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ABSTRACT

Comprehensive industrial hygiene surveys designed to characterize employee
exposures to suspected ﬁazardous chemicals-were conducted at three coal gas-
ification 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 individual or groups of PNAs

was performed by gas chromatography/mass spectrometry.

The results of both area and perspnal alr 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 quantities detected of the

4= through 7-ring compounds. Higher exposures to these chemicals were found
to be associated with specific maintenance activities being carried out dur-

‘ing sampling and with certain plant design and operating conditions.

The results of air sampling for 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,
they were not considered to present a health hazard. CO and HZS monitor-
ing revealed high levels of these toxic gases at various areas of the plants
thus demonstrating the potential for acute exposure.

Nonquantitative wipe samfling for PNAs revealed the presence of up to 5-ring
PNA compounds on most surfaces sampled indicating that dermal eprsure to

higher ring PNAs may present a potential health hazard.
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No standard medical surveillance programs have been developed for these
plants. Each plant bases its program on recommendations by NIOSH and its

corporate medical officers.

This report was submitted in fulfillment of Contract No. 210-78-0040 by
Dyanamc Corporation under the spensorship of the National Institute for

Occupational Safety and Health.
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1. TINTRODUCTION

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 Natiomal Imstitute for Dccupational
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 fleld research studies in industry, to evaluate findings, and to report
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. Under this man-
date, NIOSH established a contractual agreemént with Dynamac¢ Corporation/
Enviro Control Division (Enviro)‘to study worker exposures to potential

health hazards in coal gasification plants.
PURPOSE AND NEED FOR STUDY

It became apparent in the 1970s that the United States would need to develop
and exploit energy sources to supplement or replace traditional petroleum and

natural gas supplies. The technical feasibility of producing gaseous and "
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liquid fuels and chemical feedstocks from coal had long been known but never

developed in this country on a large-scale, commercial basis.

With the increased political and economic pressures to develop petroleum sub-
stitutes, the Federal Government, through the Department of Energy, and sev-
eral commercial firms began to explore technologles for producing synthetic

fuel from coal.

Although small-scale coal gasification plants had operated successfully and -
relatively constantly since the 1940s, these plants were typically low-
tonnage gasifiers desipgned to provide a low-Btu gas for in-plant utilities
or chemical feedstock. Because of the relative scarcity of these plants and
therefore of gasification workers, almost no occupational health or epidem -

"iological data base existed.

In 1976 (U.S. ERDA, 1976), the Department of Energy (then, the Energy ~
Research and Development Administration) estimated that by the year 2000
coal gasification products would be supplying 8.6 x 1013 Btu/year toward
the national energy demand and that the industry might employ up to 140,000 -

workers.

In an effort to develop an industrial hygiene data base in coal gasification®
plants as a reference point for anticipated industry development over the
next 20 years, NIOSH through this contract with Enviro began in 1978 an in- -
dustrial hyglene characterization of the coal gasification industry. At the
time that the study was initiated, there wefe about 21 commercial and pilot

or demons tration plants operating or planned.

SCOPE OF STUDY

The overall scope of the study was to develop a catalog of worker exposures;
to determine composition of product and by-product streams; to identify areas
of equipment with high exposure potential; to determine whether carcinogens
are being concentrated in any process area; to identify and evaluate controls
which have been implemented to reduce worker exposure; and to review indus-
trial hygiene and medical surveillance programs implemented at the gasifica-

tion plants.
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The study was initiated by a review of the relevant literature to determine
the state of the knowledge of chemical hazards and appropriate methods for
sampling and analysis of these materials. After the literature review phase
was completed, walk-through surveys were conducted to test sampling and
analytical protoceols and tc determine concentration ranges of the species of

interest.

As a result of the literature review, it was apparent that no satisfactory
method for sampling a large number of individual polynuclear aromatic hydro-
carbons (PNAs) existed which was compatible with the requirements for per-
sonal sampling. Conventional collection devices using large packed columns
of solid polymer sorbents had been used in environmental studies, but these
require powerful vacuum pumps with nonportable electric motors. 1In order to
conduct personal sampling programs for a large number of individual PNAs, a-
sampling device was developed which could be adapted to a standard, battery-

powered personal sampling pump.

Walk-through surveys were conducted early in the project for the purpose of
determining concentration ranges of chemical and physical agents identified
during the literature review as potential health hazards. The sampling con-
ducted in the walk-through surveys was also used to test the sampling assem-

bly and analytical methods for PNAs.

Results from the walk-through surveys were evaluated to determine if the
sampling and analytical methods were adequate for measured concentration
ranges, and whether or not specific agents were present in sufficient con-
centrations‘to warrant further monitoring during comprehensive industrial
hygiene surveys designed to characterize the coal gasification plant environ-

ment.

After the walk-through survey data had been evaluated, the scope of the study
was modified to concentrate efforts on those chemical agents which appeared
to present the most significant health hazard, or which were less well docu-

mented in the coal gasification industry.



During the walk-through surveys, alr samples were collected and analyzed for

the following chemicals or classes of chemicals:

e polynuclear aromatic hydrocarbons

e polynuclear aza-heterocyclic hy&rocarbons
e aromatic amines

¢ metals

e common toxic gases

e other organics

Once decisions had been made regarding the scope of the sampling programs for
the comprehensive industrial hygiene surveys, final survey protocols were de-

veloped for the three gasification plants selected 'for the study.



2. BACKGROUND
GENERAL COAL GASIFICATION PROCESS DESCRIPTION
Introduction

The coal gasification facilities surveyed in this study utilize different
technologies to produce similar industrial fuel gases. The end product is a
low- or medium-Btu, low-sulfur gas composed primarily of carbon monoxide
(C0). It is suitable for varicus industrial purposes but is not comparable
to high-Btu gas used for domestic purposes. The plant processes differ
mainly in terms of the operation of the gasifier unit itself. Other aspects
of the facilities, such as coal preparation and gas cleanup, are largely

similar.

The basis of low- and-medium Btu coal gasification is the incomplete combus-
tion of coal to form CO. This is accomplished by partial oxidation of the
carbon in coal, and by partial reduction of carbon dioxide produced by com-
bustion. In addition to these reactions, steam is added to the process and
reacts with coal to form hydrogen gas (Hz) and CO. The heating of the

coal first causes devolatilization of a certain fraction of the cocal. After
devolatilization, combustion of the coal ﬁith either air or oxygen occurs.
The use of air results in a low-Btu gas containing much nitrogen and with a
heating value of from 120 to 150 Btu/scf. Combustion with oxygen ylelds a
medium-Btu, low-nitrogen gas with a higher methane and hydrogen content; its

heating value. ranges from 250 to 350 Btu/scf.

By-products of coal gasification include other gases, hydrocarbons, and ash.

Undesirable gases which are produced include hydrogen sulfide and ammonia;
the hydrocarbons include sclvents, olls, and tars. These constituents pose

health and safety problems, and their removal and handling are important
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aspects of the gasification process. Ash consisting of mineral matter pre-

sents only a disposal problem.

Process Details

A simplified gasification process schematic is presented in Figure 2-1.

Alr or
Oxygen Steam Tar/0il Sulfur

Sludge

Fines
COAL PREPARATION GABIFICATION GAS CLEANUP

- ) ' - particulates
 —— a . tar/oil

* gulfur

Ash

RAW CDAL PRODUCT GAS

Figure 2-1. Simplified Coal Gasification Schematic
(low- and medium-Btu)

Raw coal is pfepared for gasification by crushing and drying to an optimal
~condition specific to the techndlogy involved. Prepared coal may be stored
or fed directly to the gasifier system. Preparation and storage present dust
and explosion hazards requiring special control equipment. Dust exposure is
controlled by closed conveyance systems, baghouses, and personal respirators..
Explosion-proofing 1s typically achieved by inerting the air in storage bins
with nitrogen gas. In instances where a gas is used to convey prepared coal,

a fuel gas that is low in okygenlis usually used to eliminate this hazard.

Prepared coal is sent to the gasifier where devolatilization and gésification

‘occur. The gasifiers are designed for continuous operation and production

of gas. Devolatilization produces methane and other light hydrocarbon gases

which contribute to the heating value of the end product. Gasification to
2=2



form CO and H, results from combustion of the ccal with an oxidizing agent
(air or oxygen) and steam. Optimal combustion conditions result in maximum

CO and H2 ylelds, and in minimal formation of carbon dioxide (COZ)'

Gas exiting the gasifier requires removal of contaminants and by-products.
Contaminants include entrained fines and char which are carried over in the
process stream. These particulates are typically removed by separators,

such as cyclones, and recycled to the gasifier for further energy productien.

Alternately, particulates may be removed with water scrubbers.

Ma jor by-products include oil, tar, and sulfur. The quantity of oil and tar
produced depends on the gasification process and, if small, may not require
special handling. Sulfur is usually removed with water and diethanolamine
(DEA) scrubbers, producing sour water and a concentrated hydregen sulfide
(HZS> stream. Further treatment of these sulfur-containing streams by

systems such as Stretford units yields elemental sulfur.

A checklist of process units used in the three plants surveyed in this study
ls presented in Table 2-1. The major operating parameters specific to each
gasifier are presented in Table 2-2. A &etailed description and schematic
of each facility is presented in Appendix A.

Table 2-1.. A Checklist of Major Process Units
at Coal Gasification Plants

PROCESS UNIT PLANT A PLANT 3B PLANT C
Ccal Preparation v ' ,‘/
Gasification 4 v v
Gas Quench % v v
Ash Removal . ‘o v v
Particulate Removal ) 4 v v
Tar/Gas Separation ) - 14 -
Sulfur Removal " / -
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Table 2-2. Major

Operating Parameters of Coal Gasification Plants

PARAMETER PLANT A PLANT B BLANT C
Plant Capacitx 120 ton/day 65 ton/day 15-30 ton/day
Process Entrained bed Fixed bed Fluidized bed
Combustion Gas Air or oxygen Air Ailr or oxygen
Product Gas Low= or Low=-Btu Low= or

medium-Btu medium-Btu

Temperature, °C 925 980-1200 870~-1100

{°F) (1700) (1800-2100) (1600-1950)
Pressure, psig Atmospheric 0.75 215

i

Process Specifics of Plant A—-

The gasifier configuration used at Plant A is an entrained-bed system which
can be fired with either air or oxygen to produce low- or medium-Btu gas.

The process ﬁses pulverized ceoal which is gasified in a two-stage sequence.
The gasifier 1s approximately 90 feet tall, and 1l feet in internal diameter.
Temperatures inside the gasifier are high, ranging from a maximum of 1,724°C
(3,200°F) in the combustion zone (combustor), to a minimum of 927°C (1,700°F)
as the product gas exits the gasifier at the outlet. Approximately one-third
of the coal is fired in the gasifier combustor, and the remaining two-thirds

in the lower portion of the reductor called the diffuser.

Heat from the combustor causes devolatilization and gasification of coal in
the reductor. Thus, the reductor produces the major quantity of product gas.
The high combustor temperature produces a slagged ash which passes through a
taphole located at the bottom of the combustor and collects in a quench tank.
The slagged ash from the combustor collects in an ash hopper and i§ldumped
when necessary into a dewatering bin. The dewatered slag is periodically

disposed of by landfilling.



The gas cleanup system removes unburned carbon and fly ash present in the
prdduct gas stream. Major equipment in this system consists of a spray
dryer, two cyclone collectors, and a venturi scrubber and thickener. The
product gas is cleaned in the spray dryer using a slurry of organic sludge
and water. From the dryer, the product gas enters a cyclone separator where
entrained particulates and char are removed. These particulates collect in

the char receiving bin and are recycled to the combustor for burnirg.

Char and unburned carbon passing through the cyclone separator are removed
by a venturi scrubber and separator. The suspended particulates collect in
the sludge thickener where they settle to the bottom. Water is removed at
the top of the thickenmer and recycled to the venturi scrubber; the slurry at
the bottom of the thickener is recycled to the spray dryer. The product gas
exiting the separator enters the induced-draft fan at a pressure of minus 35

inches of water.

Sulfur present in the gas as HZS is removed from the stream with DEA ab-
sorption and treated in a Stretford system. The Stretford system yields
elemental sulfur as a by-product of the gasification process. 0il and tar

are not significant by-products.
Process Specifics of Plant B--—

Plant B uses a set of two fixed-bed, two-stage gasifiers for production of-
low-Btu gas which is used in 2 manufacturing process. Coal for the process
is crushed only, since the gasifiers will not accept pulverized coal or

fines.

The gasifiers have a normal operating temperature of 982 to 1,199°C (1,800
to 2,100°F). Two product gas fractions are taken off: a bottom gas with an
exit temperature of 427 to 538°C (800 to 1,000°F); and a top gas with an
exit temperature of 93 to 149°C (200 to 300°F). Operating pressure for the
gasifiers is 0.75 psig. Ash from the gasification process is deposited into
a water—filled ash pan at the bottom of the gasifier. The ;ooled, wet ash

is then transported by belt conveyor to the ash dumpster for disposal.
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The top gas which contains tar and oil is passed through an electrostatic
precipitator (detarrer) before entering the tubular cooler. The collected
tars have a viscosity equivalent to that of No. 6 bunker fuel and contain
high molecular weight polynuclear aromatics (PNAs). Tars are stored in a

tar tank.

The bottom gas and entrained dust is passed through a wash column before
entering the tubular cooler. The two gas fractions are combined in the
cooier, and exit the cooler at a temperature of 52°C (125°F). Water for the *
wash column is recycled, being passed through a settling tank to remove

particulates.

The combined product gas from the c&oler then passes through an electro-
static precipitator (deoiler) for removal of o¢il and liquor. The liquor
contains phenols and is burned in a thermal oxidizer. The gas is further
treated in a Stretford unit for removal of hydrogen sulfide, and the cleaned

product gas is distributed for in-plant use.
Process Specifics of Plant C--

Plant C utilizes a fluidized-bed process which is fired with oxygen to pro-
duce a medium-Btu gas;‘ Crushed coal is introduced into the gasification "
process through a series of pressurizing lockhoppers. The gasifier itself
operates at high pressures of about 215 psig, and at temperatures of
870-1,065°C (1,600~1,950°F). Bed fluidizatlon in the gasifier is maintained
by radially introduced recycle gas. Ash produced in this system agglomer-
ates, drops out of the bed, and is removed through depressurizing lock-

hoppers.

The product stream with entrained fines exits the top of the gasifier and
moves to a set of cyclones. The cyclones remove most of the fines and
deliver them to lockhoppers. Fines are recycled to the gasifier with part

of the product gas.

The product stream then passeé to a quench scrubber unit which eliminates
the remaining fines and cools the gas. Further cooling is accomplished by a
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packed-bed gas cooler. Both units use water which is cleaned of sludge and
recycled. Clean product gas is partitioned for use as transport gas and for

bed fluidization. A gas compressor Iis employed to repressurize the gas.

This facility operates with low-sulfur coal and does not utilize a sulfur

treatment system.

Health Implicaticns of the Coal Gasification Process

Coal gasification processes present several health concerns. The exact ex-

tent of each hazard may be expected to change with the scale of a commercial
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 Gasification

Unit Process Potential Hazard

Coal Handling and Preparation Coal dust, noise, fire

Coal Feeding Coal dust, noise, gaseous toxicants

Gasifier Operation Coal dust, high-pressure hot raw gas,
high-pressure oxygen, high-pressure steam,
fire

Ash Removal High-pressure steam, high-pressure oxygen,

hot ash, and dust

Quenching High-pressure hot raw gas, hot tar, hot
tar oil, hot gas liquor, fire

Gas Cooling ‘ High-préssure hot raw gas, hot tar, hot
tar oil, hot gas liguor, fire

Sulfur Removal ’ Hydrogen sulfide, other sulfides, and
sulfur oxides

Gas-Liquor Separation Tar o©il, tar, and gas liquor with high
concentrations of phenols, ammonia,
hydrogen sulfide

By-product Storage Tar, tar oil, phenols, ammenia, fire
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WORK FORCE ACTIVITIES

Coal gasification plant workers with potential exposure to process emissions
and byproducts on a routine basis fit generally into three categories:
plant operators or process technicians, wmaintenance staff, and laboratory

technicians.

4 total of about 250 workers were employed at the three gasification plants..
studied in this project. In the future, a large commercial scale high-Btu

gasification plant may employ up to 600 operators and maintenance personnel.:
Operators/Process Techniclans

Operators or process techniclans work on 8- or l2-hour shifts and have the
responsibility for the operation of one or more unit processes of‘the pilot :
plant. In a commercial facility, several operators are projected for each --
process unit. In most cases, operators'/process technicians' dutles are -
clearly defined and include a significaht amount of time spent in relatively-
routine activities such as reading gauges, checking valve positions, and
monitoring process operating parameters. During normal plant operatioms, up
to 80 percent of their time may be spent in the control room where exposure
can be expected to be less than in the process area. Depending upon the
particular operation involved, extended periods up to a full shift are fre-
gquently required in the process area where exposure potentials are greater.
These operations involve routine activities such as blowing down vessels,
taking process stream samples, handling chemicals, 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 clearing plugged valves and lines,

and repairing steam leaks.
Maintenance Personnel

Shift and nonshift maintenance personnel, belonging to several crafts, are

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

facility. The greater part of this work occurs during plant tummarounds or
2-8



upset conditions. These workers may be regular plant employees or odutside
contractors. At a pillot plant, both the jobs 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 ex-
pected to be normalized by detalled maintenance instructions which outline
the frequency of maintenance work and detall procedures for decontamination
of equipment. Jobs with a high potential for exposure include removing
pumps or equipment containing process materlal, breaking into process 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 respons-
ible for securing process stream samples (a high-exposure operation) and
therefore spend substantial time in the process area of the plant. In an-
other plant, laboratory technicians are responsible only for testing of the

samples, and consequently do not‘experience any significant exposure.
HEALTH EFFECTS OF EXPOSURE TO COAL GASIFICATION MATERIALS

Workers in the coal gasificatioﬁ industry 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 increased mortality and morbidity in workers exposed to
coal-derived materials in related industries. In addition, experimental

lanratory findings in animals, cells, and bacterla have demonstrated the



potential toxicity and carcinogenicity of certain coal-derived materials, as

well as of individual components of these materials.

Chemical analysis of materials produced from bench- or pilot-scale gasifica-
tion plants is incomplete. However, coal-derived liquids produced as a by-

product of some processes have been found to have a higher degree of aroma-
ticity and a more condensed ring structure than petroleum crudes. In addi-
tion, the heteroatomic content of cocal 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 mutagenicity and/or carcino-
genicity testing suggests a high potential for carcinogenicity and perhaps
teratogenicity following exposure (Mobile, 1976; Pelroy and Wilson, 1981).
In addition, lighter, lower-boiling oil fractions (315-425°C; 600-800°F)
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 comparable boiling ranges (Kimball
and Munro, 1981). Further, synthetic coal liquids, in contrast to petro-
leum, possess higher levels of acidic components such as phenols and cresols
which appear in the lower-boiling distillates. Thus, these fractions, too,

represent a potential for adverse health effects.

A detailed discussion of the known health effects of coal-derived materials

is presented in Appendix C.

OTHER RELEVANT STUDIES

Industrial Hygiene Monitoring

An Industrial hjgiene monitoring survey of PNA concentrations in petroleunm
refineries was conducted by Envirc Contrel, Inc. (Futagakl, 1981). Sampling

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

gasification survey.
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Results showed that worker exposure, as measured in three different types of
process units at nine petroleum refineries, was higher than that of coal
gasification 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 com-
pounds detected. In the petroleum study, the levels of PNAs showed a posi-
tive correlation‘with the age of the facility and with the crude petroleunm
utilized. No correlation was found for production capacity of the plant,
duration since last major turnaround, or enviromental conditions during

sampling.

In a2 closely related study conducted by Enviro in five coal liquefaction
plants, area and personal sampling was conducted for PNAs, aromatic amines,
ﬁonocyclic organics, and gases (Cubit and Tanita, 1982). Additional dis-
cussion and comparison of the results of this study with the petroleum
refinery and coal gasification studies are presented in the Analysis and

Discussion of Results chapter of this document.

In another industrial hygiene monitoring survey found in the literature
quantifying PNA concentrations in air samples, PNA compounds In coke oven
emissions were measured at 20 different coke plants using a gas chromato—
graphic/ultraviolet procedure (Smith, 1871). 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 concentra-
tions 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 ceal or
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lower ranked feedstocks, and low- or medium-Btu product gasifdcation
utilizing anthracite feedstock or very high temperatures. No attempt has

been made to develop permissible levels of exposure to toxic chemicals.

A similar document for a recommended standard for coal liquefaction plants
is not yet available. Instead, an occupational hazard assessment of the
industry has been developed (NIOSH, 1981). This report is a lengthy review
of the sclentific and technical information available; it discusses the

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

FACILITY SELECTION

One of the original goals of the study was to conduct sampling for chemical
hazard identification and worker exposure assessment in gasification plants
producing low-Btu, mediumBtu, and high-Btu gas. Gasification plants, pri-
marily piloﬁ plants funded by the Depatment of Energy (DOE)}, were identified
in each of the categories; however, the only available high~Btu plant test

project was discontinued by DOE shortly after the beginning of this study.

Plant selection criteria were then changed to include fixed-bed, fluidized-
bed, and entrained-bed gasification plants producing low- or medium-Btu
product gas. Two of the plants (Plants A and C) are DOE-sponsored pilot
test plants operated by DOE contractors; Plant B 1s a commercial low-Btu,

fixed-bed gasifier.

Figure 3-1 shows the location of the gasificaion plants selected for study.
The dates of the walk-through and comprehensive surveys at the respective

plants were:
. Plant A: January 1979 (walk-through); April 1981 (comprehensive)

. Plant B: August 1979 (walk-through); April 1981 (comprehensive)
. Plant C: (no walk-through survey); May 198l (comprehensive)
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WALK-THROUGH SURVEYS
Walk-through surveys were conducted in Plants A and B for the purposes of:

. conducting range-finding sampling for species identification and
determining concentration and exposure ranges of chemical and
physical hazards;

field testing of sampling assembly for collection of polynuclear
aromatic hydrocarbons (PNAs);

. evaluation of analytical protocols for PNAs; and

. developing generic sampling protocols for the comprehensive
surveys to be conducted at the three gasification plants.

The sampling programs during the walk-through surveys consisted primarily of
"high-volume” area sampling to ccllect the largest practicable quantities of
PNAgs, aromatic amines, and simple aromatic hydrocarbon species for analysis.
Table 3-1 shows the specles of chemicals collected at each of the plants
during the surveys (walk-through and comprehensive). Table 3-2 shows the
results of PNA screening conducted on samples collected during the walk-
through surveys. Quantitative results of sampling conducted in the walk-

through surveys are presented in Appendix B.



Table 3-1.

Classes of Samples Collected at Coal Gasification Plants

SAMPLES

PLANT A

PLANT B

BLANT C

cs?

cs

cs

AIR SAMPLES

Organics
PNAs
Arcmatic amines
Phenolics

Benzene/Toluene/Xylene

Gases

Carbon monoxide (CO)
Hydrogen sulfide (H;S)
Hydrogen cyanide (HCN)

Mercaptans

Sulfur dioxide (S0;V’

Ammonia
Arsine

Carbon disulfide (CS,)

Qzone

Nitrogen oxides (NO,)

Trace Metals

A

N e T . N

v¢

AW NN N R N

NN N

NN N N

BULK SAMPLES

Organics
PNASs
Phenolics

Trace Metals

WIPE SAMPLES

Organics
PNAs

v

a

WT = walk~through survey.

b

CS = comprehensive survey.

®Arsenic, beryllium, cadmium, copper, mercury, manganese, nickel, strontium,

tellurium, magnesium.
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Table 3-2,

PNA Compounds Scrcened in Walk-Through Surveys of Two Coal Gasification Plauts

PLANT A

PLANT B

Sample Type:

AIR

AIR

WIFE

co D Location:

Gasifier

Cyclone/
Scrubbsr

Induced-
brafc

Sludge
Thickener]

Top of
Gasifier

Poke
Hole

Between
Cooler
and
Deoiler

Day
Tar
Tank

Bekween
Washer
and
Detarrer

Rubber
Glove
Outside
Surface

Rubber
Glove
Qutside
Sur face

Rubber

Glove

Inside
surface

Rubbery
Glove {stair
Inside | Rail
Surface

Control
Raoom
Desk

fide of
Gasifier

Indene

1,2,3,4-Tetrahydro-
naphithalene

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
Qulnoline
Acenaphthene
Acenaphthalene
Fluorene
Phenanthrene/Anthracene
Acridine

Carbazole
Fluoranthene

Pyrene

Benzo (a)fluorene
Benzo {b)fluorene

Benz (a)anthracene/
Chixysene/Triphenylene

Naphthacene

Benzo (e)pyrene/
Benzo(alpyrene

Perylene
Dibenzanthracene
indeno (1,2, 3-cd)pyrene
Benzo(g,h,i)perylene
Anthanthrene

Coronene

Dibenzpyrene

Dibenz (a,jlacridine

Dibenz(a,l)carbazole

a

=" indicates compound not detected.

" indicates sample

not analyzed for this

compound .

c“.“ indicates compound detected.




REFINEMENT OF PROJECT SCOPE

From the analytical results obtained for the samples collected during the
walk-through surveys, it was decided to delete specific analytes or .groups
from the sampling protocols in the comprehensive surveys. These‘Were elim-
inated primarily because they were not detected in the range-finding sam-
pling or because measured concentrations were far below levels considered to
have health implications. The PNAs were included in all comprehensive sur-
vey protocols even through initial monitoring suggested that air concentra-

tions in process areas were low.

Analysis of PNAs showed the presence of many PNA species and homologs. The
selection of individual PNAs that would be routinely quantitated on subse-

quent analytical protocols was based on these requirements:

. availability of analytical standards to permit quantitation of
eXposures;

. selection of a distribution of PNA species in each of the 2-, 3-,
4=, 5-, 6-, and 7-ring groups:

. 1Inclusion of as many of the known or suspected carcinogens as
possible.

The final group of PNAs which were routinely quantitated on a;l personal,
area, wipe, and bulk samples is listed in Table 3-3. More information on
these chemicals including structure, ring number, boiling point, and

carciongenicity rating is given in Appendix C (Table C-4).
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Table 3-3. PNAs Routinely Quantitated by GC/MS

oErld 5 :i(;: rf Compound
1 Naphthalene
2 l-Methylnaphthalene
3 2=Methylnaphthalene
4 Quinoline
5 Acenaphthalene
6 Acenaphthene
7 Fluorene
*g Phenanthrene/Anthracene
9 Acridine
10 Carbazole
i1 Fluoranthene
12 Pyrene
*13 Benzo(a) flucrene/Benzo(b) fluorene
*14 Benz(a)anthracene/Chrysene/Triphenylene
*15 Benzo(j)flucranthene/Benzo(b)fluéranthene/aenzo(k)fluoranthene
*16 Benzo(e)pyrene/Benzo (a) pyrene
17 Perylene
18 Dibenz({a,j)acridine
19 Dibenz (a,i)carbazole
20 Indenc(l,2,3-cd)pyrene
21 Dibenz (a,h)anthracene
22 Benzo{g,h,i)perylene
23 Coronene
24 Dibenz(a,i)pyrene
25 Dimethylbenz(a)anthracene
26 3-Methylcheolanthrene
27 6,l3-Dimethyldibenz{a,h)anthracene

*Compounds not separated with 6' 3% 0OV-17 column.
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SAMPLING AND ANALYTICAL METHODS

The industrial hygiene. sampling and analytical protocels 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 Hygienic Laboratory

under a subcontract to Enviro.

A complete description of all procedures including the validation testing
for PNA sampling and analysis is presented in a companion volume to this
document, "A Method for Sampling and Analysis of Polynuclear Aromatic

Hydrocarbons in Coal Conversion Plants and Petroleum Refineries''(Dynamac,

1982).

Prior to the survey, all sampling pumps were calibrated to a primary standardt
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 wmedia, pump performance, and functioning of the sampling train.

Each sample was given a unique identification number at the start 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 gasification 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 C were interrupted for several days due to
plant 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.
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. 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.

« Plant boundary, or upwind, area samples were collected for all
agents sampled within the process area to determine the contri-
bution of extra-plant sources.

After sampling, samples were immediately sealed and protected from light to
prevent accidental contamination or sample losses. Samples were packed in
dry ice in styrofoam containers specially designed for the shipment of
materials under refrigeration. Filters, charcoal tubes, and silica gel
tubes, and bulk samples were packed in separate containers with styrofoam

packing material 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 3-2 and 3-3.

