive dose for tumori-
geaic response in aice is 1020 og/ksg.
lowest lethal dcse (ozal, rat):

500 ay/kg.

Lowest effective dose for tumori-
genic response in aice is 340 mg/kg.
Lowest effective doss for tumori-
genic response in aice is 510 mg/kg.
TuBGTs ia 4 species reported. Lowest
affective dose is 8 og/ky.

Lowest effective dose for tumarie
genic response in mice is 270 mg/kg.

Lowest lethal dose (intraperitonsal.,
mouse) s 512 ag/kg

Adapted Ircm: Kingatury and Whlta (1979)
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Table‘c-3. National Academy

of Science Ratings for Selected PNAs

|
| Cempound
[ .

Indications of Ca.t::.nnqnm‘.::‘.:ya'

Ratings Suggestad
vy NAS?

Comments

‘ 3enzo(a)pyTene
Dibenz (a,A) anchracsne

7.l2=-0imechylbanz (a)~
anthracene

J~mechylcholasthrens
Jikenz (a.i)FyTens

Senz (a) anthracane

Jibenzo (¢,5)carbazole

3enzo (¢ ) phananchrene
(and ~CHy darivatives)

dipenzo (a,h)aczidine

Dibenzo(a. ) acTidine

Sanzo (b) flucranthene

Jidenzo(a,l) pyrene

Phasanchrene

[ 3enzo (k) fluoranchane

{ Indano (1.2, 3~cd) pyrens
| ‘

|

| wesnylchrysenes
: Qar/sene
|

' Picena

. 3enzo(e)pyrene

' Jibtn:o(l.h)m

L

. Tumors producad in 6 animal specises.

Produced tumors in all 9 animal species reportad tascad.
lacent periods shorter than for ather polycyclics wich
paessibla exceapticn of dibent (a,h)anthracune.

Both local and
systemic carcinogenic effacts cbsarved. Zffective at
low dosas. $ingle dose effective in newborn mice.

Not addressed

Hot addressed

Rapid appearanca of local sarcoma observed from subcu-
tanecus Lnjection in mice and hsmsters. Skin paineing
on 2ice wvas also effective but less active than benszoe-
(a)pyrena.

Carvinogenis in aice by several routas. 2ffective oral
dose siallar to methylcholanthrens but without gastro-
intsstioal tTact tumors.

Carcinogenic in rat,. mouse, hamstar, ard poasibly dog.
Both local and systamic effects observed. Appears to
be stronger Zespiratary tTTACt carcinogen than benzo{a)-
Pyrene in hamstar.

Not addressed

Skin tumors and lung tumors in mice observed following
skin painting or subcutanscus administration. Not
testad adequataly by othar routes or in gtber species.

Skin tumors in mics followed topical application.
Subcutansous administrations at highest dosage produced
local sarcomss and long tumors. MOt tested in other
specias.

Prodoced skin tumors in 3ics following repeated skin
paincing but only at levels 10 times higher than effec~
tive bensoc(a)pyrsne levels. HNeot testad by cther routas.

Subcgtanecus administration in aice resulted ({n sarcomas
in all anioals. Not treatad by othar routas or in other
speciss.

woe addressed

3ot addressed
AWWMN&M“MW
qenssis in mise, ut of lower potsacy than benzo(a)~
Fyrens. Local sarcemas followed subcutanecus injectica
in nice. Not trasted Dy othar routss as in ocher
specias.

Not addressed

Sxin tumors in sice followed repeated painting at high
caoncentraticns ocaly. 1igh dose., subcutanecus injections
produced lov incidencs of tumors aftar lomg ilnduction

cime.

Not addressed
Cata froa skin painting experimsnts in mice evoked

weaksr Tesponse chan beanso (a)pyrens or dibeas(s.b)-

apthracens. Not tsstad Dy other routas.

Carcinogenic effects demcnstracad following repeated
skin paincing in aice and injections in aice and rats.
Hot tcasted by othar routss of iln ocher speciss.

