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ABSTRACT

Comprehensive industrial hygiene surveys designed to characterize employee
exposures to suspected hazardous chemicals were conducted at three coal
gasifaction plants. Air sampling was carried out for simple aromatics
(benzene, toluene, and xylene), phenolics, anilines, polynuclear aromatic
compounds (PNA) including polycyelic aromatic hydrocarbons, polycyelic
aromatic amines, and aza-arenes, and toxic gases (carbon monoxide and hydrogen
sulfide). Sampling for PNAs was accomplished through the use of a silver—
membrane filter followed by Chromosorb 102; analysis for up to 36 individual

PNA compounds was performed by gas chromatography and mass spectrometry.

Area and personal air sampling indicatqutﬁgt workers are exposed at low
microgram per cubic meter concentrations to light molecular weight 2- and
3-ring PNA compounds. In some cases limited quantities of 4- through 7-ring
compounds were detected. Highest exposures to PNAs were found to be asgociated
with maintenance activitieS'being carried out in the process area during plant

operation. T~

Air sampling for phenolics, anilines, and polycyclic aromatic amines may have
been affected by high humidity conditions at the sites during the surveys,

because water vapor interferes with the standard NIOSH sampling method for

these classes of compounds. Air sampling data for these classes of compounds
therefore indicates qualitatively the presence of detected compounds, but the
data is not qualitative and some compounds not detected may have been present.
Simple aromatic compounds were present occasionally and at very low levels of

personal exposure, l.e., maximum concentrations of 0.2 PPM for benzene.

Nonguantitative wipe sampling for PNAs revealed the presence of up to 5-ring
PNA compounds on most surfaces sampled, indicating that dermal exposure to

higher ring PNAs may present a health hazard.
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Information was obtained on the occupational health programs of the plants

involved in this study. Components of their medical surveillance, industrial

hygiene, and other program components are reviewed.

This report was submitted in fulfillment of Contract No. 210-78-0101 by
Dynamac Corporation under the sponsorship of the National Institute for
Occupational Safety and Health. The report has been externally peer reviewed

and subsequently edited by NIOSH.
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1. INTRODUCTION
AUTHORITY

The Williams-Steiger "Occupational Safety and Health Act of 1970" was passed
into law "to assure safe and healthful working conditions for working men and
women...". This Act established the National Institute for Occupational
Safety and Health (NIOSH) in the Department of Health, Education, and Welfare
{presently the Department of Health and Human Services) and the Occupational
Safety and Health Administration (OSHA) in the Department of Labor. The Act
provides for research, informational programs, education, and training in the
field of occupational safety and health and authorizes the enforcement of

standards.

NIOSH has been given the authority and responsibility under the Act to con-
duct field research studies in industry, to evaluate findings, and to report
on these Findings. Section 20(a)(l) of the Act mendates NIQOSH 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 inte 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 agreement with Dynamac Corporation/
Enviro Control Division (Enviro) to study worker exposures to potential health

hazards in coal gasification plants.
PURPOSE AND NEED FOR STUDY

In the 1970s the United States accelerated its effort to research, develop,
and exploit energy sources to supplement or replace .traditional petroleum and
natural gas supplies. The technical feasibility of producing gaseous and
liquid fuels and chemical feedstocks from coal had long been known. Although

small-scale commercial cocal gasification plants had operated successfully
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until the 1940's, these plants were typically low tonnage gasifiers designed
to provide a low-Btu gas for in-plant use, town gas, or chemical feedstock.

The Federal Government established the Department of Energy to explore

technologies for producing synthetic fuel from coal.

In 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 1015 Btu/year toward the national enerpgy demand and

that the industry might employ up to 140,000 workers.

In an effort to develop an industrial hygiene data base for coal gasifica-
tion plants as one basis for the prevention of cccupationally induced disease
in the anticipated industry, NIOSH began in 1978 the industrial hygiene
characterization of selected coal gasification plants. At the time that the
study was initiated, there were about 20 commercial or pilot demonstration

plants operating or planned.

SCOPE OF STUDY

The overall scope of the study was to develop a catalog of worker exposures;
to determine the composition of product and by-product streams; to identify

process areas that may present high exposure potential; go determine whether
selected carcinogens are being concentrated in any process area; to identify
and evaluate controls which have been implemented to reduce worker exposure;
and to review industrial hygiene and medical surveillance programs imple-

mented at the gasification plants.

The National Institute for Occupational Safety and Health (NIOSH) has
published a criteria document for a recommended standard for ccal gasification
plants {NIOSH, 1978). That document recommends standards for ecach of three
types of processes; high-Btu product cosl gasification; low- or medium-Btu
product gasification utilizing bituminous coal or lower ranked feedstocks, and
low- or medium-Btu product gasification utilizing anthracite feedstock or very
high temperatures. No attempt has been made in the criteria document to

develop permissible levels of exposure to toxic chemicals inherent to coal
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gasification. The current study concerns each of the three generic types of
low or medium-BTU gasifiers: fixed bed, fluidized bed, and entrained bed.
These three types of gasification involve significantly different process
conditions, resulting in significantly different types and quantities of
byproducts or wastes, with subsequently different potential occupational

health hazards.

No satisfactory method for sampling a large number of individual polynuclear
aromatic hydrocarbons (PNAs) existed which was compatible with the require-
ments for personal 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 non-portable electric
motors. In 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 éarly in the project for the purpose of
determining concentration ranges of chemical and physical agents identified in
the literéture as potential health hazards. The sampling conducted in the
walk-through surveys was also used to test the sampling assembly and

analytical methods for PNAs.

This study concentrated on those chemical agents which appeared to present the

most significant health hazard, or which were less well documented in the coal

gasification_industry.






2. BACKGROUND
COAL GASIFICATION PROCESS DESCRIPTIONS

Introduction

The coal gasification Facilities surveyed in this study utilize different
technologies to produce similar industrial fuel gases. The product of coal
gasification is a low- or medium-Btu gas composed primarily of carbon
monoxide, carbon dioxide, hydrogen, water vapor, nitrogen (if air is used as
the oxidant), and hydrogen sulfide. Gas treatment systems can remove hydrogen
sulfide and other contaminant gases and particulates to low levels. Low-Btu
gas is suitable for various industrial purposes. Plant processes differ in
terms of the design and operation of the gasifier unit itself, and in
downstream treatment of the gas. Although there are numerous significant
design variations for gasifier units, most may be categorized generically as
Fixed bed, entrained bed, or fluidized bed units. These major design
differences result in significantly different levels of by-product coal tars;

thus, they pose different potential exposure hazards,

The basis of low- and medium-Btu coal gasification is the incomplete combus-
tion of coal to form CO and H2. This is accomplished by oxidation of part

of the organic material to provide heat to reduce the remaining organie
material to Fuel gases, oils, and tars. When ccal is heated, oil and tar
vapors are distilled From it. The type of gasification process design
determines the extent to which the oils and tars are further reduced to fuel
gases. The use of air as the oxidant results in a low-Btu gas containing much
nitrogen and with a heating value of from about 100 to 150 Btu/scf. Using
oxygen yields a medium-Btu, low-nitrogen gas with a higher methane and

bydrogen content; its heating value ranges from 250 to 350 Btu/sef.

Undesirable gases which are produced include hydrogen sulfide, ammonia, and
limited quantities of other sulfur or nitrogen gases. By-product hydrocarbon

solvents, oils, and tars can pose health and safety problems, and their
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removal and handling are important aspécts of the gasification process. Agh
is mainly mineral matter but may be enriched in heavy metals and contaminated

with tars; and thus may present an industrial hygiene problem during handling.

Process Details

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

Alr or
Oxygen Stoam Tar/0il Sulfur

COAL PREFARATION GAS CLEMWOPF

- particulates
. sear/oil
= sallfur

RAW COAL PRODUCT GAS

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

Raw coal is prepared for gasification by crushing and drying to an optimal
condition specific to the technology involved. Prepared coal may be stored
or fed directly to the gasifier system. Preparation and storage present dust
and explosion hazards comparable to those in coal fired power plants. Coal
dust levels may be controlled by closed conveyance systems, baghouses, and
wet methods. Explosionmproofing is typically achieved by purging storage
bins and conveyances with nitrogen. In some instances a process gas that is

low in oxygen is used.



Prepared coal is sent to the gasifier. Modern gasifiers are designed for
continuous operation and production of gas. Optimal gasification conditions
result in maximum CO and H_ yields, and in minimal formation of carbon

2
dioxide (COZ)'

Gas exiting the gasifier may require removal of contaminants and
by-products. Contaminants include ash, entrained fines, and char which may

be carried over in the process stream, and sulfur and nitrogen bearing gases.

These particulates are typically removed by separators, such as cyclones,
and some may be recycled to the gasifier for further energy production.

Alternately, particulates may be removed with wet scrubbers.

Sulfur compounds can be removed by a number of commercially available
processes. A typical one uses water and diethanolamine (DEA) scrubbing,
producing sour water and a concentrated hydrogen sulfide (HZS) stream.
Further treatment of these sulfur-containing streams by systems such as
Stretford units yields elemental sulfur. Potential exposure hazards
associated with downstream sulfur removal systems were not addressed in this

study.

Significant quantities of o0il or tar by-products may be produced, dependent
on the type of gasifier used. These may be retained in the fuel gas if it
is to be directly combusted. For some gas uses, the condensible hydrocarbon
0ils and tars must be separated. Some of these contain mutagenically active

materials, and thus may present occupational health hazards on handling.

A checklist of process units used in the three plants surveyed in this study
is presented in Table 2-1. The major operating parameters specific to each
gasifler are presented in Table 2-2. A more detailed description and

schematic of each facility is presented in Appendix A.
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at Coal Gasification Plants

JROCTSE ONIT SLANT A PLANT 3 FLANT ©
o —
Coal Preparacion / v ?
Gasificacion / / 7
Cas Quench / / /
Ash Removal v / /
Parsiculacs Removal / / /
Tar/Gas Jegaracion - 4 -
Sulfur Remcval / Y/ -

Table 2-2. Major Operating Parameters of Coal Gasification Plants

PARAMETER PLANT A . PLANT B PLANT C
J— .
Plant Capacity 120 ton/day §5 ton/day 15«30 ton/day
Procass Entrained bed Fixed bed Fluidized bed
Ccnbuation Gas Air QT oxygen Air Air or cxygez
: - Lew= Qr
Product Gas e Lew-8tu aedium-8tu
Tamperatura, °C & 900~1700 100-1200 700-1100
| e |
Pressurs, psig -0.02. +0.5 215
*

Two temperatures shown are gas exit temperature (first) and

combustion zone temperature (second).

Process Specifics of Plant A—

The gasifier configuration used at Pilot 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 uses pulverized coal which is gasified in a two-stage
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sequence. The gasifier is approximately 90 feet tall, and 11 feet in internal
diameter(see Figure A-1, p.A-2.). Temperatures inside the gasifier are high,
ranging approxXimately from a maximum of 1,700°C (3,200°F) in the combustion
zone (combustor), to a minimum of about 900°C (1,700°F) as the product gas
exits the gasifier at the outlet. The gasifier operates at a slight negative
pressure, -0.02 psig. Approximately one-third of the cocal 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 distillation and gasification of coal in the
diffuser. 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 is dumped
when necessary into a dewatering bin. The dewatered slag is periodically

disposed of by landfilling.

The gas cleanup system for particulates removes unburned carbon and fly ash
present in the product gas stream. Major equipment in this system consists of
a spray dryer, two cyclone collectors, and a venturi scrubber and thickener.
Product gas cleaning begins in the spray dryer using a recycled 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 colleet in the char receiving bin and are recycled to the

combustor for burning.

Char and unburned carbon passing throﬁgh 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 thickener 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 st, is removed from the stream with DEA
absorption and treated in a Stretford system. The Stretford system yields
impure elemental sulfur as a by-product of the gasification process. O0il and
tars are not significant waste products of this technology.

2-5



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 a manufacturing process(see Figure A-3, p.
A-10). Coal for the process is crushed only, since the gasifiers will not

accept pulverized cosl or fines.

The gasifiers have a normal operating temperature of about 1000 to 1,200°C
(1,800 to 2,100°F) in the combustion-char reduction zones of the bed. The
heat content of the gas distills tars from the ccal in the top zone of the bed
at substantially lower temperatures. Two product gas fractions are taken

off: a bottom gas with an exit temperature of approximately 400 to 500°C (800
to 1,000°F); and a top gas with an exit temperature of approximately 100 to
150°C (200 to 300°F). Operating pressure for the gasifiers is slightly above
atmospheric with a maximum of 0.75 psig. 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 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, é bunker fuel and contain

measurable amounts of high molecular weight polynuclear aromatics compounds

(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
cooler, and exit the cooler at a temperature of approximately 50°C (125°F).
Water for the wash column is passed through a settling tank to remove

particulates, then recycled.

The combined product gas from the cooler passes through an electrostatic
precipitator (deoiler) for removal of oil 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.
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Process Specifics of Plant C--

Pilot Plant C utilizes a fluidized-bed process which is fired with oxygen to
produce a medium-Btu gas(see Figure A-6, p. A-17). 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 approximately 850-1,100°C (1,600-1,950°F). Bed fluidization
in the gasifier is maintained by radially introduced recycle gas. Ash
produced in this system agglomerates, drops out of the bed, and is removed

through depressurizing lockhoppers.

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

fluidization. A gas compressor is employed to repressurize the gas.

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

treatment system.

Potential Health Implications of the Coal Gasification Process

Coal gasification processes present several health concerns. The exact extent
of each hazard may be expected to change with the scale of a large commercial

size operation. A list of potential occupational health hazards associated

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

l Unit Process ! Potantial Hazard

Coal Handling and Preparation Coal dust, noise, fire

Coal Feeding Coal dust, noise, gaseocus toxicants

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

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

hot ash, and dust

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

Gas Cooling High-pressure hot raw gas, hot tar, hot
tar oil, hot gas ligquor, fire

Sulfur Removal Hydrogen sulfide, other sulfides, an
sulfur oxides |

Gas-Liquor Separation ‘Tar oil, tar, and gas liguor with high
v concantrations of phenols, ammonia,
hydrogen sulfide

By-product Storage Tar, tar oil, phenols, ammonia, fire

WORK FORCE ACTIVITIES

Coal gasification plant workers with’'potential exposure to process emissions,
byproducts, and waste products on a routine basis fit generally into three
categories: plant operators or process technicians, maintenance staff, and

laboratory technicians.

A 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 workers, a combination of operators

and maintenance personnel.




Operators/Process Technicians

Operators or process technicians work on 8- or 12-hour shifts and have the
responsibility For the operation of one or more unit processes of the pilot
plant. In a commercial facility, several operators are projected for each
process unit. 1In most cases, operators' and process technicians® duties are
clearly defined and include a significant amount of time spedt in relatively
routine activities, such as reading gauges, checking valve positions, and
monitoring process operating parameters. During normal plant operations, up
to 80 percent of their time may be spent in the control room where exposure
can be expected to be less than in the process area. Depending upon the
particular operation involved, extended periods (up to a full shift) are
frequently 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.. These activities vary with the type of plant and may be
reduced in a commercial scale operation. 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 remodéling all equipment in the
facility. The greater part of this work occurs during plant turnarounds or
upset conditions. These workers may be regular plant employees or outside
contractors. At a pilot plant, both the jobs performed by the maintenance
personnel and the areas of the plant frequented vary unpredictably on a
day-to-day basis. 1In a commercial facility, exposure situations are expected
to be normalized by detailed maintenance instructions which outline the
frequency of maintenance work and detail procedures for decontamination of
equipment. Jobs with a high potential for exposure include removing pumps or
equipment containing process material, breaking into process lines, and
entering tanks or vessels. 1In general, field exposure is minimized whenever

possible by performing maintenance work in offsite shops rather than on-line.
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Laboratory Technicians

Laboratory technicians analyzé érocess stream samples; however, job respon-
sibilities vary widely. 1In cne 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
another 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 gasification 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 exﬁosure to
high levels of these materials can also occur during maintenance and repair

operations, startup and shutdown periods, as well as during accidents.

Concern over health hazards associated with exposure to these materials is
based on two types of information. Epidemiological studies have long shown an
increased risk of mortality and morbidity in workers exposed to coal-derived
materials in related industries. 1In addition, experimental laboratory
findings in whole animals, animal cells, and bacteria 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, tars and oils produced as a by-product of
some processes have been found to have a higher degree of arometicity and more
condenged ring compounds than petroleum crudes. In addition, the heteroatomic
content of coal liquids is increased primarily due to inereased amounts of
nitrogen and oxygen. High condensed ring content and hetercatomic content
result in materials boiling at greater than 370° C (700°F). A correlation
exists for increased mutagenic/carcinogenic activity with increased boiling

point (Mobile, 1976; Pelroy and Wilson, 1981). 1In addition, some lighter,

2-10



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 petroleum industry material
properties 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 petroleum,
possess higher levels of acidic components, such as phenols and cresols, which
appear in the lower-boiling distillates. 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.
COMPARISON WITH SOME STUDIES OF SIMILAR INDUSTRIES

An industrial hygliene monitoring survey of PNA concentrations in petroleum
refineries was conducted by Enviro Control, Inc. (Putagaki, 1981). Sampling
and analytical methods for PNAs were identical to those used in this coal

gasification survey.

A comparsion of results shows that worker exposure to unsubstituted PNAs, 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. 1In both studies, the lighter molecular weight 2- and 3-ring PNAs
were found in the highest concentrations, with only minimal amounts of the
heavier 4-, 5-, 6-, and 7-ring compounds detected. In the petroleum study,
the levels of PNAs showed a positive correlation with the age of the facility
and with the crude petroleum utilized. No correlation was found for
production capacity of the plant, duration since last major turnaround, or

enviromental conditions during sampling.
In a closely related study conducted by Enviro in five coal liquefactiom

plants (Vol. I), area and personal sampling was conducted for PNAs, anilines,

simple aromatics, phenolics, and toxic gases (Cubit and Tanita, 1982).
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Additional discussion and comparison of the results of this study with the

petroleum refinery and coal liquefaction studies are presented in the Analysis

and Discussion of Results chapter of this document.