37~mm
Polycarbonate
Cassette

r-Jr- — g

-
e ¥

— N iz flov

[ —

=7
Cellulose Support Pad

Chromosorb 102

‘ Silver Membrane
Stainleas Steel Screen
Figure 3-2. Area Monitoring Device for PNAs
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37-mm
Polycarbonate
Cassectte

l

f .
Glass Wool ‘ T
::aﬂmrf;

Tygon Tubing

hacd

air flow

1/4" o.d.
Glass Tubing L
B B

Chromosarb 102 L: = ﬁ L

Cellulose Gasket Cellulose Gasket

Silver Membrane

Figure 3-3. Personal Monitoring Device for PNAs

Sampling for airborne PNAs was performed by drawing air through the two-stage
sampling unit consisting of a silver-membrane filter fcllowed by Chromosorb ’
102 (C-102), a porous polymer adsorbent. The commercially available C-102
used for this study was contaminated and required preextraction prior to

use. The C-102 cleanup scheme is presented in Table 3-4.

Table 3-4. Chromosorb 102 Cleanup Protocol

No. of Soxhlet

Solvent Solvent Extraction
Changes Time (hr)
Methylene chloride 4 48
Methanol ' ) 24
Methylene chloride/methanol 2 48 .

(L:1; w/v)

The area sampling cassette contained a silver-membrane fflter followed by 3
to 4 grams of C-102 sandwiched in the middle section of a three-piece cas-
sette. A modified sampling unit was used for personal monitoring. Approxi-
mately 150 mg of C-102 was packed in a glass tube following the silver-
membrane-containing cassette, rather than in the cassette itself. The
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larger quantity of solid sorbent in the area cassettes minimized the pos-
sibility of sample breakthrough 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 personal or area samples, the sampling assemblies were

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

The C-102 s0lid sorbent and the silver-membrane filter were extracted

separately.

analyzed separately or combined.

Figure 3-4.

Silver-Membrane

Filter

Ultrasonic extraction

3 x 15 minutes
Cvclohexane

Tilter and

concentrate to 1 mi

[
I
I
l
!

Af ter extraction and concentration,

the extracts were either

The extraction procedure is shown in

SAMPLING CASSETTE

Chromosorb 102
Stainless Steel
Screen

Soxhlet extraction
22 hours
1:1 MeCl,/MeCH

Filter and
concentrate to 1 mi

I
I
I
I
|
J

Recombine

and |
optional analyze optional

I |

| I
Analyze Analyze

separately separately

Figure 3-4. Sample Preparation Procedure
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The C-102 adsorbent (and stainless steel backup screen for the two-stage
area samples) were placed in a foll-wrapped soxhlet extractor fitted with a
500-ml, round-bottom flask and extracted with 300 wL of glass—-distilled
methylene chloride/methanol (1:1, v/v) for 22 hours (Phillips, 1977). The
extracts were processed by concentrating 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 (0.45-um Teflon filter) in a
15-mL serum vial fitted with Teflon-lined rubber septum and crimp cap and

stored at —20°C in the dark until analyzed.

The extraction procedures used for the silver-membrane filters is a modifi-
cation of the NIOSH-validated method P&CAM 217 (NIOSH, 1977). The modifica-
tion 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 tute. The process was
repeated two additional times, and the extracts were combined, filtered, and
then placed in a heating block regulated at 63°C and concentrated to approx-

imately 1 mL.

PNAs were identified and quantified by the use of two internal standards --
dlo—anthracene and dlz-chrysene. All GC analyses of the referenced PNA
compounds produce symmetrical Gaussian peaks, with the exception of quinoline

which tails slightly.

Each batch of samples included field blanks and reagent tlanks to check for
contamination. Desorption efficiencies were determined on each batch of

Chromosorb 102.

The GC/MS paraﬁeters used for the separations and quantitation 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 '

« Injector Temperature: 240°C

« GC/MS Interface Temperature: 320°C

. Carrier Gas (helium) Flow Rates: 30 mL/min

. MS Ionizer Block Temperature: 250°C

+ MS Electron Multiplier Voltage: 1800 V

. MS Electron Energy: 70 eV

« MS Emission Current: 500 mA

The isomers not resolved by this GC columm (i.e., numbers 8, 13, 14, 15, and
16 in Table 3-3) 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 fluorescence de-
tector (Das and Thomas, 1978) or capillary column gas chromatography was
used. These methods were found to separate isomers not resolved with the

6-ft, 3% OV-17 column.
The capillary GC parameters are as follows:

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

. GC Column: 15m x 0.2495-mm i.d. glass capillary column packed
with 0.34=um film thickness of SE~52 (from J&W Scientific)

. Column Temperature: 500°C to 250°C at 2°C/min

. In jector Temperature: 300°C

. Detector Temperature: 320°C

+ Carrier Gas (helium) Pressure: 20 psig
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Aromatic Hydrocarbons o .

Alr samples were collected on 600-mg charccal tubes and analyzed for:
benzene, toluene, and xylene. Sampling and analysis followed the NIOSH-
recommended procedures described in Method No. P&CAM 127 (NICOSH, 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
p-nitroaniline

. 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 NIOSH
(1977) procedures in S167 for the following phenolics: phenol, o-cresol,
m-cresol, p—cresol, o—ethylphenol, p~ethylphenol, 2,3-xylencl, and 2,4-

xylenol.
Gases

Sampling for gases such as CO, HZS’ and 502 was done by grab sampling
techniques using length-of-stain indicator tubes or direct-reading monitor-
ing devices. Because of the Intermittent nature of gaseous emissions in the

facilities, grab sampling and real-time monitoring were preferred because
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full-shift personal sampling did not pinpoint emissions sources or measure

peak concentrations.
DATA ANALYSIS

All analytical results were corrected for desorptlon efficiencies 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 blanks values taken during the

respective surveys.
The data were analyzed using the following statistical method:

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

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

n
GM = antilogig 2: logio X1
i=1
n

2
g 2
GSD = antilogg a 2109101‘ (E logio x)

n{n-1)

. The lower limit of detection was used for all values of OC.

. The upper and lower confidence limits (UCL, LCL) were calculated
from the GM, GSD, and the Student's t according to the formulas:

r -
. 1 GSD
UCL = antilogpp | log1oGM + £ 55 ogL
L a¥?
GSD |
ILCL = antilogyig | logioGM - t g5 .ML
i n1/2
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. wt.o5 was chosen from the standard table.

A

(n-1) £.05
1 12.7

2 4.3

3 3.2

5 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 found on the group means of PNAs can be attri-
buted to two factors. First the data were widely dispersed, concentration
ranges routinely varied over four orders of magnitude within a given popula-
tion of samples. This probably resulted from the unsteady operating condi-
tions at the plants and from inherent variability in the sampling and ana-
lytical methods. Second, the number of samples in each category or group
was necessarily low due to the high cost of individuzl sample analysis of

PNAs.
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4. RESULTS
RESULTS OF AREA AND PERSONAL SAMPLING

This chapter summarizes the results of all sampling conducted at the three
coal gasification plants. More than 90 personal and area samples were col-
 lected 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
ouly are reported. When groups of data are combined, the geometric means
(GM) are uséd'aibng with the geometric standard deviation (GSD) and the 95Z
upper and lower confidence l1imits (UCL and LCL). Individual sample results
with the measured concentrations of each PNA species are presented in

Appendix B.

Cne of the objectives of the study was to determine which of the unit‘pro-
cesses contributed substantially to worker exposures. To accomplish this,
area samples were, when possible, collected adjacent to equipment in each of
the process units which were expected to be the source of highest emissions.
Sampling data from these points were then combined for comparison to other

process areas {(Table 4-1).

Similarly, perscnal sampling data collected from workers with equivalent job
responsibilities at the three plants were combined for comparison (Table
4=23%.

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

PNAs by ring number is also given (Tables 4-1 and 4-2).

Table 4-3 shows qualitative results of the wipe samples collected at the

coal gasification plants.
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Other samples were collected to assess worker exposures to aromatic amines,

simple aromatics such as benzene, toluene, and xylene, and the gases carbon

monoxide and hydrogen sulfide.

were collected for these groups of compounds (Tables 4-4 to 4-7).

In total, over 90 personal and area samples

sults displayed in Tables &4-1 to 4-7 are discussed in Chapter 5.

The re-

Table 4-1. Total PNA Concentrations for Area Samples of Coal
Gasification Plants/% Distribution of PNAs by Weight
d e "% Distribution of PNAS by weight;
Flant Area sSampled Na (uGﬁh GSDC (uLC/I;;S) muc/zg) - 3
9 9 3 2=Ring | 3-Ring | 4-Ring | 5-Ring an
7=-Rina
f — |
a Gasifier Combustor 4 0.4 4.9 <g.1l 4.7 100 Q o] Q ol
Gasifier Reductor 1 0.4 | w29 wa N/A 100 0 0 o 0
Gas Duct 2 <0.1 [<0.1{ <s5.1 <0.1 N/A N/A N/A N/A N/B
Induced-Draft Fan 2 0.3 | 8.1 <0.1 |2.7x10%] 100 o 0 o o
Sludge Thickener 1 <0.1 N/A N/A N/& N/A N/a N/A N/A N/A
Cycleone Scrubber 1 0.2 N/A N/A N/2 100 o] 0 8] O,
Contrel Room 2 0.2 3.5 | <o0.1 2.1x 10 100 e} 0 0 0
Total In-Plant 13 0.2 3.2 0.1 0.5 100 o 0 0 0
Plant Perimeter 2 0.3 4.7 | =<0.1 3.4 x10°% 190 0 0 0 0
B Top of Gasifier 3 22.7 1.5 B.3 61.6 97.4 2.6 0 o 0
Poke Hole 3 17.3 2.7 1.4 21C.0 96.2 3.8 0 ) 0
Detarrer/Deoiler 4 18.1 2.4 2.1 152.6 97.4 2.6 o] 0 Q
0il/Liquor separator 1 74.2 N/A N/A N/A 97.4 2.2 c.4 0 0.
ash Pan 1 4z.1 N/A N/A N/A 96.4 3.6 ] 0 o
Day Tar/0il Tank 2 20.6 2.2 <Q.1 2.2x 104 96.4 3.0 0.6 o} 0
Tar Pump 2 72.4 1.1 36,9 142.2 37.2 2.8 o o} 0
Gas Compressor 1 69.6 N/A N/A N/A 98.7 1.3 0 o Q
Control Room 2| 20.5 1.8 0.1 4.5x 103 || 92.8 7.2 0 Q o
Total In-Plant 19 26.8 2.2 18.3 39.1 96.7 3.2 0.1 0 Q
Plant Perimeter 2 1.8 | 4.7 <0.1 {z2.0x108| 73.3 | 25.0 1.7 0 o
cC Gasifier - 5th Level 3 g.e 2.6 c.1 6.5 73.9 26.1 o] Q Q
Gasifier - 6th Level | 4 5.4 7.6 c.2 138.8 99.2 0.8 ) 0
Gas Compressor q 1.7 3.0 0.3 9.7 69.9 21.4 6. 1.9 0
Fil?e:/strainer 2 0.9 2.4 <0.1 5.9 % 10% 91.3 4.3 .3 Q 0
Control Room 4 2.9 3.7 0.3 23.6 96.5 3.5 0 0 0
Total In-Plant 17 2.0 4.3 0.2 4.1 95.8 3.4 0.8 0.2 ol
Plant Perimeter 3 1.1 2.6 0.1 12.0 83.7 16.3 0 0 ol

aNumber of samples collected.

o . .
Geometric mean of concentrations.

dLowe: 95% confidence limit of geometric mean.

f"<" indicates value below detection limit.

cGeometric standard deviation.

eUpper 95% confidence limit of geometric mean.

gN/A = nct applicable.
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Table 4-2. Total PNA Concentrations for Personal Samples of Coal Gasification
Plants/% Distribution by Weight

d e . - } .
o’ el e ueL % Distribution of BNAs by Weight
Plant Personnel Sampled N/'z tug/m) Gspb (ug/m’) (ug/m?) strisurion © Y "eig
9 2-R.i.ng J-Rin 4-R:Lng S -Rin &-Ring 7-&Lng
A EQUIPMENT OFERATORS ] 2.6 3.6 0.9 8.1 85.8 r_::‘q‘ o) v} [} o]
MAINTENANCE PERSONNEL
Walder/Boilermaker 4 6.8 1.9 2.4 19.5 100 Q a 0 o} o]
I
Pipefitter 2 6.5 3.4 <0.2 8.1x10° 96.9 3.1 o] 0 o] o]
Laborer 2 0.4 7 <0.2 9.3x 107 100 ] a b} ¢} Q
TOTAL Mainterance 8 1.4 5.1 0.8 13.4 97.4 2.8 o] 1] Q ol
CHEMICAL TECHNICIAN 2 0.4 7.4 <0.2 2.7x107 10 v} 0 0 I c 0
INSTRUMENT TECHNICIAN || 1 1.9 |wnf| wa N/R 100 0 0 0 0 0
8 QPERATORS 4 19.3 1.5 9.7 35.4 98.2 3.8 o} 0 o] ol
MAINTENANCE PERSONNEL .
Mzllwright 2 s8.0 2.5 <0.2 2.0 %108 97.9 2.1 s} 0 Q Q
Ueility Helper 2 15.3 1.1 2.3 24.2 87.1 1.3 1.8 [} o} a
Maintenance 2 88.5 1.3 7.4 1.1x10' | 99.0 1.0 a Q o]
Electrician 1 389.4 N/A N/A N/A 98.2 1.8 Q 0 Q 0
Foreman 1 5.1 N/A N/A N/RA 92.9 7.k o] Q o] 0
TOTAL aintenance 8 55.1 1.0 21.4 141.5 93.0 1.9 c.1 Q ¢ 0
c LOWER LEVEL TECHNICIAN| 7 4.2 1.3 L.2 13.8 €7.8 18.5 10.9 2.8 0 s}
UPPER LEVEL TECHNICIAN || S 5.3 11.3 0.3 110.7 67.8 18.4 8.9 4.9 Q a
MAINTENANCE PERSCNNEL 1 60,4 N/A N/A N/A& 4.7 5.1 o] 0 e} a
ammber of samples colleactad. DGemé_tr:‘.: mean of concentrations. :"Geometzic standard deviatian.
dbower 95% confidence limit of gecmetric mean. eupper 95% confidence limit of geometric mean.
Fagn indicates valua below destection limit. gN/A = not applicable.

4-3



Table 4-3.

for three Coal Gasification FPlants

Wipe Sample PNA Analytlcal Results (Qualitative)

Plant

Site Sampled

b
&
=
0
w
1
o
[
=)
b0
I
E
ja)
b

Maintenance tools
Gloves of welder
Hands of welder
Gasifier
Induced-draft fan
Sludge thickener
Cyclone serubber rail
control roeom
Lunchroou

Lunchrocm

(8]

Tools for tar pump

Tools stored in control room
Tools for gas compressor
Rubber glove, outside surface
Rubber glove, cutside surface
Rubber glove, inside surface

Rubber glove, inside surface

Gloves of millwright at tar pump

Trousers under coveralls of tar pump worker

0il/liquer separator weir handle

Handrail above compressor
Handrail below Stretford unit
Handrail on top of gasifier
side of gasifier

Control roum - desk tap
control room - desk top
Control room - stair rail
Control room - bathroom handles

+
(]
1
]
1
1

Wrench at ground sample port
wrench at filter

wrench-at top of gasifier

Gloves of lower level technician

Coveralls of upper level technician
Coveralls of lower level technician [ ] ] [ ]

Lift truck steering wheel
Sample port, Séh level
Separatoar pit

Filter housing

Pipe duct betwean gasifier and cyclone

control room - desk top
Work platform, gasifier

a"i" indicates compound datected.

5,

-=" indicates compound not detected.
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Table 4-4. Maximum Concentrations (mg/ma) of Aromatic Amines Measured
in Area Samples at Coal Gasification Plants

Aromatic AMmines
Plant Prcgess Area ; .
= hyl-|2,4-D - - - - -
Aniline NN Dim?t vl ' %methyl o—Toluidine [o-Anisidine|p-Anisidine P N}tro Naph}hi:
aniline aniline aniline amine
A Gaslfier --b - ua o —_ _ n "
Cyclone Scrubber - - o [} - -— 5] o
Induced-Draft
== == n o - - n o
Fan
B Gaaifier - - - . - - - -
Poke Hole - - - - - -— - .
Detarrer/Deoiler [ 5] o o 1] o o ——
Washer ] n a n o ] 4] -
d
[ Makeup Pumps - - - - - - n o
Separator Pit? - -- 0.01 - 0.04 - o u
e
Sampling Port -- -- -- - - - n 0
Cyclone - 5th . ;
Level? 0.01 0.01 0.0{ o n
Gasifier - 6th
Level? .01 0.01 0.0 - - - n It
Compress Pump . __ . _ L
Filters 0.09 a o
Control Roomd -- 0.1 -- - - -- n .
a
Includes 1~ and 2-naphthylamine. b"-—" indicates compound not detected.

clinll

Five

indicates sample not analyzed for this compound.

samples collected.

gsix samples collected.

Four samples collected.

e
Three samples collected.




Table 4-3. Maximum Concentratioms (mg/m3, expressed in ppm) of Organics
Measured in Alr Samples at Coal Gasification Plants

Organics
Plant Process hrea o B
Benzene | Toluene | Xylene | Xylencl | Phenols Crescl | Mercaptans

A | Gasifier ‘ 0-02 -8 - a7 - - . =
Char Bin S a o= | - - o
Cyclone Scrubber 0.02 - -— <4 o -] "
Induced-Draft Fan 0.02 - - a -4 o -1
Sludge Thickener 0.02 - -— " = z o
Gas Duct - - -- = n =z o
Stretford Unit 0.01 - - ] ' H g o
Control Room - - - n = o o

B Gasifier —— - - -1 -1 o --
Detarrer/Deoiler s - - -1 = -4 o
Cil/Liquor Separator - - - o a o a
Day Tar Tank - - - o = -] =
Compressor - - - o o o -]
sump Blowdown - -— -- -1 -] - o
Stretford Unit - - - ] o o "
Control Room - - - -] a -4 =
Wash Settling Tank - - - o -] o -

c Gasifier 0.02 - - - C—- - o
Char Sample Port 09.01 - - - - = -] 7 n
Filter 8.2 - -—- z z o q
Makeup Pump " o g - - - -
Compressor 0.05 - - = : o =z o
Saparator Pit -] n n - - - o
Control Room ) 0.5 - 0.01 - -— - 2

aIncludes ethylphenol. ] Glncludes n-propyl, n-butyl, and n-amylmercaptan.
Sn__n indicates compound not detacted. d“u" indicates sample not analyzed for compound.
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Table 4~6. Maximum Concentrations (ppm) of Qrgamics Measured in
Personal Samples at Coal Gasification Plants

No. of Organics
Plant Job Categoxry Sa.m. les
e Benzene Toluene Xylene
A Equipment Qperator 12 0.01 0.01 -z
Maintenance Personnel 8 0.05 0.02 -
Instrument Tachnician 2 g.0l p0.02 -
Chemical Technician 4 0.01 - -
B Qperator q - - -
Utility Helper q - - -
Maintenance Personnel k| - - 0.1
c COperator 13 0.03 - -
Maintenance Personnel 2 0.1 0.01 0.06

A indicates compound not detected: detection limit for benzene, toluene, and
xylene was 0.0l ppm assuming an average sampla volume of 100 liters.
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Table 4-7. Area Sampling Analytical Results (ppm) for Carbon Monoxide
and Hydrogen Sulfide at Three Coal Gasificatidi Plants
. Compound (ppm)
Blant Locaticn Sampled Date Sampled

Carbon Monoxide

Hydrogen sSulfide

a Gasifier 1/26/79 - 1/28/79 2% -2
Induced-Draft Fan 1/26/79-1/23/79 o -
Cyclone Scrubber 1/26/79 - 1/28/79 a -
Siudge Thickener 1/26/79 - 1/28/79 = --
Stretford Unit 1/26/79 - 1/28/79 a -

B Coal Conveyor to Coal Bunker 8/18/80 -8,/20/80 S-Zlc -4
Tep of Gasifier 8/18/80 - 8/20/80 0-8° z

4/27/81 = 5/1/91 0-10° --

Poke Hole 8/18/80 - 8/20/80 0-5°¢ --
) 4/27/81 - 5/1/81 g=10° --
stretford Unit 8/18/80 -8/20/80 a -
4/27/71 - 5/1/81 -- --

Deoiler, Washer, Cooler 3/18/80 -8/20/80 5-60° ]
Detarrer 8/18/80 = B/20/80 a-55° a
Deoiler/Detarrer 4/27/81 -5/1/81 - -
Wash Settling Tank 8/18/80 - 8/20/80 a 2
448 Level (Including Stretford) | 8/18/80 - 8/20/80 0-5° --
Ash Pan 8/18/80 - 8/20/80 -5¢ --
4/27/81 -5/1/81 - -=

Ground Level 8/18/80 - 3/20/80 0-5° 1

C - | Top of Gasifier 5/14/81 - 5/15/81 ] -—-
Top of Gasifier - Lid Qff 5/14/81 - 5/15/81 27 -
Sth Level, Near Cyclone 5/14/81 -« 5/15/B1 18 -
Separator Pit 5/14/81 - 5/13/81 2-5° -
Recycle Gas Compressor/Filters ‘5/14/91 -5/15/81 13-14c -
ecycle Ges CompressorfPilters | spumi-sasn| s -
;;Sjgegg;: During Filter 5/14/81 - 5/15/81 2 120
;;éizgeggﬁ During Filter 5/14/81 - 5/15/81 5-1,745° 160

%wgw indicates not sampled. Datomn indicates not detected.

cRange of multiple samples or centinuocus monitoring.

ne



INDUSTRIAL HYGIENE AND MEDICAL SURVEILLANCE PROGRAMS

The industrial hygiene/medical surveillance programs reviewed here are
divided into those elements designed to minimize physical contact between
the worker and the plant environment (personal hygiene and educational pro-
grams ), those aimed at the detection of health changes caused by the indus-
trial environment (medical surveillance and epidemioclogical studies), and
industrial hygiene monitoring programs designed to measure chemical pollu~
tants in the plant environment. In general, the gasificaton plants included
in this survey maintained sparse programs which contained only the basic
elements of a generalized industrial hygiene program, and which lacked spec-
ific elements designed to meet the potential hazards associated with coal
conversion. ‘The elements of the individual programs at each plant are sum-

marized in Table 4-8.

Subjective differences in the efficacy of these programs were observed but
proved difficult to quantitate or even to substantiate; they can probably be
attributed to differences in motivation, expertise, and interest of the per-

sonnel responsible for the programs' management.
Personal Hygiene and Educational Programs

Personal hygiene procedures designed to protect coal gasification plant
workers against dermal, inhalational and accidental Ingestive exposures to

hazardous chemicals include four major elements:

. protective clothing/equipment programs
. clean clothing programs
« shower facilities with clean/dirty area separation

+ barrier creams and cleansing agents.

The range of protective clothing required or provided by the surveyed plants

for protection against dermal exposure to coal-derived materials includes:



Table 4-8. Industrial Hygiene/Qccupational Medicine Programs at

Coal Gasification Plants

PROGRAM ELEMENT

PLANT A

PLANT B

PLANT C

PERSONAL HYGIENE AND SAZETY

Protective Cleothing/Equipment Program

coveralls
shoes/boots
underwear
rainsuits/coats
gloves

safety glasses
hardhats
earmuffs
respirators

R N

-

N

D N

Clean Clothing Program
clean coveralls
protective shoes

clean underwear

3 pairs

daily

Hygiene Facilities (Shower Room)
single locker
dual lockers
clean/dirty separation
barrier creams/agents

~

EDUCATIONAL PROGRAM
Prejob training
Brochures/manuals
Continuing education
Posted signs
Respirator training

/

informal

v

v/

classroom.

v

WORK PRACTICES AND PERMIT SYSTEM

INDUSTRIAL HYGIENE MONITORING.
Informal schedule
Uniform program

MEDICAL SURVEILLANCE
Clinical monitoring
Epidemiological program
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shoes —- ovil-resistant leather or rubber coverings required and
provided by some plants

. coveralls —-- provided by all plants

raincoats, rainsuits, aprons, hoods —-- provided by all plants on
an "as-needed” or assigned basis for high-exposure jobs in the
proecess area

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

Safety equipment required for everyone entering the process areas of all
plants includes safety glasses and hardhats; earmuffs were usually available

as well.

Protection from inhalation of potentially dangerous gases and airborne par-
ticulates is provided by disposable respirators and full-face respirators
with acid gas/organic vapor cartridges. 1In addition, supplied-air respira-
tors include 5-minute, self-contained escape packs, and 30-minute, pressure-

demand, self-contained breathing apparatus (SCBA).

The effectiveness of this part of the personal hygiene program is difficult
to assess objectively; it depends upon the availability of this mandatory
and nommandatory equipment, as well as on the attitudes of those responsible

for using the equipment.

The clean clothes programs have as thelr goals the minimization of exposure
to coal~derived materials and the prevention of fheir spread ocutside the
dirty areas of the plant. The gasification plants provide several sets of
clothing with changes left to the discretion of the worker. All plants
provide laundering service for this clothing, either on the premises or at
commercial laundries. No systematic programs for cleaning nonlaunderable
articles, such as gloves and rubver items, were evident in any plant, and
waorker contact with heavily soiled articles of this nature was noted fre-

quently.

All of the gasificatlion plants provide shower facilities and recommend daily

showers. In addition, dual lockers are availgble in the shower room of one
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plant. for separation of work and nonwork clothing. Barrier creams and

cleansing agents are not generally available.

The UV fluorescent examination of skin washings before and after showering,
of clothing after laundering, and of tools for the detection of PN; contami-
nation has been done on an experimental basis only. No plant provides rou-
tine spot-checking of this nature for monitoring the efficacy of persomal

hygiene programs.

Educational programs for employees include formal training in the use and
care of respirators and prejob training by supervisors on an as—neéded
basis. One plant also holds formal classroom sessions on first aid, aceci-
deht prevention, and safety rules covering equipment, emergencies, mate-

a

rials, machinery, and fire prevention.
Medical Surveillance and Epidemiological Studies

Industrial medical surveillance protects the health of the individual by de— R
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. It
should therefore include a program of ﬁedical monitoring of individual work-
ers for immediate evaluation, and a system for continuocus recording of both

medical and exposure data for future study.

Table 4-9 lists the coal gasificatlon plants included in this study and the
medical surveillance procedures utilized by each. All currently operating
plants provide at least periodic history and physical examinations and one
or more auxiliary tests, including pulmonary function tests, chest X-rays,
electrocardiograms, audiograms, and visual acuity tests. They also provide

special visual skin examinations by a physician.

Lohg—term effects on nearly all major organ systems of the body have been

attributed to constituent chemicals in various coal conversion process

streams. Table C-6 (page C=30) iisfs the sbecific chemicals sampled in this

study and the major organ systems at risk following exposure. Also included
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Table 4-9. Medical Programs in Effect at Coal Gasification Plants
PLANT A PLANT B PLANT C

No. of mployees:a 35 130 50

MINIMAL WORK-UP

Preplacement Hi;story ‘

and Physical v d /

Annual Follow-up v /° Y

Urinalysis - v Y/

Blood Count v’ - Y

ROUTINE WORK-UP

Blood Chemistries - v serum glucose

AUXILIARY TESTS

Chest X-ray /d v Y

Pulmonary Functicns /d v Vv

EXG /4 - /e

S_PECIAI.IZED TESTS

Audiogram - - /e

Sputum Cytology - - -

Urine Cytology - - -

skin Examination - v v

MISCELLANEOUS
Medical Work-up

Epidemiclogical Program

visual acuity testing

%Mot all tests given to all personnel.

cSemiannually after 5 years.

dEvoxy 3 years.

4-13
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in the table are specialized blood and urine tests which can provide an
index of exposure to certain of these chemicals. They are useful monitoring
tests. during periods of increased exposure during maintenance and cleanup
operations and in emergencies. However, the extensive sampling data
gathered and analyzed in this study have not detected any of these par-

ticular chemicals at high enough levels to justify their routine use.

No epidemiology programs are being undertaken at ahy of the surveyed gasifi-

cation plants.
Industrial Hygiene Monitoring Programs

Each of the three coal gasification plants surveyed conducts limited air
sampling for chemical pollutants. Table 4-10 summarizes these chemicals by
individual plant. 1In one plant, hydrogen sulfide, carbon monoxide, and
ammonia readings are taken each shift at four grade level sites. In another,
CO levels are continuously monitored in certain areas of the plant; in other ~
areas, readings are taken before entrance. Ali three plants have conducted
‘benzene-soluble analyses of air samples, and one has measured individual

benzo(a)pyrene (BaP) and naphthalene levels.

Table 4-10. "Summary of Industrial Hyglene Monitoring Programs at
Coal Gasification Plants

Monitoring Program Plant A Plant B Plant c%

Coal Dust/Respirable
Particulates

- - v

Benzene solubles

Aromatic Hydrccarbons Benzene solubles | Benzene solubles| Naphthalene
Benzo{a)pyrene

Hydrogen sulfide

Gases - Carbon monoxide Carbon monoxide
Ammonia

Benzene, Toluene, Xylene v ) - Benzene

Phenolics - Y 4

Noise . - - /

a ;
A One-time survey.