(continned)
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Table C-3 (concluded)

]
: Indications of Carcinogenicity
] Compound Ratings Suggested o es
| by NASO i
H ‘ Not addrassed
| 2i .g)carbazole : | )
| s | = A high incidence of skin carcinomas :esu.!.q from re
3enzo(3) fruomanchens peated skin painting in mics. Not tested in other
species or by other routes.
Zolantirens Lo Not addressed
o,
sed
Dibenz (a,c)anthracens - Not addres . | .
i Not listed Skin tumors in mice followed topical app . .
Benzo(clacridine Bladder tumors in rats followed paraffin wax pellet im—
plantation. Not tasted by other routes or in other
speciss.
assed
Senzo (a)carbazols. : ot addres -
s
Nibenz (a,i)cazrbazole = Not addres
Dibenz (¢,h)aczridine b4 Not l.dd:u|:
Jibenz (a,g) £luczene + Not address
Dibenz (a, })anthracene - Not addressed
l Dibenz (a,c) flucrene H Not addressed

=znd.i.uu'.ou of Carcinogenicity, refer to the Public Health Service Survey.
3:1:::‘.::@1:;1:';:7 code given by MAS:

not carcinogenic

uncartaina or weakly carcinogenic

carcinogenic

*h, b+, s=mb gtTONgly carcincgenic

Adapted from: Kingsbury and White (1979)

+

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 health standards exist for individual PNAs,
compounds* are listed in the EPA Consent Degree List an

group to be potential carcinogens.

although 13 of these

d are considered as a
A threshold limit value (TLV)/time-
weighted average (TWA) of 0.2 mg/m3 for total particulate PNAs determined

a8 cyclohexane~solubles has been recommended by the American Conference of

*Benz(a)anthracene, benzo(a)pyrene, 3,4-benzofluoranthene, benzo(k)fluor-
~anthene, chrysene, acenaphthalene, anthracene, benzo(g,h,i)perylene,

fluorene, phenanthrene, dibenz(a,h)anthracene, indeno(1,2,3-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 (NIOSH, 1980) for 17 of these chemicals
(footnoted in Table C-4), and sgvéral others including the prevaient 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 publishéd 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-dimethyl-
benzanthracene produces a high incidence of defects in exposed aniﬁals
(Weisburger and Williams, 1980). The evidence for inheritable chromosomal

damage is limited and inconclusive.

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 carbazoie).has

not demonstrated this carcinogenicity.
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Table C=4.

Polynuclear Aromatic Hydrocarbons

Benzp (b) £luocrene

Moilecular Boirling Point Numper @I
Compound Seructure Height (°2) JAgomazoc 2iog
| Saphthalene @ 128.19 218 2
Quincline* 129.16 238.05 2
o,
l-Methylnaphthalene @@ 142.2 244.64 2
ok |
2-Methylnaphthalene 142.2 24;.05 2
Acenaphthalene ©© 152.21 265=275 2
Acenaphthene @@ 154.21 279 2
Fluorene 166.23 293=-29% 2
Carbazole 167.21 3ss 3
Phenanthrene*
178.22 340 3
Anthracene*
1]
Acridine @@@ 179.22 345-346 3
Flueranthene 202.24 37s k]
|
iscnzo(l)fluo:.n.
} .
‘ 216.29 413 3

L]
Associated with tumorigenic citations of either "NEO" or "CAR" in the 1979 Registry of

Toxic Z2fects of Chemical Substances (I{IOSH, 1980).
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Table C-4 (continued)

L

J-Methylcholanshrene?

o0g

Compound Structure H?ﬁ,l:f:;:r aoilzrnogp\;o:.n: ;'i.\:n\:.:?:;e:r Qo*:-xcrs
Pyrene ©@)©©] 202.24 393 4
Benz (a) anthracene®
Chrysene*® 438 4
Triphenylene
B8enzo(j) £luoranthene”
Benzo (b) £luoranthene” @@9.@ } 252.32 480 4
Benzo (k) flucranthene /
Parylene 252.32 350-400 4
w = O

Dimethylbenz (a) anthracesne* 256.3% - 4
(7,12= is pictured) .