In another industrial hygiene monitoring survey 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 chromatographic/ultraviolet
procedure {Smith, 1971), the mean concentrations of the measured PNAs
decreased in the following order: fluoranthene, benz(a)pyrene, benz{(a)anthra-
cene, pyrene, chrysene, benz(e)pyrene. Benz(a)acridine and benz{a)anthrone
were not found. Since air volumes and sampling times were not included in the

report, direct comparison with other studies is not possible.
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3. METHODS OF STUDY

FACILITY SELECTION

Plants were selected to provide representatives of each of three generic types
of gasification units - fixed bed, entrained bed, and fluidized bed.

Two of the plants (Plants A and C) are DOE-sponsored pilot test plants
operated by DOE contractors; Plant B is a commercial low-Btu, fixed-bed

gasifier.

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 1981 {(comprehensive)

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); '

obtain samples for 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 collect adequate quantities of PNAs, anilines,
and simple aromatic hydrocarbon species for analysis. Table 3-1 shows the
species of chemicals collected at each of the plants during the surveys
(walk-through and comprehensive). Table 3-Z shows the results of PNA
screening conducted on samples collected-during the walk-through surveys.
Quaﬁtitative 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

PLANT C

wr? cs?

WT

cs

cs

AIR SAMPLES

Organics
PNAs
Aro. Amines/Anilines
Phenclics
Benzene/Toluens/Xylane

Gases

Carbon monoxids (CO)
Hydrogen sulfide (E,S)
Bydrogen cyanide (HCN)
Mercaptans

Sulfur diocxide (S0,)
Ammonia

Arsine

Carbon disulfide (CS,)
Ozone -
Nitrogen oxides (NO,)

Traca Matals

‘k\l\\/\\\\\ PR
'

~ s\

S |

\\\\\\\\\\\

-~

LN N X

NN NN

BULK SAMPLES

Organics
PNAa
Phenolics

Trage Metals

WIPE SAMPLES

Organics
FNAs

- v

ANT = walk-through survey.

b

CS = comprshensive survey.

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

tallurium, magnesium.

/Y = "logked for*

- = "not looked for"
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Table 3-2.

PNA Compounds Screened in Walk-Through Surveys of Two Coal Gasification Plants

PLANT A FLANT B
[sample Type: AIR AIR WIPE
Inducad- Day Batween| Between | Rubber | Rubbax | Rubbar | Rubber Control
COHPOUND Location: kiasigterfCYSione/ |0 o0 | Sludge } Top of |Poke] . = | Cooler | Washer | Glove | Glove | Glove | Glove istalr|™_ " Bide of
Sorubber Fan Thickenex]Gasifier|Hole Tank and and outside|Outeide] Inside | Inside | Rail pesk Gasifier
Eolkr, lhtarraz _Eggaca Surface]Surface]Surface
Indena -4 - -- - W nl a u u u a u " u u "
1,2,3,4-Tatrahydro- — _— - -— - - | - -— - - —— -— - -— - -
naphthalens
Naphthalene - o . . sl s . . - - - - — - -
2-Methylnaphthalene [ ] [ ] [ ] - - [ ] [ [ ] - - - - - - -
1-Methylnaphthalene - -= - - ) [ ] [ [ ('] —— - - - - - .
guinoline .- - -— - [] 9 - - - - - - - —— - .
Acenaphthena L] L] [ n [ [ [ ] ¢ - - -- - - - -
Acenaphthalene - - - - - [ ] [ ] - - - - -— -~ - - -
Fluorene - [ ] - - [ ] [ ] [ ] [ ] - -—— -— - - - -
Phenanthrene/Anthracene [ ) [ ] [ ] ] [ ] | ] [ ] [ ) [ ] [ ] [ ) [ ) - N [ ] ®
Acridine - - - - - -1 @ - -- - -— - - - -— _—
Carbazole - - - - - EE - -e " f— - - —— - -
Fluoranthene - -- -- - ® ) ® - —— - - - - -
Pyrena ® [} ¢ - - [ ] [} [] ] [} ° - - - -— -
Benzo (a) fluorane -— - - —— - wn | -- -~ - - -— - - - — -
Benza (b) fluoxene - o~ - - - -] == —-— - - - - - - - -
Benz (ajanthracens/
Chrysene/Triphenylene - - - - o -1 - - . - == e - - -
Raphthacene —— - - - ] " n ] ] ] ] " L] ] ) o
Beneo (alpyrone. -1 -1 - S I ) N D "N T Y I R R R R
Perylene - - - - - - ] == - - [ ° - - - - -—
Dibenzanthracene - - - - - -] -- - - — - - - - . -
Indeno(l,2,3-cd)pyrens - -~ - -— - -] - - - -— - — _— i - ——
Benzo(g.h, i) perylene - - -- - —— [ - — - — -— - - _— _—
Anthanthrene - - —-— - ] [ ] [ ] ] ] [} ] L] ] " ] [}
Coronene u o u u - —1 - - - - - - _— - - -
Dibenzpyrene - - - - - —] a- - - - - - - - - —
Dibenz (a,j)acridine - - - - - —1 - - - - - -_— — - - -
pibeng (a,1)carbazole - - - - - -] == - - - -— -— - — -— P
%u_.» {ndicates compound not detected. b"n" indicates sample not analyzed for this compound. ""Q“ indicates compound detected.




SELECTICN OF PNA COMPOUNDS FOR SAMPLING AND ANALYSIS

From the analytical results obtained for the samples collected during the
walk-through surveys, it was decided to delete some specific analytes or
groups from the sampling protocols in the comprehensive surveys. These were
eliminated primarily because they were not detected in the range-finding
sampling or because measured concentrations were far below levels considered
to have health implications. These walk—thru surveys were based on plants A
and B only. Monetary considerations ruled out sampling during walk-thru
surveys of the last plant. The PNAs were included in all comprehensive survey
protocols even through initial monitoring suggested that air concentrations 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 in subsequent

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;

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

The Final group of PNAs which were routinely quantitated aon all personal,
area, wipe, and bulk samples is listed in Table 3-3. More information om
these chemicals including structure, ring number, boiling point, and

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

et compousd
1 Naphthalene
2 l-Mathylnaphthalene )
3 2=Mathylnaphthalene
4 Quinoline
5 Acenaphthalene
[ Acsnaphthens
7 Fluorens
*g3 Phenanthrene/Anthracene
"9 Acridine
1ag Carbazole
11 Pluoranthena
12 Pyrene
*13 Benzo(a) flucrene/Benzo(h)} fluoraene
*14 Benz (a) anthracane/Chrysene/Triphenylene ‘
*15 Benzo (3) fluoranthene/Berzo (b) fluoranthene/Banzo (k) fluoranthene
*1s Benzo (e) pyrena/Benzo(a) pyrene
17 Perylene
13 Dibenz{a,jlacridine
i3 Dibenz(a,i)carbazole
20 Indeno(l,2,3-cd)pyrene
21 Dibanz{a,h)anthracane
2 Benzo{g,h,i)perylane
23 Coronene
24 Dibenz(a,i) pyrene
25 Dimethylbenz (a) anthracans
26 j=Methylcholanthrene
27 6,13=-Dimethyldibenz(a,h)anthracaena

*Compounds not separated with &' 3% ov-17 column.

3-6




SAMPLING AND ANALYTICAL METHODS

The industrial hygiene sampling and analytical protocols used for these
studies were standard NIOSH methods, except, in the case of PNAs, sampling
procedures 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 Compounds in Coal

Conversion Plants and Petroleum Refineries™ (Vol. IV).

Prior to the survey, all sampling pumps were calibrated to a primary standard
with the appropriate sampling train in line. Correct sampling rates were
confirmed by periodic checks with a precision rotameter throughout the
sampling pericd. Sampling devices were checked periodically for overleading

of sampling media, 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
identified 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 surveys at
Plants A and C were interrupted for several days due to plant
shutdown. When the plants came back on stream, the sampling 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
categoery.
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Two or three area samples were collected during the survey at
equipment or process areas suspected to have the highest
concentrations 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 contribution 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, silica gel tubes, and bulk
samples were packed in separate containers with styrofoam packing material to

prevent breakage and contamination.
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—membraﬁe
filter with a solid adsorbent backup. The silver-membrane filter is only able
to trap particulate phase PNAs. The Chromosorb 102 (C-102) backup captures
the vapor phase PNAs.

37=mm
Polycarbonate
Cassattes

air flow
A ————

LI-----Silvur Mambrane

Stainless Steal Screen

Callulose Support Pad
Chromosorb 102 e

Figure 3-1. Area Monitoring Device for PNAs



37-am

Polycarbonace
Cassette
Glass Wool | - ] !
, Tygon Tubing B [
air flow
w h
1/4" o.d.
Glass Tubing
romsors 102 — =t
Callulose Gaskat l—Calluloa- Gasket

Silver Msmbrane

Figure 3-2. 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 followed by Chromosord
102 (C-102), a porous polymer adsorbeat. The'commercially available C~102
used for this study was contaminated and required pre-extraction pricr 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
Changas Time (hr}
Meathylene chloridae , 4 48
Methanol 2 4
Methylene chloride/methancl | 2 48

(L:1; w/v)

The area sampling cassette contained a silver-membrane filter followed by 3 to
4 grams of C-102 sandwiched in the middle section of a three-piece cassette.

A modified sampling unit was used for personal monitoring. Approximately 150
mg of C-102 was packed in a glass tube following the silver-membrane-

containing cassette, rather than in the cassette itself. The intent of the
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larger quantity of solid sorbent in the area cassettes was to minimize the
possibility of sample bréakthrough in high-concentration areas. The NIOSH
method (P&CAM 183) recommended the use of a gl#ss—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. NIOSH no longer recommends

glass fiber filters for PNA sampling.

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

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

The C~-102 solid sorbent and the silver-membrane filter were axtracted

separately. After extraction and concentration, the extracts were either

analyzed separately or combined. The extraction procedure is shown in Figure

3-3.
SAMPLING CASSETTE

Chromoscors 102
Stainless Steel
Screen

Silver-Membrane
Pilter

Ultrasonic extraction

3 x 15 minutes
Cyclohexane

Filter and

concentrate to 1 mt

Soxhlat ekt:acticn
22 hours
1:1 MeCl,/MeOH

Filter and
concentrate to 1 mt

N

Rncnmbxna
|
opticnal analyz- optional
| ) |
| !
Analyze Analyze
separately saparately

Figure 3-3,

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 foil-wrapped soxhlet extractor fitted with a 500-mL
round-bottom flask and extracted with 300 mL of glass-distilled methylene
chloride/methanol (1l:1, v/v) for 22 hours (Phillips, 1977). The extracts were
processed by concentrating toc approximately 10 mL in a round-bottom flask
fitted with & 3-ball Snyder column. The concentrate was then filtered through
a'Hillipore sample clarifier (0.45-vm Teflon filter) in a 15-mL serum vial
Eitted with Teflon-lined rubber septum and crimp cap and stored at -20°C
(-4°F) 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

¢yclohexane in place of benzene.

The silver-membrane filters were ultrasonically extracted in a 200-watt
Branosonic 52 bath for 15 minutes with 5 mL of glass-distilled cyclohexane.
The extracts were then placed in a 15-mL centrifuge tube. The process was
repeated two additional times, and the extracts were combined, 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 blanks to check for

contamination. Desorption efficiencies were determined on each batch of

Chromosorb 102.
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The GC/MS parameters used for the separations and quantitation of PNAs were as

follows:

GC Column: 6" x 0.079" i.d. glass column packed with 3% OV-17 om 80/100
mesh Supelcort (purchased from Supelco, Inc.)

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

Injector Temperature: 240°C
GC/MS Interface Temperature: 320°C

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

MS Tonizer 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 column {i.e., numbers 8, 13, 14, 15, and
16 in Table 3-3) but found to be present in quantifiable amounts were gquanti-
tated as isomeric groups. If multiple isomers were suspected of contributing
to a single peak, additional anslysis by either high-pressure liquid
chromatography (HPLC) (Thomas and Lao, 1977) coupled with a fluorescence
detector (Das and Thomas, 1978) or capillary column gas chromatography was

used., These methods were found to separate isomers not resolved with the

6-fFt, 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-ym film thickness of SE-52 (from J&W Scientific)

Column Temperature: 50°C to 250°C at 2°C/min
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Injector Temperature: 300°C

Detector Temperature: 320°C

Carrier Gas (helium) Pressure: 20 psig
Aromatic Hydrocarbons

Air samples were collected on 500-mg charcoal tubes and analyzed for:
benzene, toluene, and xylene. Sampling and analysis followed the NIOSH-
recommended procedures described in Method No. P&CAM 127 (NIOSH, 1977).

Aromatic Amines

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

two groups of aromatic amines listed below:

1. Anilines: aniline
N,N-dimethylaniline
o-toluidine
2,4-dimethylaniline
o-anisidine
p-anisidine
p-nitroaniline

2. 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. Field experience
has demonstrated that sampling using silica gel tubes is adversly affected by
relative humidities greater than 75 percent. Therefore, the aromatic amine
results published in this report are considered to be underestimated. Almost
all sampling campaigns had relative humidity conditions in excess of 75 per
cent. NIOSH is researching other methods for aromatic amine sampling but

these methods were not available for this study.
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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-xylenol, and 2,4-
xylenol. Since phenols are collected on silica gel, collection efficiency due
to water interference must be considered. Therefore, phenol results reported

may be underestimated.
Gases

Sampling for gases such as CO, st, and 802 was done by grab sampling
techniques using length-of-stain indicator tubes or direct-reading monitor-
ing devices, Because of the intermittent nature of gaseocus emissions in the
facilities, grab sampling and real-time monitoring were preferred because
full-shift personal sampling did not pinpoint emissions sources or measure

peak concentrations.
DATA ANALYSIS

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

Corrections were alsc made for the mean field blanks values taken during the

respective surveys.

The data for sets of samples were analyzed using the following statistical

method:

Lognormal distribution of the measured concentrations in the samples
sets was assumed (NIOSH, 1%77).

The geometric mean (GM) and the geometric standard deviation (GSD) were
determined using the formulas:
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. The value of Xj for all samples less than the limit of detection was
assigned the number equal to the lower limit of detection. This
statistical manipulation will shift threshold values to the right with
bias towards the onset of human effect. The lower limit of detection
was used for all values of O.

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

T logye GSD |
UCL = antilogyg | logg@GM + t g5 910 GSD
s nvz -
. 1og10 GSD |
ICL = antilogig |logioGM - t.os Sog10msY
L n1/2.

t.gs was used from the standard table.

o
O
o

n-1

-
OrHrNWPAANDW-

NNNNNNLPEN

v WN

6-7
8-9
10-13
14-27

28

The broad confidence limits were found on the group means of PNAs. This can
be attributed to two factors. First the data were widely dispersed;

concentration ranges routinely varied over four orders of magnitude within a
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given population of samples. This probably resulted from the unsteady
operating conditions at the plants and from inherent variability in the
sampling‘and analytical methods. Second, the number of samples in each
category or group was low due to the high cost for analysis of individual

samples of PNAs.
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4., RESULTS
RESULTS OF AREA AND PERSONAL SAMPLING

This chapter summarizes the Eesults of all sampling conducted at the three
coal gasification plants. More than 90 personal or area samples were
collected and analyzed for up to 26 individual PNAs or groups of PNAs. In
order to present the data in an understendable format, "total PNA" values only
are reported. When groups of data are combined, the geometric means (GM) are
used along with the geometric standard deviation (GSD) and the 95% upper and
lower confidence limits (UCL and LCL). 1In some cases statistical
manipulations were performed on sets of samples with small n values;
therefore, UCL's were extremely large. Individual sample results with the

measured concentrations of each PNA species are presented in Appendix B.

One 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 collected, when possible, 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, personal sampling data collected from
workers with equivalent job responsibilities at the three plants were combined

for comparison (Table 4-2).

When grouped data are pooled, geometric means (GM) are listed along with the
geometric standard deviation (GSD) and the 95% upper and lower confidence
limits (UCL and LCL). Pooled data for 2 or 3 samples are described by GM and

range.

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 information, the percent distribution of PNAs

by ring number is also given (Tables 4-1 and 4-2).
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Table 4-3 shows qualitative results of the wipe samples collected at the coal

gasification plants.

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. The results displayed in Tables 4-1 to 4-7 are

discussed in Chapter 5.

Table 4-1. Total PNA Concentrations for Area Samples of Coal
Gasification Plants/% Distribution of PNAs by Weight
o m:id ez 3 % Distribution of PNAs by Weight
Plant Arsa Sampled 3, | GSD 3 o and
(ug/m?) wa/a®) | ua/m) [ ping] 3-ning | 4-aing| s-ntag| 5- 2%
—
A | Gasifier Combuster 4| 0.4 | 4.9] <0.2d 4.7 100 0 o P o
Gasifier Reductor 1 0.4 | w¥] wa N/A 100 0 o o o
Gas Duct 2| <0.1 ]|<0.1] <0.1 <0.1" N/A N/A N/A N/A /A
Induced-Draft Pan z 0.3 6.1 .07 0.9 100 a ] ] 0
Sludge Thickener 1] <0.1 | W/A N/A N/A N/A N/A /A N/A N/A
Cyclone Scrubber 1 0.2 N/A N/A N/A 100 o] g a
Control Roam 2 0.2 3.5 | <0.1 0.6 100 ) 0
Total In-Plant 13 0.2 3.2 0.1 0.5 100 o 0 0 0
Plant Perimetasr 2 0.3 4.7 | <0.1 0.9 100 ] 0 ) 0
B Top of Gasifier 3 22.7 1.5 16.4 38.6 97.4 2.8 0 o]
Poke Eole 3l 17.3 2.7 5.5 5.6 96.2 3.8 0 0
Datarrer/Decilar 4 18.1 2.4 2.1 152.6 97.4 2.6 s ] 0 0
0il/Liquor Separatorf 1! 74.2 | m/A /A N/A 97.4 2.2 0.4 0 )
Ash Pan 1| 42.1 | w/a N/A N/A 36.4 3.6 0 ] 0
Day Taz/0il Tank 2] 20.6 2.2 11.9 8.7 96.4 3.0 9.6 g 0
Tar Pump 2| 72.4 1.1 68.7 78.4 97.2 2.8 a9 0
Gas Compressor 1l 69.6 N/A N/A N/A 98.7 1.3 0 0 0
Control Room 2| 20.5 1.8 13.4 31.3 92.8 7.2 0 ] )
Total In-Plant 19] 26.8 .{ 2.2 18.3 39.1 96.7 3.2 0.1 0 )
Plant Perimeter 2 1.8 4.7 0.6 s 8 73.3 | 2500 1.7 0 o
C | Gasifier - Sth Levell 3 0.6 2.6 0.2 1.1 73.9 | 26.1 0 ]
Gasifier - Sth Level 4 5.4 7.8 0.2 138.8 99.2 0.8 0 o]
Gas Comprassor 4 1.7 3.0 0.3 9.7 69.9 21.4 6.8 1.9 o}
Pilter/Strainer 2 0.9 2.4 0.5 1.8 91.3 4.3 4.3 0 o
Control Room 4 2.9 3.7 0.3 23.6 96.5 1.5 0 ) )
Total In-Plant 2.0 4.3 0.9 4.1 95.8 3.4 a.6 0.2 0
Plant Parimeter 1.1 2.6 0.4 2.8 83.7 | 16.3 0 0 ]
B

ammbor of samplas collected.
Lowc: 956 confidence limit of geometric mean.