4~14




Most results are considered proprietary information and therefore unavail-
able for outside publications. However, the following fragmentary results

have been reported:

. Of the two plants regularly monitoring CO levels, one has re-
ported levels greater than 1,500 ppm when the recycle gas com-
pressor filters and strainers are changed.

. All benzene levels have been below 1 ppm;

« All benzo(a)pyrene and naphthalene levels measured in one plant
werg less than 2 ugfm3 for air volumes ranging from 0.6 to
4 m-. :

+ Some of the personal samples taken on techniclans In one plant
and analyzed for benzene solubles and total dust were inexpli-
cably high and exceeded current standards.

WORK PRACTICES AND CONTROLS

Coal gasification plants are basically closed-system operations designed to
contain process constituents within the system. In a properly maintained

system, worker exposure to process constituents can occur:

» at entry and exit points within the system,

. duriﬁg upset conditions,

. during activities that circumvent the closed system, and

« as a result of catastrophic equipment failure.
Supplemental engineering controls, such as local exhaust ventilation, have
been employed at entry and ex t points to control some emissions. However,
" in most coal gasification facilities, worker protection is provided by the
use of personal protective clothing and respirators. Fof‘upset conditions
and for activities that circumvent the closed'system, work practices and

personal protective clothing and equipment are rellied upon to provide

workers with additional protection.
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Work Practices . .

The principal objective of work practices observed at the three coal gasifi-
cation plants is to minimize skin contact with process constituents in the
handling ¢f contaminated tools or equipment. This is accomplished through
the development of work procedures that will reduce contact exposures to any
constituent encountered during upset conditions or in the performance of
routine activities which are outside the closed system. Theée situations
were identified by plant management and safety personnel as being related
primarily to maintenance activities, process stream sampling, and emergency

situations.

Chemical contaminants which the plants’ management and safety staffs con-
sidered to present the greatest hazard to workers in these special situa-
tions were used as models tc develop the correct work practices frocedures
to control exposures. These compounds include PNAs, hydrogen sulfide, and
carbon monoxide. The PNAs were selected because of the carcinogenic proper- .
ties ¢f a number of PNA specles. Plant concern regarding bodily contact
with PNAs is supported by information obtained in this study which showed
the presence of PNAs on work suffaces, tools, and clothing (shown in Table
4-3).

Hydrogen sulfide is considered a hazard because of its presence in the pro-
cess streams in the paffs—per-million range (by volume}; at tﬁese levels,
hydrogen sulfide can be an acute hazard in enclesed areas (e.g., a vessel)
or in emergency situations involving major process leaks. Carben monoxide,
a major component of the product gas, may also be an acute hazard in similar _

situations in'gasification facilities.

Maintenance workers run a higher risk of being exposed to process materials
than workers in other job categories at gasification facilities. Main-
tenance activities are related to work on on~line equipment such as breaking
into process lines, repairing and removing process equipment, and entering |
vessels. Sampling at the three gasification facilities indicated that work-
ers engaged in such activities had the highest exposures of.all worker

BTOUpS.
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Work practices for maintenance activities by the gasification plants are:
isolation of the system, draining the system of process material, and clean-
ing of the work site. Observations made at the facilities indicated that
only Plant B has these three elements formalized in its safety manual. The
other two plants reportedly follow these procedures, but they did not have

written procedures available at the time of the Envirc surveys.

It was observed in the gasification plants that the plant operators generally
perform the pre-maintenance activities of isolation, draining, and cleaning
because they are more familiar than the maintenance crew with the process
design and dismantling of equipment. This presumably transfers the risk of
highest exposure to process materials from the maintenance crew to the
operators; however, sampling results did not substantiate this. Protection
of the operators is accomplished by the development.of safe worl procedures
for these three activities, by the use of a permit system to monitor these

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

Isclation. In the isolation step, the flow of process material into the
process segment being repaired 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
and most common technique; it involves the closing of valves on all lines
entering and leaving the segment under repair. Valving is also the least
reliable method of isolation because of the possibility of valve failure.
Where valving is used as an 1solation technique, its reliability has been
improved by adding refinements such as mechanical lockouts. Caps and plugs
are more reliable because they involve the actual removal of a segment of
piping, physically isclating the vessel or equipment from the rest of the

process.

Draining and Flushing. Once the system is i1solated, it is drained or

flushed of process material to reduce the potential for skin contact with
the process material during maintenmance work. Drained solid or liquid mate-
rials are routed to receptacles such as covered containers or drains for
disposal; vapor and gases are vented to the atmosphere or flared. Workers

are required to open valves slowly in order to prevent an explosive ejection
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of the process material from lines or vessels under high temperatures.
Where pressurized systems exist, bleed valves are used to reduce pressures
to atmospheric levels. This procedure was observed at Plant C where emis-

sions were vented by piping to areas away from the workers.

Cleaning. Cleaning operations are used to remove surface contamination,
primarily coal tars, from work surfaces. Steam-cleaning is the most common
method, and was observed in Plant B where coal tars are formed as a by-
product of the operation. Plants A and C do not include cleaning operations
as part of their pre-maintenance procedures because of negligible tar forma-

tion in the gasification processes.

Vessel Entry. Maintenance work involving vessel entry requires additional

precautionary measures besides isolation, draining, and cleaning. It was
observed that all the gasification facilities have vessel entry procedures
which were patterned after NIOSH recommendations. These procedures follow

the cleaning step and involve:

. purging the vessel with aif,
. checking combustible gas and oxygen levels,

. measuring concentrations of toxic gases, such as hydrogen sulfide
and carbon monoxide, likely to be present, and

s employing the 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—-

The technique most commonly employed is to conduct cleanuﬁ activities on an
as-needed basis. Plant B has the_assigned staff clean the process area on a
daily basis; there is a déily schedule in which operators on all three -
shifts are allotted time at the end of their shift to clean their assigned
area. This procedure permits the daily cleaning of all areas. The presence
of an epoxy coating on the concrete floor facilitates cleaning by minimizing

the absorption of tars by the concrete flooring.
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Plants A and C have no special procedures for cleanup of spills because tars
are not a by-product of their process. However, at Plant C the process area

is cleaned by the operators at each plant shutdown period.

Steam-cleaning is the most rigorous cleanup method used for the removal of
tar deposits at the surveyed gasification facilities. This method was ob-
served only at Plant B where tar formation was a problem; it was used pri-
marily to remove old tar deposits. Fresh tar spills were cleaned up using a
clay absorbent and then scrubbing with socap and water. This technique has
been proved to be effective at Plant B because of the epoxy coating men-
tioned earlier. Plants A and C, where tars are not produced, used only

detergent and water in their cleaning operations.
Administrative Controls

The gasification plants studied on this project do mnot consider administra-
tive controls to be a major technique for controlling worker exposures, pre-
ferring the use of protective‘clothing and equipment and the use of safe
work practices procedures. Where administrative controls are used, they
serve as supplements to protective clothing/equipment and work practices

requirements.

The most commonly used form of administrative control observed was barri-
cading, whereby an individual's movement into a specific area is physically
restrictea by barriers. Subsequent entry to the area is based on training
in recognizing and handling hazards within the area. In temporary situa-
tions where process upsets or the performance of specific activities such as
repair can create hazardous conditions, colored barrier tapes are used to
erect a temporary barrier tc keep untrained persounel out of the particular

area (Plant C).

In Plant C entry into the process area was prohibited during operations.

This system is considered effective because a warning light was also used in

combination with the entry restriction. The warning devices used at this

facility included a flashing red light signifying that the gasifier was in

operation, and a sign listing the precautions that must be taken to safely
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enter the area. The presence of these warning devices reinforces worker
training by serving as a reminder of the safety requirements needed during

the operation of the gasifier.

Plants B and C are designated as "limited access”™ areas. Visitors entering
the facility are assumed to be untrained and unfamiliar with the plant
safety measures. A sign-in/sign-out system is used in these plants to moni-
tor visitors while they are in the facility. In this system, a visitor
entering the facility must sign a logbook, noting time of arrival; upon
departure, the visitor must sign out, logging his time of departure. While
in the facility, visitors are provided with company escorts who are familiar
with plant safety policies, wﬁich provides an effective means of keeping
track of visitors and their location in the facility and ensures that

visitors are not endangered by unknowingly vioclating safetylﬁédﬁéﬂufes.

An unuvsual situation exists at Plant B, whereby the gasificaticn facility
accounts for only a fraction of the people employed at the plant. Since
there is some interchaﬁge of personnel between the gasification facility and
other plant operations, a certification system has‘been developed to keep
track of the training status of workers in relevant safety matters such as
respirator training. At Plant B, any company employee entering the gasifi-
cation facility must present his certification card for review by the super-
visor in charge of the gasification facility. If the worker does not have

the requisite training, he is provided with an escort.
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5. ANALYSIS AND DISCUSSION OF RESULTS
POLYNUCLEAR AROMATIC HYDROCARBONS (PNAs)

PNA samples collected at each of the three gasification facilitiles were
divided Into area samples and personal samples. Personal samples were com-
bined into three major worker groups -- operators, maintenance, and labora-
tory technicians. These worker groups were identified on the basis of job
descriptions cobtained at the individual plants and observations of the work-
ers made at the time of the surveys. Group selections were made to ensure
that the workers placed in each group had similar functions at all three
facilities. The combined area samples represent the mean of all area
samples collected at each of the plants except the plant perimeter samples
which were taken to determine extra-plant socurces of PNAs. For each of the
four groups, the geometric mean (GM), geometric standard deviation (GSD),

and 95% confidence limits have been determined (Table 5-1).

In each of the three gasification plants, five major process areas were
identified, and all samples collected in the respective areas were grouped
for interplant comparison. Table 5-2 shows the mean value (GM) and confi-

dence limits of the process areas.

Statistical comparison of the GMs for both intraplant and interplant groups
were made utilizing the equation (Sokal and Rohlf, 1963; p. 374):

log GM; - log GM,

] _ .
lts l- antilog \/log s?  log S2

+
n, 2F)




where "n" represents sample size. This equation assumes the variances
2
(S”) of the groups are different. The té value is then coempared with
the t' value at P = 0.05 obtained through extrapolation using the following

equation:

52 SZ
. n,; n, .05['“2"1] n,
t' =
205
Sl SZ
—_—  —
B, N

where "n~1" represents the degree of freedom.

Table 5-1. Total PNA Concentrations for Area and Personal Sample
Groups Collected at Three Coal Gasification Facilities

D d €
a GM c LCL UcL
GS
Group Plant | N {(ug/m3) D (ng/m) (ng/m?)
A 13 0.2 3.2 0.1 0.5
Combined
Area B 19 26.8 2.2 18.3 39.1
Samples
- C 17 |. 2.0 4.3 : 0.9 . 4.1
A 8 2.6 3.6 2.9 8.1
Operator
(Personal Samples) B 4 19.3 1.5 9.7 38.4
C 12 - 4.8 5.8 1.5 14.2
A 9 3.2 4.7 1.0 10.3
Maintenance -
(Personal Samples) B 8 55.1 3.0 21.4 141.5
c 1 60.4 n/af N/B N/A
A 2 0.4 7.4 <0.2 2.7 x 107
Laboratory
Technician B 0 N/A N/A N/A N/A
(Perscnal Samples)
C 0 N/A N/A N/A N/A
INumber of samples collected, EGeometric mean of concentrations.
“Geometric standard deviatiocn. dLower 95% confidence limit of geometric
mean,
“Upper 95% confidence limit of geometric mean. fN/A = not applicable.
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Table 5-2. Total PNA Concentrations at Process Areas of
Three Coal Gasification Plants

. é e
Process Area a GM c LCL ucL
Plant Sampled N {ug/m3) Gsb (rg/m?) (ng/m?)
A Gasifier 5 0.4 4.0 0.1 1.9
Gas Cleanup 2 0.1 1.6 <O.lf 11.5
Clean Product Gas 4 0.2 3.2 <0.1 1.0
Control Room 2 0.2 3.6 <0.1 2.1 = 10"
Tatal In-Plant 13 0.2 1.2 0.1 0.5
Perimeter 2 0.3 4.7 <0.1 3.4 x 105
B Gasifier 7 22.1 2.0 11.7 ' 41.7
Gas Cleanup 9 29.7 2.5 1l4.9 59.2
Clean Product Gas 1 69.6 n/ag N/A N/A
Control Room 2 20.5 1.8 0.1 4,5 %103
Total In-Plant 19 26.8 2.2 18.3 39.1
Perimeter 2 1.8 4.7 <0.1 2.0 x 108
jod Gasifier 4 5.4 7.6 0.2 138.8
Gas Cleanup 3 0.6 2.6 0.1 6.5
Clean Product Gas 6 1.4 2.7 0.5 4.0
Contrcl Room 4 2.9 3.7 0.3 23.6
Total In-Plant 17 2.0 - 4.3 0.9 4.1
Perimeter 3 1.1 2.6 0.1 12.0
aNumber of samples ceollected. Z’Gecwmat::ic mean of concentrations.
®Ceometric standard deviation. dLower 95% confidence limit of geometric
mean.
eUpper 95% confidence limit cf gecmetric mean.
"¢" indicates bhelow detection limit. 5'N/A = not applicable.
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Intraplant Analysis

Plant A--

A comparison of the three job cateogries at Plant A (Figure 5-1) showed no
significant difference in the means for the operators and maintenance

workers (P >0.05).

t
1
i
i

Combined Area (13)*

GM = 0.2

Maintenance (9)

GM = 3.2

Operator (8]

*Numbers in parentheses
indicate the number of
GM = 2.8 . samples collected.

Laboratory Technician (2)

LlIlllIllll'llllllllIllIlIllllllllllllllIlllllllllllllllllllIlllllllllllllllllllllllllll>

GM = 0.4
1 T e k. P — [l ' i L - I [ 1
— v T T T T T T T T L 1 \
0.1 0.2 0.5 1 2. 5 . 10 20 50 100 . 200 . . s¢Q. 1,000 2,000

Concentration of Total PNAs (ug/m?)

Figure 5-1,., Geometric Mean PNA Concentrations with 95% Confidence
Limits for Samples Collected at Plant A

This can probably be aﬁfributed to the sharing of duties which was the
general practice at Plant A. Each group frequently assisted the other in
repairing and cleaning the gasifier. However, when these two groups are in-
dependently compared with the area'sample group and the laboratory techni-
cians, their GMs were significantly higher (P<0.001). The maintenance
group (GM = 3.2 ug/m3) and the operators (GM = 2.6 ug/ms) were 15 times

that of the laboratory technicians and the combined area sample mean. Since
sampling was carried out during repair and cleaning of the gasifier and
other onstream process equipment which requird dismantling of equipment and
vessel entry, these activities rather than fugative emissions appear to
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account for the higher PNA exposures. Exposure of laboratory personel was

equivalent to that of the background PNA concentration.

A comparison of mean PNA concetrations of samples collected at each of the
major unit operations at Plant A with those of the plant perimeter showed no
significant differences (Table 5-2). Levels noted at each of the unit oper-
ations cannot be differentiated from background levels, indicating no signi-
ficant emissions of PNAs by the process. The presence of a negative-pressure
system and the up—and-down operational status of the plant are believed to

be the two major contributing factors to this finding.

The significantly higher PNA levels recorded for the operators and main-
tenance workers must therefore be due to sources other than fugitive emis-
sions from the gasification process. During the survey of Plant A, it was
noted that when these workers were sampled they were repairing and cleaning
the gasifier and other onstream process equipment. Their activities in-
volved dismantling of the equipment and, in the case of the gasifier, enter-
ing the vessel. Implications are that these activities are responsible for
the higher PNA values.

Since the laboratory technicians had a GM (0.4 ug/m3) which is not signi-
ficantly different than either the perimeter or the total area in-plant level
of 0.2 ug/m3 (P >0.05), it 1is evident that the PNA exposure of this worker 7
group was basically at background levels. This result implies that the
duties of the technicians do not expose them to PNA concentrations above
background levels. However, the wide 95% confidence limits of this mean

makes definitive conclusions impossible.
Plant B—

A comparison of the two worker groups at this plant with the area samples
revealed no significant difference (P> 0.05) between the operators (GM =
19.3 ug/m3) and the combined area samples (GM = 26.8 ug/mB) {Table 5-1;
Figure 5-2). |



*Numbers in parentheses
indicate the number of
samplas collected.

L

Combined Area (19)*

GM = 26.8

Operator (4)

GM = 19.3

Maintenance (8)

GM = S55.1
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Figure 5-2. Geometric Mean PNA Concentrations with 95% Confldence
Limits for Samples Taken at Plant B

The maintenance group, on the other hand, had a mean exposure of PNAs (GM =

55.1 ug/m3) that was significantly higher (P< 0.05) than that determined

for the operators and the mean concentation of the area samples. The mean

exposure of the maintenance group was about three times higher than either

the operators or the area sample means.

Since the operators and maintenance .

personnel work in the same general area, the difference in exposures appears

to be due to the different specific activities performed by wembers of the

two groups. From observations made at the time of the survey at Plant B,

the key activities causing higher exposures of maintenance personnel are re-

lated to work on on-line equipment, especially that related to the tar-liquor

separator system.

A significant difference (P< 0.0l) exists between the mean of PNA concentra-

tions measured at the individual unit opefa;ions and the plant perimeter

samples (Table 5-2); calculated GM values were 10 to 15 times those deter-

mined for the perimeter.

However, no significant differences were noted

between the individual unit operations (P> 0.05). The complete enclosure of

the gasification facility is considered the primary reason for the signifi-

cantly high levels of PNAs measured relative to the background {perimeter)

mean of 1.8 ug/m3.
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The control room at Plant B has been enclosed and provided with its own air-
conditioning system designed to maintain a positive-pressure environment to
isolate it from the process area. Although the control room had an overall
average PNA concentration (GM = 20.5 ug/m3) lower than the other three
process areas (Table 5-2), the difference was not statistically signifi-
cant. Although not conclusive from the data obtained, indications are that
the system is not effective in reducing PNA concentrations below general

process area levels.

Area samples for PNAs taken at the gasification fire-bed-depth determina-
tions indicate that this activity does not measurably contribute to the
operators' overall level of exposure to PNAs. The absence of any apprec-
iable contribution is an indication of the effectiveness of the present

steam venturi control system.
Plant C--

There was a significant difference (P <0.001) between mean PNA concentra-
tions for operators (GM = 4.6 ug/m ) and for combined area samples (GM =

2.0 ug/m ), with the operators being 130% higher (Table 5-1; Figure 5-3).
Comparison of operators with individual unit operations listed in Table 5-2
showed no significant difference (P> 0.05) in the mean of the operator group
and the samples collected at the gasifier. A significant difference was
found between the operators and all othef process areas (P <0.05), with
operator levels ranging from 55% to 670% higher. WNo comparisons were made
between the maintenance group and other groups because the limited number of

samples available precluded any statistical analysis.
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Combined Area (l7)%

GM = 2.0

Operator (12)

GM = 4.8

Maintenance {1)

*Numhers 1n parentheses e
indicate the number of concentration = 69.4
samples zollected.
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Figure 5-3. Geometric Mean PNA Concentations with 95% Confidence
Limits Geometric for Samples Taken at Plant C

Mean PNA concentrations of area samples collected at Plant C showed signifi-
cant differences (P<'0.05)‘among the four unit operations and perimeter sam-—
ples (Table 5-2). The gasifier had the highest recorded mean PNA concentra-
tion (GM = 5.4 ug/m3) with the centrel room 40% lower at 2.9 ug/mB. |

The perimeter level or background was 80% higher than the mean concentration
for samples collected at the gas cleanup area (GM = 0.6 ug/m3). Vari-
ability of the sampling and analytical procedures probably account for this
result. Indications are that the open structure of the gasification plant
prevents accumulations of gaseous and vapor emissions.

The foregoing discussion showed the‘variability in persomal exposures within
individual plants based on differences in job activities and process areas.
Higher exposures to PNAs were consistently found for employees, primarily
maintenance workers, engaged in activities which required them to work on,

disassemble, or enter process equipment. As an example: Plant A had the
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lowest levels of PNAs in the process area of the three plants with an
average area concentration of 0.2 ug/m3 (). The higher average levels
measured for operator and maintenance workers, 2.6 ug/m3 and 3.2 ug/m3
respectively, were markedly influenced by five samples (#034, #083, #013,
#037, and #085, Table B-3, Appendix B) taken on plant employees engaged in
activities which required "breaking into" process equipment. Although the
concentrations of PNAs measured on these workers were low, they were signi-
ficantly higher than the average of all other area or personal samples col-
lected at Plant A.

Also serving to illustrate this point is an example from Plant B. The three
highest personal exposure levels to PNAs were measured on employees directly
involved in working on tar-contaminated process equipment or Inspecting open
_vessels containing process stream materials (samples #1-020, 1-061, and

3-039, Table B-12, Appendix B).
Interplant Analysis

One objective of this study was to compare the different coal gasification
processes in terms of the exposure potential of employees to PNAs. This
would be used to identify those processes or unit operations which present a

greater health risk.

Significant differences (P <0.00l) exist in the mean PNA concentrations of
combined area samples collected at the three facilities. The fixed—bed gas-
ification unit (Plant B) had the highest level (GM = 26.8 ug/m ) (Table

5-1; Figure 5-4). The average PNA concentration at Plant B was 13 times

that recorded for Plant C which has a fluidized-bed gasifier (GM = 2.0

ug/m ) and 130 times the concentration measured at Plant A (GM = 0.2

ug/m ), an entrained-bed gasifier. The level at Plant C was 10 times that

of Plant A.
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Plant A (13}*
GM = 0.2
Plant B (19)
GM = 26.8
Plant C (17}
* Numbers in parentheses
tndicate the number of
GM = 2.0 samples collected.
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Figure 5-4. Geometric Mean PNA Concentrations with 957 Confidence Limits
for Combined Area Samples at Three Gasification Plants

The highest PNA concentation at Plant B is partially attributable to the
enclosed nature of the facility and partially to the low temperature (427°C,
800°F) of the product gas stream. Plants A and C have their gasification
facilities in open structures which reduces the potential for accumulatior

of process emissions.

The low gasification temperature used at Plant B to fofm the top gas product
stream favors PNA formation. . Conversely, the high gasification temperature
(982$C, 1,800°F) used at Plants A and C presents an unfavorable environment
for ?NA formation. As a result, tars are a major by-product of Plant B re-

quiring the presence of special tar cleanup and handling systems.

A contributing factor to the low PNA values recorded at Plant A is the oper-

ation of the system under negative pressure.

Comparisons of PNA levels measured for personal samples showed generaily the
same pattern as the area samples. Figures 5-5 and 5-6 show the mean (GM) of
samples collected on operators and maintenance personnel at the three plants

except for Plant C where only one maintenance personnel was sampled.
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Operators—-—

The mean value of PNA exposures of the operators at the three facilities
"differed significantly (P< 0.001) from one another. Plant B operétors had
the highest recorded mean value (GM = 19.3 ug/m3). This exposure level
was four times that recorded at Plant C (GM = 4.6 ug/m3) and more than
seven times that at Plant A (GM = 2.6 ug/m3). The GM of Plant C operators

was 757 higher than that calculated for operators at Plant A,

Plant A (8)*

GM = 2.6
Plant B (4}
GM = 19.3
Plant C (12)
*Numbers in parentheses
indicate the number of
GM = 4.6 - samples collected.
1 4 ! s 1 L L | . H -l L
) 1 ! 1 ) T T T L T R L T
0.1 Q.2 0.5 1 2z 5 19 20 50 100 200 sg0 1,000 2,000

Concentration of Total PNAs (ug/m3)

Figure 5-5. Geometric Mean PNA Concentrations with 95% Confidence
Limits for Operators at Three Gasification Plants

Maintenance—--

A significant difference (P <0.001} exists for the maintenance personnel at
Plant A and Plant B, with Plant B having PNA levels 20 times higher. Since
the maintenance operations at these facilities are similar, the differences
in exposures can be considered a reflection of differences in the work en-
vironments of these facilities. The two major differences are considered to
be the presence of an enclosed structure at Plant B versus an open structure
at Plant A, and the higher tar production of the Plant B process relative to
Plant A.
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Plant A (9)*

e —

GM = 3.2

Plant B (8)

*Nambers in parentheses l

.ndicate the number GM = S5.1
of samples callected.
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Figure 5-6. Geometric Mean PNA Concentrations with 95% Confidence
Limits for Maintenance Workers in Two Gasification Plants

The ranking of the three facilities by PNA exposure was the same for oper-
ators and maintenance personnel as for area samples. Results indicate that
workers in Plant B had higher exposures to PNAs relative to their counter-

parts in the other plants; Plant A workers had the lowest exposures.

Table 5-3 represents the GM and 95% confidence limits for the five major
unit processes common to- each of the plants.- The data for--these five groups -
were obtained by pooling sampling results for similar operations from all
three facilities. Analysis showed no significant differences (P >0.05)

between the means of the gasifier and the gas cleanup system, and between

the means of the products gas and perimeter area samples.
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Table 5-3. Combined Unit Operation Total PNA Concentration
for Three Coal Gasification Plants

Process Area N% GMb csp® LCLd ucL®
Sampled (wg/m?) (ug/m?) (ng/m3)
Gasifier 16 4.3 8.9 1.4 13.1
Gas Cleanup 14 4.5 2.7 1.2 16.4
Clean Product Gas 11 0.9 7.8 0.2 3.5
Control Room 8 2,5 7.1 0.5 13.4
Perimeter 7 0.9 3.7 0.3 2.8

b

Number of samples collected. Geometric mean of concentrations.

[+] . - .
Geometric standard deviation.

chwer'QS% confidence limit of gecometric mean.

fUpper 95% confidence limit of geometric mean.

The gasifier (GM = 4.3 ug/m3) and gas cleanup system (GM = 475 ug/m3)
had the highest values and appear to represent the major sources of PNAs
within the three facilities. Control rooms (GM = 2.5 ug/ma) were signi-
ficantly lower (P <0.01) than the gasifier value. The clean product gas
systems (GM = 0.9 ug/m3) and perimeter samples (GM = 0.9 ug/m3) had the

lowest PNA concentrations.

In order to provide a point of reference in the evalpation of employee ex-
posures to alrborme particulates and vapor phase PNAs in the three coal gas-
ification plants, the results of the personal sampling conducted in this
study are compared in Figure 5-7 with the similar Qampling programs con-
ducted in five coal iiquefaction plants (Cubit and Tanita, 1982) and the
delayed coker units and fluid catalytic cracker units (FCCUs) in nine petro-
leum refineries (Futagaki, 1981). The graphs represent the combined per-
sonal sampling data taken at each of the installations, using identical

sampling and analytical methods.
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In general, gasification plants A and C had lower mean exposure to PNAs for
all groups of workers sampled than most of the refinery or coal liquefaction
plant workers. Plant B, the only significant tar producer, had mean ex-
posure levels approximately equal to the levels measured in the delayed

coker units and the FC(CUs.

Caution must be exercised when comparing the gasification plants with the
petroleum refinery environment. Two plants, A and C, were pilot test plants
constructed to test various processes, operating conditions, and equipment.
Oonly Plant B was a commercial facility designed to operate continuously with
minimal modification and maintenance. Test plants by their nature are sub-
ject to short operational runs and frequent maintenance and process modifi-
cations. This is in contrast to the more or less continual operational
status of refineries where waintenance is on an as needed basis. Since.
maintenance activities were shown to be the primary source of exposure to
PNAs in all gasification plants, it may be expected that operational gasi-

fiers not producing tar would avoid this.

Contamination of process equipment, tools, and clothing with PNAs was de-
tected through the collection and qualitative analysis of 41 wipe samples.
0f these samples, 36 or 88% contained at least one PNA. With few exceptions
these PNAs were found on all proéess tools énd equipment. In additiom, six
or seven random samples taken from the control room, lunchroom, and locker-

room of these plants were also positive for these compounds (Table 4+-3).

Wipe samples taken -from gloves, trousers, and coveralls detected PNA con-

tamination of these items. Rubber gloves prevented the penetration of

PNAs. However, cotton gloves and coveralls were less effective barriers.