N,

- 4

*Associated with tumorigenic citacions of either °*NEO" or CAR in the 1979 Regiscry of
Toxic Slfects of Chmical Substances (NIOSH, 1980).
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Table C~-4 (concluded)

r— P Molecular 3doi.ing Poiac Numoer o3 ]
Compound StIucture Weigh® o) Arsmassc 2-9os

Benzo{e) pyrene
. : 252.32  310-312 s

3enzo (a) pyrene®

. Dibenz (a,i)carbazole” 267 - 3

Indeno(l,2, 3-cd) pyrene” 276.22 - (]

!

. 3enzo(g.h,i)parylsne* . 276.22 273 5

|

f

|

!

' Dibenz (a,h) anthracene* 278.33 262 5

- Dibenz (a,j)acridine” 280.32 - 5

|

 6,11-Dimethyldibenz(a,h)= 306.38 - 5

- anthracene®

| Oibenzo (a, 1) pyrene 302.28 - §
Corcnane* 300.34 528 7

TAssociated with tumorigenic citations of seither "NEO® or "CAR" in the 1979 Registry of
Toxic tffects of Chemical Substances (NIOSH, 1980). :
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AROMATIC AMINES

Aromatic amines have been detected in high-boiling point ( 370°C;  700°F)
coal liquids. They have been shown by chemical fractionation énd 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 Wilsom, 1981).

The major health concern regarding occupational exposure to aromatic amines
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 positive 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
ratﬁer at distant locations in the body. An exception is 2-anthramine
which, in addition to causing a variiy 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-19 '



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 (Claysom 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 in 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
(1-naphthylamine and 2-naphthylamine) are on this OSHA list. Two others
(o-toluidine and o-anisidine) are suspected carcinogens, having induced
cancers 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-dimethylaminoazobenzene, 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 chemicais, 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). 1In addition,
hemorrhagic cystitis has been observed in workers handling toluidines and
chlortoluidines in other industries; however, a relacionship 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 Gardmer, 1976). Occupational exposure to commercial-
grade 2-naphthylamine has shown a strong association with bladder cancer.

In a report by Case et al. (1954), 26 deaths occurred among exposed workers
where 0.3-wére_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
tumorigenic 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-Naph:hylamine 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 tésting 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 amines measured in

the industrial hydiene of coal conversion facilities are as follows:

. aniline 5 ppm 19 mg/m?
. N,N-dimethylaniline 5 ppm 25 mg/m3
. o-toluidine 5 ppm 22 mg/m3
« 2,4~dimethylaniline 5 ppm 25 mg/m3

o-anisidine | 0.5 mg/m3
. p-anisidine 0.5 mg/m3
. p-nitroaniline 1 ppm 6 mg/m3

Because there is no known threshold dose below which a carcinogen will not
induce cancer, l-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 molecularrstruc:ure, molecular weight, and when avail-

able, the vapor pressure of the nine aromatic amines measured in this study.
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Table C-5. Aromatic Amines

, 3oiLling Vapor i
’ Aromatic Amine Structure Mowleef:;.:r Point Pressure
f (°C) (om_Ha)
i
| NH,
Aniline @ §3.13 184.13 0.6
|
o-Toluidine ' 107.16 200.23 <l
NH,
o-Anisidine @,,, 123.16 224 <0.1
NH,
p-Anisidine @ 123.16 243 <0.1
OCH,
NHi,
p=-Nitrcaniline 138.13 284 <<l
NO,
NN,
1 ,
2,4=Dimethylaniline 119.18 —-— -
X
i i
| M,N-Dimethylaniline ' 121.18 194.15 <l
il
N m'
1 l-Naphthylamine @@ - 143.19 . 300.8 -
| , |
t
1
| ,
‘ 1
2-Naphthylamine 143.19 306.1 -
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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, chfonic 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

- (CNS) 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 (1978c) IDLH (immediately dangerous to
life or health) level is 2,000 ppm.