Gecmstric mean of concentrations.

-‘7" :.nd.icatu vnluc bo.l.aw dct-cticn limie,

e o =

Uppu: 958 confidence luu.t of geomatric mean.

gN/A - not. applicabls.

ccmmic standard deviation.




Table 4-2. Total PNA Concentrations for Personal Samples of Cozl Gasification
Plants/7% Distribution by Weight

an éh :
ucL p aof PMA& W
Plane Pax: Led ¥ (u@/i’) cso® mt;:/:;,, araly A Diseribution by Weight
g, lzoriag [-AinoTd-Ring | S-Rdng T6-Aing [7-aing
A | =qurpvmer opesators [ 8| 2.6 [ 3.6 0.9 8.1 95.9 4.2 o 0 0 2
MAINTYNANCY PERSONNEL .

Welder/Boilarmaker 4 6.8 1.9 2.4 19.5 100 o ) 0 9 0
Pipegittar 2 6.5 3.4 2.6 | 0.2 36.9 1.1 0 9 a 0
Laborer 2 0.4 1.7 <0.2 ¢ l.8 100 -] 0 0 0 Q
TOTAL Maintenancs a8 3.4 5.1 2.8 13.4 97.4 2.6 Q Q - 0
CHEMICAL TECENICTAN || 2 a.4 7.4 <0.2 |2 1.7 100 ] ) o ) Q
sTmeyT TEcamIcoas | L] 1.9 {wad | wa /A 100 | a 0 0 0 0
B QFEZRATORS [ 3 19.3 1.5 9.7 38.4 96.2 1.3 0 ¢ Q ]

MAINTENANCE PERSOMNEL .
Millwright 2] ss.0 | 2.5 | 30.5 110.3 97.9 2.1 [ 9 0 0
geiliey Belpex 2] 1%.3 | L1} 14.8 15.9 97.1 1.3 1.6 Q Q Q
Maintsnance 2| a8.5 1.3 ] 72.3 187.5 99.0 1.0 ] 0 o (]
Electeician 3| 389.4 73 ¥/A N/A 98.2 1.8 - Q ] [>]
| Poreman 1 is.1 /A 74 N/A 92.9 7.1 q 0. 4] 9
TOTAL Maintanance 8 55,1 3.0 2.4 141.5 98.0 1.9 0.1 Q 0 aQ
¢ | Lowen LEvEL TECEMICIAN Y 7 4.2 1.3 | 1.3 13.8 67.8 13.3 10.9 2.8 0 ]
UFFER LEVEL TECHNICIAM | 5 5.3 1.3 0.3 110.7 67.8 18.4 8.3 4.9 0 0
MAINTENANCE PERSONNEL § 1 | 60.4 u/a | ua /A %.7 $.3 a ] ] 0

a

Tmber of sazplss collectad. Gecpwtric mean of conssntrations. %cacmetric scandard deviaciom.
drawu 95% confidence limir of geomatric mean. ‘uppu 958 coufidence' limit of geometric mean.

facn imiicates valus below detsction Limit. I4/a = not applicable.

B for =2 or 1 minimm ind mexium valus showa (oot LCL and UCL)



Table 4-3. Wipe Sample PNA Analytical Résults (Qualitative)
‘ for three Coal Gasification Plants

Plant

Site Samplad

3=Rina

J=Ring
_

T=Rine

Maintanance toals
Glaves of welder

 Bandy of welder

Gasifier
Induced~draft fan
Sludge thickaner
Cyclone sczubber rail
Cantrel rock
Lunchroom

Lupcheacm

® & ® & » o & ® &

Tools for tar pump

Tools stored iz centrol room
Tools for gas CONPTESIOT
mhcgm-,m.maca
mubber glowve, outzide surfacs
Robber glove, inside suxface
Rubber glove, insidas surface .
Gloves of aillwright at tar pamp
Trousers under coveralls of tar pump warkse
01l/liquor separator weir handle
Sandrail above coopressor
Baxclrail balow Stretford uaiz
Handrail on top of gasifier
Sida of zasifier
Contral roam - deak top
Contzrol room - desk tap
Control room - stair rail
Cantral room - bathroom handles

j o | oo e 00 e | | | | @ 0@ oooooooooon'é!
) -

| #= ¢ o o @

e | o9 0000909 e |

{ o | o000 00| | o0 9¢ac0

[

Wrench at gzound sample port
Wranch at filtar

Wranch at top of gqasifisr

Gloves of lowar lsvel tachmician
Coveralls of uppar level tschnician
Covezalls of lower level techmician
Lifz truck steering wheel

Samples port, Sth lavel
Sepazator pit

riltar housing

Pipe duct betwean gasifiar and cyclone
Control room - desk top

Wk platform, qasifier

e | o o 00

| @« o | | o« 0o 0 8 | |

s o | o0 | o0 s o |

I o |

Tuge indicatas compound detscted.

o

b4

Te=¥ indicates compound not detected.
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Table 4-4. Maximum Concentrations (mglma) of Aromatic Amines Measured

in Area Samples at Coal Gasification Plants®

Aromatic Maines ‘i
Plant| Process Area !
N,N-Dimethyl-|2,4-Dimethyl-] _ _ p-Nitro-|Naphthyl-

Aniline aniline anilina o-Toluidine jo-Anisidine | p-Anisidine anlline | amine9

A |[Gasifler —-b - “a ] — - ] n
Cyclone 8crubber - - L L] - — n n
Induced-Draft — _— n " — — n n

Fan

B [Gasifiex - -- -- - -- - -- --
Poke Hole - - - - - - - -
Detarrex/Deoller n n n u u u " -
Washerx o n '] . n ‘ ™ " -

C |Makeup Pu.pad —-— - - - - - n o
Separator Pita —— - 0.01 - 0.04 - n n
Sampling rort? - - - - - - n n
Cyclona -~ 5th - . _

Lovel® 0.01 0.0} a.01 u ]
Gasifier - 6th ’
Level® 0.01 0.01 0.01 - - - n n
Compressqgy Pump . — - . .
Filters 0.09 [ n
Control BDomg - a.1 - - . - - R A
alnolndas 1- and 2-naphcthylamine. b“--“ indicates compound not detected.
Ty indicates sample not analyzed for this compound, di‘out samples collected. e'rhree samplea collected.
fi‘ive samples collected. Igix samples collected. '

h note: sampling method inadequate under high humidity conditions
compromised this data as discussed in the text.




Maximum Concentrations (mg/m3. expressed in ppm) of Simple

able 4-5.
’ Organics Measured in Air Samples at Coal Gasification Plants
Organiés ‘
Plant Process Area n )
Banzene | Toluane | Xylene | Xylencl ( Phanols | Cresol | Mercaptans
A | Gasifier 0.02 = - % - - =
Char Bin -] g ] ] - -— -]
Cyclone Scrubber .02 b -— g z = z
Induced~Draft Pan 0.02 -— — B o = =
Sludge Thickener 0.02 -— —_ ] o -] B
Gas Duct -— -— - - =2 - -3
Stretford Unit 0.01 -— -— o o a =
Control Room -— -_— — z -4 o =
B Gasifier - -— -— = o o -—
Detarrer/Deciler -— -— — o = " ]
cil/Liguor Saparator -— — — - 2 =2 -
Day Tar Tank ' -— - - s " R a
Conpressor - -— -~ ] s s 2
Sump Blowdown -_— — -— a & a -]
stretfard Unit — — — B = a =z
Cantrel Room - - - o o =z -4
Wash Settling Tank -~ — - = 4 -4 -—
i
c Gasifisr Q.02 - —_ - -— -— a
Char Sample Port g.01 - — 2 - -4
Filter 8.2 -— -— a2 2
Makeup Pump 3 B 2 - -— —_ -—
Compressor 0.05 Lt -— - -3 o o
Separator Pit = 3 = — -— - o
Cantrol Roem Q.5 -— 0.01 — -— - =
“Includes ethylphenol. ®tacludes mepropyl, n-butyl, and n-smylmercapran.

[~

""" indicates compound

not datacted.

d“:" indicates sample not analyzed for compound.




Table 4-6. Maximum Concentrations (ppm) of Simple Organics Measured
in Personal Samples at Coal Gasification Plants

No. of Ozganics
Plant Job Catsgozy Samplas
Benzene Toluene Xylene
A Equipment Cperator 12 0.01 0.01 -3
Maintenance Perscnnel ‘8 0.05 0.02 -—
Instrumant Technician 2 0.01 0.02 -
Chemical Technizian 4 0.01 — -—
B Cperzater 4 -— — —
Maintsnance Personnsl 3 — -— 0.1
c Operator 13 0.03 - -
Maintanance Personnal 2 8.1 Q.01 Q.06

S indicates compound not detectad; datection limit for benzsne, toluens, and
xylane wvas 0.01 ppm asmming an averags sampla volume of 100 litars.
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Table 4~7. Area Sampling Analytical Results (ppm) for Carbon Monoxide and
Hydrogen Sulfide at Three Coal Gasification Plants

Plant Location Sampled Compound (ppm)
. Carbon Monoxide I ﬁ&drogen Sulfide
A Gasifier nd --b
Induced-Draft Fan n -
Cyclone Scrubber n -—
Sludge Thickener n -
Stretford Unit n -
S e i
B Coal Conveyor to Coal Bunker 5-21¢ n
Top of Gasifier 0-10¢ -
Poke Hole 0-10¢ -
Stretford Unit - -
Deoiler, Washe:-, Cooler 5-60¢ n
Detarrer 0-55¢ S
Deoiler/Detarrer - ' -
Wash Settling Tank n 2
e 448 Level (Including Stretford) 0-5¢ -
\\\\“x\égh Pan ‘ 0-5¢ 1 -
Ground Level 0-5¢ n
C Top of Gasifier n -
Top of Gasifier - Lid Off 27 Co-—
5th Level, Near Cyclone 16 --=
Separator Pit 2-5¢ -
Recycle Gas Compressor/Filters 13-14¢€ -
Recycle Gas Compressor/Filters
During Process Stream Sampling 50 -
Filter Unit During Filter
Replacement n 120
Filter Unit During Filter
Replacement ’ 5-1,745¢ 160

4 "n" indicates not sampled.
b "——" {ndicates not detected.
C Range of multiple samples or continuous monitoring.



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 educationel programs), those
almed at the detection of health changes caused by the industrial environment
(medical surveillance and epidemiological studies), and industrial hygiene
menitoring programs designed to measure chemical pollutants in the plant
environment. In general, the gasificaton plants included in this survey
maintained generalized industrial hygiene programs; however, the monitoring
programs were inadequately designed to fully define the potential hazards
associated with coal conversion. The elements of the individual programs at

each plant are summarized in Table 4-8.
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/Occupational Medicine Programs at
Coal Gasification Plants

|

PROGRAM ELEMENT

PERSONAL HYGIENE AND SAFETY

- Protactive Clothing/Equipment Program

coveralls
shoes/boots
underwear
rainsuits/coats
gloves

safety glasses
hardhats
earmuils
raspirators

PLANT C

-

s W

\

N PI.ANTAL?LANTB }

AN

LU L N A |

o

~ o\

AL . -

Clean Clothing Program
clean coveralls
protactive shoes
clean underwear

3 pairs

‘daily

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

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

4

classroom

4

WORK PRACTICES AND PERMIT SYSTEM

INDUSTRIAL HYGIENE MONITORING
Informal schedule
Uniform program

MEDICAIL SURVEILLANCE
Clinical monitoring
EpidemiqQlogical program
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shoes —- oill-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 process 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
particulates is provided by disposable respirators and full-face respirators
with acid gas/organic vapor cartridges. In addiEIbn, supplied-air respirators
include S-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 depends upon

the ready availability of this mandatory and nonmandatory equipment, as well
as on the attitudes of supervisors and those responsible for using the

equipment.

The clean clothes programs have as their goals the minimization of exposure to
coal-derived materials and the prevention of their spread outside the dirty
areas of the plant. The gasification plants provide several sets of clothing
#ith 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 systematiec programs for cleaning nonlaunderable articles, such
as gloves and rubber items, were evident in any plant, and worker contact with

heavily soiled articles of this nature was noted frequently.
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All of the gasification plants provide shower facilities and recommend daily
showers. In addition, dual lockers are available in the shower room of one
plant for separation of work and nonwork clothing. Barrier creams and

cleansing agents were not generally available.

The UV fluorescent examination of skin surface before and after showering or
washing, of clothing after laundering, and of tools for the detection of PNA
contamination has been done on an experimental basis only at two of the
sites. No plant provides routine spot-checking of this nature for monitoring

the efficiency of personal hygiene programs.

Bducational programs for employees include prejocb training by supervisors (on
an as-needed basis) and formal training in the use and care of respirators.
One plant alsc holds formal classroom sessions on first aid, accident
prevention, and safety rules covering equipment, emergencies, materials,

machinery, and Fire prevention.
Medical Surveillance and Epidemioclogical Studies

Industrial medical surveillance protects the health of the individual by
detection of incipient health problems, and the health of all workers by the
provision of long-term health information which may identify plant and
industrial hazards requiring process or work practices modifications. It
should, therefore, include a program of medical monitoring of individual
workers for immediate evaluation, and a system for continuous recording of

both medical and exposure data for future study.

Table 4-9 lists the medical surveillance procedures utilized by each plant
included in this study. 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.
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Table 4-9. Medical Programs in Effect at Coal Gasificationm Plants

PLANT A PLANT B PLANT C
So. of Employees:” 3s 13? 50
MINIMAL WORK-UP
e heeioal aistory v v / )
Annual Followeup . 7 a4
Urinalysis - v 4
Blood Count : v -
ROUTINE: WORK-UP
Blood Chemistrias - 4 saxom glucose
AUXILIARY TESTS
Chest X-ray /d' o
 Pulmponary Punctions /d’
| EXG vé - ad
SPECIALIZED TESTS
Acdiogran ) ‘ - - Ve
spatm Cytology ‘ - - -
Urine Cytology - - -
Skin Examination - v v
MISCELIANEOUS
Madical Werk-up - - visual acuity testing
Epidemiclogical Program - - -

am:aumugimaempcmml. b

e
Semiannually aftar 5 years., dzvu:y 3 years.
Y # annual exam unless otherwise noted.

4-13
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ong-term effects on nearly all major organ systems of the body have been
ttributed to constituent chemicals in various coal conversion process
treams. Table C-6 (page C-30) lists the specific chemicals sampled in this
tudy and the major organ systems at risk following exposure. Also included
n the table are specialized blood and urine tests which can provide an index
f exposure to cer@ain of these chemicals. They are useful monitoring tests
uring periods of increased exposure such as during maintenance and cleanup

perations and in emergencies.

o epidemiclogy programs are being undertaken at any of the surveyed gasifica-

ion plants.
ndustrial Hygiene Monitoring Programs

acﬁ of the three coal gasification plants surveyed conducts limited air
ampling for chemical pollutants. Table 4-10 summarizes these chemicals by
ndividual plant. In one plant, hydrogen sulfide, carbon monoxide, and
mmonia readings are taken each shift at four grade level gites. In another,
0 levels are continuously monitored in certain areas of the plant; in other
reas, readings are taken before entrance into the area. All three'plants
ave conducted benzene-soluble (CTPV) analyses of air samples, and one has

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

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

Monitoring Progzam Plant A Plant 3 Plant ¢
Coal Duse/Respirable - - /
Particulatas

Eenzens sclubles
Aromatic ZFydrocarkons Benzene solubles | Benzene sclubles| Naphthalaenas
Benza (a) pyrene
Eydrogen sulfide

Gases - Carbon menoxide | Carbon monoxida

' Ammonia ,
3enzane, Toluane, Xylane| : v - Beczane
Phanolics o - 7/ 4
Noise - . - 7

“A ane=tize survey.
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fost results are considered proprietary information and therefore unavailable

*or outside publications. However, the following fragmentary results have

seen verbally reported:

Of the two plants regularly monitoring CO levels, one has reported
levels greater than 1,500 ppm when the recycle gas compressor filkters
and strainers are changed.

All benzene levels have been below 1 ppm.

All benzo{a)pyrene and naphthalene levels measured in one plant were
lesg than 2 ug/m3 for air volumes ranging from 0.6 to
4 m>.

. Some of the personal samples taken on technicians in one plant and
analyzed For benzene solubles and total dust were inexplicably high and
exceeded current standards. Conditions concerning these samples are not
known. Therefore the samples may be considered an anomsaly.

AORK PRACTICES AND CONTROLS

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

naintained system, worker exposure to process constituents can occur:

at product/by-product entry and exit points within the system,
during upset conditions,

during activities that circumvent the closed system,

as a result of catastrophic equipment failure, and

during maintenance and turnaround activities.
Supplemental engineering controls, such as local exhaust ventilation, have

been employed at entry and exit points to control some emissions. However, in

most cosl gasification facilities, worker protection is provided by the use of
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personal protective clothing and respirators. For upset conditions and for
activities that circumvent the closed system, work practices and personal
protective clothing and equipment are relied upon to provide workers with

additional protection.
Work Practices

The principal objective of work practices observed at the three coal gasifica-
tion plants is to minimize skin contact with process constituents encountered
during upset conditions or in the performance of routine activities which are
cutside the closed system or in the handling of contaminated tools or
equipment. These situations were identified by plant management and safety
personnel as being related primarily to meintenance activities, process stream

sampling, and emergency situations.