The strongly suspected carcinogens phenanthrene and anthracene (coelutents)
appeared to serve as a reliable indicator of the presense of PNAs and of
high molecular weight PNAs in these wipe samples. They were present in 32
or 78% of all samples and 84Z of the positive samples. More importantly,
phenanthrene/anthracene was present in all but two samples in which PNAs

with greater than two rings were found. In these two exceptions, the
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equivocal carcinogen pyrene (4-rings) and pyrene plus naphthalene were

present alone.
AROMATIC AMINES AND SIMPLE ORGANICS

Area samﬁles were collected for analysis of up to eight aromatic amines, as
well as benzene, toluene, and xylene (Tables 4-5 and 4-6). 1In most cases no
detectable levels of any of these compounds were found. Maximum concen-
tration of aromatic amines measured in the area samples did not exceed 0.1 =
ug/m3 in any of the gasification plants (Table 4-4). The highest measured #
concentration of benzene in a personal sample was 0.1 ppm, collected on a
maintenance worker at Plant C. The highest concentration of benzene in an
area sample was 8.2 ppm taken at the gas filter, also at Plant C. All mea- -
surements for toluene and xylene were well below 0.1 ppm in both area and ~

personal samples.
HYDROGEN SULFIDE AND CARBON MONOXIDE

Hydrogen sulfide and carbon monoxide were detected sporadically at Plants B~
and C. Plant A, because of the negative pressure systems, appeared to be
free of detectable emissions of the gases. However, maintenance operations .
occurring when the plant is down and when entry is required could create 2
conditions where workers may be exposed to the gases, Plant B has experi-
enced frequent incidents in which CO concentration in certain areas exceeded
50 ppm and activated the alarm system. Measurements made in this study
(Table 4-7) showed basically the saﬁe pattern of intermittent emission of CO
with the highest concentrations measured near the deoilers and detarring
units. Average overall plant levels did,nbt exceed 5 ppm with the higbest -
concentration, measured at Plant B, being 50 ppm. No significant levels of

HZS were found at Plant B.

Plant C had significant incidents of H,5 and CO exposures. Concentrations
up to 1,745 ppm of CO were measured at the filter unit (Table 4-7) during
changing of filters. The reported incidents of employees being overcome by

CO during this operation show there is a real CO hazard situation in this
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one particular area. The same area was also the source of the highest mea-

sured concentration of H,S (120 ppm and 160 ppm) on two separate occasions.

2

MEDICAL AND INDUSTRIAL HYGIENE PROGRAMS

The Industrial Hygiene/Occupational Medicine Programs of the coal gasifica-
tion pilot plants in this study have been developed to minimize the risks of
fire, accidents, explosions, and exposure to toxle chemicals. Programs to
minimize the first three hazards are modeled after occupational programs in
related industries and they comply with industrial standards and mandatory
requirements. Unique programs‘to minimize exposure to toxic chemicals in
the coal gasification environment are nonexistent in one plant and rudiment-

ary in the other two.

The personal hyglene measures discussed in the Results 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

« lack of provision for clothing change before meals

. lack of a program for routinely determining the effectiveness of
the personal hyglene program by checking for residual contamina-
tion of personnel after showers and of clothing after laundering,
drycleaning, etc.

« lack of effective dirty/clean separation in shower facilities.

Educational programs generally depend upon initial and continuing verbal
instruction from plant supervisors supplemented by written and audiovisual
aids. Such a format provides information and instruction to regular plant
employees. However, an active program to include all plant maintenance
workers employed by outside contractors needs to be developed in the coal
gasification plants. Only in this way will this high-exposure group of
workers be kept continuously aware of the potential hazards and special work

practices associated with coal conversion.
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Medical surveillance in coal gasification plants is patternedrafter routine

screening programs in other industries.

Most programs include a preemployment physical, annual checkups, and a ter-
mination physical. Together with a blood count and urinalysis; this con-
stitutes a minimal program for the detection of health changes in essentially
normal workers. Because many industrial exposures, including those in coal
conversion plants, are to multiple chemicals whose toxic effects cannot

always be predicted, a more complete screening program should include more i

specific heart and lung tests (EKG, and FVC and FEV, pulmonary function

1
tests), as well as a standardized battery of serum chemistry tests which can
detect a broad spectrum of organ dysfunctions, often before other signs and

symptoms of disease become apparent.

For the coal conversion industry, this "routine” screening program may not
be adequate to protect the health of the worker. Preliminary epidemiologic
and toxicologic testing data have indicated an increased risk of cancer from
chronic exposure to some coal-derived materials. Furthermore, these studies
have pinpointed the skin, lungs, and urinary tract as organs at special risk
from such exposure. For this reason, more extensive examination of these
target organs should be included. Two plants provide special skin examina-

tions for the detection of skin pathology.

No epidemiological programs are under way in any of the coal gasification

plants.

Industrial hygiene monitoring programs have been developed to protect
against hazardous gases such as HZS’ CO0, and ammonia. The programs also
monitor benzene solubles for compliance with ceal tar pitch volatile guide-
lines. Little monitoring of spegific polynuclear aromatic hydrocarbon com-
pounds and none for polyaromatic amines suspected of causing cancer has been

included in any of these programs.
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6. CONCLUSIONS

Coal gasification plants were shown to be sources of worker exposure to
PNAs. Although levels measured were relatively low when compared to other
industries such as coal liquefaction plants and the fluid catalytic cracking
units and delayed coking units in petroleum refineries, measurable levels of
PNAs were found in all three of the plants studied. The major PNAs present
were naphthalene and 1ts methyl derivatives. Air sampling data showed al-
most no 4- and 5-ring PNAs present as particulate or vapor, hence inhalation
exposure to PNAs known to be carcinogens does not appear to present a signi-

ficant hazard in the plants.

Plant design and operating conditions were found to be directly related to
the concentrations of PNAs found in area and personal samples. Fluidized-
and entrained-bed high-temperature gasifiers had significantly lower PNA_
emissions than the fixed bed process. The negative-pressure systems in
Plant A reduced PNA emissions. BEnclosure of the entire process area
(Plant B) also tended to concentrate or Inhibit diffusion of plant emis-

sions.

Employee activities were also directly related to PNA exposure levels.
Maintenance activities involving breaking into process equipment or handling
tar-contaminated equipment resulted in higher exposures to airborne PNA con-
centrations. Routine plant operator activities did not result in PNA expo-
sures comparable to maintenance operations. Mean operator levels ofiexpo—

sure were generally lower than the mean of area samples.

Dermal contact with process liquids is a significant source of chronic PNA
exposure in all three gasificatlion plants. This exposure is not easily
quantifiable but represents a significant hazard particularly at gasifica—

tion plants which produce large volumes of coal-derived tars.
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Aggressive equipment cleaning and decontamination programs combined with
appropriate personal protective equipment and persoﬁal 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 aromatic amines does =
not constitute a significant health hazard in the three coal gasification =
plants studied. Samples collected for these groups of chemicals rarely
showed measureable concentrations. This negative finding is particularly
important in the case of phenol -- a known promoter of the carcinogenic

effects of many chemicals including PNAs. —us e

Acute eiposure to high levels of CO and HZS is a real present hazard in
coal gasification plants. Emission of these gases and their subsequent con-
centration in confined areas require application of controls, alarm systems,.
and safe work procedures to eliminate their risk to employees engaged in

maintenance and routine operational activities.

The medical surveillance programs established by the plants reflect their
awareness of the occupational hazards associated with the facilities.
Although no standard medical surveillance or battery of tests has been
widely accepted for these types of facilities, each of the plants has based -

its program on those recommended by NIOSH and its corporate medical officers.
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7. RECOMMENDATIONS

Dynamac's recommendations are:

o Additiomal 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.

e Standardized sampling methods should be developed for assessing the

dermal exposure factor to PNAs in residues on equipment surfaces.

e Methods should be developed for cleaning or decontaminating equipment

and protective clothing of coal tar residues.
® Additional studies should be conducted on the permeability and pto-
tection factor for PNAs afforded by various materials used in protec-

tive clothing, particularly gloves.

& 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.

¢ The féasibility of organic vapor sampling badges for light weight (2-,
3-ring) PNAs should be investigated.
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APPENDIX A
PﬁOCESS DESCRIPTIONS OF COAL GASIFICATION PLANTS
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COMBUSTION ENGINEERING PROCESS DEVELOPMENT UNIT (PDU)
PLANT A

PDU GASIFICATION PROCESS

The Combustion Engineering (C-E) Process Development Unit (PDU) is an
entrained-bed gasifier which produces a low-Btu product gas. The process is
shown schematically in Figure A-1l, and Table A-1 identifies the major

process areas of the PDU.

Clean
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Figure A-l. Plant A Process Schematic (adapted from "Coal Gasification,”
Quarterly Report, January-March 1979, DOE/ET-0067, U.S. Depart-
ment of Energy, Division of Coal Conversiom)
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Table A-1. Numerical Identification System for Unit Operatioms:
Combustion Engineering PDU

Identification Process Area
Number

100 Coal unloading and storage B

200 Coal preparation — includes pulverizer and bag
filcers

Qo Gasifier — includes induced heat removal

400 Ash handling - includes dewatering bin

500 Gas cleanup — includes spray dryer, cyclone,
scrubber, sludge thickener

600 Char recycle — includes char receiving bin ,

700 Sulfur removal and disposal — includes Stretford
units

8090 Product gas incinerator

900 Plant utilities and general services

Coal 1s stored offsite in a 10,000-ton contract storage facility and trucked
as needed to the PDU. Process Unit 100 of the PDU encompasses unloading and
storage of coal. It consists of an unloading hopper, transfer belt, bucket
elevator, screw conveyor at the top of the bucket elevator, and a 400-ton
coal storage silo. A gravity feed system transfers the coal from the umload-
ing hopper to a sublevel belt conveyor for transport to a Suckef elevator,
and subsequently to the elevated 400-ton storage silo located on the upper
levels of the PDU structure. Water sprayers around the hopper are used to
control dust in the wnloading area, énd the coal storage silo is provided

with a small baghouse filter to minimize fugitive dust emissions.

Process Unit 200 is comprised of the coal pulverizing, drying, and feeding
equipment. To provide experimental flexibility, the PDU gasifier is not:
&1rect-fired by the pulverizer as a commercial-size gasifier would be; the
PDU uses an indirectly fired or bin-supplied firing system. This system
consists of a small bowl mill under the coal storage silo; a 20-ton pulver-
ized coal storage bin; a cyclone sepﬁf#tor; recirculation and vent fans; a
bag filter on the system vent; a hot flue gas supply duct from the plant

boiler; interconnecting duct work for the closed-loop pulverizing system;
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four pulverized coal feeders; two primary air fans; and the primary air and

transport piping to the combustoer wind boxes and reductor fuel nozzles.

Coal is gravity~fed from the storage silo to the bowl mill located on the
ground level where it is pulverized and dried. A transport gas with less
than 10 percent oxygen is used to convey the pulverized coal to a cyclone,
where the coal fs separated from the transport gas stream and gravity-fed to
the 20-ton storage bin. The transport gas stream exiting the cyclone is
partiticned, with one portion being recycled to the pulverizer and the other
portion vented through baghouse filters to the atmosphere. Transport makeup
gas 1s provided by flue gas from the PDU boiler. The flue gas with an oxygen
level less than 10 percent by volume is used to control the explosion and

fire hazards associated with the handling of coal fines.

The coal is transported from the storage bin to the gasifier using two
separate feed systems: one feed system conveys one-third of the coal to the
combustor where the coal is burned in the presence of either preheated air
or oxygen; the other feed system transports the remaining two-thirds of the
coal to the reductor. The system i1s arranged so that various combinations

of burners and fuel nozzles Iin the gasifier can be fired.

Process Unit 300 is the gasifier itself. The PDU gasifier is approximately
90 feet tall and 11 feet in internal diameter. Temperatures inside the gas-
ifier are high, ranging from a maximum of 1,724°C (3,200°F) in the com-
bustion zone (combustor) to a minimum of 927°C (1,700°F) where the product
gas exits the gasifier at the reductor outlet. Approximately one-third of
the coal is fired in ;he gagifier combustor and the remaining two-thirds in
the lower portion of the reductor called the diffuser. Consfruction of the
gasifier walls is substantially the same as for commercial-size designs ex-

cept that the inside of the gasifier is refractory lined.

A gastight, fusion-welded wall of 1-1/2-inch-thick steel, cased on the out-
side for thermal efficiemcy and personnel protection, comprises the main
portion of the gasifier. The gasifier is airblown and operates slightly

below atmospheric pressure (-1/2" water column at the reductor ocutlet).
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The hot gases generated in the combustor provide the heat reixired for the
endothermic reaction occurring in the reductor where coal is devolatilized
in the presence of steam to form the product gés. A product gas of higher
Btu rating is produced using oxygen instead of preheated air in the com-

L

bustor.

The product gas exits at the top of the gasifier at a temperature of 927°¢
(1,700°F). The gas is cooled by a primry cooler to 450°C (842°F) and by

secondary coolers to 150°C (302°F) before it enters the gas cleanup processf
The high combustor temperature produces a slagged ash which passes through a
taphole located at the bottom of tlie combustor to collect and cool in a

quench tank.

Process Unit 400 1s the slagged ash handling system; it consists of conven-
tional equipmenf of the same type supplied to commercial coal-fired utility
power plants. The equipment consists of a refractory-lined slag tank lo- h
cated beneath the combustor taphcle, a crusher, a slurry pump, an ash de-
~watering bin, and a cooling and low- and high-pressure circulating water

pump and necessary interconnecting piping. The slagged ash from the com-
bustor collects in an ash hopper, and i1s dumped when necessary into a de-
watering bin. The dewatered slag is periodically disposed'of bj landfilling.$

Process Unit 500 is the gas cleanup system which removes unburmed carbon
(char) and fly ash present in the product gas stream. The char is collected
and refired into the combustor. Major equipment in this wunit are a spray
dryer, two cyclone collectors, a venturi scrubber and thickener, and neces-

" sary interconnecting piping and duct work.

The product gas 1s cleaned in the spray dryer using a slurry of organic

sludge and water.

From the dryer, the product gas enters a cyclone separator where entrained
particulates and char are removed. These particulates collect in the char

receiving bin and are recycled to the combustor for burning.
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Char passing through the cyclone separator is removed by a venturi scrubber
and separator. The suspended particulates collect in the sludge thickener
where they settle to the bottom. Water is removed at the top of the thick-
ener and recycled to the venturi scrubber; the slurry at the bottom of thé
thickener is recycled to the spray dryer. The product gas exiting the
separator enters the induced-draft fan at a pressure of minus 353 inches of

water.

Process Unit 600 is the char storage and feeder system. It consists of a
20-ton storage bin, two auger-type gravimetric feeders, a char air fan, and
the primary air and char transport piping to the combustor wind boxes. The
normal mode of operation is that all char collected during operation of the
gasifier 1s continuously recycled to and consumed in the combustor. The
char bin and feed lines to the combustor are under a nitrogen blanket to
control potential fire and explosion hazards even though the char is not

consldered reactive.

Process Unit 700 is the sulfur removal and disposal portion of the PDU.

Included in this process unit are a combination H.S absorber/reaction tank

through which product gas flows countercurrent tozthe Stretford scrubbing
solution; an oxidizer tank in which reacted Stretford solution is sparged
with air to float elemental sulfur floc¢; a slurry tank; a rotary vacuum fil-
ter to wash and dewater the sulfur; and finally a sulfur storage hopper.
Only the Stretford absorber vessel is part of the produét gas duct work sys-

tem, since the other equfpment is "stand-alone, closed loop.”

The clean product gas 18 then burned in the PDU incinerator/boiler with the
' flue gas being recycled as makeup gas for the transport gas system which

moves coal from the pulverizer to the cyclone.

Process Unit 800, the product gas Incinerator, is the last process unit in
the PDU. The incinerator/boiler is equipped to fire No. 2 fuel oil as an
augiliary fuel in order to start up and shut down the plant. It is also

used to burn the product gas, produce steam for heat-tracing and inerting

and preheating secondary and primary alr.
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DESCRIPTION OF FACILITY

The C-E gasification PDU is housed in an open, multistoried structure. The
individual unit operations and assoclated equipment are identified in
Figure A-2. R

The unit operations are in close proximity to one another, making it dif-
ficult to delineate the boundaries of Individual unit operations. The
proximity of the unit operations probably caused some degree of cross-
contamination during sampling, which creates uncertainties In evaluating and
chafacterizing the contribution ¢f each unit operation to the contaminant
levels of the workplace environment. Under these circumstances, sampling
was geared to specific equipment and plant areas expected to be associated

with highest levels of“emissions.

The ground level of the process structure is covered with gravel. Indi-
vidual equipment located on this level is set on concrete blocks. Wet and
caked coal dust and debris were evident at the ground and upper levels.
dutside equipment and work surfaces in the PDU were coated with coal dust.

This problem was most prominent on the ground level, east of the incinefator,'

where up to 4 inches of coal dust leaking from the ccal preparation area was

(2

present.

A combination of 18-gaiige aluminized steel-ribbed and ribbed translucent
panels are installed on the north, east, and west faces of the PDU structure.
The installation of siding was designed to protect both equipment and oper-

ating personnel to a practical extent from adverse winter weather.

On each of the three facea, siding 1s installed only up to that elevation
where rain and cold winds have inhibited work or presented problems with
freezing. Above this level, iséI;ted areas wherein freezing problems have
occurred are being addressed individually. Except on the east side, siding
does not begin at ground level but at the first elevation (approximately 12
feet above ground) to permit access by working personnel and equipment

around the perimeter of the plant.
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COAL GASIFICATION PLANT DESCRIPTION
PLANT B

PROCESS DESCRIPTION

This two-stage, fixed-bed gasification plant utilizes twoc sets of gasifiers
for production of low-Btu gas which i3 used in a manufacturing process. The
gasifiers and product gas cleanup systems are shown schematicaliy in »
Figure A-3. At the time of the survey, only one gasifier and cleanup system .
was in operation. This single unit produced the necessary synfuel gas for
plant needs. Each gasifier has a designed coal feed capacity of 65 tons of
coal per day. ' '
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Bituminous coal is stored onsite at ground level, screened, and gravity-fed
to a vibrating feeder and belt conveyor located in the basement (410 level)
of the facility. Noise exposure, therefcre, is considered to be the princi-
pal problem for this area. From the feeder, sized cocal is transported by
bucket elevator to an enclosed vibrating screen on the 521 level and chen by
screw conveyor to the coal bunker. Undersized coal from the 521 screening
operation is sent to the plant boilers. From the bunker, coal is then
gravity»fed to the gasifier. During charging of coal, off-gas (displaced
gas from the gasifier éxiting through the coal bunker) from the feeding
operation is passed through a baghouse before being vented to the atmosphere.
Ash from the gasification process is deposited into a water-filled ash pan
at the bottom of the gasifier. The cooled wet ash is then transported by

belt conveyor to the ash dumpster for disposal.

The gasifier has a normal operating temperature of 982-1,119°C (1,800-
2,100°F). Two product gas fractions are taken off of the gasifier: a
bottom gas with an exit temperature of 427-338°C (800-1,000°F), and a top
gas with an exit temperature of 93-149°C (200-300°F). Normal operating
pressure for the gasifier is 0.25-0.50 psig.

The top gas which contains tars and oil is passed through an electrostatic
precipitator (detarrer) before entering the tubular cocler. The collected
tars have a viscosity equivalent to that of No. 6 bunker fuel and contain
high molecular weight polynuclear aromatics (PNAs) formed by the process.
Tars are stored in the day tar tank prior to being pumped to the tar tank.

The tars are retained in the tar tank for disposal to a commercial buyer.

The bottom gas and entrained dust is passed through a wash column before
entering the tubular cooler. The two gas fractions are recombined in the
cooler and exit the cooler at a temperature of 52°C (125°F). Water for the
wash column is recycled, being passed through a settling tank to remove
particulates. The wash column water is recycled with a minimal addition of
makeup water. The wash water is used to remove particulates from the prod-

uct gas in the wash column; however, this step also results in the removal



of water-soluble contaminants such as hydrogen sulfide and ammonia. Sus-
pended particulates are separated from the wash water in a wash settling
tank which is enclosed. Removal of nonsettleable sclids and dissolved

contaminants is done by a charcoal filter {"coke basket") in the wash tank.

The recombined product gas from the cooler then passes through an electro-
static precipitatof (deciler) for removal of oil and liquor. The oil is
stored in an oil tank either for pickup by a commercial buyer or for use in -
the heating plant boiler. The liquor contains phénols and 1s burned {n a -
thermél oxidlizer. The gas 1is further treated in a Stretford unit for -
hydrogen sulfide removal. The cleaned product gas is distributed for in-

plant use.

The gasifier startup procedures take 24 to 36 hours; they differ from the
normal operating procedures described above in that anthracite coal instead
of bituminous coal is used to Initially fire the gasifier. The transport
and introduction of anthracite into the gasifier, héwever; is the same as

that described above for bituminous coal.

The gas produced during startup is not divided into a top and bottom frac-
tion; instead, the takeoff line for the bottom gas is closed, with all ¥
product gas exiting the gasifier at the top. Upon leaving the gasifier, the..
product gas is diverted from the detarrer/deociler cleanup system into a con-
denser/cyclone system for removal of liquids and particulates; the gas is
then flared. The detarrer/deoiler system is not used because prolonged runs

with anthracite coal will cleog the electrostatic precipitators.
DESCRIPTION OF FACILITY

Tﬁe two-stage gasifiers are housed in an enclosed, three-tiered structure.
The elevation achématic is shown in Figure A-4. The gasifiers are located.
in the highest tier; the tar, dust, and oil recovery units in the middle
tier; and the Stretford unit in the lowest tiler. The wash settling tank, .
cooling tower, thermal oxidizer, and the main tar and oil storage tanks are

- located outside the structure.
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The facility has open-grating flooring except for specific areas Including

the control room, the rectifier room, the ash pan section, and the 521 level

of the gasifier tier all of which have poured-concrete flooring.

All levels

are identified by their elevation above sea level; Table A-2 shows the major

levels, thelr elevation, and descriptions.

which shows the relative locations of major process equipment.
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Table A-2. Description of Major Plant Levels at Plant B

Level Elevation Description

Basement 410 Vibrating feeder, belt conveyer

Ground 4286 Ash conveyor system, gas compressors,
vibrating screen {in yard)

First 439 Ash pan for gagifier

Second 448 Control room floor

Third 455 Gasifier poke holes

Fourth 475 Top of gasifier, coal bunkar, coal
feeder, rectifier room, baghouse

rifth 521 Screw conveyor, coal chute, vibrating
screen

Roof 534 Flare
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Several modifications to the plant have been made since the walk-through
survey of August 18-20, 1980. All outside equipment and vessels except for
coal storage have been enclosed with a chain-link fence to limit access.
Openings in the Stretford oxidizer and slurry tanks, and the wash settling
tank have been enclosed and vented to reduce fugitive emissions into the

work environment.
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WESTINGHOUSE GCAL GASIFICATION PILOT PLANT
PLANT C

PROCESS DESCRIPTION

The Westinghouse coal gasification process 1s a fluidized-bed, ash agglomer-
ating system which can utilize various types of coal. The system can be
either oxygen- or air-fired and produce either a medium~ or low-Btu gas. A

process schematic is shown in Figure A-6.

Indiana No. 7 (May 13 through 16) and Wyoming subbituminous (June 22, 23)
coals were used during the survey. Front-end loaders transport and feed
coal into the coal preparation system, where it 1s crushed to 1/4" and dried
to 10% moisture levels. Oversized pleces are recycled, and all fines are
used. The prepared coal 19 stored in three bins having a combined capacity
of 60 tons. Industrial-grade carbon dioxide is used to inert the air in

these areas.

Coal is moved by a starwheel feed to a sérew couireyor and deposited by
bucket elevator into a pressurizing double-lockhopper system. Coal is pres-
surized in the first lockhopper (Cl03A) and fed to the gasifier at operating
pressure from the second lockhopper (Cl03B). Pneumatic conveyance using
recycled product gas carries the coal into the gasifier via a central feed

pipe, through which either oxygen or air is also {ntroduced.
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The operating parameters for the Westinghouse gasifier are as follows:

. Coal Feed Rate: 15-30 tons/day

. Oxygen Feed Rate: 1,400 pounds/hour

. Gasifier Temperature: 870°C (1,600°F) for Western coal 1,030°C
(1,950°F) for Eastern coal

. Gasifier Pressure: 215 psig

System Pressure Range: 130-230 psig

Feed rates and temperatures are dependent on coal type. Bed fluldization in
the gasifier is maintained by radially introduced recycle gas. Temperatures
in the fluidized bed effectively eliminate tar proﬂuction, and detarring
equipment is not included in the system. Approximately 30 percent of the
coal feed .is carried over as fines. About two-thirds of the fines are col-
lected and recycled to the gasifier bed. The remaining one-third is removed .
at the quench scrubber, gas coclers, and recycle gas compressor filter and

strainer.

Ash residue agglomerates in the fluidized bed and settles to the bottom of

the gasifier. This agglomerated ash is withdrawn through rotary valves into*
lockhoppers (C-117A and C-117B), depressurized, and dumped into bins. Fork-
1lifts move the ash to'storage before removal to landfill sites by an outside

contractor. Dust does not appear to be a problem in this process.

The product stream with entrained fines exits the top of the gasifier at an
approximate temperature of 700-950°C (1,300-1,750°F).. Cyclones are used to
recover fines and feed them to lockhoppers (C-108 and C-102) for recyecle to
the gasifier. During ;he first portion of ﬁhe survey,_only the primary
cyclone (€-119) was operational and about two-thirds of the entrained‘fines
were recoverad. During the second porticn of the survey, the secondary

cyclone was also on line, and fines carryover was reduced to about 1 percent.
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Gas cleanup and cooling are accomplished in a two-stage recirculating water
system. The product stream enters the quench scrubber (C-111) at approxi-
mately 600°C (1,100°F) and flows through a bubbler and water spray. It then
enters the packed-bed gas cooler (C-113) and exits at about 50°C (120°F).
Particulates removed in these units are discharged to a covered separator
pit (D-200). Sludge is flocculated in the pit and removed for treatment and
landfill. Recirculating water is routed to the make-up pit and recirculated.
Accumulation of hydrogen sulfide, ammonia, and other gases 1s controlled by

fan venting to the thermal oxidizer (F-103}.

Recycled product gas 1s used as a transport media for coal fines. Excess

gas is burned in the thermal oxidizer (F-103).

Recycle gas requires further cooling and cleaning. Cooling is carried out
in a second packed-bed gas cooler connected to the recirculating water
system. The recycle gas stream is then cleaned with in-line stainless steel
strainers and Cuno filtration (K-103). These strainers and the Cuno filters
require regular maintenance, and are potential sources of exposure to pro-

cess stream emissions.

Pressure of the recycle gas stream at this stage is about 185 psig. Recycle
gas is recompressed to approximately 265 psig before being used for coal
fines transport. It is supplemented with industrial-grade carbon dioxide

when necessary.
FACILITY DESCRIPTION

The Westinghouse PDU, located at the base of a hill, 1s surrounded on three
sides by an earth bank whose highest point 13 level with the second story of
the PDU. This high spot is on the east side of the PDU; the west side is
free of embankment. Since the wind comes generally from the south, the
grade level i3 potentially shielded from the wind, leading to the possible
development of a calm air zone where process gas constituents could accumu-

late.
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The PDU itself is an open, multistoried structure divisible "into three
distinct sections. The tallest section of the sﬁructure, ﬁiéh nine levels,
comprises the southern end of the structure. This section houses the ﬁwo
coal and fines lockhopper systems, char cooler conveyor, and the;ﬁevola:ili—

zation equipment which is not in use. The regular gas compressor and its

filter and strainer system are also located in this section, at grade level.

The middle section has six levels and contains most onstream equipment in-
cluding the gasifier, cyclone, quench scrubber, and gas coolefs.‘ At‘grade
level are the water circulation pumps and makeup pumps,'and the makeup pit.
The third northern section also has six levels and contains the second
cyclone. This section, the newest part of the PDU structure, is intended-to
house the Stretford unit and accessory equipment. The separator pit is

located in this section at grade level.

The coal preparation section is housed in a semienclosed building -- the
coal shed —— located at the southeast corner of the structure. The pulver- "
ized coal is stored in three bins attached to the south side of the PDU.
These bins also serve as a windbreaker for the PDU, and feed coal to the
lockhoppers in the southern section of the structure.

Figure A-7 gives the plant layout with the relative location of these major *
facilities and equipment. ‘The control room and facilities north of the PDU

are elevated relative to the PDU.