Othér 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, hemogldbin, hematoerit, mean corpuscular red cell volume, plételet

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 al. (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 al.
(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 20~fold increase in leukemia in the latter period which coincided
wich 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) iﬁ 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, consisting 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 chaﬁges 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 increésed, more severe symptoms
appear, including muscular weakness, incoordination, mental confusion, and

loss of consciousness (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 al. (1943), reported in NIOSH (1975), a majorify 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). 1In addition; other effects from chronic exposure to low concentra-

tions of toluene and xyleme have not been documented.

The OSHA (1978) standard for toluene is 200 ppm as an 8-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 xylenme is 100 ppm, which is

in agreement with the NIOSH recommendation.
PHENOLIC COMPOUNDS

Phenolic compourids 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-
0il fractions and are present in concentrations of up to 10,000 mg/L in un-

treated wastewater (Herbes et al., 1976).

Industrial exposure to phenolic compounds is chiefly from dermal contact
resulting in both localrinjury 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
tardiovasculaf 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 moét prevalent and the one that has been studied most. Therefore,
the health effects from exposure to phenol are discuésed 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 Oetme, 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 necfoéis. Skin contact by humans with solutions, emulsions, or pure

preparations containing from 80 to 100 percené phenol fér a little as'5 to
20 minutes has resulted in death. Eye contact may cause severe damage ahd

blindness (NIOSH, 1976).

‘The systemic action of a large, acute exposure following absorption appears

to be on the CNS resulting in collapse and unconsciousness. Death may occur

*Phenol, o—cresol, m—cresol, p-cresol, o-ethylphenol, p-ethylphenol,
2,3xylenol, 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" (IDLH) concentration has been set by NIOSH (1978c) at 100 ppm.
Absorption from the lungs following smaller acute or chronic inhalation
exp09ure-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 reborted. 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 occupat%pnal 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 Eo 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 ekposure to
phenol and cresol products similar effects, inhalation of cresol results in
more severe upper aifway 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 chreshold limit value of 2.3 ppm determined as a time-weighted average is
recommended by NIOSH (1978a). The OSHA standard is 5 ppm (22 mg[mB).

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,71968).

Xylenol disolved in benzene promoted papillomas and carcinomas when skin-

painted on mice after one subcarcinogenic dose of the initiator DMBA
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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 is 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
cyapide (HCN), carbon disulfide (CSZ)’ 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, dizziness, headaches, nervousness, and convulsions.
Recovery is usually complete, 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.

Hydrogen sulfide is also a potent local irritant. Eye exposure results in

conjunctivitis, keratitis, and palpebral edema, although cormeal 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).
lespiratory tract irritation produces rhinitis, pharyngitis, bronchitis,

pneumonia, and hemorrhagic pulmonary edema.

Effects of chronic expdSure to low concentrations of hydrogen sulfide have
not been documented. Cough, disturbed sleep, fatigue, headache, nausea,
vomiting, and diarrhea have all been reported at a wide range of concentra-

tions.

NIOSE recommends a ceiling concentration fof hydrogen sulfide no greater
than 10 ppm; the OSHA standard is a ceiling value of 20 ppm with a maximum

peak of 50 ppm for a maximum duration of 10 minutes onme time only.

Table C-6 summarizes the major toxicological effects and target organs for

the groups of chemicals studied in the five coal liquefactiom plants.

Table C-6. Major Toxicological Effects of Chemicals Sampled
at Five Coal Liquefaction Plants

Chamical Majer Organs at Risk : Indizator of IxXposuzs

NAS Skin (cancer)
Lung (cancer

Arcmatic Amines lung (cancer)

Urinary Tract (cancer)
Naphthalene Blood (methemoglobinemia, hemolysis)
Aniline s
. Liver
Senzane CNS (depressant) Grinary phanols .
Blood-forming elemants (depression, cancer)
Toluene Qi (deprussant) Urinary hippuric acid
Skin (sensitization) ’ o
{ylene i S (depressant) - Urinary hippuric acid
Phenolics cus (dspressant) Orinary or serum
Cardiovascular Sysceas phanol
Raspiratory Systema
Liver
Kidney
"all organs” (NIQSH, 1977) (cancer promotsr)
Cresol Skin (sensitization)
ivdrogen Sulfide QNS (depressant, respiratory arrest)
H13) )
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