Chemical compounds which the plants' management and safety staffs considered
to present the greatest hazard to workers in these special situa- tions were
used as models to develop the correct work practices procedures to control
exposures. These compounds include PNAs, hydrogen sulfide, and carbon
monoxide. The PNAs were selected because of the carcinogenic properties of a
number of PNA species. The need for management concern regarding bodily
contact with PNAs is supported by information obtained in this study which
showed the presence of PNAs on work surfaces, tools, and clothing (shown in

Table 4-3).

Hydrogen sulfide is considered a hazard because of its presence in the process
streams in concentrations approaching 0.5 percent by volume; at these levels,
hydrogen sulfide can be an acute hazard in enclosed areas (e.g., a vessel) or
in emergency situations involving major process leaks. Carbon monoxide, a
major component of the product gas, is also an acute hazard in similar

sltuations in gasification facilities.
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Maintenance workers run a higher risk of being exposed to process materials
than workers in other job categories at gasification facilities. Maintenance
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 workers

engaged in such activities had the highest exposures of all worker groups.

Work practices for maintenance activities by the pasification plants are:
isolation of the system, draining the system of process material, and cleaning
of the work site. Only Plant B had these three elements formalized in its
safety manual. The other two plants repcrtedly follow these procedures, but

they did not have written procedures available at the time of the surveys.

Plant operators generally performed 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 can be accomplished by the use
of safe work 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.

Isolation. 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 blinds. 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 or
accidental opening. Where valving is used as an isclation technique, its

reliability has been improved by adding refinements such as mechanical
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lockouts. Caps and blinds are more reliable because they involve the actual
removal of a segment of piping, physically isolating the vessel or equipment

from the rest of the process.

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

of process material to reduce the potential for skin contact with the process
material during maintenance work. Drained solid or liquid materials are
routed to receptacles such as covered containers or drains for disposal; vepor
and gases are vented to the atmosphere or flared. Workers are required to
open valves slowly in order to prevent an explosive ejection 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 emissions 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 operatioﬁ. Plants A" and C do not include cleaning operations as part
of their pre-maintenance procedures because of negligible tar formation 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

¢leaning step and involve:

purging the vessel with air,
checking combustible gas and oxygen levels,

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

employing the buddy system, whereby one person fully equipped with the

necessary protective clothing and equipmenkt is staktioned outside the
vessel to provide assistance in an emergency.
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Housekeeping—-

The technique most commonly employed is to conduet cleanup activities on an
as-needed basis. Plant B has the assigned staff clean the process area on a
daily basis; there ig a daily 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 {(at one plant) facilitates cleaning by

minimizing the absorption of tars by the concrete flooring.

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 for the removal of tar deposits was observed only at Plant B
where tar formation was a problem; it was used primarily to remove old tar
deposits. Fresh tar spills were cleaned up using a clay absorbent and then
scrubbing with soap and water. This technique has been proved to be effective
at Plant B because of the epoxy coating mentioned 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 not consider administrative
controls Eo be a major technique for controlling worker exposures, preferring
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 speéific area is physically

restricted by barriers. Entry to the area is allowed based on the



individual’'s training in recognizing and handling hazards within the area. 1In
temporary situations where process upsets or the performance of specific
activikties such as repair can create hazardous conditions, colored barrier
tapes are used to erect a temporary barrier to keep untrained personnel 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 ih
combination with the entry restriction. The warning devices used at this
Facility included a fFlashing red light signifying that the gasifier was in
operation, and a sign listing the precautions that must be taken to safely
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 tc be untrained and unfamiliar with the plant safety
measures. A sign-in/sign-out system is used in these plants to monitor
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. This provides an effective means of keeping track of visitors and
their location in the facility and ensures that visitors are not endangered by

unknowingly violating safety procedures.

An unusual situation exists at Plant B, in which the gasification facility
accounts for only a fraction of the people employed at the plant. Since there
is some interchange 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 matkers, such as respirator
training. At Plant B, any company employee entering the gasification facility
must present his certification card for review by the supervisor 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 RESULIS

POLINUCLEAR- ARCMATIC HYDﬁOCARBONS {PNAs)

PNA samples collected at each of the three gasification facilities were
divided into area samples and personal samples. Personal samples were
combined into two major worker groups, operators and maintenance. These
worker groups were identified on the basis of job descriptions obtained at the
individual plants and observations of the workers 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 srea
samples for each plant represent the mean of all area samples collected at
each of the plants except théwﬁiintnperimeter samples which were taken to
determine extra-plant sources of PNA;TQ‘FDE each of the four groups, the
geometric mean kGH). geometric standard deviation (GSD), and 95% confidence
limits have been determined (Table 5-1). When reviewing this data one should

note that the sample set size ranged from 1 to 19.

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 confidence

limits of the process areas.

Statistical comparison of the GMs for both intraplant and interplant groups
were made utilizing the equation (Sckal and Rohlf, 1969; p. 374):
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where "n" represents sample size. This equation assumes the variances (S )
of the groups are different. The ts value is then compared with the t'
value at P = 0.05 obtained through extrapolation using the following equation:
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wheré »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

. . a g
] LCL UcL
Group Plant Ll (ug/m3) GsD (ug/m3) (ug/m?)
A 13 0.2 3.2 0.1 0.5
Combined : :
Arsa B ﬂ 18 26.48 2.2 18.3 39.1
-, Samplas
:_,‘ c 17 2.0 4.3 0.9 4.1
-~~~
A | 2.6 3.6 Q.9 8.1
Operator
(Persenal Samples) B 4 19.3 1.5 5.7 38.4
c 12 4.6 5.8 1.5 14.2
R P — e
A 9 3.2 ‘07 - 1.0 10'3
Maintenancs
(Personal Samplas) B 8 z5.1 3.0 21.4 141.5
e 1 §0.4 a/a’ N/A N/A
L e —
A 2 0-4 7-‘ <°-2 1]57'
Lahoratory - . .
Technician B 0 N/A N/A R/A N/A
(Pearsonal Samples)
c 0 N/A N/A N/A N/A
Number of samplas collected. %Gecmetric mean of concantrations.
“Gecmatric standard daviation. d ower 95% confidence limit of gecmaetric
mean. )
‘Upper 95% confidance limit of gecmatric mean. fN/a = not applicable.

9if n less than or equal to 3 then ﬁCL = highest value.
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Table 5-2. Total PNA Concentrations at Process Areas of
Three Coal Gasification Plants

2 T
Proceas Area Z GKB e LCL UCL
Place Sampled N (ug/m3) GSD (ug/m3) (ug/m?)
IR — L
A Gasifier S 0.4 4.0 0.1 1.9
Gas Cleanup 2 0.1 1.6 <0.1 11.5
Clean Product Gas 4 0.2 3.2 <0.1 1.0
Comtzol Room 2 0.2 3.6 <0.1 0.5
Total In-Plant - 13 0.2 3.2 0.1 0.5
Perimeter 2 0.3 4.7 <0.1 "0.9
— s -]
3 Gasifier 7 22.1 2.0 11.7 41.7
Gas Clsanup 9 2.7 2.5 14.9 59.2
Clean Product Gas 1 69.6 | n/a? w/a §/A
Control Rocm 2 20.5 1.8 0.1 131.3
Total In-Plant 19 26.8 2.2 18.3 3s.1
Perimeter 2 1.8 4.7 <0.1 5.4
R —————
¢ Gasifier 4 5.4 7.6 0.2 138.8
Gas Cleanup 3 0.6 2.8 0.1 6.5
Clean Product Gas 6 1.4 2.7 9.5 4.0
Control Room 4 2.9 3.7 0.3 23.6
Perimeter 3 |- 1 2.5 0.1 12.9

Number of samples collected. bgecmetric mean of concentrations.

®Geomatric standard deviation. drower 95% confidence limit of gecmaetric
mean.

'Uppc: 95% confidence limit of gecmetric mean.
! "<" indicates below dstection limit, 94/A = not applicable.



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).

Combined Arsa (13)*

G = Q.2
Maintenancs (9)
: e 3.2
Qperator (3) ‘
IIII--*.IIIII-.~ ’ ‘Sabers in parwnthases
- indicats the mmber of
Gt = 2.6 samples collactad.
+ 1 1 L 'y ] 1 'y ] B 3 L ] L
L L 13 ¥ 1 T T U 1.3 ] ] 1 1
9.1 0.2 Q.5 1 2 3 10 20 - 50 1la0 200 00 1,000 2,000

Concentration of Toetal PNAs (ug/m3)

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

This can probably be attributed to the sharing of duties which was the general
practice at Plant A. Each group frequently assisted the cother in repairing
and cleaning the gasifier. The maintenance group (GM = 3.2 ug/m?) and the
operators (GM = 2.6 ug/ma) were 15 times that of the combined area sample
mean. 3Since sampling was carried out during repair and cleaning of the
gasifier and other onstream process equipment which required dismantling of
equipment and vessel entry, these activities rather than fugitive emissions

appear to account for the higher PNA exposures. Exposure of laboratory
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personnel was equivalent to that of the background PNA concentration, but the
limited number of samples (2) and the wide divergence in the values do not

permit clear evaluation of the laboratory personnel data.

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
operations cannot be differentiated from background levels, indicating no
significant emissions of PNAs by the proecess. 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 maintenance
workers must therefore be due to sources other than fugitive emissions from
the gasification process. Durfing the survey of Plant A, it was noted that
when these workers were sampled they were repairing and cleaning the gasifier
and other onstreanm proce;; equipment. Their activities involved dismantling’
of the equipment and, in the case of the gasifier, entering the vessel. These

activities may b;\;Equgsible for the higher PNA values.

—

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/ms) and the combined area samples (GM = 26.8 uglmS) (Table

5-1; Figure 5-2).
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Figure 5-2. Geometric Mean PNA Concentrations with 95% Confidence
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 twc times higher than
elther 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
members 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 related to work on on-line equipment, especially that related to

the tar-liquor separator system.

A significant difference (P < 0.01) exiéts between the mean of PNA concentra-
tions measured at the individual unit operations and the plant perimeter
samples (Table 5-2); calculated GM values were 10 to 15 times those determined
for the perimeter. 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 significantly
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 maintein a positive-pressure environment to
isolate it from the process area. Although the control room had an overall
average PNA concentration (GM = 20.5 pg/m3) lower than the other three
process areas (Table 5-2), the difference was not statistically significant.
Although not conclusive from the data obtained, indications are that the
system may not be effective in reducing PNA concentrations below general

process area levels.

Area samples For PNAs taken at the gasification fire-bed-depth measurement
ports indicate that this activity does not measurably contribute to the
operators' overall level of exposure to PNAs. The absence of any appreciable
contribution is an indication of the effectiveness of the present steam

venturi system to control emissions from the port holes.
Plant C-—-

There was a significant difference (P < 0.001) between mean PNA
concentrations for operators (GM = 4.6 pg/ma) and for combined area

samples (GM = 2.0 u51m3), 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 other process areas

(P < 0.05), with operator levels ranging from 55% to 670% higher. No
comparisons were made between the maintenance group and other groups because

the single sample precluded any statistical analysis.

This plant had the only area samples which contained five ring PNAs. These
samples were taken in an area containing coal fines. If coal fines were to
accumulate in the sampling device, then the PNA analysis procedure could

extract high molecular weight PNAs from these coal fines.
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FPigure 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
significant differences (P < 0.05) among the four unit operations and
perimeter samples (Table 5-2). The gasifier had the highest recorded mean PNA
concentration (GM = 5.4 ug/m3) with the control room 40% lower at 2.9

yg/m>. |

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). Varia—
bility of the sampling and analytical procedures probably account for this
result. Indications are that the open structure of the gasification plant

prevents accumulations of gasecus and vapor emissions.
The foregoing discussion showed the variability in personal exposures within

individual plants based on differences in job activities and process areas.

Higher exposures to PNAs were consistently found for employees, primarily
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maintenance workers, engaged in activities which required them to work on,
disassemble, or enter process equipment. As an example: Plant A had the
lowest levels of PNAs in the process area of the three plants with an average
area concentration of 0.2 ug/m3 (GM). 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, #0813, #013,
#037, and #0085, 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
significantly higher than the average of all other area or personal samples

¢ollected 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 < 0.001) exist in the mean PNA concentrations of
combined area samples collected at the three facilities. The fixed-bed
gasification unit (Plant B) had the highest level (GM = 26,8 u51m3) (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/m3)

and 130 times the concentration measured at Plant A {(GM = 0,2 ug/m3), an

entrained-bed gasifier. The level at Plant C was 10 times that of Plant A.
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Figure 5-4. Geometric Mean PNA Concentrations with 95Z 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 and the dynamics of fixed bed gasification
processes in which tars distilled from coal near the top of the reaction bed
are promptly carried out of the reactor in the fuel gas. Plants A and C have
their gasification facilities in open structures which reduces the potential

for accumulation of process emissions.

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

requiring the presence of special tar cleanup and handling systems.
High operating temperature, which precludes tar formation, and operating the
system under negative pressure are both contributing factors to the low PNA

- values recorded at Plant A.

Comparisons of PNA levels measured for personal samples showed generally the

same pattern as the area samples. Figures 5-5 and 5-6 show the mean (GM) of
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samples collected on operators and maintenance personnel at the three plants

except for Plant C where only one maintenance person was sampled.

QOperators--

The mean value of PNA exposures of the operators at the three facilities
differed significantly (P < 0.001) from one another. Plant B operators had
the highest recorded mean value (GM = 19.3 uslm3). This exposure level

was four times that recorded at Plant C (GM = 4.6 uglma) and more than
seven times that at Plant A (GM = 2.6 ug/ma). The GM of Plant C operators
was 75% higher than that calculated for operators at Plant A.

Plant A (3)*
- GMw 2.8
Plant B (&)
G = 19,3
Plant C (12)
"Haabears in paranthases
N ipdicars the oumber of
GM = 4.6 samplas collected.
L L 1 L L | ] 1 L 1 L 1 1
H T 1 ’ ] ] ) ] 18 T | I 14
g.1 9.2 0.5 1 2 L] 1a 20 50 190 200 soo 1,000 2,000

Concentration of Total PNAs (ug/m?)

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 environ-

ments of these facilities. The two major differences in the work environments
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are 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.

Plant A (3)*
M= 3.2
Plant B (8)
"tunbars in parentheses i
indicate the number G = 5.1
of samples collected.
1 1 |} 1 } 1 1 I 1t 2 L [ 1
¥ ¥ ¥ ¥ 1) 1 ] LN 1 T 1 ] [N ¥
0.1 0.2 0.5 1 2 s lo 20 50 1q0 200 soo 1,000 2,000

Concentration of Total PMAs (ug/m3)

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 operators
and maintenance personnel as for area samples. Results indicate that workers
in Plant B had higher exposures to PNAs relative to their counterparts 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 product gas areas and perimeter area samples.
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Table 5-3. Combined Unit Operation Total PNA Concentration
for Three Coal Gasification Plants

Process Area - o’ csp® - ncgd UCL:
Sampled (ug/m3) (ug/m?) (ug/m3)
e ———
Gasifier 1s 4.3 §.9 - 1.4 13.1
Gas Cleanup 14 4.5 2.7 1.2 16.4
Clean Product Gas 11 0.9 7.6 ‘ 0.2 3.5
System .
Contral Rocom 8 . 2.5 7.1 9.5 13.4
Perimetasr 7 0.9 3.7 0.3 2.8

b

“Number of samples collacted, Geanmetric mean of concentrations.

®Gecmetric standard deviation.
dzawcr 95% confidence limit of geometric mean.
‘Upper 95% confidence limit of gecmetric mean.

The gasifier (GM = 4.3 ug/m;) and gas cleanup system (GM = 4.5 ug/ma)

had the highest values and appear to represent the major sources of PNAs
within the three facilities. Control rooms (GM = 2.5 uglma) were signifi-
cankly lower (P < 0.0l1) than the gasifier value. The clean product gas
systems (GM = 0.9 ug/ma) and perimeter samples (GM = 0.9 ug/ms) had

the lowest PNA concentrations.

In order to provide a point of reference in the evaluation of employee
exposures to airborne particulates and vapor phase PNAs in the three coal
pasification plants, the results of the personal sampling conducted in this
study are compared in Figure 5-7 with the similar sampling programs conducted
in Five coal liquefaction plants (Cubit and Tanita, 1982) and the delayed
coker units and fFluid catalytic cracker units (FCCUs) in nine petroleum
refineriés (Futagaki, 1981). The graphs represent the combined personal
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 ligquefaction
plant workers. Plant B, the only significant tar producer, had mean exposure
levels approximately equal to the levels measured in the delayed coker units

and the FCCUs.

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.
Only Plant B was a commercial facility designed to operate continuously with
minimal modification and maintenance. Test plants by their nature are subject
to short operational runs and frequent maintenance and process modifications.
This is in contrast to the more or less continual operational status of
refineries where maintenance 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 gasifiers not

producing little tar would minimize this.

Contamination of process equipment, tools, and clothing with PNAs was detected
through the collection and qualitative analysis of A4l wipe samples. Of these
samples, 36 or 88% contained at least one PNA. With few exceptions these PNAs
were found on all proéess tools and equipment. In addition, 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
contamination of these items. Proper rubber glove selection and use will
delay the penetration of PMAs from minutes to hours. Cotton gloves and
coveralls are much less effective barriers, especially when the contaminated

parment or glove material is rubbed against the skin.

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 84% of the positive samples. More importantly,
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phenanthrene/anthracene was present in all but two samples in which PNAs with
greater than two rings were found. 1In these two exceptions, the equivocal

carcinogen pyrene (4-rings) and pyrene plus naphthalene were present alone.

AROMATIC AMINES AND SIMPLE AROMATIC COMPOUNDS

Aromatic amine sampling was compromised by the use of silica gel sorbents
under conditions of high humidity. Area samples were collected for analysis
of up to eight aromatic amines (Table 4-4). 1In most cases no detectable
levels (0.01 mg/H3) of these compounds were found. Maximum concentration of
aromatic amines measured in the area samples did not exceed 0.1 ug/m; in

any of the gasification plants (Table 4-4). The sampling method, however,
used silica gel during high humidity conditions (> 75%); thus, these results

may be in error.