Gréde level 1is graﬁel floofeﬁ with concrete blocks for equipment. This area
has poor drainage, and standing water was present throughout the survey.
Because of the poor drainage, there is a tendency for the separator pit .to
overflow during heavy rains. Heavy deposits of coal dust were observed at
this level below the caal storage bins and in the area of the recycle gas
compresscr which is adjacené t;*the storage bins. The dust is manually

removed on a periodic basis scheduled to coincide with plant downtime.
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RESULTS OF SAMPLING PROGRAMS
AT THREE COAL GASIFICATICN PLANTS
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Table B-1. Plant A Area Sampling Analytical Results (ug/m?) for
PNAs (January 26-27, 1979)

Sample Sice: S?;l;':: Thickener Gasifier DI::;':E:A; ElanJca
Compound Sample Numbaer: 001 aL5 026 027 016 036
|_sazple Volume (&): 3,450 3,538 4,508 4,462
___Sampling Time: 13130-1945 1321-1945 0841-18415 | 0945-20508

Naghthalene (0.01}° 0.02 -2 - 0.03 a.01 0.03
l-Mathylnaphthalene (Q.01) - - - - -- -
2-Methylnaphthalene (0.01) 0.05 . - - 0.04 0.0L Q.02
Quinoline {c.o1) - - -- - -- -
Acenaphthalane (0.41) - - - - . - --
Acenaphthene (0.01) - - - -- - -
Fluorene (0.01) Q.1 - - - 0.02 0.03
Phenanthrene/Anthzacena  (0.01) o.08 - - T e 0.02 --
Acridine (C.01) - - - - -- -
Carbazole (€.01) - - - - - . -
Flucranthene (9.01) -— ' - - - .- —
PyTene ' (0.01) il - - -~ 0.02 0.02
Banzo ) lucrenss oo |- - - - - -
Benz (a)mth;acanu/ (9.01) — - - - - o
Chrysene/Triphanylane

Benzo(j) flyoranthane/ .
Benzo (b) fluoranthens, {0.0L) - - - - - -
Benzo (k) fluoranthene :

Benzo(e) pyrene/ ) (0.01) - - - . - .
Banzo (a) pyTene
Parylene (0.01) _— - - -_— - .
Cibenz (a,j)acridina {0.0L) -_— - - - - -
Cibenz(a,i)carbazcle (0.01) - -— - - — -
Indeno{l,2,3-cd)pyrens (0.401) -_— - - - - -
Dibang (a,h)anthracens {0.01) - - -_— - - _—
Benzo(g,h,i)perylene {0.01) - ' _ -~ -— - -
Coronens . 10.02) - - - - - -
Dibanz (3,i)pyTene (0.02) - - - - - -
Dimethylbanz (z)anthracens (0.02) - - - - : -- -
3=Mathylcholanthranse (0.02) - - — - - -
&,l3-Dimethyldibanz (a,h) ~ (0.02) — - — - . .
anthracene N )
TOTAL 0.2 - -- Q.07 0.08 - G.l
asl.mk values in ug/sampla. Tcanp:euud. alr pumps turned off for 50 minutas for sample 026 and for J hours

for sampls 027 becauss of drop in air pressure.
®betection limits in pg/m’. du__w indicates compound not detected.
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Table -B~2. Plant A Area Sampling Analytical Results (ug/ma) for PNAs (April 16-21, 1981)

Gas buct »

. i Gasifier Induced- Upwind Blanks
Lacation Sampled: Gasifier Combustor Reductor G.:‘:?‘E,i:.:) Draft Fan Control Room Perimeter (ny/sample)
Sample Number 020 016 083 056 054 083 053 055 a87 [T 105 023 | 050
Sample Volume ():f 1,993 1,856 752 1,947 1,929 701 1,915 1,978 746 1,716 194
11 Lo 0911~ 1625- 0844~ 0748~ 07312~ 0900- 0721- 0711- 0a27- 1426- 0832-
Sampling Time: § ,,5p 0709 1426 2315 231) 1419 2255 2253 1406 0326 1646
ed : 4‘16‘31 4/16/81 1 4/21/81 4‘20‘3& 4{20/61 4/21/81 4/20/81 as20/8) ) 4721/0) B 4716700 | 4/21/8) 4/16 4/17
meoﬁ a j K
{detection H.nltl Ha‘lﬂl ‘
b
Naphthalena (0.1) a.3 1.2 -- -- -- -- .2 0.1 - 0.5 - .5 0.3
1-Methylnaphthalens {0.1) .1 0.4 -- -- -- -- -1 0.1 -- 0.1 -- 0.1 -
2-Methylnaphthalene {0.1) 2.1 1.0 - 0.4 -= -= 0.6 0.9 - 0.3 - 0.4 0.02
Quinoline (0.1) - - - - - - - - - - - - -
Acenaphthalena (0.1) - -- - - - -- - -— - - - —_— .
Acenaphthene (0.1) - - - -- - -- - - - - - - -
Fluorene (0.1) -— - -— - - - - _— - _— _— — -
Phenanthrene/Anthracene {0.1) -= -- -- -- -- -- ~-= -- -- -- - 0.05 -~
hcridine (D.1) - - -— - - - -— —— - —_ - . -
Carbazole {0.1) - - - - -= -- -- -— -- - -~ 0.1 0.03
Fluoranthene (0.1) - - - - - - - - — - - - —_—
Pyrene (0.1) - - - - - - -— .- - - -- - -
Benza(a) fluorene/ . . . __ L . - - - i . . .
Benzo(b) fluarene {0.1)
Benz (a) anthracene/Chryseng/ . L L L . L . . . . _ . __
Triphenylene (0.1)
Benco(j) fluoranthene/
Benzo(b) fluoranthene/ - - - - - - -— - - - _— - -
Benzo (k) flucranthena (0.1)
Benza{e)}pyrene/ . . - — . . i - L . - - .
Benzola)pyrene (0.1} .
Perylene (0.1) - - - - —— - e __ — - - - -
Dibenz{a,jlaccidine (0.1) - - - — - — —— - _— -~ - - -
Dibenz (a,ilcarbazole (0.1} -- - - - - - - - - - __ - -
Indeno{l,2,3-cdjpyrene (0.1} - - - - - - _- - - — - - -
Dibenz {(a,h)anthracene {0.1) -- - - - - - - - - - - - —
Benzou{g,h,L)perylene 10.1) - -- - - - - - - - - . - -
Coronene (0.6) - - - - - —— - - . -- __ - -
Dibenz{a,i)pyrene (0.0) - - - -- - - - _— - - - - -
Dimethylhenz (a)anLhracene {0.1) -- -- -— - - - —_ - - - - - -
3-Methylcholanchrene (0.1) - - - -— - - - - __ __ - - _—
©,13-pimethylbenz {a,h) - . . . B - . . . B - .
anthracene {0.1) T
TOTAL 0.7 2.6 0 0.4 7] ¥} 0.9 u. G 4] .4 1] 1.2 0.4
nﬁssuminq a sample volume of greater than 1,500 liters. b"*«" indicates wn detceclad.
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Table B-3. Plant A Personal Sampling Analytical Results (pg/m3) for PNAs (April 15-21, 1981)

Alanks

X . Chemical instr.
Personnel Sampled: Equipment Operator Maintenance Techniciaa | veet. fug/sample)
Sample Number:| 008 009 010 034 047 o8l 084 094 013 019 033 037 071 085 101 102 032 093 ar0 024 05]
Sample Volume (R):| 683 592 672 500 147 728 721 581 631 673 644 546 644 653 721 686 5132 521 H25 T
Sampli Tige: 1455-F 0700-]0702-]1500-[1534-[1512-11510-|0740-|0735-|0749-]1600-[1204-]0804-|1555-|0015-|0B15-|1507-]0754-] aB22-

' i wpling Tlme: 53454 1435 ] 1430 | 2110 § 1641 | 22521 2253 | 1435 ] 1545 | 1550 | 2340 ] 1904 | 1545 t 2245 L1550 fus2s § 2220 f haas ) 1an |
Date Collected (1981):]4a/15] a/d6) a/1e}a/16)4/17]a/20)4/20) 47211 a/716] 4/16] 4716 [ a/16 [ a/20)4/20]04721 )4/2) Jd/i6) a/721] a720 R as36] 4717
—Compound

“Naphthalene (0 Lofrzlrolar|va]ao| -?loalaslov]ae|r.0]r10]16}r. -~ Jro} - f 14} - -
1-Mechiylnaphthalene (0.4) -— 0.6 0.6 1.1 0.8 3.6 -— - 0.6 1.5 2.5 -- 1.5 0.6 - - - - — -
2-Hethylnaphthalene {(0.4) 0.4 1.2 1.3 3.6 0.9 6.0 0.8 - 3.9 1.1 3.0 6.4 o.8 4.1 .0 - 0.7 -- 0.5 - --

Quinoline (0.4) - -— - - - 7.1 - - — - - - - 1.3 - - - - - - -

Acenaphthalene (0.4} - - -— — - 0.5 — —_ - - - - —_— _ . - - - - . -

Acenaphthene (0.4) - - - - - 0.6 - - - - - - - - - - - - - — -

Fluorene {(0.4) - - - - e 0.4 - -— - - — - - - - - - - e _ -

Phenanthrene/Anthracene (0.4) -- — - - -- 1.3 - - - - - |} 0.6 - -— - . _- - - - -

Acridine {(0.4) - - - - - - - —— - - —_— - - - _ - - . - _ -

carbazole (0.4) - - - - - 0.6 - - - —— — - - - - - - . - — -

Fluoranthene (0.4) - — - — - - - - - —_ - — —— —— _— —— — - - - -

pyrene (0.4) -- - - -— -- - -- - -- - - -- - -— - - - - - - —-

Benzo {a) fluorens/ . _ L . . . . o - . . _ - . o - o . - o

Benzo(b) fluorene (0.4) -

Benz (a) anthracene/Chrysene/ . . . . . . . . . - . i . . - . . - - .l o

Triphenylene (0.4)

Benzo(j) fluoranthene/

Benzo (b} fluoranthene/ -= -- -— -— - - - -—- - -— - - - -— - - - _— - _— --

Benzo (k) fluoranthena (0.4)

Benzole)pyrene/ . o . . . . . . . - - __ . - o - __ _ . . .

Banzola)pyrene (0.4)

Perylene (0.4} - - - -— - - - - - — - - - —— __ —_— - _— - - -

Dibenz{a, j)acridine (0.4) -~ - - - - - — - - - . —_— —_ - - — - - - - -

Dibenz{a,i}carbazole (0.4} - - - - - - - - - - - — - -— __ __ —_— . - — -

Indeno(l,2,3-cd)pyrene {(0.4) - - - —— - - —_— _= . . —_— - __ _ __ . - . - - -

Dibenz{a,h)anthracene (0.4} - - . - —— - - —— _— - i __ . — - . . _ - _— —_—

Benzo{g,h, i)perylene (0.4) - - - - - - - - —_ - _ _— _— —_— __ - - - - -

Coranene (1.6) - - —_ - - —_ - - __ e - — __ - o . - - .= - -

pibenz (a, i)pyrene (1.6) - - - - — - - - - . - - _— - __ . - _— s . -

Dimethylbenz (a)anthracene (0.4) - j— - - -— - —_ . - . - - - _ __ . - - . -

I-Hethylcholanthrene (0.4) -- -— - -— - - - - - - — - - __ _ - . - - - -

6,11-nimechyldibenz {(a,h)- - -

anthracena {(0.4) - - - - - - - - - - -— - - - __ . _— - o

TOTAL 1.4 1.1 2.9 a.7 3.0 24.6]1 0.8 0.4 10.2 2.6 1.7 16.5 1.8 10.5 2.6 -- 1.7 -= 1.9 -- -~
|
b T

a -
Assuming a sample volume of approximately 600 liters.

b )
indicates not detec

ted,



Table B-4. Plant A Wipe Sampling Analytical Results for PNAs (April 15-21, 19381)

Sample Location: Sludye A H:;;:ct::- g:ziu:i Gasifier lf'duce‘?7 I(Ziti;i Lanchroon tonerol Gloves of | llands of

Compound Thickener Tools Scrubber Dratl Fan arca) Hoom welder welder
Sample Number: 039 044 045 046 040 041 042 .043 106 107
Naphthalene 3 [ [ ] L ] [ J L] L ] [ ] [ ] [ ]
1-Mechylnaphthalena - - [ ] - ™ - - - - _
2-Methylnaphthalena - - - - - . - - - . _
Quinoline - - - - - - - - - -
Acenaphthalene - [} - - - - - _ _
Acenaphthene ' - e - - - - _ _ _ _
Fluorena - [ ] [ ] - [ ] - - - - -
Phenanthrene/lnthrac.ene [ ] [ [ ] . [ ] [ ] [ ] ] [ ®
Acridine - - - - - - - - - _
Carbazaole - - - - - - - - - -
Fluoranthene ] [ ] [ ] - L ] = - - [ ] -
Pyrene [} L J [ ] - ® - - - ® -

Benzo{a) fluurene/
Benzo (b) fluorene

Benzla)anthracene/
chrysene/Triphenylene

Benzo(j) fluoranthene/
Benzo(b) fluoranthena/ - - - - - - - - - -
Benzo(k) fluoranthene

Benzo(e) pyrene/
Benzo(a)pyrene

Perylene - - - . - - - - - - -
pibenz(a, ]") acridine Z - - - - i - - - - -
Libenz{a.l)carbazole - - - ‘ - - - - - - _
Indeno(l, 2,3-cd)pyrene - - - - - - - - - - -
Dibenz {a,h)anthracene - - - - - - - - - -
Benzo{g, h,i)perylene - - - - - - - - - -
Coronene - - - - - - - - - -
Dibenz (a, L) pyrene - - - - - - - - - -
Dimechylbenz (a)anthracenc - - - - - - - - - -
3-Methylcholanthrene - - - -~ - - - - - _

6,13-Dimethyldibenzia.h) -
anthracene

KEY: @ indicates compound detected; - indicates compownd not detecred.




Table B-5. Plant A Area Sampling Analytical Results (mg/m?)
for Aromatic Amines (January 26-27, 1979)

1o | Sample | ¢ 1s dac « A:omg:iclAmznesﬁ b
. Sample ampling ate etection limit, opm
Location sampled Number ‘Voéﬁme Time Collected A B c' D
{0.223) | (0.03) | (o .03) | (9. 0S)

Cyclone/Scrubber 003 47 1239%-2030 1/26/7% - -- - -
Gasifier 006 49 1231-2037 1/26/79 -—- -- - -
Induced=-Draft Fan 033 52 1032-1908 1/27/7% - - - -
Blanks 04l 1/27/7% - -- - -
(mg/sample)

042 J 1/27/79 -- -- - --

%aArcmatic amines: A = Aniline; B = N,N-Dimethylaniline; € = g-Anisidine:
D = p-Anisidine.

b Cn

Assuming a sample volume of 50 liters. --" indicates not detected.

Table B-6. Plant A Area Sampling Analytical Results (ppm) for
Benzene, Toluene, and Xylene (January 26-27, 1979)

-

Compound a
Sample : (detection limit, ppm)
Location Sampled gamfti Volume Sags;;ng Coffziied i
(L) Benzene | Toluene | Xylene
(0.01) (0.01) {0.01)
Cyclone/Scrubber 002 47 1235=-2027 1/26/79 g.02 =P -
Gasifier : ooe 49 1232-2039 1/26/79 0.02 -—— -
Induced-Draft Fan 028 52 -1021-1903 1/27/79 . 0.02 - -
Sludge Thickener 031 48 1036-1856 1727779 g.02 - -
Blanks 081 1/26/79 - - -
{mg/sanple) -
039 1/27/79 -- -— -
aAssuming a sample volume of 50 liters. Du_n indicates not detected,
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Table B-7. Plant A Area Sampling Analytical Results (ppm) for
Benzene, Toluene, and Xylene (April 15-21, 1981)
s;mple Cocacion Sample 3:1]1-11:';: sampling Date Compound (decection limit, ppml
Number | o) Time Collacted || o, zene (0.01) | Tolyene (0.02) | Xylane (0.02)

Control Room 03 79 1500-2302 | 4/15/81 - -- -
057 103 0711-1519 | 4/20/81 - - -
086 74 0827-1406 | 4/21/81 - - --

Cyclone/Serubber 004 33 1446-2247 | 4/15/81 - - -
077 98 1527-2313 | 4/20/81 0.01 - -

Gasifiaer 002 36 1514=2255 4/15/81 - - -
021 106 0813-1600 | 4/16/81 - - -
0z2 97 0815-1600 | 4/l6/81 - -- -
029 87 1625-2400 | 4/16/81 -- - -
060 a5 0748-1601 | 4/20/81 - - -
079 92 1522-2316 | 4/20/81 -- - -
%0 a7 0844-1425 | a/21/81 - - -

Gas Duct 006 105 1429-2216 | 4/15/61 - - -
059 101 0733-1549 | 4/20/81 - - -

induced-Draft 007 73 1519-2258 | 4/15/82 -- - -

Fan
08¢ 86 1520-2255 | 4/20/81 - - -

Sludge Thickenar 061 93 0724-1534 | 4/20/81 - - --
091 74 0845-1420 | 4/21/81 - -- --

Stretford 00S 8s 1508-2250 | 4/15/B1 0.01 - -
0s8 104 0737-1552 | 4/20/81 - - -
o7e 95 1525-2315 | 4s20/81 -- - -
092 62 0@50-1421 | 4/21/81 - - -

Upwind 027 102 1427-2230 | ¢/16/81 - -- -
0a1 100 15352331 | 4/20/B1 - - -
104 79 0822-1646 | 4/21/81 - - -

-

Blanks Q28 - - -
026 - - -
as2 - - -
053 - - -

Bu__n

==" indicatas not deatected.




Table B-8. Plant & Personal Sampling Analytical Resulgts (ppm) for
Benzene, Toluene, and Xylene {April 15-21, 1981

ser sonnel sample SSTE;: Sampling Date Compound {(detecticn limit, ppm)

" Sampled Number 2 Time Collected | g fzene (0.01) | Toluene {0.02) | Xylene (0.02)
Equipment col 91 1504-2237 4/15/81 -4 - .
Cperators ‘

o1l 66 0709-1215 | 4/16/81 -- - --
012 8g 0740-1430 | 4/16/81 - - --
028 59 1500-2116 | 4/16/81 ¢.01 0.05 --
031 s3 | 1s33-2237 | as16/B1 6.07 - -
048 14 1535-1642 | 4/17/B1 0.01 - -
049 15 1537-1642 4/17/81 - - --
063 91 0734-1435 | 4/20/81 - .01 -
066 83 0740-1435 | 4/20/81 0.01 - -
067 73 0804=1435 | 4/20/81 0.01 - -
Q96 76 0740-1430 4/21/81 - - -
098 66 0740=1435 4/21/81 -~ -_ -
Maintenance QL4 74 0743-1545 4/18/81 0.0l -~ -
workers
017 100 0745-1545 | 4/16/81 0.2 0.08 -
030 . 87 1601-2340 | 4/16/81 - - -
038 92 2150-0706 | 4/16/81 0.1 - --
068 93 0805-1550 | 4/20/81 -- 0.03 --
082 77 0353-1145 | 4¢/20/81 0.06 - -
099 93 0615-1535 | 4/21/81 - - -
100 7% 0815-1530 | 4/21/81 -- 0.03 --
Instrument 069 36 0820=-14134 4/20/81 g.03 0.04- -
Techniciana
097 gl 0735«1430C 4/21/81 _— - -
Chemical 062 70 0720-1430 | 4¢s20/81 0.0z - -
Technicians
065 72 0800-1445 | 4/20/81 .01 - -
076 %8 1514-2250 | 4/20/81 - - -
095 40 | 1120-1435 | asz21/81 - - -
Blanks 025 - - .-
026 " - - -
052 ’ - - -
253 - - -
[=4

"--" jndicatas not detectad.
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Table B-9.

Plant A Area Sampling Analytical Results (ppm) for
Phenolic Compounds (January 26-27, 1979)

Phenolic Compound
Sample ; (detection limit, ppm)
sample Sampling Date
Location Sampled Volume 1
Number (2) Time Collected Phenol cresol
(0.1) (0.L)
Gasifier (Bottom) 007 48 1239-~2403% 1/26/7% --b -
Char Receiving Bin 0lo 48 1231-2037 1/26/79 - --
Blanks ol? 1/26/79 - -
{mg/sample)
040 1727/79 - -
%assuming a sample volume of 50 liters. Onn indicates not detected.

Table B~10. Flant A Area Sampling Analytical Results (ug/m®) for
Trace Metals (January 26-27, 1979)
Location sampled: { CYSiOn®/ | cagigiar Recce}:.‘a\fin Pulver= |} Induced- Blanks
P " | Scrubber Bin 9 izer Draft Fan {ug/sample)

Sample Number: 00 Q05 0]] 032 019 037
Sample volume (%): 94 972 35 1.0 1,040

Sampling T me: 37=2030 32=-2038 243=-2041 | 1226-2053 1 lo27/=-1907

Da =] C = d 1l/28/7 L/268/7 _1/20/78 1/26//9 1/2//79 l/26/78 1 L/ 2777
Compound {detectieon

limit, ug/m*)?
Arsenic (0.13) --f - -- -- - - --
Beryllium (0.26) - - - - - - -
Cadmium (0.13) - - - - - - -
Copper (2.6) - - - - - - -
Mercury (0.25 -— - - - - - --
Magnegium (2.6) - b - - - - -
Manganese (0.26) -— - 1l - - -- -
Nickel (2.6} 20 - - - - .- -
Strontium (2.6) - - - - - - bt
Tellurium {(0Q.26) - - - - - - -

b. a

dAssuming a sample volume of 1,000

liters.

indicates not detected.
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Table B~-11. Plant B Area Sampling Analytical Results (ug/ma) for PNAs (August
April 28-May 1, 1981)

18-19, 1980;

0l1/Liguor

Sample Site. Deoiler/Detarrer Top of Gasifier Poke llole Separator Ash Pan
Sample Number: 020 021 1-011 1-0322 Q05 1-012 3-0%9) 009 1-013 3-055 1-063 1-0213
Sample Volume (L) 4,020 4,020 1,476.211,608.2 4,416 1,467.4[ 1,588.4 4,480 1,458.6 1,584 1,053.8 1,584
N 1 2118~ 2118- 0801 - oB18- 2205~ 0804- 1252~ 2201- 0807 - 0219~ 0705~ 0825-
Sampling Time: § 54,5 0435 1950 2029 0605 1911 2454 0610 1910 1419 1504 2026
Date Collected: | 8/19/80 | 8/19/80 | 4/28/81 | 4/29/81 | 8/18/80 | 4/28/6) | 4/30/81 | 8/18/80 | 4/28/8] | 4/30/81 5/1/81 4/29/81
oA g
(fompound {detectlon
limit, pg{mala
Naphthalene (0,1) 4.2 5.1 16.5 15.7 12.4 6.4 14.0 3.2 17.8 11.5 32.7 6.1
1-Methylnaphthalene {(G.1) 1.1 1.1 5.8 5.0 3.2 3.1 5.9 0.6 4.2 3.9 9.2 &.7
2-Mathylnaphthalena {0.1) 2.7 2.5 16.5 10.7 --b 5.2 12.8 - 9.6 9.6 26.0 16.0
Quinoline (0.1) -- -- 1.3 0.3 4.1 0.5 0.6 1.4 1.0 0.2 1.8 -
Acenaphthalana (0.1} - - 0.3 0.1 -— -- 0.1 - 0.2 - 0.1 0.1
Acenaphthene (0.1) 0.1 0.1 0.4 0.4 0.1 0.2 0.5 0.1 0.4 0.2 0.6 0.7
Fluorene (0.1) 0.1 - 0.7 0.5 a.1 0.4 0.5 0.1 J9.8 9.3 0.9 0.8
Phenanthrene/Anthracene (0.1) 0.2 0.3 1.0 0.9 0.1 0.6 0.6 0.1 1.3 0.1 0.7 1.4
Acridine (0.1) -- ~- -- 0.2 - -- 0.6 - 0.2 0.6 0.9 -
Carbazole (0.1} -- -- - - - -= - - e - - -
Fluoranthene (0.1) - - -— - - -~ - -- 0.1 - - 0.1
Pyrene (0.1) - - - - - - - - - - -- --
Benzo(a) fluorene/ . . . . . . . . . . . o
Benzo{b} fluorene (0.1)
Eenz (a) anthracene/Chrysene/ - . . _— . . . . o _ . ‘_
Triphenylene {0.1)
Benzo(j) fluorant hene/
Banzo (b) fluoranthene/ -= - -- - =-- -- - -~ -— ~-- -- --
Benzo {k) fluoranthane (U.1)
Benzo(e) pyrene/ '
Benzo (a)pyrene (0.1) - - - - - -- - -- - -- -- --
Parylene (0.1) ' - - -- - -- -- - - -— - - -
Dibenz (a, j)acridina (0.1) - - ~- - -- - - — -- -- -- --
Dibenz{a, jcacrbazole (0.1} -- -~ -- - -= - - - - -— - —-
Indeno(l,2,3-cd)pyrene (0.1} -— -— - -— - -— - - - - — __
Dibenz (a,h)anthracene {0_.1) - -- - - - - -- - - - -- -
Benzo{g,h,ilperylenc (0.1) -- -— - - -- -- - -- - - -— --
Coronene (0.6) - - - - - - - - . - - -
Dibenz {(a, 1)pyrene (0.6) - - - - -— - — - _ - - —
Dimethylbenz {(a)anthracene 10.1) — - - - - - - _ - _ 0.1 -
I-Methylcholanthrene (0.1) -— - - - - - - - - - . -
6,13-Diwethyldibenz (a,h) - - . - - . . . - B . . _
anthracene {0.1) )
TOTAL 8.4 8.9 42.5 338 20.0 16.4 15 .6 5.9 15.6 26.6 14.2 42.1
a b, ... . R ;
Assuming a sample volume of yreater Lhan 1.50C liters. --" indicates not detected. leont irired)




£€1-d

Table B-11 (concluded)

sample Site: bDay Tar/0il fank Caméiﬁ:sut Tank T-101 Cconrrol Room Upwind Blanks
Sample Number: 017 1-025 1-056 1-026 1-016 1-014 3-054 1-015 1-057 0-046 | 0-047
Sample Volume (); 4,618 1,566.4 1,584 444 450 1,460.8 1,592.8 1,445.4 1,584 .
) 2208- 08113~ 0229- 1002- 1014- 0810- ol1- 0817- 0232-
Bampling Time: § 04, 2025 1429 1456 1515 1914 1307 1914 1432
pate Collected: 8‘13‘50 4/29/81 4/10/81 4/29/81 4/28/81 4/28/81 4/10/81 4/268/B1 4/30/81
Compound (detgccion
Hmit, pg/m’)d
Haphthalene (0.1) 5.4 2.7 29.7 23.2 22.3 16.7 5.2 1.9 0.1 _b -
1-Methylnaphthalene (0.1} 1.7 6.4 10.0 4.4 12.5 2.8 1. 6.5 -- - --
2-Methyluaphthalena (0.1) 3.1 14,3 27,7 34.3 26.9 1.2 4.1 1.1 0.1 -- -
Quinoline (0.1) -= 0.4 -- 1.4 1.0 0.7 0.2 0.2 -- - -~
Acenaphthalena (0,1) 0.3 - Q.1 - - 0.3 - - -— — -
Acenaphthena (0.1) 0.2 0.5 0.4 L.4 1.1 a.7 0.6 0.2 - -- -=
Fluorene (0.1) 0.6 0.6 0.5 a.e 1.3 0.7 G.q 0.3 - - -
Phenanthrene/Anthracene (0.1} 0.6 0.6 0.5 0.4 2.2 1.6 0.8 0.7 -= - -
Acridine (0.1) - 0.2 0.4 - 1.4 0.3 0.3 a.5 0.3 - --
Carbazole {0.1) - -— - - - -- -- - -- - -
Fluoxanthens (0.1) - - - - -— 0.2 - - - _— -
Pyrene lO.l) -— -— —_ - - - -— . —— - ——
Banzo (a) fluorene/ — . o _ . . - i . . .
Benio(b) fluorens {0.1}
Benz (a) anthracene/Chryasene/ . . _ . . 0.1 . . . . .
Triphenylene (0.1) ) .
ﬁenzn[jlfluoranthnne/
Banzo (b) flyoranthene/ -— - - - - - —— - _ . _—
Benzo (k) fFloranthene (0.1)
benzola)pyrena/ _ . . L . . . . . . .
Benzo{a)pyrene {0.1)
Perylens (0.1) - -- -- - -= .- -— - - -— -
Dibenz {a, jlacridine (D.1) - -— - - —_ -- -— - -~ - -
Dibenz (a, i)caibazole (0.1} -— - -- - - — - _— - - —
Indeno(1,2,3-cd)pyrene {(0.1) - -- - -- -- —-- -- -— -~ - -
Dibenz (a,h}anthracene (0.1) -- -— - —- - —- - - - - -
Benzo(g,h,l}perylene (0.1} - - -—- - - _— - - - __ _-
Ccronene (0.6} - - - - j— - - - - - _;
Libenz {a,l)pyrene (0.6} -- - - -- - - - - - - -
bimethylbenz (a)anLhracene (0.1) -— 0.3 -- - -— -— -- - 0.1 - -
J-Methylcholanthrene {0.1) -— -— - - —— - - —_ - - _
6, Li-pinechyldibenz (a,h) -~ . . - . B B
anthracenz (0.1} o - - - T - -
R 1 -
TOTAY. 1.y 35.7 69.6 | 76.4 68.7 nha 13.4 5.4 coe b - --

d
Assuming a sample volume of greater than 1,500 liters.
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Table B-12. Plant B Personal Sampling Analytical Results (ug/ma) for PNAs (Aprii 27-May 1, 1981)

Maintenanc

Personnel

B Blanks
Pessonnel Sampled: Operacara Millwr ight Utility Helper Maintenance tfliz‘;an fureman § (pg/sample)
Sample Number: 1-008 1-041 2-034 2-006 1-010 1-020 3-0317 1-059 1-061 2-013 3-019 3-040 0-076 | 0-077
Sample Volume {d):1] 667.5 625.5 598.5 709.5 646.5 561 435 616.5 511.5 618 529.9 114 T
ime: a737- 0749~ 1554~ 1543~ 0751~ ogos- 2345~ 0753~ 0800- 1555- 1207- 2350-
pling Time: 1502 1446 2211 2240 1504 1105 G100 1444 1455 2247 0554 04149
Date Collacted; | 4/26/61 ] 4/30/81 | 4/29/81 | 4/27/81 | 4/28/81 | 4/29/81 | 4/30/8)1 5/1/81 | 5/1/81 4/28/81) | 4/30/81 | 4/10/81
Cosmpound (detection
Limit, pq/ei}d
Naphthalena (0.4) 11.8 1.9 1l.6 5.4 16.4 62.9 1.0 7.7 63.9 55.0 146.0 12.7 b -
1-Methylnaphthalene (0.4) 3.4 5.1 3.2 1.1 3.0 10.2 L.7 2.2 10.8 4.0 53.5 6.0 - --
2-Mathylnaphthalene (0,4} 9.3 11.4 a.8 3.5 8.4 28.0 6.1 4.7 22.1 11.6 150.7 12.1 —~ -
Quinoline (0.4) -= - - -- 0.8 2.0 - - 0.5 0.6 5.4 —- — -
hcenaphthalene (0.4) - - -~ - - -= - -- -- - 9.0 - - -
Acenaphthene (0.4) —— 0.5 0.5 - 0.6 3.0 - 0.4 1.9 o.6 5.6 9.8 -— -
Fluorcne (D.4) 0.4 0.4 D.6 - 0.5 2.0 - - 1.1 0.5 11.3 1.0 - -
Phananthrens/Anthracene (0.4) 0.6 0.6 1.5 0.4 0.8 2.2 - 0.4 1.2 0.6 7.2 2.0 —— -
Acridine (0.4) - - - - -- - -- - -- - - 0.5 0.059] 0.216
Carhaeole (0.4) ‘ - - - - - - -- - - - - - -- -
Fluoranthens (0.4) - - - - - - —-— - - —— - -- - -
Pyxene (0.4) -- -= -- - -- ~- - - -- -- -- -- -= -
Benzoia) Eluorens/ o . . _ __ i . . . __ . . __ .
genzo{b) fluorene (0.4)
Benz (a) anthracene/Chr ysene/ . __ o o - - . . - . - - . i
Triphenylene (0.4)
Benzolj) Eluoranthene/
fenzoin) fluoranthena/ - - - - - -- - - - - - - - -—
Benzo(k) fluoranthene (0.4)
Benzole) pyrene/ __ . . L . . - . . o . . . o
Benzofa)pyrena (0_4)
Perylena (0.4) -- - - - - -= - - - -= - - == -
Gibenz(a, })acridine {D.4) - - -- - -- - —-- —-- - - - - -— --
DibenZ{a,l)carbazole (0.4) - -— -- - -— -— -— -- -- -— - -— -- -=
Indencil,l,d-vdlpyrens (0.4) - - - -— - - - - - - - - -- -=
Dibenz (a,h)aniLluwacene (0.4) -- -- -- - - —- - -- - - - - -— --
Benzo(q, h, L)perylena (0.4) - -- - -- -- - - - - -- - -- -- --
Coronene (l.6) - - —— . - . —_— — - _ - - - -
Dibenzia,i}pyrene (1.6) - - - -- -- -- - - - - - - . -
Divethylbenz {a)anthracena (0.1} - - - - - — - 0.5 _— - _ - - -
3-Mciliyleholanthrene {(0.4) - - - - - . — - - __ . — - -
6,13-Dimethiyllsenz{a, h)- _ - o o . _ o - . - . . __ ‘_
anthracene {0.4) - ]
TULAL 25.5 19.9 1 26.2 10.4 3U.5 ' 110.2 14.8 15.9 107.5 72.8 3189.4 35.1 0.059] 0.216
- b

a .
Assuming a sample voulume of 600 liters.

indicatey not detecred.
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Table B-13.

April 28-May 1, 1981)

Plant B Wipe and Bulk Sampling Analytical Results for PNAs (August 20, 1980;

Wipe Samples Bulk |
Equ ipment Tools Clothin Control Room s,
Sample Site: 1 u : 9 amples
A B c D E F G H- I J K L M N o} P Q R 5 T
ol Sample Number:§2-036]|2-019]2-01812-017]| 046 J1-017{1-018{1-073{ 040 041 042 043 J11-027]1-028])1-075]1-019] 045 044 d1-071{1-072
Compou Date Cnllectéﬂ_‘.‘ 4/29*14/28" ﬂ;r‘_l[iﬁ' 8/20t44/28%34/28%) 5/1% 18/201)8/201]18/204|8/20t14/29*]4/294] 5/1¢ l14/284|B/20% |8/20¢ 5/1*] 5/1%
Haphthalane ® ) [} [} - ® L [ ] - - - - ® L ] e L ] - - [ 2 ®
1-#ethylnaphthalene - [ ] [ J - - [ ] - [} - - - - [ ] - - [ ] - - ® ®
2-Hethylnaphthalene - ® ® - - [ ] - ® - - - - L4 - - [ ) - - [ ] L4
Quinoline - - - - - - - - - - - - [ ] - - - - - - -
Acenaphthalens - - - - - [ ] - - - - - - ® - - - - - ' Y
Acenaphthene - - [ ] - - ® ® [ ] - - - - [ ] ® - - - - » ®
Fluorene - & - - - [} - - - - - - ® ® - ® - - ® [ )
Phenanthrens/Anthracene o ® ® & ® o L [ ] [ ) [ ] - - ® ® ® L ] ® - [ ] [ ]
Acridine - - - - - - - - - - - - ® - - - - - ® ®
Carbagole - - - - - - -~ - - - - - [ ] - - - - - ) [ ]
Fluoranthene ® ] ® ® - ® [ ] ® ® - - - ® [} [ ] ® - - [ ] ®
Pyrene [ L) [ J [ ] - L] L] ] ° ® - - [ ] [} ® [ ] - - L ]
Benzo (a) fluorene/ _ _ _ - R _ _ _ _ _ _ _
Benzo (h) fluarene * ¢ o L b b .
Benz (a) anthracene/ _ _ N _ B _
Chrysene,/Triphenylene . * b b e b bt b d e L L L b4
Benzo (1) fluoranthene/ .
Benzo{b) fluoranthene/ - - - - ] [ - - '] n n n ® - - - ] o e ®
Benzo(k) tluoranthene
denzo(e)pyrene/ _ - - - - ° - - _ _ - _ ° P _ _ _ _ ° *
Benzo{a)pyrene )
Perylene - - - - - L ] - - - - - - ® - - - - - - -
Dibenz (a, j)acridine - - - - - [ ) - - - - - - - - - - - - [ ) L ]
Dibenz {(a, i)carbazcle - - - - - - - - - - - - - - - - - - - -
indeno(l,2,Y-cd)pyrene - - - - - [y - - - - - - ® - - - - - [ ] [
Dibenz {a,h}anthracene - - - - - - - - - - - - Y - - - - - - L ]
Penzo(q.h, 1) pexylene - - - - - ® - Y - - - - 'Y ° - - - - e | @
Curonene - - - - - - - - - - - - [ ) - - - - - L J -
Dibenz (a,i)pyrene - - - - - - - - - - - - - - - - - - e -
Dimethylbenz (a)anthracenef - - - - o - - - ] ] o a - - - - a ] ri. -
3-Methylcholanthrene - - - - ] - - - a o a ] - - - - a a ® -
6,13-Dimethyldibenz{a,j)~ _ _ _ _ . - _ - n a n a - - - - u ] Y -
anthracena
Key: *1981. t1980. @ = cumpound detected. - = compound not detected. n = samples nut analyzed for Lhese compounds.
Equipment Tools Clothiang Control Room Bulk Sample;
A = oil/liguor separator, weir handle F = used on rar pump I = rubber glove, outside surface ¢ - bgthroom handles § = tar from day
B = handrail above compressor G = stored i"r!; control. ) = rubber glove, cutside surface 7 = desk top . tar Lank
C = handrarl below Stretford unit rocm A " K = rubber qlove, inside surface g = desk top T = o1l frvm day
I = handrail on top of gasifier Il = used on gas L = rubber glove, inside surface R = staiyr rai} oil tank
E = side uf gasifier CoOmpPressur M = gloves of millwright at tan pump
N - trousers {(umder couveralls) of vay

pump Worker



Table B~14. Plant B Area Sampling Analytical Results (mg/m3) For Aromatic Amines
(August 18-19, 1980)

. . a . L. 3
Locatlion Sample 3:';‘9:: sampling Date Aromatic Amine (detection limit, mg/m’}
Sampled Number (;; Time Collected A B c o E F G m
(0.5) } (0.2) ] (D.3) 3 (0.2 (0.3) 1(0.331(0.5) J¢o.1) | (0.1)

Top of Gasifier _ b _e
(475 level) 006 4133 2133-0534 8/18/80 a a a ] u o a
fnp of Gasifier 008 9% 2157-05%6 | 8/18/80 - - - - - _— - -
poke Hole .
(455 level) 010 432 2136-0536 8/18/80 a a n n n n o —
Poke Holae 012 97 2207-0614 | 8/1B/B0 - -- - - - - - -

91~8

Between Detarrer
and Deoiler 022 350 2118-0435} 8/19/80 n n o o - I u a -
{448 level)

Washer '

(448 level) 025 434 2121-0435 a/19/80 n n n n n n o -

Blanks 010 . 8/19/80 — . o L - . __ -

(wg/sample} 031 8/19/60 u a y . ] . n B
033 B8/19/80 — - - — . __ __ .
039 8/19/80 o n o n n a L] -

ah.romatic amines: A = Aniline; B = N,N-Dimethylaniline; C = o=-Toluidine; D = 2,4-Dimethylaniline;
E = o-Anisidine; F = p-Anisidine; G = p-Nitrocanlline; H = l-Naphthylamine; I = 2-Naphthylamine.

b"n" indicates sample not analyzed for this compound. Cun indicates not detected.




Table B-15. Plant B Area Sampling Analytical Results (ppm) for Benzene,
Toluene, and Xylene (August 18-19, 1980; April 27-=-30, 1981)

: N a
. .| sample Sample Sampling Date Compound (detection limit, ppm)
Sample Location Number Valume Time Collected
(2) Benzene {0.01) | Toluene (0:02) | Xylene (0.02)
Deciler/Detarr=ar 023 87 2119-0435 8/19/80 - - -—
024 87 2120-0435 8/19/80 - - -
2-002 103 1447-2248 4/27/81 - - -
2=-009 100 1530-2248 4,/28/81 - - -
3-058 13 0512-0608 ) 4/30/81 - - -—
Top of Gasifier {slolr} 26 2156-0557 | 8/18/80 - - -
2-001 81 1444-2250 4/27/81 - - -
2-008 94 1529-2247 4/28/81 - - -
Poke Hole 01l 98 2205-0613 8/18/80 - - _—
2-030 65 1705-2240 4/29/81 - - -
3-042 84 0012-0720( 4/30/81 - - -
Oil/Liquor 2-031 90 | 1518-2241} 4/29/81 -- -- -
Separator
Day Tar/0il Tank | 2-004 97 1455-2254] 4/27/81 - - -
compressor 2=003 92 1453-2253 4/27/81 - - -
2-010 85 1532-2245 | 4/28/81 - - --
Sump Blowdown 2-005 105 1259-2254| 4/27/81 - -— -
2-029 96 1525-2244 4/29/81 - - -—
Stretford Unit 2-032 100 1521-2242| 4/29/81 - - -
3-044 8l 0018-0720 4/30/81 - - -
Ccnt;ol Foom 2-033 85 1527-221317 4/29/81 -—- - -—
3-043 as 0010-07221 4/30/81 )
Blanksg 030 8/19/80 2.2 - -
(ug/aanple) 032 8/19/80 1.4 . 0.2 -

aAssum:i.ng a sample volume of 90 liters.

"=-=" indicates not detected.

B-17




Table B-16. Plant B Personal Sampling Analytical Results (ppm) for
Benzene, Toluene, and Xylene (April 27-May 1, 1981)

Personnel Sampla 3‘:5;: Sampling Date Compourd (detection lisit, ppm)”

Sampled Nuzber (L) Time Colleccad Benzene (0.01) | Toluene (0.02)( xylene (0.02)
operaesr 2-011 | @1.7 | 1553-2247| 4/28/81 -2 -- -
Operater 1-021 | 96.3 | 0742-1503 | 4/29/981 - - -
Operator 3-038 | 93.6 | 1135-1855| 4/30/81 -- - -
Operator 1-062 | 92.3 [ 0750-1457 S/1/81 -- - -
Millwright 1-009 | 7&.6 | 0753-1334) 4/28/81 - - -
Jtility Helper 2=-007 79.7 1546=2240 4/27/81 e - -—
Utility Helper| 2-035 | 85.5 | 1559-2233! 4/29/81 - - -
Utility Helper| 3-045 | 85.9 | 0032-0706| 4/30/8L - - -
Utility Helpar 1-040 82.1 0746~1445 4/30/81 —— - -
Maintenaace 2-012 | 74.2 | L554-2247| 4/28/81 - 0.3 -
Maintenance 1-060 | 75.8 | 0800-1345| 5/1/8L - . -
Blanks 0-049 - - -
0-080 - - -
0-081 - - -

ausun.i.ng a4 sample volumas of 80 liters.

Table B-17.

indicates not detectad.

Mercaptans (August 20, 1980; April 28, 1981)

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

Compound {detection limit)"™
Sample sample
Sample Site Numbar Voluma Sa:il;nq COJ.T::BI:.d Total n=Propyl n=Butyl n=Amyl
or Type (L) mercaptan mercapcan mercaptan mercaptan
(2 pp) | (0.4 ng/m!) | (0.4 mg/m*) | (0.4 wgs/m?)
Stretford Oxidizer | Detector tube 8/20/80 -2
Wash Sertling Tank { Detactor tube | 8/20/80 lsb
Detector tube 8/20/80 16
2-041 2.8 1702-16802 4/28/81 - - .-
2-015 1.1 1845~-1945| 4/28/81 - - -
1-016 3.8 2100-2205] a/208/81 -- - -
Top of Gasifier Detector :u_bc R 8/20/80 -
Poke Hole Detactor tube 8/20/80 -
Oeviler/Detarrer Detector tube 8/20/80 -
Datector tube 8/20/80 -
Ash Pan Detector tuba 8/20/80 -
a detected. bIn ppPa.

"-=" indicates compound not
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Table B-18. Piant B Area Sampling Analytical Results“(ppm) for
Toxic Gases (August 18-22, 1980; April 27-May 1, 1981)

Compound (detecticn limit, ppm)
Sample Site Hydrogen Hydrogen Carbon |
cyanide sulfide monoxide
(0.0L) (1) (3
Stretford Unit Adsorber -2 -
Stretford Unit Oxidizer - - -
2 - -
0.12
Wash Settling Tank - "2 B -
Wash Column - - -
Top of Gagifier - - -
* 10
Poke Hole - - , 8
10
Deoiler/Detarrer - - -
Ash Pan - - ' -

%a__» indicates not detected.
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Table B-19. Plant B Area Sampling Analytical Results (mg/m3) for Trace
Metals (August 18-19, 1980)
Front End of Middle of
Ash Pan Ash Pan Blanks
Location Sampled: § Conveyor Belt Conveyor Belt
1521 level) (439 level) (521 level) (439 level) (mg/sample}
Sample Number: 001 0l4 0l8 028 027 036
Sanple volume (2): 364 925 366 317
Sampling Time: 2150~0552 _2214-0621 2130-0533 _2132-0532
Date Collected: B/l8/80 8/18/80 8/13/80 3/19/80 B8/1l9 83/19

Compound
(detection limit
mg/m3)

"

Beryllium (0.001) -~

Cadmium (0.005}

Tellurium (0.001)

Copper (0.005)
Manganese (0.001)
Nickel (0.001)

Arsenic (0.001)
Strontium (0.1)
Magnesium (0.05)
Mercury (0.005)

an__n

Table B-20.

indicates not detected.

Plant B Bulk Sampling Analytical Results

(% by weight) for Trace Metals (August 19,

-~" indicates not detected.

B-20

1980)
" Bulk sample: Coal Ash
Sample Number: 037 038
‘ Date Collected: B219/80 8/13/80
Compound
e ————
Beryllium 0.001 -
Cadmium 0.00006 0.0004
Tellurium - 0.00007
Copper 0.0014 0.0024
Manganese 0.0008 0.0004
Nickel 0.0015 0.0032
Arsenic 0.0008 0.0010
Strontium 0.0026 0.0124
Magnesium 0.0423 0.0374
Mercury 0.00008 0.00004
An__n
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Table B-21. Plant B Area Sampling Analytical Results for Ionizing
Radiation (August 18-19, 1980)

Tonizing Radiaticn

ng’:g.lgn sample 32?3;: Sampling Date (detection limit, pCi/filter)
t Number Time Cecllected [ Gross alpha | Gross beta/gamma
or Type (2) (0.1) (0.5)
—
Front End of . a b
Conveyor Chute 004 819 2153~0555 8/18/80 background -
{521 level)
Ash Pan
14319 level) 0le 980 2211-0621 a/18/80 - -
Blanks 029 §/13/80 background -
034 8/19/80 background -
Bulk Coal® 037 8/19/80 - --
Bulk Ash® 038 8/19/80 -— --

aBackground is 5 to 10 counts per 100 minutes.

®yalues are in pCi/gram.

B-21

n L]

not detected.

indicates radiation type
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Table B-22. Plant C Area Sampling Analytical Results (ug/m3) for PNAs (May 15-17,
1981; June 22-23, 1981)

Location Sampled: Control Room Gas Compressor Sth Level - Sample Fort
Sample HWumbar: 3-026 3-112 3-11) 3-154 3-0)) 3-11? 3-150 3-149 3-103 3-104 3-115
Sample Volume (R}: 1,758 1,463 1,476 1,476 1,602 1,469 959 1,43) 1,442 1,442 1,464
) 0830- 1215- 1230~ 1150~ 0815- 1245- 0011- 0013- 0755~ 0755- | 1240-

Sampling Tlme: | .5, 2245 2245 2205 2136 2257 0710 1010 1756 1756 2250

g Coljected, ¥ o/159/81 J 6722001 | 6/22/81 | 6/22/81 ) 5/15/81 } 6/22/81 | 6723781 | 6/23/81 | 6722781 | 6/22/8] | 6/22/01
Compound (getegt;on

limit
Naphthalens (0.1} ' 0.1 2.1 2.6 2.6 b 0.3 1.3 2.9 Q.2 0.1 0.1
1-Methyluaphthalens {0.1) 0.1 0.7 0.8 0.7 - -— - 0.6 - - -
Z-Methylnaphthalene (0.1) 0.2 2.2 2.5 1.2 0.1 0.2 0.5 1.1 -- 0.1 0.3
Quinoline (0.1} - -- - -~ -- - -- -- -- - -
Acenaphthalena (0.1) - -- - - -- - - 0.2 - - 1 --
Acenaphthens (0.1) - 0.1 0.2 0.1 - - - -- - - -
Fluorena (0.1} -— 0.1 0.1 0.1 - - - -— - - 0.1
Phenanthrene/Anthracens (0.1) - - - 0.4 0.4 0.3 0.6 0.3 -— -- 0.4
Acridine (0.1) e = 0.2 - 0.1 -- -- -- -- Q.2 --
Carbazale {0.1) -— - - - - - - - - - —_
Fluoranthene (0.1) - - - - - -- 0.3 0.2 -- - ——
pyrene (0.1) - - .- - - - 0.4 0.3 - -- -

Benzo(a) fluorens/
Banzo(b) fluorena (0.1)

Benz(a)anthracene/Chrysene/
Triphenylene (0.1)

Benza(j} fluoranthens/
Benza(b) fluoranthens/ - -- — —_ - - - —— - - -
Benzo(k) fluoranthena (0.1)

Benzo {(e) pyrene/
Benzola)pyrene (0.1)

Perylena (0.1) - — - e —- _ _— __ oL - -
Dibene (a, jjacridine (0.1) -— - —_ - - - - - - —_ -
Dibene {a,i)carbazole (0.1} - -— - — - - - - - - -
Indencil,2,3-cd}pyrene (0.1) - - - - - - _— _— . T -
Dibenz (a,h)anthracene {0.1) - - -— - _— - - _ - __ __
Benzalg,h,ijperylene (0.1} - -~ - - - - —- 0.1 - - -
Caoronene (0.6) - - - - - - - . - — -
Dibenz {a,i)pyrene (0.6) - - - - - - - P __ __ __
Dimethylbenz {a)anthracene (0.1) - _— - - _— . __ __ - __ _
J-Melhylcholanthrene (0.1) - - - —_— . . R —

6,13-Dimethyldibanz (a, h)-
anthracene {0.1)

TOTAL 0.4 5.2 | 6.4 5.1 0.6 o | 30 5.8 | 0.2 1.0 1.1

a . - - 1
Assuming a sample volume of 1,500 liters. b..‘_.- indicales not detected. (cont inued)
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Table B-22 (concluded)

Location Sampled:

Gasifler - 6th Lavel

Filter/Strainer

upwind

Blanks
(pg/sample)

Sample Number

3-030

3-114

3-0811

3-085%

3-116

3-148

3-062

J-091

J-158

Sampla Voluma (1):

1,767

1,398

2H

425

1,469

1,435

1,550

1,620

1,404

Sampling Time:

0800~
2121

1240~
2248

2020-
2350

2024-
0312

1245-
2057

0012~
1010

0755~
1815

0927-
2015

0015~
1000

3-037

J-119
%

Date Collected;

5/15/81

6/22/81

5/16,

5/16/81

6/22/81

Coapourd (Hetecdun
limit, pg/m3}d

nNaphthalene {0.1)
1-methylnaphthalens (0.1)
2-Methylnaphthalene (0.1}
Quinoline (0.1)
Acenaphthalens (0.1)
Acenaphthana (0.1)
Fluorene (0.1)
Phenanthrene/Anthracene (0.1}
Acxridine (0.1}

Carbazgle (0.1)
Fluoranthene (0.1)
Pyrene (0.1}

Benzo{a) fluorene/
Benzo(b) fluorena (0.1}

Benz (a) anthracene/Chrysene/
Triphanylene (0.1)

8anzo (§) ELluoranthene/
Benzo (b) Eluoranthene/
Benzo (k) fluocranthena (D.1)

Benzo(e)pyrene/
Benzo(a)pyrena (0.1}

perylena (0.1)
Dibenz (a, })acridine (0.1)
Dibent (a, i)carbazole (0.1)
Indenc(l,2,3-cd)pyrene (0.1)
Dibenz (a,h}anthracene (0.1)
Banza{g,h,l)perylene (0.1}
Coronene (0.6)
pibeng (a, L)pyrene (0.6)
Dimethylbenz {a)anthracene (0.1)
3J-Methylcholanthrene (0.1)

6,13-Dimethyldibenz {(a,h) -
anthracene (0.1)

0.7
0.2
c.9

74.4

/2381

3/16/81

5[].7/2].ﬁ

=g!2][§1

5715781

by22/81

1.0
0.2
0.6

0.6
0.1
0.2

TOTAL

a8

(),(iAAAJ

aassumknq a sample volume of 1,500 liters.

-" indicates not detected.

tArea samples Laken with two-stage personal

cassattes.
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Table B-23.

June 22, 1981)

Plant C Persconal Sampling Analytical Results (ug/ma) for PNAs (May 14-16, 1981;

Personnel Sampled: Lower Level Techniciana Upper Level Technicians Maintenance Blanks
- ] L (vy/sample}
Sample Number: § 1-002 | 3-018 | 3-059 | 3-138 ] 3-141 | 3-095 | 3-004 | 3-016 | 3-056 | 3-094 | 3-137 1 1-139 3-087 3-036 [i-120
Sample Volume (L) 664 668 597 656 692 602 650 657 412 690 £69 C45 462
Sampll i 1525- | 0730~ | 0737- | 1540~ | 2329~ | U740~ | 1536~ | 0737~ | 0740- | 0735- | 1540- | 2135~ 2014-
mpling Time: ¥ o248 |1455 [1415 2257 Vo730 liaso fa2za9 ligys Ya21s fasis | 2306 ]oeas 02367
Date (1981) Collected: § 5/14 | 5/15 [ 5/16 | 6/22 | 6/22 | 6/22 |15/14 |s5/16 3/16 | 6/22 | 6/22 | 6/22 5/16 5/15 | 6722
Compound (detegtbon j
limit, ui/n ) i
Naphthalene (0.4) 4.2 -% ] 18.8 2. 2.8 1.4 1.3 1.0 7.0 0.9 0.6 94.13 49.3 0.1 --
1-Methylnaphthalena (0.4) 0.8 - 2.7 .4 -- 0.6 —- -- 1.0 -= - 12.1 2.1} - -
2-Methylnaphthalena {(0.4) 1.4 - 3.4 0.8 0.5 0.7 0.4 0.5 2.0 -- - 17.3 3.7 1.7 --
guinoline (0.4) -- - - - -- - - -- — - - -- -- -- -~
Acenaphthalene (0.4) - - 1.2.1 - - -- - - -- - - J o0 0.6 -- -
Acenaphthane (0.4} - -- 0.6 - - -- -- - -- -- -- 2.6 0.6 - --
Fluorena (0.4) 0.5 - 0.7 -- -- - -- - - .- -- 7.1 0.7 - -
phenanthrene/Anthracene (0.4} 2.4 0.6 4.4 0.6 0.5 - 0.9 1.0 1.9 -- - 27.0 1.2 - --
Acridine (0.4} -= -= - -- -= - -- -— - - -- - - -- --
Carbazole (0.4) -— - - - - - -~ - -- -- -- -- -- - -
Flucranthene (0.4} - - 1.7 - -- -— - - -— - -= 12.9 —— - --
byrene (G.4) - - 2.2 - -~ -- -= -- - - - 14.9 -- - --
Benzo(a) fluorene/ . __ 0.9 . . - _ __ . _ . 2.4 __ o o
Benzo{bl fluorene (0.4}
Benz (a)anthracene/Chrysens/ . - . . . . o . . o __ __
Triphenylene (0.4) 3.9 1.7 2.2
Benzo (}) Eluoranthene/ .
penzo (b} fluoranthene/ - -= 1.0 -- -- - -- -- - - - J.o - -- --
Benzo (k) fluoranthene (9.4)
Benzo (e) pyrene/ . - . . _ - . . .
Penzo(a)pyrene (0.4) 0.7 5.2
Perylene (0.4) - - - - - - - - - — - 2.0 - - --
Dibenz{a, jlacridine (0D.4) - -- - — -- -- - - - —-— - 1.1 -— - -
Dibenz (a,i)carbazole (0.4) -- - -~ - - - - - - - . - - - -
indeno (a,.2,3-cd)pyrene (0.4) - - 0.4 . - - - - - - —— 1.3 - - --
Dibenz (a,h)anthracene (0.4} -- -= - -- - -— - —- -— —- - - - - --
Benzo({y,h,i)perylene {(0.4) - - 0.7 - -- - -- -— -— - - 2.5 - - —-
Coronene (1.6) - - —— - — —_ —_— — - - - —_ - - -
Dibenz (a,i)pyrene (1.6} - f— - — - - — - - - - - - - -
Dimethylbenz (a) anthracene {0.4) - - - - - -~ - - - - — —— - - -2
J-Methylcholanthrene (0.4) - - - - - - - - —_— _ __ - _ _- ——
6,13-Dimethyldibenz {a,h) - - . __ .
anthracene (0.4} - - - - o o " - - - ==
TOTAL 9.1 0.6 43.1 H}.H 3.*\3_ 2.7 4] 2.6 2.5 13.6 0.9 0.6 ‘22?.0 60.4 1.4 ==

a
Pump Lakuen off employee early since he claimed pump was interfering

(5}

-=" indicates not detected.

with ability Lo du jub.

b } :
Ansuming a sample volwne of 700

litéers.