The highest measured concentration of benzene in a personal sample was 0.1 ppm
{(Table 4-5), collected on a maintenance worker at Plant C. The highest
concentration of benzene in an area sample (Table 4-6) was 8.2 ppm taken at
the gas Filter, also at Plant C. All measurements 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 €. 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 into the normally closed
process system is required could create conditions where workers may be
exposed to the gases. Plant B has experienced 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 same
pattern of intermittent emission of CO with the highest concentrations
measured near the de-oilers and detarring units. Average overall plant levels
did not exceed 5 ppm with the highest concentration, measured at Plant B,

being 50 ppm. No significant levels of st were found at Plant B.
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Plant ¢ has had on past occassions significant incidents of HZS 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 CO hazard
in this one particular area. The same area was also the source of the highest
measured concentration of st (120 ppm and 160 ppm) on two separate

occasions. Procedures for entry have been instituted to reduce the

probability of exposure in this area.
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 toxic 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 m{;imize exposure to toxic chemicals in the
coal gasification environment are nonexistenp in one plant and rudimentary in

gy
the other two; however, one prnb\;s rapidly improving its program.

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

been identified:

. Ffailure 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 decontamination before meals

. lack of a program for routinely determining the effectiveness of the
personal hygiene program by checking for residual contamination of
personnel after showers and of clothing after laundering, drycleaning,
etc.

lack of effective dirty/clean separation in shower and locker room
facilities.
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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.

Medical surveillance observed in coal gasification plants is patterned after
routine screening programs in other industries. Most programs include a pre-
employment physical, annual checkups, and a termination physical. 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 in part more specific heart and lung
tests (EKG, and FVC and FEV1

standardized battery of serum chemistry tests which can detect a broad

pulmonary function tests}), as well as a

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 to
multiple organs 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 ghould be included. Two plants provide

special skin examinations for the detection of skin pathology.

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

plants.
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Industrial hygiene monitoring programs have been developed to protect against

hazardous gases such as H_ S, CO, and ammonia. The programs also monitor

2
benzene solubles for compliance with coal tar pitch volatile guidelines.

Little monitoring of specific polynuclear aromatic hydrocarbon compounds and
none for polyaromatic amines suspected of causing cancer hag 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 liguefaction 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 its methyl derivatives. Air sampling data showed almost no

4— and S5-ring PNAs present as particulate or vapor, hence inhalation exposure
to PNAs presently known to be carcinogens does not appear to present a
significant hazard in the plants, under the conditions monitored. Potential

For dermal exposure to 4- and 5- ring PNAs was demonstrated.

Concentrations of PNAs found in area and personal samples varied with plant
design and cperating conditions . Fluidized- and entrained-bed
high-temperature gasifiers had significantly lower PNA emissions than the
Eixed bed process. The negative-pressure systems in Plant A may have been a
factor in the reduced PNA emissions. Enclosure of the entire process area for

Plant B may have concentrated or inhibited diffusion of plant emissions.

PNA personal exposure levels varied with eﬁployee activities. Maintenance
activikties involving breaking into process equipmeht or handling
tar-contaminated equipment resulted in higher exposures to airborne PNA con-
centrations. Routine plant operator activities did not result in PNA
exposures comparable to maintenance operations. Mean operator levels of

exposure were generally lower than the mean of area samples.

Dermal contact with process liquids is a significant source of potential PNA
exposure in all three gasification 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 personal hygiene programs are
necessary to reduce the dermal exposure risk. Since there is no standard
method For assessing this risk, the effectiveness of programs is difficult to
estimate. Visual inspection of equipment or clothing surfaces is not a

reliable indicator of PNA contamination.

Employee exposure to simple non-substituted aromatic hydrocarbons resulting
from plant emissions of benzene, toluene, and xylene does not appear to
constitute a significant health hazard in the three coal gasification plants
studied. Samples collected for these groups of chemicals rarely showed
measureable concentrations. Sampling of phenclics and aromatic amines was
compromised by the use of silica gel sampling media under environmental
conditions of high humidity. No phenolic compounds (detection limit 0.2
mg/m;) were found, and only occasionally were any aromatic amines found at
the three plants surveyed. These findings, however, are questionable, since
the sampling medium is highly inefficient in high humidity environments, and
humidity was high during all of the surveys. In fixed-bed gasification
systems concentrations of these compounds in certain process streams may be as
high as parts per thousand. Thus, one should use caution in suggesting that

the data to date shows no exposure to these two classes of compounds.

Acute exposure to high levels of CO and HZS is an observed‘hazard in coal
gasification plants. Emission of these gases and their subsequent concentra-
tion 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
progfam on those recommended in the NIOSH Criteria for Recommended
Standard...Occupational Exposures in Coal Gasification Plant and its corporate

medical officers' recommendations.



This report did not address exposures to other substituted PNAs (oxygenated,

nitro,etc.), organo-cynates/nitriles and other chemical classes inherent to

some gasification process streams. These chemicals are of toxicological

concern, but were not included in this study.






7. RECOMMENDATIONS

Through the experience gained in these studies, several needs for improved
data or for improved capabilities for the development of data have manifested

themselves to contractor or NIOSH personnel. A partial listing follows:

o Better data is needed on airborne phenolic and aromatic amine levels in

coal gasification plants. -

o More detailed guidance should be provided for medical surveillance and

industrial hygiene chacterization efforts by plant mangement.

o Additional toxicology studies should be conducted to assess the occupa-
tional health hazard of long-term inhalation exposure to low levels of

2-, 3-, and 4-ring PNAs.

0 Standardized sampling methods should be developed for assessing the
workplace dermal and airborne exposure factor to PNAs; this should be

related to health effects information when possible.

.o Methods should be developed for cleaning or decontaminating equipment

and protective clothing of coal tar residues.

o Additional studies should be conducted on the permeability and pro-
tection factor for PNAs afforded by various materials used in protec-

tive clothing, particularly gloves.

o A PNA indexing system for selection of "proxy" PNAs for assessment of
total PNA exposures needs to be developed. This method should be able
to utilize analytical instrumentation other than mass spectrometry

because of its high cost and inherent variability.
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The feasibility of organic vapor sampling badges for light weight (2-,
3-ring) PNAs should be investigated.

Standarized medical protocols that will best identify early disease
etiology and be of velue to epidemiology studies need to be developed.

Clean and dirty change rooms and eating areas need to be provided at all

coal gasification facilities.

Sampling and analyticel methods need to be developed for several classes
of compounds: substituted PNAs, aromatic/aliphatic amines, and other
classes of chemicals of unique toxioclogical importance to coal

gasfication facilities.

Studies concerning the synergism effects of the multiple-chemical

classes of exposuées need to be implemented.
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APPENDIX A
PROCESS DESCRIPTIONS OF COAL GASIFICATION PLANTS
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PROCESS DEVELOFMENT UNIT (PDU)
PLANT A

PDU GASIFICATION PROCESS
The Process Development Unit (PDU) Plant A is an entrained-bed gasgifier

which produces a low-Btu product gas. The process is shown schematically in

Figure A-1, and Table A-l1 identifies the major process areas of the PDU.
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Figure A-1. Plant A Process Schematic (adapted from "Coal Gagification,®
Quarterly Report, January-March 1979, DOE/ET-0067, U.S. Depart-

ment of Energy, Division of Coal Conversion)



Table A-1, Numerical Identification System for Unit Operations:

Plant A
Iden;iig:gtion Process Area
100 Coal unlecading and storage
200 Cocal preparation == includes pulverizar and bag
filters T
300 Gasifier — includes induced heat removal
400 Ash handling -= includes dewatering bin
500 Gas cleanup — includes spray dryer, cyclone,
‘ sczubber, sludge thickaner
600 Char rscycle — includes char racsiving bin
760 : Sulfur removal and disposal = includes Stratford
A unitcs
800 Product gas incinerator ,
900 Plant utilities and general servicas

Coal is stored offsite in a 10,006-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 unload-
ing hopper to a sublevel belt conveyor for transport to a bucket elevator,
and subsequently to the elevated 400-ton sforage silo located on the upper
levels of the PDU structure. Water sprayers around the hopper are used to
confrol dust in the unloading area, and 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
direct-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
pulverized coal storage bin; a cyclone separator; 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; four pulverized coal feeders; two primary air fans; and the primary
air and transport piping to the combustor wind boxes and reductor fuel

nozzles.

Cocal 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 is separated from the transport gas stream and gravity-fed to
the 20-ton storage bin. The transport gas stream exiting the cyclone is
partitioned, with one portion being recycled to the pulverizer and the other
portion vented through baghouse filters to the atmosphere. Transpdrt 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
gseparate feed systems: one feed system conveys one-third of the coal to the
combustor where the coal is burned in the presence of either prehested air
or oxygen; the other feed system transports the remaining two-thirds of the
coal to the reductor. The system is arranged so that various combinations

of burners and fuel nozzles in the gasifier cam 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
gasifier 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 ocutlet. Approximately one-third of
the coal is fired in the gasifier combustor and the remainiag two-thirds in
the lower portion of the reductor called the diffuser. Construction of the
gasifier walls is substantially the same as for commercial-size designs

except that the inside of the gasifier is refractory lined.



A gastight, fusion-welded wall of 1-1/2-inch-thick steel, cased on the
outside for thermal efficiency 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 outlet).

The hot gases generated in the combustor provide the heat required for the
endothermic reaction occurring in the reductor where coal is distilled and
incompletely oxidized in the presence of steam to form the product gas. A
product gas of higher Btu rating may be produced using oxygen instead of

preheated air iam the combustor.

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

secondary coolers to 150°C (302°F) before it enters the gas cleanup process.

The high combustor temperature produces a slagged ash which passes through a
taphole located at the bottom of the combustor to collect and cool in a

quench tank,

Process Unit 400 is the slagged ash handling system; it consists of comven-
tional equipment of the same type supplied to commercial coal-fired utility
power plants. The equipment consists of a refractory-lined slag tank
located beneath the combustor taphole, a crusher, a slurry pump, an ash
dewétering 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 is dumped when necessary into a
dewatering bin. The dewatered slag is periodically disposed of by
landfilling.

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

necessary interconnecting piping and duct work.



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 burning.

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
thickener and recycled to the venturi scrubher;: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.

Process Unit 600 is the char storage and Eeederisystem. 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 ig continuocusly 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

considered reactive.

Process Unit 700 is the sulfur removal and dispos#l portion of the PDU.
Included in this process unit are a combination st abgorber/reaction tank
through which product gas flows countercurrent to the 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
filter to wash and dewater the sulfur; and finally a sulfur storage hopper.
Only the Stretford absorber vessel is part of the product gas duct work

system, since the other equipment is "stand-alone, closed loop."



The clean product gas is burned in the PDU incinerator/boiler. The flue gas

is 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 o0il as an
auxiliary 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 air.
DESCRIPTION OF FACILITY

The gasification PDU is housed in an open, multl-story structure. The
individual unit operations and associated equipment are identified in

Figure A-2. .

The unit operations are in close proximity to one another, making it
difficult to‘E;IIheégg the boundaries of individual unit operations. Ihe
proximity of the unit‘;;erations probably caused some degree of cross-—
contamination during‘sampling, which creates uncertainties in evaluating and
characterizing the contribution of each unit operation to the contaminant
levels of the workplace environment. Under these circumstances, sampling
was geared to specific eqdipment 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.
Outside equipment and work surfaces in the PDU were coated with coal dust.
This problem was most prominent on the ground level, east of the incinerator,
where up to 4 Inches of coal dust was on the ground. This dust leaked from

the coal preparation area.



A combination of 18-gauge 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

operating personnel to a practical extent from adverse winter weather.

On each of the three faces, siding is installed 6n1y up to that elevation
where rain and cold winds have inhibited work or presented problems with
freezing. Above this level, isolated 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 two sets of gasifiers
for production of low-Btu gas which is used in a manufacturing process. The
gasifiers and product gas cleanup systems are shown schematically in Figure
A-3. At the time of the survey, only one gasifier and cleanup system was in
operation. This single unit produced the necesgssary 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, therefore, is considered to be the princi-
pal problem for this srea. From the feeder, sized ccal is transported by
bucket elevator to an enclosed vibrating screen on the 521 level and then 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 exiting 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) at the bottom fire-bed depth. Two product gas fractions are taken
of f of the gasifier: a bottom gas with an exit temperature of 427-538°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 cooler. The collected
taréfhave a viscosity equivalent to that of No. 6 bunker fuel and contain
high molecular weight polynuclear aromaetics (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
product gas in the wash column; however, this step also results in the

removal of water-soluble contaminants such as hydrogen sulfide and ammonia.
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Suspended particulates are separated from the wash water in a wash settling
tank which is enclosed. Removal of nonsettleable solids 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 precipitator (deoiler) 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 phenols and is burned in a
thermal oxidizer. The gas is 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 iransport
and introduction of anthracite into the gasifier, however, 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/deoiler cleanup system into a con-
densér/cyclone system for removal of liquids and particulates; the gas is
then flared. The detarrer/deoiler system is not used hecause prolonged runs

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

The two-stage gasifiers are housed in an enclosed, three-tiered structure.
The elevation schematic is shown in Figure A-4. The gasifiers are located
in the highest tier; the tar, dust, and o0il recovery units in the middle
tier; and the Stretford unit in the lowest tier. The wash settling tank,
cooling tower, thermal oxidizer, and the main tar and o0il storage tanks are

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

(not to scale)

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

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

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

levels, their elevation, and descriptions.
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which shows the relative locations of major process equipment.




Table A-2. De;cription of Major Plant Levels at Plant B

Lavel Elevatiocn Description

Basemant 410 vibrating faeder, belt conveyaor

Ground 428 Amh conveyor systam, gas comprassors,
vibraring screen (in yard)

First 439 Ash pan for gasifier

Second 448 Control reem f£loor

Third 485 Gasifiar poks holes

Poureh 473 Top of gasifier, coal bunker, coal
faadar, ractifier room, baghouse

Pifsh 521 Scraw conveyor, coal chuts, vibrating
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Plant B Plant Layout (not to scale)
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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 tc reduce fugitive emissions into the
work environment.
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GOAL GASIFICATION PILOT PLANT C

PROCESS DESCRIPTION

The Plant C coal gasification process is a fluidized-bed, ash agglomerating
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 is crushed to 1/4" and dried
to 10% meoisture levels. Oversized pieces are recycled, and all fines are
used. The prepared coal is stored in three bins having a combined capacity
of 60 tons. Industrial-grade carbon dicxide is used to inert the air.in

these areas.

Coal is moved by a starwheel feed to a screw conveyor 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 introduced.
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The operating parameters for the Fluid Bed gasifier are as follows:

. Coasl Feed Rate: 15-30 tons/day
Oxygen Feed Rate: 1,400 pounds/hour

. Gasifier Temperature: 870°C (1,600°F) for Western coal 1,050°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 fluidization in
the gasifier is maintained by radially introduced recycle gas. Temperatures
in the fluidized bed effectively eliminate tar production, and detarring

equipment is not included in the system. Approximately 20 percent of the
coal feed is carried over as fines. About two-thirds of the fines are

collected and recycled to the gasifier bed. The remaining one-third is
removed at the quench serubber, gas coolers, 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—ll?B); depressurized, and dumped into bins. Fork-
lifts 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 700-350°C (1,300-1,750°F). Cyclones are used
to recover fines and feed them to lockhoppers (C-108 and C-102) for recycle
to the gasifier. During the first portion of the survey, only the primary
cyclone {C-119) was operationsl and about two-thirds of the entrained fines
were recovered. During the second portion 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
gsystem. The product stream enters the quench scrubber (c;lll) 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. Water is routed to the make-up pit and recirculated.

Accumulation of hydrogen sulfide, ammonia, and other gases is controlled by

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

Recycled product gas is used as a transport media for coai 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 filtratiocm (K-103). These strainers and the Cuno filters
require regular maintenance, and are potential sources of exposure to

process 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 necesgsary.
FACILITY DESCRIPTION

The Fluid Bed PDU, located at the base of a hill, is surrounded on three
sides by an earth bank whose highest point is 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 is 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 structure, with nine levels,
comprises the southern end of the structure. This section houses the two
coal and fines lockhopper systems, char cooler conveyor, and the devolatili-
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, quaench scrubber, and gas coolers. 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 pulverized coal
is stored in three binsﬂ&t;&ggzi to the south side of the PDU. These bins
also serve as a windbreaker for~the PDU, and feed ccal to the lockhoppers in

the southern section of the structure.

Figure A-7 gives the plant layogt 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.