Table B-24. Plant C Wipe Sampling Analytical Results for PNAs (May 15-18, 1981)

9¢-4

Sample Site: Equipmant,a 'I'm)lﬂFj . ClOthinqc
A B C D E F G H 1 J K L M
Sample Number: | 3-051 3-072 3-073 | 3-074 1-075 3-076 | 3090 | 3-052 3-053 3088 ) 3-035 | 3-092 3-093
Date Collected: §5/15/81 | 5/16/81 | 5/16/81 [ 5/16/B1 [ 5/16/81 | 5/16/81 | 5/17/81 | 5/15/81 | 5/15/81 | 5/16/81 [ 5/15/81 | 5/18/8} |5/18/A1
Compaund

Naphthalena --d .e L] L] ] - [ ] - ] -- ] L] [ ]
| -Methylnaphthalene -- -- -- - -= - -- -= - = -- --
2-Methylnaphthalene - - -- - - -- -- -- -- - -- -- .
Quinoline - - -= - - - - - -- - - - =
acenaphthalene =-- - ® - -- - -- -- -- -- -= -- ]
Acenaphthena - - L - - - - -- - -- -- - [
Fluorena - - L) - - - - - - - - - L}
Phenanthrena/Anthracene - Lo L] [ ] -- -- ] - -= L] L] [] L]
Acridine - - -— - - -- - - - - -— - --
carbazale - - - - - et - -— -- -— - -- L ]
Fluorankhene -- - ° L] - -- . -- --
Pyrene - L] ] L - L] L] - - ] L L]
Benzo(a) fluorens/ . . . . . - . __ . o - __ .
Benzo(b) fluorens
Behz{a)anthracene/ __ . - . . __ _ o . . . . °

Chrysene/Triphenylene

Benzo(j) fluoranthene/
penzo(b) fluoranthene/ - - Y - -— _ __ . - _— . o .
Benza (k) Eluocanthene

Benzo(e) pyrene/ . . . _ . o - . - _ . . .
penzo (a)pyrane

Perylene -— —-= - —— - - —— - - . , . - ®
Dibenz {a,j)acridine - -— - - —- -— — - - - - - .
pibenz (a,i)carbazole - - - -— - - - - - - - - -
Indena(l,2,3-cd)pyrene - -— -— -- - — . - . - __ - °
Dibenz (a,h}anthracene -- - - -- - - -- - - - _— - .
Benzolg,h,i)pecylene - -= - -- - -— - - - - - —— ®
Coronene . - - -— - - - - - - - - - .
bibenz (a,i)pyrene -— -- -— - - - - - - - - _— -
pDimethylbenz (alanthracens - -— - - -- -— — - - - - - -
J—HEthylchol_anthrene - - ~- -- - —— - —— - __ __ __ -—

6,13-Dimethyldibenz(a,j) -
anthracene

a
Equipment key: A = lift tcuck steering wheel; B = sample port, 5Sth level; C = separator pit; I - Filter housing; E = pipe duct (becwoeen
gasifier and cyclone); F = control room desk top; G = work platform gasifier.

Tools key: W = wrench at ground level sample port; [ = wrench,at filter; J = wrench at tep of gasitier.

(43 . L
Clothing key: K = gloves of lower level technician; I = voveralls of upper level Lechnician; M = coveralls of lower level ctechnician.

d

) [ .
indicates compound nol detected. “®" indicates compound detected.



Table B-25.

Plant C Area Sampling Analytical Results (mg/m3) for
1981; June 22-23, 1981)

Aromatic Amines (May 14-16,

tocacion sazple 3:?5;: sampling pate Aromatic anine® (detection limt, mg/md) @
Sampled Number Time Collacted A B c [7] E E
() 0.0h | 0.0 | 0.0y | 0.0 | ¢0.013 | (0.0

Make-up 3-006 71 1618-223L $/14/81 -f -- - - - -
Fumps 1-045 g9 1546-2312 | 5/15/81 -- - - - . -
3-060* 18 0810-1200 | 5/16/81 - - - - - -

3-107 88 0804-1545 | 6/22/81 - -- - - -- -

separator 31-048 a8 1532-2310 | s/15/81 - - - 0.01 .04 --
it 3-061=| 94 | oBla-ls12 | s/1e/81 - - - - - -
3-132 | 15 1546-0154 | &/22/81 -- -- - - - -

sazple Port 31-010 sa 1555-2100 | s/14/81 -- - — — - -
3-082 84 1526=-2257 | 5/15/81 - - - - - -

L 1-066* | &6 0810-1600 | 6/23/81 - - - - - -
5eh Leval/ 3-011 76 1630-2235 | S/14s81 - - - - - -
Eyclons 3-0674 73 "0810-1614 | S5/16/81 - 0.01 - 0.01 0.a2 -
3-144 85 0003-0802 | e/23/81 - -- - - - -

6th Level/ 3-04l 10 1511-2250 | s/15/81 - - - - - -
Gasiflies 3-068* | 73 0810-1418 | S/16/81 0.01 0.0l - 0.01 -- -
3-143 % 0002-0800 | /23,81 - - - 0.0l .- -
Compressor 3-009 8 1620-2201 | 5/14/81 - - - - - 0.09
Pump/FLLESES | 4544 as 1523-2258 | $/15/81 -- - -- - -- -
3-049 2.2 | 17n-1742 | 315701 - - - .- - —

3-oes»| 73 08L0-1418 | 5/16/81 - - - - - -

3-109 80 0823-1505 | e/22/81 - -- -- - - -

3-110 a0 0825-1508 | 6/12/81 - - - - - --

Centrol Asom 3-001 30 1500-2255 s/14/81 - - - - . -
3-043 82 1552-2313 | s/15/81 - - - - - -

1-063¢ | 74 0755-1415 | s/16/81 - - - - - -

3-111 a1 0830-1505 | §/22/81 - 8.01 - - - -

3-101 | 100 0745-1550 | 6/22/81 - - - - - -

3-100 93 . | o7as5-1580 | s/22/81 - 0.1 - - - -

alanks 3-040 5/18/81 - - - - - -
(mg/sazplal 1-078 5/16/81 - - - .- - --
3-123 6/22/81 - - - - - -

%aromazic amines: A = Aniline; B = N,N-Oimethylaniline; C = o-Toluidine; D = 2,4-Oimathylaniline;

E = o-Anisidine;

? = p-Anjsidine.

Agmming a sample volume of 100 litars,

*plant down. .

T

B-27

indicataes not datected.



Table B-26.

Plant C Area Sampling Analytical Results (ppm) for Benzene,
Toluene, and Xylene (May 15-16, 1981; June 22-23, 1981)

Compound
Sample . . . a
. sample Sampling Date (detection limit, ppm)
Location sampled Number Vol;:me Time Collected Benzene Toluene Xylene
() {0.01) (0.01) (5.01)
Char Sample Port 3-027 87 0810~1519 5/15/81 0.01 -2 -
5th Level 3-031 83 0805-1517 S/15/81 0.02 - -
3-130 125 1540-0200 6/22/81 - -—- -
6th Level 3-029 89 0800~-1513 5/15/81 - - -
3-082 84 2023-0312 5/16/81 - - -
3-084 52 1031-1510 5/16/81 — - -—
3-129 124 1536-0158 6/22/81 -— -— --
Gas Compressor 3-032 sa 08l5-1518 5/15/81 - - -
3-126 131 1508-0205 6/22/81 - - -
3-151 95 Q013-0810 6/23/81 0.05 - --
3=152 a5 0014-0810 6/23/81 0.04 - -
Filters 3-050 2.2 1830-1842 5/15/8) 8.2 - —~
3~125 129 1507-0210 6/22/BL 0.04 - --
3-147 84 0012-0810 6/23/81 0.1 - -
Control Roam 3-023 64 0830~1600 5/18/81 0.2 -~ -
3-134 120 1548-0148 6/22/81 c.4 - -
3-156 96 2350-0750 6/22/81 0.4 - -
3~157 96 2350-0750 6/22/81 0.5 -— 0.1
Blanks 3-038 5/15/81 - - -
(ppm/sampla) 3-077 5/16/81 - - --
3-121 6/22/81 -— - =--
b

aAssum.i.ng a sample voluma of 100 litars.

B-28

"-=" indicatas not detected.




Table B=27. Plant C Personal Sampling Analytical Results (ppm) for Benzene,
Toluene, and Xylene (May l4-16, 1981; June 22, 1981)

personnel Sampled Sample 3;":5;: Sa.m:lzling Date ' (det.ecticoo:%o:i:?ft, pmn)‘z
Number (2) Time Collected Benzene Toluene Xylene
(0.01) {0.01) (0.01)
Lower Lavel 3-003 82 1532-2254 5/14/81 2.03 -7 --
Technicians 3-020 95 0738-1510 | 5/15/81 0.1 - -
3-058 73 0737-1415 5/16/81 .01 - -
3-086° 64 0814-1436 5/16/81 - -- .-
3-096 51 0740-1450 6/22/81 0.08 -- --
3-136 98 1530-2257 6/22/81 0.06 - -
3-142 57 2343-0645 6/22/81 | -- - --
Upper Level 3-005 90 1535-2250 5/14/81 0.02 - -
Technlcians 3-017 93 | 0735-1345 5/15/81 -- -- -
3-057 88 0736-1425 5/16/81 - - -
1-097 es 0740-1505 6/22/81 0.01 -- -
3-135 106 1540-2306 6/22/81 0.03 - .01
3-140 %0 2334-0845 6/22/81 0.01 - 0.01
Maintenance 3-019 93 0732-1525 5/15/81 - - 0.03 °
3-022 101 .| 0745-1500 5/15/81 0.2 g.02 0.09
Blanks 3-038 5/15/81 - - -
(ppm/sample) 3-077 s/16/81 - .- --
3-121 6/22/81 -- -- -
d)’.ssn.xm.i.nq a sample volume of 106 liters. "==" indicates not detected.

c1-"\.11:11:_» taken off sarly whan employee claimed it interfered with his work.



Table B-28.

Plant C Area Sampling Analytical Results (mg/m3) for Phenolic
Compounds (May 14-16, 1981; June 22-23, 1981)

. 3 : . 3.0
=] c detect . d
Locacion Sample 3:;5;: sampling Date henolic Compound™ (detection limic, mg/m”)
Sampled Number . Tize Collacted A B [o D E £ G H
L) (9.62} | (0.02) | (0.02} | (0.02} | (0.02}] (4.9) | i0.02 {4.9)

Maka-up 3-007 74 | 1614-2230| 5/14/81 - -- - -- - - -- -
pumps 3-047 | 86 | 1540-2312| 5/15/81 - -- - -- -- - - -
3-1086 87 Q804~-1545 6/22/91 - - - - - - - -

Separator 3=-008 g% 1612-2229 5/14/81 -— - -— - - - - -
pis 3-048 | 97 | 1535-2310| s/1ss6L - -- - - - - - -
1-146 84 0008-0710] 6/23/81 -— - - - - -— - -

Seh Level 3-124 23 Q0795~-1540 6/22/81 — - - - - . . -
3-131 125 1540-1400 | &/22/81 -— - - - - - - -

6th Lavel 3-1027 95 0752-1545 6/22/81 -m - -— - . - - -
3-128 | 124 1536-0158 | 6/22/81 - - -— -— - - - —

Gas 3-1c8 80 0B25-1505 6/22/81 . -~ - -a - - - —
Compressor | 4 157 | 128 | 1508-0205| 6/22/61 - - - - -- - - -
Control Room| 3-098 35 0745-1550 6/22/81 -— -— -— -— - - - -
1-099 58 074515504 6/22/91 - - - -— - - — -

3=-133 19 1548-0148 | 6/22/81 - - - - - -— -— -

1-158 96 2350-07%0| &/22/81 - -— -— - - - - —

Blanks 1-039 5/18/81 - - - .- - - — -
{mg/sample) 31-079 5/16/681 -— - — -— - - - .
3-l22 6/22/81 — — - — - —-— - -

a?nanolic compounds: A = Phanol; B = o-Cresol; C = m-Cresol) D = p—Cresol; E = o-Ethylphenol; F = p-gEthyl-

phanol; G = 2.3=Xylenol; H = 3,3-fylenol.
c

bAssm.i.ng a sample volumes of 100 liters.

BE=30

"==" indicates not detectad.




Table B-29.

Toxic Gases (May 14-15, 1981)

Plant € Area Sampling Analytical Results (ppm) for

indicates not detected. ™

: Cempaound (ppm)
. Sample Sampling Date
Location Sampled : Carbon Hydroge
Number Time Collected Monoxida? Sulfideﬂ
5th Level - on deck
near cyclone, south of 1-012 1811-1816 5/14/81 16 --£
flare
Separater Pit - near - _ _ .
nixer 3-013 1736-1741 5/14/81 2-5
Recycle Gas Compressor/ - - _ - .
Filters 3-01l4 1742-1747 5/14/81 13-14 .
Recycle Gas Compressor, ‘ ,
during process stream 3-0ls 1011-1016 5/14/81 >50 - -
sampling . i
Filter Unit, during - - d
replacement of filters 3-054 1830-1835 5/15/81 b 120
FPilter Unit, during - _ e .
replacement’of £ilters 3-~055 1830-1835 5/15/81 5-1,745 160
Separator Pit 3-0356 1043-1048 5/15/81 a -
6th Level 3-~-057 1049-1054 5/15/81 o -~ .
6th Level - top of - - - ,
gasifier (1id off) 3 989 1036-1044 5/15/81 27 -
bDetector tube. Crmn

“pirect-reading instrument.
d"u" indicates not sampled.

sR.a.nge of CO concentrations at filter unit
during replacement.

B-31



APPENDIX C
HEALTH EFFECTS OF CQAL-DERIVED MATERIALS



© EPIDEMIOLOGICAL STUDIES

Epidemiological studies of workers throughout the world have long estab-
lished an association between exposure to the combustion or distillatien
products of coal and an increased incidence of cancer at many sites through-

out the body.

One epidemiologic sthdy of workers in a coal conversion plant can be found
in the literature (Sexton, 1960). This study is based on 5 years of medical
surVeillanée of 359 direct hydrogenation coal workers employed in a Union
Carbide plant in Institute, WV. Fifty workers were describedvas 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. In addition, 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 bﬁ
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 concluaions concerﬁing leng-term health effects.
The followup studies were limited primarily to maintenance personnel who are
expected to have high contact but low inhalational exposure to process chem—

icals.

In addition, the relevance of these studles to today's coal gasification
processes 1s questionable. Process and control technology, as well as work
procedures and hygiene practices, result in significantly reduced worker

exposure levels in present-day plants.

Epidemiological studies of other workers exposed to soot and carbon black,

as well as to coal tar and pitch, over a long period of time have established
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an assoclation between exposure to these related materials and an increased

incidence of cancer.

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 exposuré to carbon black and oil in the rubber industry were re-
ported by Henry (1946). Polynuclear aromatic hydrocarbons (PNAs) which are
carcinogenic to mice have subsequently been identified in carbon black and

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

Skin cancer among coal tar and pitch workers was first described by Butlin
(1892b)., Since that time, studles by Henry (1946, 1947) and by Bogovski
(1960) have enumerated over 3,000 cases of occupatiocnal skin cancer
attributed to tar and pitch. Subsequent chemical analysis of coal tar has
identified numerous PNAs including benz(z)anthracene, benz(a)pyrene,
dibenz(a,h)pyrene, dibenz(a,i)pyrene, benzo(b)fluoranthene, and dibenz(a,h)-
anthracene (IARC, 1973).

Exposure to coal tar products as they are produced in the coking industry
and in the coal industry provides the closest industrial analogy to coal
gasification. The common use of coal, similar temperatures, and the reduc-
ing atmosphere used in its processing provide the basis for this comparison.
The latter facter 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 prbcessing temperatures up to about
815°c (1,500°F) (U.S. DOE, 1980).

While the chemical content of these materials can be argued to be similar,
the potentizl 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 gasification process. In
addition, concurrent exposures to other chemicals will be different in the
two industries. For example, cdking»involves significant exposure to sulfur
dioxide which is reported to have synergistic effects on carcinogenicity.
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Nonetheless, a knowledge of the health hazards of these related industries
can be expected to provide a base for chemical and medical monitoring and

future risk assessment of coal conversion technologles.

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 men 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 hi gh-e xposure workers.

Similarly. Kuroda and Kawahata (1936) reported excesses of lung cancer among
Japanese coal gas workers, and Kennaway and Kennaway (1947) found a threéfold

increase in lung cancer mortalities Iin 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 deterﬁine the cancer
mortality of coke plant workers in Great Britain.. Their results also showed
hi gher-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/m of coal tar
measured as the cyclohexane—e xtractable fraction of total particulate matter.
This recommendation takes into consideration both the carcinogenicity of this
material and the lowest concentration that can be reliably detected by '
environmental monitoring. The federal OSHA standard is 0.2 mg/m3 of coal
tar pitch volatiles defined as "the fused polycyclic hydrocarbons_which
volatilize from the distillation residues of coal, pétroleum, wood, and

other organic matter” (OSHA, 1978).




TOXICOLOGICAL TESTING

Coal conversion materials have been estimated to contain over 10,000 differ-
ent chemical substances, cften 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
process and in Louisiana, MO, by the old Fischer-Tropsch process. Cafcino-
genicity of the higher boiling fractions when applied to animals (skin
painting and injeclion) was thus established. In additiom, greater carcino-
genic potential was seen for materials produced by the Bergius process than

by the Fischer-Tropsch process.

Low-Btu gasifier effluents have undergone mutagenicity testing (ITRI, 1980).
Condensed materials ("dirty gas") have been found to be highly mutagenic in
.the Ames assay. This mutagenicity was attributed to alkane polymers, neutral
and polar PNA derivatives, and polar nonaromatic components. Inhalation
studies of these materials Iin rats are ongoing. A cooperative comprehensive
research effort between the Lovelace Inhalation Toxicology Research Institute
and the Morgantown Energy Technology Center has been addressing basic human
health risks assoclated with low-Btu coal gasification. Preliminary results
from all of these toxicological programs ;re discussed below and summarized
in Table C~1. However, the materials tested are generic and do not neces-
sarily represent current or future process streams. Therefore, results of
testing of these materials are only suggestive of the toxicity of currently

produced or projected coal conversion materials.

High-boiling point coal-derived liquids and tars (> 230°C; > 450°F) have
displayed significant mutagenic activity in the Ames microbial system; In
general, higher bgiling point materials exhibit greater mutagenicity. This
activity exceeds that of petroleum crudes, and resides primarily in the
basic fractions as contrasted with petroleum crudes where‘the ma jor muta-

genic activity 1s found in the neutral fractions and is attributed to PNAs.

This mutagenicity has been found to be asscciated mostly with primary

aromatic amines. These primary aromatic amines were found to be mostly
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Tabie C-1. Toxicological Testing Results for Coal Conversion Materials

EDS
SRC-1 SRC-I Crude
- Fort Lewl H-Coal (PDU -
SRC-II (For! via) (Fort Lowis) (wilsonville) (rO {Bay Petroleums
town) [low-Btu
T swoco Twsta | s
Maphtha| Hlddle | Heavy |Reacycle]| water walter vacuua | Light |process| solid |erocess B*endled Freated fleavy =pirty |prudhoe u}1—
{Light |Dietil-|oistil-|Proceas] Plant Plant Botroma| il Bolvent | Product | solvent DiBril-| Blended Gas/oil Gag® Ba ming-
Distil-] 1late late H,0 In- Ef- late’ Dlstile Product y ton
late) : fluent | £luent
late*
Acute Toxicity
In vivo LDsg (9/kq) 2.3 3 3.8 : 3.0 2.8
In vitro VEID“ ‘ - - + . +
cunb + + - - -
R’ +
Subchronic Toxicity]
S-day (9/Kkg) 1 1.2 1.5 . 2.4 i 1.0
14- or 28-day(g/kg)
- T
Hutageniciky/
Carcinogenicity
Point Matation Amos - - + + - - + - + + + + - + + + +
Chromosomal SIIEd +
Skin Painting - + +
Reproductian
Dacreased Fertility - - +
Reproductive Buc- . . .
[=:1:1-3
Perinatal and Post- + . .
" | natal Survival
Fatal Abnormalities - - +
a X
Monkey Kldney Cell Cytotomlicity. bChlnese Hamster Ovary Cytotoxicity. JRatbit Alveolar Microphage Cytotoxicity. i
Syrian pamster Embryo Transformation. ‘A blend of 2.9 medium distiilate and L part heavy distillata.



3- and 4-ring compounds including aminonaphthalenes, awinoanthracenes,
aminophenanthrenes, aminopyrenes, and aminochrysenes (Battelle PNL, 1979).
The mutagenic/carcinogenic role of PNAs in coal liquids (found in the
neutral fractions and in both greater quantities and variety than in petro-
leum fractions) is unclear. Elucidation awaits further advances in sub-

fractionation and characterization techniques.
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 ingestion.

The content of PNAs in coal crude o1l has been estimated to be 5 to 20 per-
cent compared to 1 percent in petroleum crudes (Zedeck, 1980). Analysis of
coal conversion process streams and the industrial hyglene air and bulk
sampling carried out in the present study have confirmed the presence of va-
por and particulate PNAs at coal gasification plants. However, a qualita-
tive evaluation of the total exposure to the entire spectrum of these com-
pounds is not yet possible. Emissions from plants have not been completely
characterized, many processes and resulting material streams are being
changed as the technology matures and improved control technologles are

implemented.

The most important concern regarding the effects of this exposure (dermal,
oral, and/or inhalation) is the potential risk of cancer and/ecr 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 Qite of
application. That 1s to say, tumors appear in the tissue directly exposed
to the carcinogen, usually in the skin or lung. The property of carcino-
genicity appears to depend on metabolic activation of these chemicals by the
microsomal mixed-function oxidase system usually to biologically active
diolepoxide derivatives. It also appears to be stereospecific. Slight
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changes in»moleculaf structure can result in significant cﬁﬁnges in carcino-
genlc activity. Only PNAs with three or more rings have been found to be
Strong mutagens and carcinogens, and‘alkylation often produces an increase
in this mutagenicity. Nonetheless, despite recent advances in the under-
standing of some structure-activity relationships of these chemicals, 1t is

not possible tc predict mutagenic activity based on molecular structure.

In teractions 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 carcinogeﬁ
when exposure to the cocarcinogen occurs simultaneously with exposure to the
carcinogen. Kuschner (198l) demonstrated that cancer incidence in rats ex
posed to benz(a)pyrene (a carcinogen) increased directly with simulﬁaneous
eﬁposure 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 :
dodecane. The authors suggest that certain long-chain hydrocarbons may'play
the decisive role in determining thé carcinogenic potency of a mixture; the“
importance of the concentration of the initiator (carcinogen) may be minimaf.
Finally, certain sulfur compounds, aldehydes, and phenolics have all been
shown to stimulate the effects of PNAs and other carcinogens in mouse skin *

(Slaga et al., 1977).

Equally complex and imperfectly underatood is the role of promotors in can-
cer production. These chemicals increase the tumorigenic response to a
chemical carcinogen when they are applied after the carcinogen, but do not
bave carcinogenic properties when applied alone. For example, Van Duuren et
al. (1978) have shown that the application of a PNA can be followed by months
and, in faet, 1 year later by.a promoting stimulus such as the application
of phorbol esters from.crOton 01l 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.
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This often leads to health effects totally unpredictable on the basis of a
simple knowledge of effects of exposure to individual PNA compounds in ani-
mals. 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 complex

exposures.
Toxicity

Very limited acute or chronic toxicity information, other than that concemn-
ing carcinogenicity, is available for PNAs. In general, these chemicals are
primary irritants which on repeated or prolonged contact with the skin cause
photosensitization 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 hematopoletic system, gonads,
and intestinal epitheliim as being especially susceptible to PNA injurys

The cells of all these tissues are rapidly dividing, and it is easy to spec-
ulate that injury to the DNA replicative phase of the cell accounts for this
toxicity, as well as for the carcinogenic potential associated with many of

these chemicais.

Naphthalene is the most abundant constituent of coal tar. TInhalation of
naphthalene causes headache, confusion, nausea, and perspiration. Severe
exposure has been reported to cause severe hemolysis, vomiting, hematuria,
and optic neuritis (Boulos, 1978). The OSHA standard for exposure to naph-
thalene of 10 ppm is intended to minimize the risk of adverse ocular effects.

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 alsé included in the
present industrial hygiene study as well as several related compounds are
listed in Table C-2 (a&aptéd from Kingsbury and White, 1979). Also shown in
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Table C-2. Carcinogenicity Data for Selected PNAs

L Compound Informacion Summary Compeund Information Summary
Anthracane Lowest aeffective dcsa for tumori- Fluoranchane LDsg (oral, rat): 2000 mg/kg.
genic response in mice i3 3300 ®/k9.| 5o0o 0 (x) Fluoranthens | Lowest effactiVe dose for eumori-
Phenanthrena towest doss for tumorigenic responss genic respense in mice is 72 mg/kg.
in aice ia 71 my/kg. Panzo {}) flucranthene | Lowest effactive dose for tumcri-
Benz (a)anthracena Lowast affective doss for tumori- genic redponde in mice is 288 mg/kg.
genic respanss in mice ia 2 mg/kg. l,2:5,6=Dibenzo- Lowesgt effactive dose for tumcori-
7,12-Dimethylbenz (a) - | Tumors in 7 species reportad. Lowest i fluorens ganic reaponse in mice is 590 mg/kg.
anthracens effective dose ia 21 ug/kg. Benzo (b} fluoranthana Lowast affective dose for tumori-
J=Mathylcholanthrane TorT in 8 specias reported. Lowest ganic respense in mice is 40 mg/kg.
. gfgactzve doge is 0.J12 ma/kg. Indenoi(l,2,3-cd}~ Loweat sffective dose for tumori-
Banzo (c) phananthrena Lowest effective dose for tumori- pyrene genic responsé in mice ia 72 mg/kg.
and alkyl derivatives | genic rasponse in mice i3 10 mg/kg. ‘Phenanthridine Based on acridine. LDsg (oral, rac):
Chrysens Lowest effective doas for tumeri- ' 2000 myg/kg.
genic response in mice is 99 mg/kg. Benzo (f)quinclina Based on acridine. LDsy (oral, rat):

Triphanylans

Pyrens

Banzo (g)chrysene

Dibenz (a,<)anthracane

Dibenz (a,h)anthracens

Benzo (a)pyTanas

Banzo(e)pyrens

Ferylana
Picens

Dibenzo{a,h)pyrene

Dibanzo(a,i)py¥Tens

Dibanzo (a,l)pyrane

Benzo(ghi)parylene
Ccoronsne
2,3-3anzoflucrens

Lawest effective dose repaorted for
cumprigenic responsa in mice is
10 g/kg.

Lowast affactive dose raportad for
tumorigenic crssponse in mice Lis
720 mg/kg.

Lovest effective dose reportad for
tumorigenic response in mice is
340 my/kg.

Tumers tn 5 species ara reportad.
Lowest effective doss is 0.006 mg/kq.

TMmOZS in 6 species are reportad.
Lowest sffactive dosa is 2 pg/kg.

Tumors in 2 speciss are reportad.
Lowest affectiva dosa i3 140 my/kg.

v

Lovast affective doss for tumori-
ganic response in mice ia lll og/kg.

Loweast sffactive dose for tumori-
genis responss in mice Lla 163 mg/kg.

Tumors in 3 species reported. Lowest
affsctive dose 1s 1 ng/kg.

Lowest sffective dose for tumori-
ganic responsa in mice is 48 mg/kg.

Banzo (k) quinoline

Banz (a}acridine
Benz (c)acridine

Dibanz (a, j) acridine
Dibanz (a,h)acridine
Dibenz (c,h)acridine
Carbazols

Banzo (c)carbazole
Dibenza(a,l)carbazole
Dib-nsor‘(c +9)carbazole
Dibango(a,q) carbasole

Banzo (h) uh.i.oplun-

200C mg/kq.

Based on acridina:
2000 mg/kg.

LDsg (oral. Eat):

tumori=
468 mg/kg.

Lowagt affective dose for
genic responsa in mice is

somori-
1l my/kg.

tumoTi-
10 mg/kg.

tumori~-
1020 mg/k¢g.

rat):

Lowast effective dcse for
ganic response in nice Ls

Lowast eaffective dose for
ganic reasponsge Ln mice is
Lowest effective dose for
genic regponse in mice is
Lowast lethal dose (oral,
500 mg/kg.

Loweat effective dosea for
genic response in mica is

B

L N
tumor i~
840 mg/kg.
tumeri-
510 mg/kg.

Tomors in 4 spacies reported. Lowest
atffective dosa 13 8 mg/kg.

Lowest affectiva doge for
genic response in mice is

Lowest effsctive dass for tumori-
qenis responas in mice i3 270 mg/kg.
Lowest lethal dosa (intraperitonsal,
mousa): 512 =g/kg -

Adaptad from: Kingabury and wtita (1979)
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~ the table are information summaries of the experimental animal testing data

for each compound.

Thirty-one PNAs, including many of those measured in this industrial hygiene
study, have been rated by the National Academy of Science (NAS). This
information based on an evaluation by the International Agency for Research
on Cancer (IARC) i3 presented in Table C-3. 0Other carcinogenicity rankings
for PNAs are available as well. However, quantification and ordering in the
field of carcinogenicity is difficult due to the necessity of welghing di-
verse factors such as percentage and species of animals at risk with tumor,
multiplicity of developing tumors, time of tumor occcurrence, and routes of

exposure utilized by the investigators.