Grade level is gravel floored 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 tandency for the separater pit to
overflow during heavy rains. Heavy deposits of coal dust were observed at
this level below the coal storage bins and in the area of the recycle gas
compressor which is adjacent to the storage bins. The dust is manually

removed on a periodic basis scheduled to coincide with plant downtime.
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Appendix B

RESULTS CF SAMPLING PROGRAMS
AT THREE COAL GASIFICATION PLANTS
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Table B-l. Plant A Area Sampling Analytical Results p,:,/ma) for
PNAs (January 26-27, 1979)

Sample Sita: ; ‘fu};:;:: Thickener Gagifier Dlr‘i“‘:?a; 31ank?®
Cempound Sampls MNumber: 001 gl3s 026 027 216 236
Samole Volume (i): 3,450 1 3,538 | 4,508 ] 4,462
Sampling Time: 13301545 1321-1945 | 0941-18415 | 0945-205G0

Naphthalene s.on® 0.02 == - 0.03 .01 0.03
1-Methylnaphthalene {9.01) -— - - - - -
2=-Mechylnaphthalene (@.Cl1) g.as - — 0.04 Q.01 3.02
Cuinoline (c.ol} - -— -_— - - ol
Acenaphthalane {0.,0L) - ot - - -_— -
Acenaphthene (0.0L) - — — - -— -
Fluorene (0.0L) 0.1 - - -_— c.02 0.03
Phenanthrene/Anthracens (¢.0L) Q.08 — - - 0.02 -
Acridine (@¢.01) - - - -— -— -—_
Cazbazole {Q.al} -_— - -— — -— —
Flucranthene {¢.0L) -— — - -— - —_—
Pyrane {g.01) -_— - -— - g.02 0.02

Benzo(a) fiuorene/

Benzo (b) flusrene (0.01) - - —_ -— — —

Benz (a) anthracens/
Chrysene/Triphanylene

{Q.01) - - - - - -

zenzo (3} fluocranthene/
Benzo (b) fluoranthenae/ (0.00) -— - _— — - —
3enzo (k) flucranthene

Senzo(e)pyrene/
Senzo (a)pyrene

(.01} - —— —-— -— — -—

Perylsne {0.0L) — -— - — - —
Dibenz (a,j) aczidine (0.01) — - -— -— _— ——
Dibenz (a,i)carbazole (0.01) -_— — -— — — .
Indeno(l,2,3-cd)pyTene (9.01) - -_— - R —_— -—
Dikenz {a,h)anthracene (0.Q1) -— — -— — -— _
Benzo(g,h,i)perylene (0.01) -— —_— — — - -—
Caronene {0.02) — -— - - —— -
Dibenz (a,i)pyrene (9.02) - -— -— -— - -—
Dimethylbenx: (a)anthracens (0.02) —_ _— — — _— —
j-mathyleholanthrene (0.02) - - —a — -_— —
6,13-Dimmachyldibenz(a,h) - - - - . _ _
anthracenes {0.02}
TOTAL 0.2 - -— .07 0.08 0.1
cBlank values in ug/sample, DCcmpressad a1r pumps turned Off for 30 minutes for sample 028 and for 3 hours

for sample 027 because of 40P in air pressure.

e . . d
Detection limits in pg/m’. "e-* indicates compound not detacted.
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Table B-2. Plant A Area Sa»~Ling Analytical Results (ug/w3) for PHAB (April 16-21, 1981)

Location Sampled.

L]

Gasiflur Conbustor

Gaslflar
Reductur

Gas Duck
(Top of
Gasifler)

Induced -
Draft Fan

Control Hoom

Upw baud
Perimeters

Blguko
{isy/ sumplu )

Sample Numbor

020

016

056

054 oaa

a53

055

0a7

sample Volumu (R):

1,093

1,056

152

1,947

1,929 701

1,915

1,918

M6

a1%

WG

10%

02) 050

494

Sampliing Timos

nall-
2400

1625~
0709

na44-
L1426

0l40-
2315

0712~ 0900~
2113 1419

07121~
225%

01~
2251

0027~
1406

1426-
03116

0032~
1646

Date Collectad:
Compoi

: a
{datection ll-iti lﬂ‘-,l

Haphthalend (0.1)
I-#ethylnaphthalene {0.})
2-methylnaphthalena {0.1)
Quinciine (0.1)
Acenaphthalene (0.1}
Acapaphthens (0.1}
Fluorene (0.1)
Phananthrune/Anthracans {0.1)
Acpidine (0.1)

Carbazole {0.1)
Piuurauthann {0.1)

Pyrene {0.1)

panzofa) fluorena/
Benzo{b) fluorena (G.1)

Banz {a) autliracene/Chrysens/
Tr iphanylene (0.1}

penzo(}) fluoranthens/
venzoib) fluoranthene/
penzo(k) fluoranthene {0.1)

fenzo(e)pyrena/
Bonzola)pyrene {0.1)

Perylene {0.1]
tibenz {a, Jdacridine {0.1)
nibenz {a, dlcarbazole (D.})
Lwleno {1, 2, 3-cd}pyrona (0.1)
pBibenz (a h)anthracene (0.1)
tenzolyg,h,i)perylona {0.1})
Coroncne (0.6}
Ulbeanz {a, L) pycena {0.6)
imethylbunz (a)anthracena (0.1)
J-Hethiylchalantlhirene {0.1)

6,1 )-bimethylbenz {a,li) -
anthracene (0.1}

1/16/8)

4/16/8

1] 472178}

4/20/8)

"4/20/0) | 3721/14)

1720781

4/30/8)

4/21/8)

0.2
0.1
0.6

4484011

3716 | 4/

TOTAL

nAs:.uminq a sawple voluma of greator than 1,500

livers,

b _a indicarus notr detectod.



Table B~3. Plant A Personal Sampling Analytical Results (ug/ma) for PNAs' (April 15-21, 1981)

Chemical [instrt] Blonks
Technician | pech. Ha/ sawple)
Sample Number:| 000 009 010 034 047 0813 084 094 011 019 011 037 071 085 101 i02 (32 091 [$24¢] 024 051
Sample Volumag {(Ly:] o3 592 672 500 147 728 121 501 631 673 649 § 546 644 650 721 [1:]3 532 52t 525
sampling Time: 1455-|0700-10702-11500-}1534-11512-}1510-]0740-10715-J0749-[1600-[1204-]0004-]|1555~oals-]oa15-]11507-{0754-] 0022~
2303 ] 1435 1430 2110 | 1643 | 2252 [ 2253 1435 | 1545 | 1550 | 2340 1904 | 1545 | 2245 | 1550 J 1525 | 2220 ] 1415 1417

vate Colivotad (1981):]) 4715} 4716 | 4716 | a/16 | 4717 | 4720 | 4/20 | 4/21 | 4/16 ) 4716 | 4/16 | 4716 | 4720 | 4720 | 3721 )| 4721 1 4716 ) 4721 } 4720 § a/i6 | a/17 |

Personnel Sampled: Equipment Operator Haintepance

= = —Compond —
__fueteotion limie, yo/ml)l | b

tHaphithalene (0.4} 1.0 1.2 1.0 4.1 i.3 4.9 -- 0.4 4.6 | 0.9 ] 2.6 7.0 1.0 .o 1.1 -- 1.0 - 1.4 - --
I-Hethylnaphithalene {0.4) -- 0.6 | 0.6 1.1 0.9 | 3.6 -= -- 1.7 g.6 1 1.51 2.% -— 1.5 | 0.6 —— . - - _- o
Z-Methylnaphthalene (0.4) 0.4 1.3 1.3 3.e | 0.9 ‘6.0 0.8 - 3.9 1.1 3.6 | 6.4 ] 0.8 4.1 1.0 - 0.7 -- 0.5 - --
Quinoline (U.4) - - - ~- - 7.1 - - - - - - - 1.3 - - - - - .- -
Acenaphlhalene (0.4) -- - -- - - 8.5 -~ - - -~ - —-= -- -- -- - - - - -- -
Acesiaphithene (0.4) -- — -~ -- - 0.6 — —- - - - - - - - . - - - - -
Fluorene (0.4} - - - - - 0.4 - —_ - - —— -— - - — —_— - - - - __
Phenanthrene/Anthracene (0.4} — - - — —— 1.3 - - - - - 0.6 - — - - . _- . - _-
Acesdine (0.4} - - - —- —— - - - -- - - - - - - -— - -- . - —
Carbazole (G.4}) - - - - - 0.6 - - - - - - — -— .- aw - - - - -
Fluoranthene (0.4) —— - - - - -— - - —— —_ - - - - -- - - - - - -
Fyruae (U, 4) - - -- - -- -— -- - - —- - -—- “- - - -~ - ~- -- - --

Benzofa) fluorene/ - . _
o Hunzo{b) Eluorene {0.4) .

punz (aanthracene/Chrysene/
Teiphenylene (0.4)

sruzo()) [luoranthene/
Buenzo (L) Eluoranthene/ - - -~ - —— - —— —_— - - - - - -— - - - - - - .
Benzo (k) Flucranthene (0.4)

benzale) pyrene/
Henzola)pyrene (6.4)

Pucylene [0.4) -- -- -- -- -- - - - - -- - -= - -- -- -= -- - -- -- -
Bibenz {a, j)acridine (0.4} -- - - - -~ - - - - - - - —— - _— . - - - _— -
bibunz(a,i)carbazole (0.4} -— - - -- - - - -— - _— . —- - - o - - - - - -
Jutenotl, 2, 3-cd) pyrene (0. 4) - - - - - - — - . . . - - - - - _— __ - -
Dibeaz (a,h)anthcacene (0.4} - - . - - —- — - —- —— . . - — - - - . v . -
Boenzo{g, b, i)perylena {0.4) -- -- - -~ - - —- -- - —— - .- . - - - - —- - -- -
Cotonene (1.6) - - - - _— - - —_— - _— - - —— —_— —_— - - - - - -
Bibenzia, Lipyrene (1.6) o _— - - - - . - - - - - . - - . - .- - - -
Diwethylbenz (a)anLhracens (0.4) - - - - - - - —_— - - “— _— - —— - _— - - - - -
Y-Methylcholanthrene (0.4) - - - - - - . - —— - —— - - . - - - . - — __

6,13-piwcthyldibenz (3,h) ~
anthyacens (0.4}

TOTA, 1.4 3] 2987 30}24.6] 0.0 0.¢4]10.2] 2.6] 7.7]16.5} 1.8})10.5] 2.6 -- 2.7} -- i.9 -- -

b

“Assumim; a sample volume of approximately 600 llters. --* indicates nor detected.



Table B-4.

]

Plant A wipe oampling

Analytical Resulrs for PNAs (April 15-21, 1981)

Mainte-

Hail to

Lockers

Sample Location: _Sludgu ) nanco Cyclone Gasifler lnd“cu?A (shiower Lanchroom Contrul Gloves of | llands of
Compound Thickener Tools scrubber Draft fan area) Room Wuelder wWelder
Sample Numbet: 039 044 045 046 010 041 042 .01) 106 107
Naphthalueng * . L] [] [} * . . .
1-Methylnaphihalene - - - ° - - - - -
2-Methylnaphthalane - -~ - - ™ - - - - -
Quinol ine - - - - - - - - - -
Acunaplithalene - Y - - - - - - _ _
Acenaphthene - L] - - - - - - - -
Fluorene - L * - - - - - -
Phenantbreas/Anthracane [} [ L) ) ® [ [ ] N . .
Acridiue - - - - - - - - _ -
Carbazole - - - - - - - - - -
Fluoranthene Y - - - - - -
Pyrene L ] ® = - - - -

vunzala) fluacene/
Benzo (L) fluorene

Benz{ayanthracena/
Chrysene/Tr iphenylene

Benzo(j) Eluoranthene/
pBenza (b} fluocanthene/
enzo (k) Eluoranthene

Benzo(c)pyrene/
Henzo{a)pyrene

Perylene

Dibenz (a,j)acridine
bibenz (a, b)carbazole
tndeno(l,2,3-cdlpyrena
bibenz (a,h)anthracene
Benzo(g b, i) perylens
Cuaronene
Lilenz {a, 1) pyrene
Dimethylbenz {(a}anthracene
J-Methyleholanthirena

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

KEY: o indicates compound detected;

= kondicates compound not detected.




Table B-5.

Plant A Area Sampling analycical Results (mg/n?)
for Aromatic amines (January 26-27, 1979)4

ATOmMATLC AmMlnes<

Sample : ; iy B
) Sample 5 Sampling Date (derection limit, ocom)
Location Sampled | o pior Vo&;me Time Collected A ) C )
(9.13) f0.05} 9.08) 1 (Q0.0%)

Cyclone/Scrubber 003 a7 1229-2030 | 1/26/79 --° -- - -
Gasifier 006 49 1231-2037 l/26/79% - -— - -
Induced-prafs Fan 033 52 1032~-13908 1/27/79 - -— - -—
Blanks 041 1/27/79 - —-— - -
(mg/sample)

042 1/27/79 - - -— -

%Aromatic amines:
D = p-Anisidine.
-]

A = Aniline;

Assuming a sample volume of 50 liters.

d sampling system compromised by humidiry

Ca "

B = N,N-Dimethylaniline;

-

indica

C = o-=Anisidine;

tes not detected.

Table B-6. Plant A Area Sampling Anmalytical Results (ppm) for
Benzene, Toluene, and Xylene (January 26-27, 197%)
Compound z
Sample ; (detecticon limit, pem)
. Sample s Sampling Date =
Location Sampled ¥ Volume 3
Humber (%) Time Collected Benzene | Tolueneg | Xylene
{C.01) (0.01) (0.01)
Cyclone/Scrubber 002 47 | 1235-2027 | 1/26/79 0.02 --2 -
Gasifier 008 49 1232-2039 1/26/79 0.02 - -
Induced-Draft Fan 028 52 1021-1903 1/27/79% 0.02 -— -
Sludge Thickener 031 48 103e-1856 1/27/79 0.02 - -
Blanks 081 1/26/79 - - -
(mg/sample)
039 1/27/79 - - -
o

aAssuminq 2 sample volume of 50 liters.

o
i
-~

——"

indicates nct detected.




Table B-7. Plant A Area Sampling Analytical Results (ppm) for
Benzene, Toluene, and Xylene (April 15-21, 1981)

sasple socasion Sample 3:221: Sampling Date Compound (detection limit, prm)
Sambez (2 Tize Callected 3enzene (0.01) Tolusne (0.02) ' Xylene (0.02)
Control Roem 003 79 1500-2302 | 4/15/81 @ - -
057 plok] 0711-1519 4/20/81 -— _— -
cas 74 0827-1406 4/21/81 - — -
Cyeclone/Serubber 004 23 1446-2247 4/15/81 —_— -— -
07?7 38 1527-2313 4/20/81 0.01 - -_
Gasifier Q02 26 1514-22585 4/15/81 — -— —-—
021 106 0813-1600 4/18/81 -— -_— -
022 37 0815-1600 4/16/81 — —-— -—
c29 87 1625=-2400 4/16/81 — - -
060 3] 0743-1601 4/20/81 - - -
a7e 2 1522-2316 4/20/81 - - ' -
090 47 0844-1425 1 4/21/81 - —_ -
Gas LCuct 0086 105 1435-2216 4/15/81 — -_— -
059 01 0733-154% 4(20/81 — -~ -
Inducedsbraft 007 73 l519-2258 4/15/82 -— _— -_—
Fan
a80 86 1520~2285 4,20/81 - - -
Sludge Thickener 061 93 07241534 4/20/81 — - _—
09l 74 0845-1428 4/21/81 — — -_—
Sereviord gos -3-1 1508~-2250 4/15/81 g.cl -_— -—
058 104 0737-1552 4/20/81 _— -— _
a73 25 1525-2315 4/20/81 —_— —-— —_
092 62 0858~1421 4/21/81 - -— —
Upwind 027 o2 1427~-2230 4/16/81 —-— —-— -—
Q981 100 1535-2131 4/20/81 — - -—
104 78 0822~1646 4/21/8% - — -
Blanks 0258 -~ -— —
026 -— J— -—
cs2 - _— _—
051 —_— — -—

T"ewt indicates not denected.
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Table B-8. Plant A Personal Sampling aAnalytical Results (ppm) for
Benzene, Toluene, and Xylene (April 15-21, 1981
Personnel Sample 3:?-::: Sampling Dace Compound (dezec=zion limit, ppm) T
Sampled Numser (L) Time Collected Senzena (0.01) Toluens (C.C2) ’ Xylene (0.02})
Equipment Q01 31 1504-2237 | 4/15/81 -2 - -
Cperators
el 88 Q709-1215 4/16/8) - -— -
0l2 8% 0740~-1430 4/16/81 — -— -
028 5 1800-2110 4/16/81 0.01 6.65 -
031 53 1533=-2237 4/16/81 3.07 bt —
oas 14 | 1s3s-1642 | 4/17/81 0.01 - -
049 15 1537-1642 | 4/17/81 - - --
Q&3 28 0734~1435 4/20/81 -— 0.03 -
066 83 0740-143% 4/20/81 2.01 - -
067 73 0804-~-1435 4/20/81 Q.01 — -—
096 76 0740-1430 4/21/81 — -— -—
og8 -1 Q0740-1435 4/21/81 - - -
Maintenance Q0l4 74 0743-154% 4/16/81 Q.01 - -
workers
017 100 0745-1545 4/16/81 0.2 0.08 -—
030 87 1601-2340 4/16/81 _— -— -
038 32 2150-07¢6 4/16/81 0.1 -— —
068 kX OBOS5~1550 4/20/81 -_— 0.03 -
082 77 0355-1145 | 4/20/81 0.08 - -
jo3-1-3 93 0815-1538 4/21/81 - _— -
100 76 0BlS5=-1530 4/21/81 —_— ¢.03 -
Iastrusent 0§9 Se 0820-1434 4/20/81 ¢.Q2 0.04 -
Technicians
097 81 0735-1430 4/21/91 —-— -— -
Chemical 062 7Cc 0720~-1430 4/20/81 .02 e -
Technicians
083 72 0800-1445 4/20_/81 c.01 — -—
076 28 1514-2250 4/20/81 —-— -— -
09% 40 1120-1435% 4/21/81 -— - -
Blanks 028 -— — -
026 -— —-— -—
082 - - _—
oS3 — - —-—
Fan indicates not dateczed,




Table 3-9.

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

phenolic Compound a
Sample : {detection limit, copm!
. Sample Sampling Date =
Location Sampled B Volume : .
Numper (1) Time Collected Shenol resol
(0.1) (0.1}
Gasifier (Bottom) 007 48 1233-2039 1/26/79 -2 -
Char Receiving Sin olo 48 1221-2037 1/26/79 -— --
Blanks 017 1/26/79 -— -
(mg/sample)
040 1/27/79 - -
akssuming a sample velume of 50 liters, O

¢ sampling system compromised by humidity

Table B-10.

indicates not detaected.

Plant A Area Sampling Analytical Results (pg/m3) for

Trace Metals (January 26-27, 1979)

Location Sampled:

Cyclone/
Scrubber

Gasifier

Char
Receiving
3in

Pulver=
iZer

Induced~
Draft Fan

Slanks
(yg/samplie}

Sampmie Number:

004

Q03

00%

ell

032

0L9 Q37

Sample volume (21):

946

372

356

l.01ls

1,040

Sampling Time:

1237-32030

1232-2028

1243-2041

| 1226-2053

1027-15807

Jate Coilecgeqd:
TN

L/26/73

1/28/58

l/26/789

| L/28/789

1/27/79

1/28/79

~H

Compotnd
' limiz, ug/m3) <

(detection |

arsenic (0.13)

Bervllium (0.26)
Cadmium (0.13)

Copper (2.6)

Mercury {0.25
Magnesium (2.8)
Manganese (0.2€)
Nickel (2.8)
Strontiwm (2.6)

Tellurium (0.286)

-

-

“Assuming a sample

volume of 1,

000

liters.