No federal health standards exist for individual PNAs, although 13 of these
compounds* sre listed in the EPA Consent Decree List and are considered as a
group to be potential carcinogens. A threshold limit value (TLV/time-
Qeigxted average (TWA)) of 0.2 mg/m3 for total particulate PNAs determined
as cyclohexane-solubles haa been recommended by the American Conference of
Goﬁernmental Industrial Hyglenists (ACGIH, 1981). This TLV recognizes the
carcinogenic potentiﬁl 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, beiling
points, and the number of aromatic rings are included when available.

Tumori genic citations of either "CAR" or "NEO" are listed in the Reglstry of
Toxic Effects of Chemical Substances (NIOSH, 1980) for 17 of these chemicals
(footnoted in Table C-4), and several others including the prevalent naph-
thalene are rated as equivocal tumorigenic agents on the basis of at least
one experimental study in the literature. A special occupational hazard
review for chrysene has been published by NIOSH (1978b).

*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(l,2,3-cd)pyrene, and
pyrene. '
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IARC Evaluation of 31 PNAs

Compound

Indications of Carcinogenic ityq

Ratings Suggas:ad
by HAS!

Comments

Benzo (a) pyrene
Dibanz (a,h)anthracane

7.1l2-Dimethylbenz (a)=-
anthracene

3-He:hylcholahthrene
Dibenz {a, i) pyrene

Benz (a)anthracene

Dibenzoi(c,g)carbazole

Benzo (c )phananthrene
{and -CHy derivatives)

Dibenzo(a,h)acridine

Dibenzo(a, j)acridine

Benzo (b) flucranthene
Dipenzo(a,l)pyrene

Phenanthrané
Benzo (k) fluoranthane
Indeno(l,2, 3-=d)‘pyrane

Methylchryssnes
Chrysane

Picena

banzo{e)pyrene

Dibenzo{a,h)pyrane

=t

f

P

Not liatad
4

Not listed

Produced tumors in all 9 animal species reported tested.
Latent periods shorter than for other polycyclics with
possible axception of dibenz(a, h)anthracene.

Tumors produced in 6 animal species. Both local and
systamic carcinogenic effacts chserved. Effective at
low doses. Single doge effeactive in newborn mics.

Not addressed

Not addressed

Rapid appearance of local sarcoma cbserved from subcu-
taneous injection in mice and hamsters. Skin painting
on mice was alsgso effective but lesg active than benzo-
(a)pyrena.

carcinogenic in mice by several routes. Effective oral
dogse similar to methylcholanthrene but without gastro-
intestinal tract tumors.

Carcinogenic in rat, mouse, hamster, and possibly dog.
Both local and systenic effects observed. Appears te
be stronger respiratory tract carcinogen than benzo{a)-
PYrene in hamatar. :

Not addressad '

Skin tumors and lung tumors in mice observed following
akin painting or subcutaneous administratien. Not
tostad adequately by other routes or in other species.

Skin tumors in mice followed topical application.
Subcutaneous administrations at highest dosage produced
local sarcomas and lung tumors. Net tested in other
spacies. .

Produced skin tumors in mice following repeated skin
painting but only at levels 10 times higher than effec-
tive benzo(a)pyrene levels, Not tested by other routes.
Subcutaneous administration in mice resulted in sarcomas
in all animals. Not treated by other routes or in other
specias. ) ’

'Not addressed

Not addressed

A camplets carcinogan and initiation of skin carcine-~
ganeais in mire, but of lowar potancy than benzo(a)-~

pyrens. Local sarcomas followed subcutaneous injection
in mice. Not treated by other routes as in other
species.

Not addressed

Skin tumors in mice followed repeated painting at high
concentrations only. High dose, subcutaneous injections
produced low incidance of tumors after long induction
time,

Not addressed

Data from skin painting experimants in mice evoked

weaker response than benzo(a)pyrene or dibenz(a,h)-
anthracena. Not tastad by other routes.

Ca.rcinogenic affects demonstrated following repeated
skin painting in mice and injections in mice and rats.
Not tested by other routes or in other species.

(continued)
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Table C-3 (concluded)

Indications of Carc i.nugen.i.citya

Compound
rRatings Suggasted
by NAGE Copsnents

Dibenzo{a,g)carbazole % Not addressed

Benzo () fluoranthana -+ A high incidence of skin carcinomas rssults from ra-
peatad skin pajinting im mice. Not tested in other
gpecias or by other routes.

cholanthrene had Not addiressed

Dibenz {a,c)anthracsne + Not addressed

Bento{c)acridine Not listed Skin tumors in mices followed topical applicatien.
Bladder tumory in rata fallowed paraffin wax pellet im-
Plantation. Not teatad by other routes or in other
speciss.

Benzo (a) carbazole * Not addressed

Dibanz (a,i)carbalole t Not addressed

pibanz (c,h)acridine % Not addressed

pibenz {a,g) fluorens + Not addressed

Dibenz (a, 3)anthracans + Not addresaed

Dibenz {a,c)fluorane 3 Not addressed

alndications of Carcinogenicity, refer to the Public Realth Service Survey.

b

Carcinoganicity cods given by NAS:

- not carcincgenic
* uncertain or weakly carcinogenic
+ carcinogemic

=+, 4, ==+ gTrOngly carcinogenic

Adapted from: Kingabury and white (1979)
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Benzo (b) £ luorene

f
ohee

Table C-4. Polynuclear Aromatic Hydrocarbons
Compound Structure Mowle?iéqulltar BOlll(régc )Po:.?u: Arob:nl.;m:iecr ﬁoi'fgii
Naphthalene 128.19 218 s 2
Quinoline* 129.16 238.05% 2
CH,
1-Methylnaphthalene 142.2 244.564 2
ety
2-Methylnapathalene @ 142.2 241.05 2
Acenaphthalene @@ 152.21 265-275 2
Acenaphthene 154,21, 279 - 2
Flucrene @.@ 166.23 293-295 2
H

Carbazole @m@ 167.21 ‘155 3
Phenanthrene* @

@ 178.22 340 ]
Anthracene* |"|
Acridine 179.22 345-14¢ 3
Fluoranthene @.@ 202.24 375 3
3enzo(a) fluorene

216.29 413 3

[ ]
Associated with tumorigenic citations of either "NED® or

Toxic Effects of Chemical Substances (lIIIOSH, 1980).
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Table C=4 (continued)

Molecular Boiling Point Number of
Compound Structure Weia; ey Aromatic ings

Pyrene OOOC) 202.24 393 4
Benz {(a)anthracene® ©©©©
Chrysene* ©©©© 228.28 413 4
Triphenylene ©©
Benzo(j)flucranthene* %.@@ 3\
Benzo(b) £lucranthene* OO‘%O r 252.32 480 4
Benzoik) flucranthene ©©.©© 7
Perylene ‘ 252.232 150-400 4

« O
Dimethylbanz {3} anthracene® 256.35 - K
(7,12- is pictured) -

™,
3-Methylcholanthrena® 268.34 - 4

*Asgsociated with tumorigenic citations of either "NEO® or

Toxic Effects of Chemical Substances (NIOSH, 1980).

"CAR" in the 1979 Registry of




Table C-4 (concluded)

. Malecular 3oiling Point Number 2f
{7 Compound Struccure Wejght (°cy Aromatic Rings
[ -
Benzo(e)pyrene @@@
252.32 310-312 3
Benzo(a) pyrene* - O@
’ O O
: H
!' Dibenz(a,i}carbazole* @m@ 267 -- .3
i
|
|
j Indeno!l,2,3-cd)pyrene" @.@@O@ 276.22 -—- H
|
i
| Q)
[
| Benzo{g,h,i)perylene* .@ 276.22 273 5
| @@
i
| :
Dibenz (a,h) anthracene* @@@ 278.33 262 5
Dibenz{a,j)acridine* ©©©©%® 280.32 -- 5
e
6,ll=-Dimethyldibenz(a,h)~- @@ 306.35 - 5
anthracene*
T =
Dibenzo(a,i)pyrene¥ @@ Joz.z8 - [
Coronens* @@@ 300.34 525 7

®
@

*Asscciated with tumorigenic citations of either "NEO" or "CAR" in
Toxic Effects of Chemical Substances (NIQSH, 1%80). '
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The PNAs contailn 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 carcinocgenic effects. For
example, benzo(a)pyrene i3 not an effective teratogen, whereas 7,12-dimethyl-
benzanthracene produces a high incidence of defects in exposed animals
(Weisburger and Williama, 1980). The evidence for inheritable chromosomal

damage is limited and inconclusive.

Virtually no toxlcological data 1s available for the oxygen or sulfur hetero-
cyclic PNAs, and there 18 no evidence to suggest that they are carcinogenic.
On the other hand, nine nitrogen heterocyclic PNAs have demonstrated car-
cinogenic activity, whereas data are lacking on many others (Kingsbury and
White, 1979). Five nitrogen heterocyclics were measured in the present

indus trial hyglene study. Three of tﬁem (quinoline, dibenz{a, jlacridine,

and dibenz(a,i)carbazole) are suspected of having carcinogenic properties; .
information on the other two (acridine and carbazele) has not demonstrated

this carcinogenicity.
AROMATIC AMINES

-Aromatic amines have been detected in high-boiling point ( > 370°C; > 700°F)
coal liquids. They have been shown by chemical fractionation and analytical
methods to be largely responsible for the high level of mutagenicity asso-
clated with these materials in the Ames test. The most mutagenically active
boiling-point cuts appear to contain the highest concentration of 4- and 5-
ring polynuclear aromatic amines as well as the highest concentration of

total polynuclear aromatic amines (Pelroy and Wilson, 1981).

The major health concern regarding occupational exposure to aromatic amines
is the potential risk of cancex, especlally of the urinary tract. Absorption
of these chemicals occﬁra readily through both the lungs and the skin, and
can result in the appearance of tumors following a latency perioed of from 4
to 40 years. 1In additiom, exposure to manj of the aromatic amines results

in methemoglobinemia which, in very large, acute exposures, can be fatal.

c-16



Many aromatic amines, derivatives, and analops bave been foﬁﬁd positive in
the Ames Salmenella bicassay for mutagenicity and/or to be carcinogenic for
animals undergoing toxdcity testing. Unlike the carcinogenic PNAs, these
compounds do not usually cause cancer at the point of applicatiod’ but rather
at distant locations in the body. 4n exception is 2-anthramine which, in
addition to causing a variety of tumors in areas distant from the site of -
exposure, causes skin cancer in rats subjected to dermal applications. The
specific target site geems 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 oxldase=dependent metabolic
reaction) is a prerequisite for tumor production. Animals lacking this meta-
bolic pathway often exhibit negative aromatic amine carcinogenic assays.
Furtber, the sensitivity of a particular tissue to carcinogenicity induced
by aromatic amines appears to depgnd at least partially on the ability of
the target organ to convert the carcinogen or an intermediate metabolite to -
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 X
carcinogens such as arylhydroxylamine derivatives from their traansport con="

jugates at this site'(Cldysou and Gardner, 1976). - -

Certain structure-activity relationships have been elucidated for the aro-
matic amines. For example, the monocyclic arylamines including aniline show
weak'or no carcinogenic potential in animal‘teats, whereas a number of sub--r
stituted anilines are pogsitive. 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. Al though these’
relationships are important in the selection of suspected chemicals for
testing and/or wmonitoring, it is not yet possible to predict carcinogenic

activity on the basis of molecular structure.
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OSHA (1978) recopgnizes 17 chemicals as causing cancer in humans; nine of
these are aromatic nitro and amino compounds.* Of the niné aromatlc aminés
measured in this industrial hyglene study of coal conversion facilitles, two
{l-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 naphtbylamines, 4*aﬁinodiphenyl,
4-nitrodiphenyl, andla,é-diaminodiphenyl are not generally believed to be
the carcinogenic agents in the dye industry (Beard and Noe, 1981).

The monocyelic arylamines -- aniline, o-toluidine, o-anisidine -~ have all
been foumd tc be carcinogenic in animals, but only after continuous intake
of high doses. Aniline studles failed to produce the characteristic bladder
tumors, but unexpectedly resulted in subcutaneous carcinoma (NCI, 1978).
These chemicals, when substituted in the ortho position by an electron
donating methyl or halogen, appear to be more powerful carcinogens than the
unsubstituted compounds (Welsburger and Williams, 1980). In additiom,
hemorrhagiec cystitis has been observed In workers handling toluidines and
chloftoluidines in other indus tries; however, a relationship to urinary‘

tract cancer has not been established (Hamilton and Hardy, 1974).

2-Napbthylamine is one of the most potent industrial carcinogens ever en=-
countered (Clayson and Gardner, 1976). Occupational exposure to commercial-
grade 2-naphthylamine has shown a strong association with bladder cancer.

In a report by Case et al. (1954), 26 deaths occurred among exposed workers
where 0.3 were expected. Other studies found incidences of bladder tumors

in exposed workers of up to 94 percent.

In addition, 2-naphthylamine was the first aromatic amine conclusively estab-

lished as an experimental carcinogen. Subsequent testing has shown positive

*2-Acetylauminofluorene, 4-aminodiphenyl, benzidine (and salts), 3, 3=-di-
chlorobenzidine (and salts), 4—dimethylaminoazobenzene, l-naphthylamine,
2naphthylamine, 4—mnitrobiphenyl, agdlg,&ﬂmechylenebis-(chloroaniline).



tumori genic 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
:hevappearance éf N-oxidative products in the urine lends support to the

belief that an active metabolite is the carcinogenic agent (Clayson and

Gardner, 1976).

1-Naphthylamine remains unproven as a carcinogenic agent. Occupational
exposure to it in a number of industries has been correlatéd with baldder -»
cancer (Parkes, 1976); however, the possibility of simultaneous exposure to
2—naphthylamine cannot be ruled out. In gnimals, no carcinogenic effect has
been found after testing in dogs or hamsters. However, its metabolite
N-(I-naphthyl)-hydroxylamine causes cancer in animals when administe;ed

intraperitoneally.

Federal standards for exposure to seven of the aromatlc amines measured in -

the industrial hygiene of coal conversion facilities are as follows:

. aniline 5 ppm 19 mglm3 o
+ N,N-dimethylaniline 5 ppm 25 1::13/1113
. o-toluidinel . 5 ppm 22 mg/m3 e
. 2,4-dimethylaniline 5 ppm 25 mg/m3
o-anisidine . , 0.5 mg/m3 2
. p-anisidine ‘ 0.5 mg/m3
. pmitroaniline 1 ppm 6 mg/m3

Because there is no recognized threshcld 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 toxle effect following exposure to many aromatic amines
including aniline, N,N-dimethylaniline, p-nitroaniline, and the toluidines,
other than the development of cancer, 1s the development of methemoglobi-
nemia. Methemoglobin, a chemical oxidative product of hemoglobin, cannot
combine reversibly with oxygen, and at blood levels approaching 60 percent
produced symptoms of hypoxjia (Beard and Noe, 1981). Ce
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Table C-5 shows the molecular structure, molecular weight, and, when
available, the vapor pressure of the nine aromatic amines measured in this

8 tudy.
THE SIMPLE AROMATICS ( BENZENE, TOLUENE, XYLENE)

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. 1In addition, chronic exposure to benzeme produces damage to the
blocod and the blecod-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 fallure and circula-
tory collapse. For man; an exposure of 20,000 ppm i3 usually fatal within 5
to 10 minutes, and 7,500 ppm inhaled for 30 to 60 minutes produces toxlc¢
effects (Flury, 1928). The NIOSH (1978c) IDLH (immediately dangerous to
1ife or health) level is 2,000 ppm. ’

Other’toxic effects from severe, acute exposure to benzene include CNS
symptoms of convulsions, paralysis, and unconsciousness. Milder exposure
produces reversible euphoria, giddiness, headache, nausea, and unsteadiness
(NIOSH, 1974). Postmortem findings in fatal cases include petechial hemor-
rhbages of the brain, pleura, pericardium, urinary tract, mucous membranes,
and skin (Ger#fde, 1960). Breathlegssness, nervous irritability, and
unsteady gait have begn found to persist for up to 3 weeks foilowing an

acute exposure (Gerarde, 1960).

Strong evidence linking chroniec benzene exposure with damage to the blood-
forming tissue and to chromosomal aberrations has long been recognized. Oan
the basis primarily of depression of such blood parameters as erythrocyte

count, bemoglobin, hematocrit, mean corpuscular red cell volume, platelet
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_Table C-5. Aromatic Amines

} Boiling Vapor
Aromatic Amine Structure Mo&:fu;:r Point Pressure
g (°c) (mm Hg)
NH,
Aniline @ ' 93.13 184.13 0.6
NH,
o-Toluidine @m, 107.16 20023 <1
‘ "
o-Anisidine 123.1¢ 224 <0.1
NH,
p-Anigidine @ 123.16 243 <0.1
L]
NH,
p=-Nitrecaniline @ 138.13 284 <<]
- T
NH,
¥
2,4-pimethylaniline 119.18 - -
CH,
ml‘"fml
N,N-Dimethylaniline @ 121.18 194.15 <l
NH,
1-Naphthylamine “ 143.19 300.8 --
ndd |
2-Naphthylamine 143.19 306.1 -
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counts, and leukocyte counts in persons exposed to benzene, NIOSH (1974)
recommended a TWA exposure for workers of no greater than 10 ppm, with a

celling of 25 ppm. This is in agreement with the exdsting Federal standard.

In addition, more recent glinical and epidemiovlogical 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: Fornl 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 195941961 with that in 1962-1963,
found a 20-fold increase in leukemia in the latter period which coincided
with a sharp Increase in benzene poisonings. Cavignaux (1962) demonstrated

a high incidence of leukemiz among cases of benzene poisoning in France.

These teports are substantiated by a Japanese case~-control study (Ishimaru
et al., 1971) in which leukemia patients were paired with controls. -The
authors concluded that occupations involving exposure to benzene occurred
more than twice as frequently among leukemia victims than among controls.
On the other hand, Thorpe (1974), studying 28,000 petrcleum workers exposed
to low levels of benzene, found the incidence of leukemia to be no higher

for these petroleum workers than for the generzl 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-
gfesses, however, bone marrow changes including aplasia or hyperplasia, and
peripheral blood changes including anemfa, leukopenia, and thromocytopenia

develop.

Acute dermal contact with liquid benzene may cause_local erythema and blis~
tering of the skin. Repeated or prolenged contact may result ian drying,
scaling, or dermititis. However, no evidence exists for systemic injury

following dermal contact.
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Toluene and Xylene

The primary health effect assoclated with occupational exposure to both
toluene and xylemne 1s CNS depression following acute inhalation of vapors. -
Reports comparing the relative acute todcities of benzene, toluene, and
xylene are conflicting, possibly because of the different toxdcities associ-
ated with various isomers. However, these toxicities all appear to be of
the same otder of magnitude (NIOSH, 1975).

Distinct symptoms from an exposure to toluene appear at about 200 ppm; they
include headache, lassitude, anorexda, fatigue, and skin paresthesias. As
concentration and/or length of exposure Is increaéed, more severe symptoms

" appear, including muscular weakngss, incoordinstion, 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. 1In a subjective study
by ﬂelson et al. (l943), reported by NIOSH (1975), a majority of test sub~
jects felt that tﬁey could work in an atmosphere of 200 ppm for toluene, but
only of 100 ppm for xylene. ' t

Current sclentific evidence indicates that, unlike benzene, neither toluene_
nor xylene causes injury to the blood-forming tissues of the body (NIOSH,

1973) . In addition, other effects from chronic exposure to low concentra-

tions of toluene and xylene have not been documented.

The OSHA (1978) standard for toluene is 200 ppm as an 8~hour TWA, with an
acceptable ceiling concentration of 300 ppm; maximum peaks of 500 ppm are ‘
allowed for 10 minutes. However, NIOSH (1974) recowmends a TWA of 100 ppm
and a ceiling of 200 ppm. The OSHA standard for xylene is 100 ppm, which is

in agreement with the NIOSH recommendation.
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PHENOL IC COMPOUNDS

Pbenolic compounds are formed from coal during conditions of high temperature
and high pressure. Production of phenolic compounds 1s highly variable
depending upon process conditions and quench system operations. During .

gasification, phenolic compounds exit the gasifier with the raw product gas.

Industrial exposure to phenolic compounds is chiefly from dermal contact
resultihg in both local injury and systemic toxdcity following absorption.
However, at high process temperatures, 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 invelve the central nervous or
cardiovascular systems, or both; this may be accompanied by renal and hepatic
damage. Of the phenolics measured* in this gasification study, phenol is by
far the most prevalent and the one that has been studied most. Therefore,
the health effects from exposure to phenol are discussed in the most detail
here; information concerning the cresols and the xylenols is also discussed

when their toxicological manifestations differ from those of phenol.

Phenol

Phenol is a general cell toxin that coagulates protein and produces tissue
necrosis (lLiao and Oehme, 1980). 1Its potent corrosive properties cause local
damage to exposed tissue. Dermal contact initially produces painless whiten-
ing of the exposed area; continuing exposure results in severe burns and
necrogig. Skin contact by humang with solutions, emulsions, or pure prep-
arations containing from 80 to 100 percent phenol for as little as 5 to 20
minutes has resulted in death._.Eye contact may cause severe damage and

blindness (NIOSH, 1976).

*Phenol, o-cresol, m-cresol, p~cresol, o—ethylphenol, p-ethylphenol,
2,3-xylenol, and 2,4-xylenol.
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The systemic action of a large, acute exposure following absorption appears
to be on the CNS resulting in collapse and unconsciousness. Death may occur
from respiratéry arrest or from direct cardiac paralysis (Sollmann, 1957;
Deichmann and Keplinger, 198l1). The IDLH concentration has been..set by
NIOSH (1978¢) at 100 ppm. Absorption from the lungs following.smaller acute
or chronic inhalation exposure and from the skin following acute or chronic
contact with solid, liquid, or vaporized phenol 1s 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 hemoglobinurea and jaundice have been reported. NIOSH (1976)
further states that "phenol in excess of normal physiologic capacities

adversely affects nearly all organs.”

The significant health hazard from chronic exposure to low levels of phenol,
"especially in industrial environments, may be 1its tumor-prbmoting activity 3
which bhas been demonstrated in several strains of mice. However, no informa-
tion is available ccﬁcerning chronic human exposure to phenol from inhalation
or skin contact; nor are epidemiological studies of'occupational exposure 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, phbenol appears to have tumor-promoting activity in many
strains of mice when repeatedly applied to the shaved skin after initiation
with known carcinogens (Boutwell and Bosch, 1959; Van Duuren et al., 1971;
Van Duuren and Goldschmidt, 1976). It was not found to be carcinogenic when
applied alone to the skin of standard strains of mice. 4

A threshold limit value of 20 mg/m3 (5 ppm) determined as a TWA, or of 60

mghm3 as a ceiling concentration for 15 minutes has been recommended by

NIOSH (1976) and is in agreement with the OSHA standard.
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Cresol

Cresol presents an cccupational hazard from both dermal contact and vapor/
aerosol inhalation. Due to the similarities between the reported healch
effects of exposure to cresol and phenol, these two chemicals have usually
been considered analogous with regard to toxicological manifestations. Both
chemicals are readily absorbed, cause skin and eye burns, and produce

systemic 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 sctudy
(Uzhdavini et al., 1974) as evidence for setting a more stringent limit on
exposure levels of cresol. They conclude that, while dermal exposure to
phenol and cresol produces similar effects, inhalation of cresol results in
more severe upper airway irritation. In addition, NIOSH reports that re-

- peated or proleonged skin exposure to low concentrations of cresOl‘may cause
skin rash and discoloration -- a sensitization reaction not seen in phenol

exposure.

A threshold 1imit value of 2.3 ppm determined as a time-weighted average is
recommended by NIOSH (1978¢). The OSHA standard is 5 ppm (22 mg/ma).

Zylenol

Inhalation and dermal contact with xylenol result in absorptionm, rapid
metabolism, and excretion in the urine (NIOSH, 1978a). Much of the informa-
tion on the toxc effects of exposure to xXylenol 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 toxdcity include irritation of the skin and mucous
membranes, blood vessel dilation, and neuropathy, all of which vary with

dose and route of exposure.
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In chronic toxdcity 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

dys trophy of liver cells (Maazik, 1968).

Xylenol dissolved in benzene promoted paplllomas and carcinomas when skin- .
painted on mice after one subcarcinogenic dose of the Initiator DMBA (Bout-.
well and Bosch, 1959). Some of the results indicated that xylenol might ;:‘
also be a carcinogen; however, the mice used (Sutter) are highly susceptible
to carcincmas. No informatien was found on xylenol's possible carcinogenic-

ity for humans, but contact iIs generally avolded at levels far below those

used in the animal studies.

No exposure guidelines are available for xylenol;
TOXIC GASES AND VAPORS

Coal gasification processes which involve the reaction of coal constituents
under high temperatures and high pressures present a potential for leakage
of toxie 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 two toxe gases that are expected to be present in all coal gasification
processes at concentrations that can be dangerous are carbon monoxide and
bydrogen sulfide. In addition, lower levels of other toxic gases and vapors.
including hydrogen cyanide (HCN), carbon disulfide (CSZ)' carbonyl sulfide

(C0s), and various metal carbonyls may be released.

—r
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Carbon Monoxide

In coal gasification, the dry, raw product gas from the gasifier contains up
to 20 percent carbon monoxide (CO). This concentration is further increased

by gas purificatlion processes which remove carbon dioxide and hydrogen sul-

fide.

The most acute and obvious effect of exposure to large amounts of CO is CNS
depression, with accompanying symptoms of headache, dizziness, drowsiness,
nausea, vomiting, coma, and death from respiratory arrest. These symptoms
all result from hypoxla caused by the replacement of normal oxyhemoglobin by
carboxyhemoglobin and a resultant decrease in the oxygen-carrying capacity

of the blood.

Because carbon dioxide blood levels are not affected and therefore do not
trigger a respiratory stimulation response, unconsciousness usually precedés
awareness of distress. NIOSH (1978¢c) defines the IDLH concentraticn as
1,500 ppm. This represents the maximum level from which one could escape
within 30 minutes without any escape-impairing symptoms or any irreversible
health effects. The OSHA standard is 50 ppm.

Once an exposure 1s terminated, complete recovery i1s the rule unless hypoxia
has producedrcéll damage. Surviving victims who have experienced prolonged
uncoqéciousness may have permanent damage, especially to the CNS basal
ganglia and subthalamus. A relapse or delayed toxicity has been reported in
gome patients regaining consciousness. In these cases, CNS deterioration

and death occur within a few weeks of apparent recovery.

The resulté of chroﬁic, loﬁg-term exposure to low levels of carbon monoxide
are less well documenfed but of Increasing concern. Neurclogic, behavioral,
and cardiac effects have all been'reportéd and refuted. Exposure to carbon
monoxide increases blood carboxyhemoglobin in proportion to the CO air con-

centration as well as the length of exposure and individual ventilation rate
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(increased during work). A rough correlation of air Canentrations and 8-

hour equilibrium levels of carboxyhemoglobin are shown beloﬁ:

ppm % Carboxyhemoglobin , e
10 2

20 3.7

30 S

Hydrogen Sulfide

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, headache,‘nervousneSS, and convulsions.
Recovery 1s 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 necessaryﬁ
for cellular respliration (Doull et al., 1980), and toxdc action on the
carotlid 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, keratitls, and palpeﬁral edema, although corneal ulceration
is rare. Photopbobia and lacrimation have also been reported. However, no
reports of lasting eye damage were found in the literature (NIOSH, 1977b). |
Regpiratory tract irfitation produces thinitis, pharyngitis, bronchitis,

pneumonia, and hemorrhagic pulmonary edema.

Effects of chronic exposure to low concentrations of hydrogen sulfide have
not been documented. Cough, disturbed sleep, fatigue, headache, nausea, -

vomiting, and diarrbea have alTr been reported at a range of concentrationms.
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NIOSH recommends a celling concentration for hydrogen sulfide no greater
than 10 ppm; the OSHA standard 1s a ceiling value of 20 ppm with a maximum

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

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

the groups of chemicals studied in the three coal gasification plants.

Table C-6. Major Toxicological Effects of Sampled Chemicals

Chemical

Major Organs at Riak

Indicator of Exposurs

, PNAS
Aromatic Amines
Naphthalane
Aniline
Senzane

Tolusne

Xylana.

Pheanolics

Cresol

Carbon Moncxide
(CO)

Hydrogan Sulfide
(B2S)

skin (cancer!
Lung (cancer

Lung (cancar)

Urinary Tract {cancar)

Blood (methemoglobinemia, hamolysis)
NS

Liver

QNS (depreasant)
Bloocd~-forming alements {(depression, cancar)

(NS (deprassant)
Skin (sensitization)

QNS {depressant)

NS (depressant) -

Cazgdiovascular System

Respiratory Systam

Liver

Kidney

“all organs” (NIOSH, 1977) (cancer promoter)

Skin (ssnsitization)

N8 {depressant)
Heart (stress)

N3 {depressant, respiratory arrest}

Uripary phenols
Uripary hippuric acid
Urinary hippuric acid

Urinary or serum
phenol

Bloed carboxyhemnglobin
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