B-10

bo =

indicates not detacted.

\0
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Table B-11. Plant B Area
April 2B-Ma

Sampling Analytical Results (ug/w3) for PNAs (August
"81)
L)

18-19, 1980;

beoilex/Detarrer

o1}/ Liquor

Sample Site: Top of Gasifier Poke Hole . Ash lan
. Separator
Sample Number 020 021 1-011 1-022 005 1-012 31-053 009 | 1-013 3-055 | 1-063 | 1-023
Sample Volume (1) 4,020 4,020 | 1,476.2] 1,600,2 4,416 1,467.411,588.4 4,400 1,450.6 1,584 1,053).68 1,504
i Tima: 2110~ 2118~ 0801~ oa18- 2205- 0804 1252~ 2203~ 0807 - 0219- 0705- na25-
Sampling Time: 3 4,y 0415 1950 2029 0605 1911 2454° 0610 1910 1419 1504 2026
Date Collected: | 8/19/80 | 8/19/80 | 4/28/81 | 4/29/01 | 8/16/80 | 4/26/81 | 4/30/81 | 8/16/00 ] 4/20/01 | 4/00/01 | 5/1/81 4/29/01
Compound (detection
limit, ||q/m3)
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 16.1
1-Methylnaphthalene (0.1) 1.1 1.1 5.8 5.0 3.2 3.1 5.9 0.6 4.2 3.9 9.2 6.7
2-Methylunaphthalene (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.} 4.1 .5 0.6 1.4 1.0 0.2 1.8 -—
acenaphthalene (0.1) - -- 0.3 0.1 -- -~ 0.1 - 0.2 - 0.3 0.1
Acenaphthene (0.1) .1 0.1 0.4 0.4 0.1 0.2 0.5 0.1 0.4 0.2 a.6 0.7
Fluorene (0.1} .1 - 0.7 0.5 0.1 0.4 0.2 3 0.8 0.3 a.9 0.8
Phenanthrene/Anthracene {0.1) .4 0.1 1.0 0.9 a.1 0.6 0.6 ¢g.1 1.3 0.} 0.7 1.4
Acridine (0.1} - -- - 0.2 -- -— 0.6 - 0.2 0.6 0.9 --
Carbazole (0.1} -- - - - - - -- -~ - -- -- --
Fluoranthene ({G.1) - - - - - -- - - 0.1 - - 0.1
Pycrene (0.1) - - - - -- -- -- - - -- o -
Benzo {a) Fluorene/ . . . . __ . - . . . . .
Benzo(b) [luorene {0.1)
benz ta)anthracene/Choysene/ . . . . . . . . o __ . __
Tciphenylena (0.1)
Benzo(j) fluoranthene/
Benzo (b) fluoranthens/ -= - - - -- - - - -- -- -- --
bBenzofk) Fluoranthens (0.1)
Benzao {e) pyrene/
benzo (a) pyrena (0.1) - - -— - -— - .- - - - - --
rerylane (0.1) -- - - - -- - -— - -— -~ -— -
Dibenz (a, j)accidine (0.1) -- - - - -— - - - -- - - -—
Dibenz (a, 1)carbazole (0.1) -= - - -— - -- - -- —-- - - -
hdena(l,2,31-cd) pyrene (0.1) - -~ -- ~- -- - -—- - - -- - --
Dibenz {a, W) anthracene (0.}) - —— - e - -— - -- - - - -
Benzo{g,h, l)perylenae (0.1} - -— -— - - -— . - - - _— -
Coronene (0.6} - - - - - - - - —_— - - __
bibenz (a, L) pyrene (0.6) - - -- - - - - - - -- - .
Dimothylbenz (ajanthracene (0.1) -- -- -- - -- - - - - - 0.3 —.
J-Hetbhyleholanthrena (0.1} —-- -- - - - - - _ - — _— _—
6,lJ—Dimethyldlbenz(a',h)- . . . B _ . » . .
anthracene (0.1) - - -
TOTAL 8.4 8.9 42.5 3.0 20.0 16.4 35.6 5.5 15.6 26.6 74.2 42,1
a . b, . ] o .
Assuming a sample volume of grcaler thao 1,500 liters. ==* indicates wot detccted. ’) {aontinued)
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Table B-12. Plant B Personal Sampling Analytical Results (ug/m3) for PNAs (April 27-May 1, 1981)

Persunnal Sampled:

18

Halntenance Personncl

Hlllwriqht

veilivy nelper

Maintenance

Elec-
triclan

toremar

Blanks
(wp/ sample)

Sample Mumber :

1-008

1-041

2-034

2-006

1-010

1-020

3-037 1-059

1-061 2-013

3-019

3-040

Sample Valume {1}

667.5

625.5

5948.5

709.5

646.5

561

415 616.5

511.5 618

529.5

474

Sampling Time:

0737-
1502

0749-
1446

1554~
223)

1543~
2240

0753~
1504

0805-
1105

2345- 07531~
0700 1444

0400~ 1555-
1455 22417

1207~
0554

2350-
0419

_Date Collected;

4/20/01

4/10/81

4729781

4/21/01

4/28/0)

3733081

4/30/01 | 571/01

571781 | 4720701

IEHESbnd (detgctlon
limit, pa/n)?

naphthalena (0.4)
1-Methylnaphthalene (0.4)
2-Hethylnaphthalene {0.4)
Quinoline (0.4)
Azenaphthalene (0.4)
Acenaphthene {(0.4)
Fluorcne (0.4}
Phenanthrene/Anthracene (0.4)
Acridine {0.4)

Carbazole (0.4}
Fluoranthene (0,4)

Pyreno (0.4)

Benzo(a) fluorene/
fenzo{b) fluarena (0.4}

Bene{a)anthracene/Chrysene/
Teiphenylena (0.4}

Benzo{ j) fluoranthene/
Nenzoln) £ luoranthens/
Benzo{k) fluaranthena (0.4)

penzole}pyrene/
Benzo(a)pyrene (0.4}

Perylene {0.4)
bibenz {a, )acridine (0.4}
ibenz (4, 1Jcarbazole (0.4)
Lidenc (1,2,3-cd) pyrene (0.4}
ibuenz (a,h)anthiracene (0.4)
Benzo{g,h, Liperylens (0.4)
Coronene (1.6}

Dibenz (a,i)pyrene {1.6)
Dimethylbenz (a)anthracens {G.4)
3-Hothiylcholanthirene (0.4)

6,13-bimethylbenz (a h) -
anthracene (0.1)

11.8

11.6
3.2
8.8

16.4
3.0
8.4
0.8

62.9
lo.2
20.0

‘2.0

69.9 55.0
10.8 4.0
22.1 11.6
0.5 0.6
1.9 e.6
.1 0.5
1.2 0.6

A/30/8)

146,
33
150.

w
O -

4730/01

4076

_6-on

TUTAL

25.%

10.4

30.5

110.3

5.1

0.059

ahssumlnq a sample volume of 600 liters.

b

*-~" jndicates not detected.
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Table B-13.

Plant B Wipe and Bulk Sampling Analytical Results for, PNAs (August 20, 1980;
April 28-May 1, 1981)

Wipe Samples Bulk
Equipment Tools Clothilng Control Room Samples
Sample Site:
A 1] c D E F G H I J K L M H (1] | 4 Q R s T
. Sampla Nuwber :]2-036/2-019]2-018{2-017| 046 J1-017l1-01871-073] 040 | 641 | 042 | 041 [1-027]|1-028]1-075}1-018| 045 | 044 |1-071|1-072
Compound Date Collected;f4/294|4/20%14/20404/20010/20814/284|4/28%] 5/1% {37201 |8/201 |8/20¢8 8/20814/29*14/29%]| 5/14 ja/204 |n/208 [B/2014 5/)° 5/
Naphthalene L ) . . - * L L - - - L] L . L - - L4 L]
1-Hethylnaphthalene - ] [ ] - - ® - [ ] - - - [ ] - - [ ] - - L] ®
2-Methylnaphtialene - ® [ ] - - ) - ] - - - [ ] - - ® - - [ ] ]
Quinoline - - - - - - = - - - - . - - - - - - -
Acenaphthalene - - - - - [ ] - - - - - [ ] - - - - - & ]
Acenaphthene - - [ ] - < L] L J LJ - - - L J ® - - - - [ LJ
rluorens - ] - - - ® - - - - - [ ] [ ] - ® - - ® [}
rhenanthrene/Anthracena ® ® ® [ ] [ ] ® ® ® L ® - - | [ ] ® L * - » L J
acridine - - - - - - - - - - - [ ] - - - - - [ ] e
Carbazole - - - - - - - - - - - e - - - - - PY Y
t'luoranthene ® Y ® [} - [} [ ® [ ] - - - [ ] [ ] ® [} - - ® [ 2
Pyrene L] [ ® [ ) - [ ® [ ] ] ® - - [} ® L} ] - - [ ] [ ]
penzo(a) fluorene/ _ - _ _ _ _ - _ _ - _
penzo(b) fluorene g e b . b o .
Benz (ajanthvacene/
- - - - . - -
Chrysena,/Triphenylene b * . . ¢ . ¢ . i hd . . .
Benzo(j)fluoranthene/
penzo (b} fluoranthene/ - - - - ] [} - - ] L] C] L - - - L] ] ® Y
denzolk} fluoranthena
Benzo (e} pyroene/ . - - _ - Py _ - - - - ° 'Y - - - - P's .
Benzo{a) pyrene
Pcerylene - - - - - ® - - - - - ® - - - - - - _
Dibenzia,jlacridine - - - - - ® - - - - - - - - - - * L]
Dibenz (a.l)carbazole - - - - - - - - - - ~ - - - - - - - -
lndeno(l.2.3»cd)pv:ene - - - - - * - - - - - ° - - - - - ® Py
ibenz (a,h)anchracene - - - - - - - - - - - [ ] - - - - - - L J
benza{qg,h, L)perylene - - - - - ] - ® - - - [ ] ® - - - - L] ®
Coronene - - - - - - - - - - - e - - - - - . _
Dibenz (a,i)pyrene - - - - - - - - - - - - - - - - - . -
Bimethyibenz (a)anthracene - - - - L] - ~ - a- o u a - - - - " L ® -
J-Hethylcholankhrene - - - - u - - - u " L] a - - - - L] a ® -
6,13-0i > 3
woathyldibenz (a, ) B - ~ _ " ~ - B . " " a - _ _ - ° a . R
anthiracene
!(_‘_’i' 1981 . 119430. ® = cumpourkd detected. ~ = comjround not detacted. u = samples not analyzed for these compounds.
Bquipment Tools Clothin control Room Bulk Samples
A = ofl/liquor separator, weir handle F = used on tar pump I = rubber glove, ocutside surface o =-bathruom hamiles 5 = tar frum day
N = handrail above compressor G = stored In control J = rubber glove, outside surface p = desk top tar tank
C = haondrail bLelow Stretford unlt xocm K = rubher glove, inside surface ¢ = desk top T = oil from day
b = handgall on top of gasifier It = used on gas L = rubber glove, lnside surface R = stair rail oii Lank
£ = side of gasifier compressor H = gloves of millwright at tar pump
N < trousers (unler coveralls) of tar

pamp worker



Table B-14. Plant B Area Sampling Analytical Results (mg/m3) for Aromatic Amines
(August 18-19, 1980) (sampling method compromised by humidity)

. 3 3
Location Sample 32?5;: Sampl ing pate Aromatic Amipne (detectlon limit, mg/m?)
Sampled Number " Time Collected A B (o D E F G 1]
(0.5) | (0.2) J(0.1) [ t6.2) 1 (0.3 ) (0.3) | (0.5} | (0.1} | (0.1)
Top of Gasifler ~ t b o BRI R
(475 level) 006 413 2131-0514 8/18/80 u 1 n n o " n -
Top of Gasifier 008 96 2157-0558 8/18/80 -- - -— - - - _— —
Poke llole
{455 level) 010 432 21316-0536 8/18/80 u o [+ ] ] u u u -
Poke tlole 012 97 2207-0614 | 6/18/60 —_— - _— — _— o o .
Between Detarrerx '
ff' and Deoiler 022 350 | 2118-0435 | 8/19/60 n n n u a . = n -
= (440 level) : .
[s))
Washer .
(448 level) 025 114 | 2121-0435 | B/19/80 u u a " u u u —
Blanks T 630 8/19/80 - o _— o __ L . -
(mg/sample) a3l 8/19/80 . a . o . . . B
033 8/19/80 -— - - _— — - __ .
039 8/19/80 0 n u a u n o _—

anromatlc amines: A = Aniline; B = N,N-Dimethylaniline; C = o-Toluldine; D = 2,4-Dimethylaniline;

E = o-Anisldine; F = p-Anlsidine; G = p-Nitroaniline; H = l-Naphthylamine; I = 2-Naphthylamine.
b a

"n" indicates sample not analyzed for this compound. "--® {indicates not detected.



Table B-15.

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

. . (24
‘ Sample Sample Sampling Date Compeund (detecticn limit. ppm)
Sample Location Number volume Time Collected
(L) Benzene {0.0l) | Toluene (0.02) { Xylene (0.02)
Deciler/Petarrar| 023 87 | 2119-0435{ 8/19/80 M — -
024 a7 | 2120-0435| 8/19/80 - -— -
2-002 | 103 | 1447-2248| 4/27/81 - — -—
2-009 | 100 | 1530-2248| 4/28/81 - - —
1-058 13 | os12-0e08| 4s30/81 - - -
Top of Gasifier o7 96 | 2156-0557| 8/18/80 - - -
2-001 81 | l44a-2250} 4/27/81 -— — -
2-008 94 | 1529-2247| 4/28/81 -— - -
Poke Hole 011 98 | 2205-0613| 8/18/80 - - -
2-030 65 | 1705-2240} 4/29/81 - - —
3-042 84 | 0012-0720] 4r/30/81 - - -
Cil/Liquor 2-031 90 | 1518-2241| 4/29/81 - - -
Separator
Day Tar/Oil Tark | 2-004 97 | 1455-2254| 4/27/81 -— - -
Compressor 2-003 92 | 1453-2253| 4s27/81 — — -
' 2-010 85 | 1532-2245| 4/28/81 - - -
Sump Blowdewn 2-005 105 | 1259-2254| 4/27/81 - . -
2-029 o6 | 1525-2244 | 4/29/81 - -— —
strecford Unit 2-032 | 100 | 1521-2242] 4/29/81 - - -
3-044 81 | 0018-0720| 4/30/81 - - -
Control Reom 2-033 85 | 1527-2237| 4/29/81 - - -
3-043 85 | no10-0722| 4/20/81
Blanks 030 8/19,/80 2.2 - -
(ug/sample) 032 8/19/80 1.4 5.2 —

a
Assuming 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)

sersonnel sanple 32?5;: sampling Date Compourxt (detection limit, Fr-'m)a
Sazpled Number | gy Tize | Collectedy 54nene (0.01) | Toluene (0.02) | Xylene (0.02)
Speracor 2-011 | 81.7 | 1553-2247| 4/28/81 -2 —_ -
Operator 1-021 | 96.31 | 0742-1503| 4/29/81 - — —
Qperator 3=018 a3.8 1135~1855 4/30/81 - — -—
Cparator 1-062 | 82.3 | 0750-1457 s/1/81 —_ - —
Millwright 1-009 | 76.6 | 07%3-1334| 4/28/s81 -— -— -
Ttility Halper| 2-007 | 79.7 | L546-224C] 4/27/81 — - -—
Otility Ralper| 2-035 | B85.5 | 1559=2233| 4/29/81 -— - —-
utility Selper| 3-045| 85.9 | 0032-0706| 4/30/81 -— -_ -—
Utilisy Helper) 1-040 | 82.3 | 0746~-1445| 4/30/81 - - —
Maintenancs 2-012 | 74.2 { 1554-2247| 4/28/81 - 0.3 -
Maintapance 1-060 | 75.8 | 0800-1345 5/1/81 -_— - -
3lanks 0-04% - - —
0=-050 —_ -— ' —
0-051 - - —

ausunmq 4 sample volume cof 50 liters.

"=t indicates not detactad.

Table B-17. Plant B Area Sampling Analytical Results {(mg/m®) for
Mercaptans {(August 20, 1980; April 28, 1981)

! . Compound (detection Limit)
Sample Sample ‘
- Sample Site Numbez Volume Sd.:i;ing Cololae:: ad Tocal n-Propyl n-Bueyl n-Amyl
or Type (£} mercaptan mercaptan mercaptan mercaptan
(2 pem} | (0.4 mg/m’) | (0.4 mg/m’) | (0.4 mg/m’)
Stretford Oxidizer | Detector tube 8/20/80 -2
wash Settling Tank | Detector tube 8/20/80 16"
Detector tube 8/20/80 16
2-041 2.8 1702~1802{ 4/28/81 - - -
2-315 3.1 1845~-194S 4/28/81 -~ - -
2-0l6 3.8 2100~-2208 4/28/81 - - -
Top of Gasifier Detector cuba 8/20/80 -—
Poke Hole Detector tube 8/20/80 —-—
Deciler/Decarrer Decector tube 8/20/80 -—
Decector tube 8/20/80 -
Ash Pan Datactor tube 8/20/80 -
Svewn indicates compound not detecrted. °In ppm,
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Table B-18. Plant B Areaz Sampling Analytical Results (ppm) for
Toxic Gases (August 18-22, 1980; April 27-May 1, 1981)

Ccmpound (detection limit, ppm)
Sample Site Hydrogen Hydrogen Carbon

cyanide sulfide monoxide
{0.0L) (L (3)
Stretford Unit Adsorber -=2 -
Stretfcrd Unit Oxidizer - - —-—
2 - -

0.12

Wasn Settling Tank - 2 -
Wash Column - - -
Top of Gasifier -— - -
l0
Poke Hole - - 8
10
Deoiler/Detarrer - - -
Ash Pan . - — -—

u__n indicates not detected.

B-19



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
Locaticn Sampled: | Conveyor Belt Conveyor Belt
(521 level) (439 level) (521 level) {433 level) | (mg/sample)
Sample Number: Q01 014 018 028 927 0386
Sample Volume (2): 364 325 966 912
Sampling Time: ] 2150~-0552 22:4-0621 2130-0533 2132-G532
Date Collected: | 3/18/80 8/18/80 3/19/80 8/13/80 8/19 2/18%

Compound
{detection limit,
mg/m3)

Beryllium (0.001)
Cadmium (0.0035)
Tellurium (0.001}
Copper (0.00S)
Manganese (0.001l}
Nickel (0.001)
Arsenic (0.001)
Strontium (0.1)
Hagnesium (0.05)
Mercury (0.005)

23 L]

Table B-20.

indicates not detected.

Plant B Bulk Sampling Analytical Results
(% by weight) for Trace Metals (August 19,
1980)

Bulk Sample: Coal Ash
Sample Number: Q37 038
Date Colliected: 8/19/8¢0 8/19/80
Compound
Beryllium g.001 -2
Cadmium 0.00006 0.0004
Tellurium - 0.00007
Copper 0.0014 0.0024
Manganese g.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

Qn

-=" indicates not detected.
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Table B-21. Plant B Area Sampling Analytical Results for Ionizing
Radiation (August 18-1%, 1980)
Ioniziné Radiation
Lzzgzign Sample 3;?5;: Sampling Date {detection limit, oCi/filter)
r Type Number (2) Time Collected || Gross alpna | Gross beta/gamma
=) p4s (0.1) (0.5)
Front End of . . 5
Conveyor Chute 004 819 2153-0555 8/18/80 backgreound -
(521 level) '
Ash Pan -
(139 lavel) 016 980 2211-0621{ 8/18/80 - -—
Blanks 029 8/13/80 background -
034 8/19/8¢ background -
3ulkx Coal® 037 8/19/80 - -
Bulk Ash® 038 8/19/80 -— -

aBackground is 5 to 10 counts per 100 minutes.

®values are in pCi/gram.

b,

"
——

not detected.

indicates radiation

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

location Sampled:

Control Room

Gas Compressor

5th tevel - Sawple Port

Sample Number:

3-026

3-112 3-1113

3-154

3-031

3-117

3-150

3-149

3-10)

3-104

3-115

sample volume (f£)

1,758

1,46} 1,476

1,476

1,602

1,460

259

1,411

1,442

1,442

1.464

Sampling Time:

o830~
2051

1215~ 1230-
2245 2245

1150~
2205

0815~
2116

1245-
2257

0013~
G110

0013~
1010

0755-
1756

0755~
1756

1240~
2250

Date Collected:

3/13/81

§/22/8) 16722/}

/22781

5/15/41

5/22/8%

6/21/81

/23761

§/32/01

6722701 | 8722781

Compound (detectlon

Naphthalene (0.1}
1-Methylnaphthalene (0.1}
2-Methylnaphthalene {0.1)
Quinaline (0.1}
Acenaphthalene (0.1)
Acenaphthene (0.1)
Fluorene {(0.1)
Phenanthrene/Anthracena (0.1}
Acridine (0.1)

Carbazole (0.1)
Fluoranthene (0,1}

Pyrene (0.1)

Benzof{a) fluorene/
enzo {b) £luorene {(0.1)

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

Benze{)) Fluoranthene/
Benzo (b) Eluoranthens/
Benzo (k) fluoranthene (0.1)

penzo {e) pyrene/
fAcnzo{a)pyrene {(0.1)

Perylene (0.1)

Dibonz{a, })accidine (0.1)
pDlbuenz {a,)carbazole {0.1}
Iuwdena(l,2,3-cd)pyrene {(G.1)
Bibenz {a,h}anthracene {0.1)
Benzolg,h,i)perylene (0.1}
Coraonena (0.6)
Dibenz{a,l)pyrena (0.6)
Dimethylbenz (a)anthracene (0.1)
I-MeLhylcholanthrene (0.1)

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

B limit, pgémala ]

0.1
0.1
0.2

2.1 2.6
0.7 0.8
2.2 2.5

—— -

TOTAL

1.1

a
Assumlng a sample volume of 1,500 ligers,

"~=* {ndlcates not detected.

{cont ipued)



- Table B-22 (concluded)

[}
location Sampled: © ;,askfler - 6th Leval Fllter/Strainer Upwind Blanks
) g/ sample)
Sample Number 3-030 3-114 3-06131 3-0851 J-116 3-148 3062 3-091 3J-158 31-037 1-119
Sample Volume {L)s | 1,767 | 1,398 294 425 1,469 | 1,435 | 1,550 | 1,620 | 1,404
. 0800~ 1240~ 2020- 2024~ 1245- 0012~ 0755- 0927~ 0015~
Sampling Thmar § 5,09 2248 2150 | o312 2057 1010 | ams | 2005 | 1000

" nate Collected; | 5715781 | 6/23/81 | 5/16/81 | 5/16/81 | 6/22/81 | 6/23781 | 5716781 | 5717761 | '€/71/81 3 5/15701 | 6/23/01
Compound {detection
Limit, pg/m3)9

Naphthalene (0.1) 0.4 0.7 14.4 6.8 0.} 1.0 0.6 1.8 0.4 2.0 0.4
1-Methylnaphthalene (0.1) b 0.2 -- -- -— 0.2 0.1 0.2 -- 0.6 --
2-Methylnaphthalene {0.1) 0.2 0.9 1.0 - - 0.6 0.2 0.2 - 2.0 -
Quinoline (0.1) -- - - -- ~-- -- -- - - -~ -=
Acepaphthalene (0.1} - - 0.9 -- - -- - - -- -- --
Acepaphthene {(0.1) - - - -- - -- ~- ~~ -- 0.2 -
Fluorene {0.1) -- 0.2 -- - ~-~ ~-= -= a.l -= 0.6 -
rhenanthirene/Anthracene (0.1} . - 0.7 - -- a.1 - 0.2 a.s - 2.6 0.2
Acridine (0.1) - - - - - - - -- - - -
Cachazole {0.1) - -- - -- - -- -- -- -- -- --
Fluocanthene (0.1) -- -— - - - - -~ -— -~ - --
Pyrene (0.1} ) -- -- -~ " -- -- -- -- - -- -=
i Baneo () ELuotane. (0.1 - - - ol oer | - - - - -
? Beuz {a}anthracene/Chrysene/ . . L . i . . . - . .
Tripheanylene (0.1)
Benza(}) fluoranthene/ .
Benzo{b) fluoranthene/ - - - - - - - - —-- - —-=
penzo{k) fluoranthens (0.1}
Benzo (e) pyrene/ _ . - . . . . . . . .
Benzo (a}pyrena {0.1)
Perylene (0.1} -- - - -- - - - -- -~ - -
Dibenz {a, J)acridine {0.1) - - - - - - - - - -- -
pibenz (a,1)carbazole {0.1) - - - - - - - - - - -
Indeno{l,2,3-cd)pycene {0.1) -- -— - - - - -— - - -- -
Dibenz {a,h)anthracene (0.1) - -= -~ - - -- -- - -~ - .-
penzo(g.h, iyperylene (0.1) - - - - - - _— - -- - -
Coronena {0.6) -- - - —— - _— - - - - -
Dibenz(a,i)pyrene (0.6} -— - - - - - -~ - - - _—
Dimethylbenz (a)anthracene (0.1} - - - . - - — - - - -
J-Methylcholanthrene (0.1) - - - - R _— - - - - -
6,1)-pimethyldibenz (a,h) - . . . .
anthracena {0.1) T - T o - - -°
TOTAL 0.6 2.7 76.1 6.8 0.5 1.0 1.1 2.8 0.4 a.8 Q.0
aAssumlng a sample volume of 1,500 liters. “«-" indicates not dfztectml, tArea samples takon wilhh two-stage personal

cagsettes.



Table B-23.

June 22, 1981)

Plant C Personal Sampling Analytical Results (pg/wm3) for PNAs (May l4-16, 1981;

personnel Sampled: Lower Lovel Techniclans Upper Level Tuchalclans Halnlenance blanks
Juyg/uample)
Sample Numbers § 3-002 | 3-018 | 3-059 [ 3-130 ] 3-141 ] 3-095 | 3004 | 3-016 [3-056 [ 3-0%4 ] 37137} 3-119 31-007 1-036 | 1-120
Sample Volume (1): 664 660 | 597 656 692 602 650 651 412 690 669 645 462
i rime: 1525- | 0730~ [ 0737~ § 1540~ | 2329~ | 4740~ | 1536- | 0717- | 0740~ | 0715~ | 1540~ { 2335~ 2014~
Sampling ¥Ime: {3248 | 3455 | 1415 | 2257 [o7)0 | 1450 | 2249 |yqas |2215 |asis | 2306 | aeas 02169 _
Date (1961) Collected: § 5/14 | 5/15 | S/16 | 6722 ] 6/22 | /22 | 5/14 |5416 5/16 | €/22 | 6/22 | 6/22 5/16 5/15 | 6/22
Compound Iaetegtlon
~ 1limit, ng/m’) '
Naplithalene {0.4) 4.2 - 18.6 2.0 2.8 1.4 1.3 1.0 7.0 0.9 0.6 94.3 49.3 0.1 -—
1-Methyluaphtbalene (0.4) 0.8 - 2.7 0.4 - 0.6 - - 1.0 -— - 12.1 2.3 - --
2-pethylnaphthalenc (0.4) 1.4 - 3.1 0.0 0.5 0.7 0.4 0.9 2.0 -- -- 7.1 3.7 1.7 --
Quinoline {0.4) - -—- - - -— - - - - -— - -— - - .
Acenaphthalena (0.4} - - 1.2, -- -= -- - -~ - - - 20.1 - -
Acenaphthene (0.4) -- - 0.6 - - - -~ - -- - - 2.6 -~ --
| ¥luorene (G.4) 0.5 - 0.7 -- - - -- ~-= - -— -— 7.3 .7 -- -—
Phenanthrene/Anthracene (0.4) 2.4 0.6 4.4 Q.6 0.5 -- 0.9 1.0 1.9 -- - 27.0 3.2 - --
Acridine (0.4) - -- - -- - -— - - - - - - - - .-
Carbazole (0.4) - - - -— -— - - - - - -- -— - - -—
Fluoranthene {0.4) - - 1.7 -- -~ -- -- - - -- -- 12.9 - - --
vycene (0.4} -~ - 2.2 -- - -- -- - — - - 14.9 -2 - --
venzo{a) fluorene/
-- - 6.9 - - -- - -- -- -- -- 2.4 - -- --
penzo (b)) fluocrene (0.4)
hu*z[a)anth[acena/chrynnne/ - o 1.9 . . . . o 1.7 o " 2.2 . n o
Triphenylene (0.4)
Benzo{)) fluctanthene/
Henzo {b) fivoranthene/ -- - 1.0’ -- - —-- -- -= -- -- - 3.0 -- -- --
Benzo (k) fluoranthene (0. 4)
tienzo{a)pyrene/
-- -- 0.7 - - -- - - -- - - 5.2 - - --
penzo{ajpyrens (0.4) i
Perylene (0.4) - - - -- -— - - - - . - 2.0 - —- .
Iribenz (a, j)acridine (0.4) et - - - - - - - - - - 1.1 -- -- -=
Bibenz(a,l)carbazole (0.4) - - -- - - - -~ -- - - - -- ~-- -— -~
Indenc(a,2,)-cd)pyrene {0.4) - -= 0.4 -- - - - -- - -- ~-- 1.3 - -- --
vlbenzla,b)anthracene {0.4) -~ -- - -- -- -— -- - - -- —-= -- - - -
Benzolg, h,i)perylene (0.4) - -— 0.7 - - - -- - - - - 2.5 -— - -
Coronene (1.6) -— - - - - - - - - -— - —— - . -
vibenz(a,l)pyrene (1.6) - -— -~ - - - - - - - - -~ -- - -
Gimethylbenz (a) anthracene (0.4) - - - - . - - - —— - - - - - -
l-Methylcholantheene (0.4) - - -- - —- - - . - -~ — - - - -
6,13-Dimethyldibunz (a, h)- . . . . . . . . . . N
antlhicacene (0.4)
TOTAL 9.3 0.6 | 43.1 3.0 3.8 2.7 2.6 2.5 1).6 0.9 0.6 | 220.0 60.4 1.8 -

upump taken off employee carly since he claimed pump was inter€erlng

Yu__» Indicates not devevied.

with ability to do jol.

bhssumiuq a sample volume of 700

yiters,




Table B-24. Plant © ”'We.Sampling Analytical Results for PNAs (May 15-18, 1981)

»

97-4

Sample Slte: Equlpmenta 'l‘uolsb (.‘lulhlnua
A ] C D E F G 1] 1 J K L M
Sample Number: 3-051 3-072 3-073 _13-074 3-075 31-076 1-090 3-052 3-053 1-008 1-035 3-092 3-09)
pate Collected:; |5/15/01 | 5/16/81 | 5/16/81 | 5/16/81 | 5/16/81 | 5/16/01 | 5/17/81 | 5/19/81 {1 6/15/8) 1 5/16/01 | 5/15/61 571078} f5/10/0)
Compound

Naphthaleoe -—d Oa L * . - » -= . -- [ . [
1-Methylnaphthalene -- - - - - -- -= -- -~ - - - .
2-Methylnaphthalene - - -- - - - - -- - -- -~ -- [
Quinoline - el -- - - - -- = -= -- -- -- -~
Acenaphthalene == - L] -- - b = - -- -- -- - [}
Acenaphthene -- -- L - - - - -- - -- - -~ L]
Fluorene - - ® - - == -- - -= - -- - [
Phenanthrene/Anthracene - - [} L4 - - L - - L] [ ] [ ]
Acridine -- - == il - - -- -- - - -- - -~
Carbazole -- -- -- == -- - -- -- == -- - == *
Fluoranthene - - e [ == == L] - bl L L] L] L]
Fyrene == L] [ ] L] -- L [} -- el L} L] L]
Bunzo{a) fluorens/ . . . . __ o . . . . . o .
tenzo (b)) fluorene
Benz alanthracene/ . . o . . . . . . . . . .

Chirysene/Triphenylene

Benzo(j) fluoranchene/
Benzo{b) fJuoranthene/ —- - Y - - - _— - . . . . .
Benzo{k) fluoranthene -

Benzo(e)pycene/

Benzo(a)pyrene T T * T e e - == -= -- . - .
lerylene - - -= . - -= - -= e -= -- ] -- [
Dibenz (a,))acridlne -- -~ -- — - - - - -~ - - - -
Bibenz {a,l)carbazole - - —- - -— - - - - - - - -
Indeno{l,2,3-cd)pyrena - - - - - - - - - - - — »
Dibenz {a,h)anthracene -- - - - - —_— —— . e - - - __ .
Benzo(g,h,i)perylene - - - - - - - - - . - - °
Caoranene -- -- - - - - - - - - - —_— .
Libenz (a, 1) pyrenc - - ~- - - - - - - - - - .-
Dimekthylbenz {a)anthracene - - - . -—— - - - - - - _— -
J-Muthylchelanthrene -— -— - - - -— e - - - _— . _—

6,1)-Dimethyldibenz(a,j)-
antliracene

| .
¢ Equipment key: A = Lift teuck steering wheel; B = sample poit, 5th level; © = geparator pity b = filter housing; E = plpe duct. (between
gasifier and cyclone); F = control room desk top; G = work platform gaslfler.

!

"l‘uuls key: M= wronch at ground level sawple pocty; I = wreench at Flltery; J = wrench at Lop of gasifier.

< . B
Clothing key: K = gloves of lower level technlclan; L = covaralls of upper level techniclan; M = coveralls of lower level technlclan.

o a

"--* indicates compound not detected. Yo" Indicates compound detectod .




Table B-25. Plant C Area Sampling Analytical Results (mg/m?) for

Aromatic Amines (Mav 1l4-16. 1981; June 22-23, 1981)
(sampling method compromised by humidity)

Location Sazmple \SI;TE:;: sampling cace | aromatic amine? (decection’limit. zg/m? 12

sampled Number (&) Fise Collected : (0..“31) ' fc.aoll J (U.COI) I fO.DO].) ' (0.301) [ (O.:-C)ll
Aake-up 31-006 7 1618-2231 | ss1ds81 | —C - - - - —
Fuzps 3-045 89 1546-2312 | S$/15/81 i - - - — _— -
3-080* 18 0d10~1200 s/16/81 : — — -— - - f—

1-107 88 0804-1545 | &/22/81 - - - - - -

separator 3-046 38 1532-2310 | s/15/81 - - - c.o1 0.04 -
?ie 1-081%| 94 cal0-1612 | 3/16/81 - - - - - -
3=-132 115 1546-0154 6/22/81 - - — — — —

Sample Pore 3-010 58 1555-2100 | 5/14/8L || - - - - - -
3-042 a4 15262287 | $/15/81 —- - - — - -

3-086% | 66 08L0-1800 | /23781 - —- - - - -

Sch Level/ 3-911 76 1630-2235 | S5/14s81 - - - - - -
Cyeleone 1-067+| 73 0810-1614 | 5/16/81 - 0.01 - 0.01 0.03 -
3=-144 &5 0003-0802 €/23/81 — — - - -~ —

Gth Lavel/ 3-04l 10 1511-2250 | S/15/81 | — - - —- - —
Sagiiier 3-068= | 73 0810-1418 | 5/16/81 s.01 9.01 - 0.01 - -
1-143 6 0002-0800 8/23/81 - — — Q.01 — -—

compressoz 3-009 78 | 1620-2201 | 3/14/81 - - - - | - 0.09
Pump/Fileess | 5 544 95 1523-2258 | 5/15/81 -- - - - - -
3-049 2.2 | 1731-1742 | ss15s81 - - - - - -

3-065+| 73 0810-1415 | S5/16/81 - - . - - -

3-109 a0 0825-1505 | 6/22/41 - - - - - -

3-110 80 0825-1505 | 6/22/81 - - - - - -

Cantrel zoom | 3-001 s0 1500-2255 | s/14/81 - - - — - -
3-043 82 1552-2313 | S/15/81 - - - - - -

3-0e3=| ™ 0755-1415 | S/16/a8l - - - - - -

3-111 81 0830~-150% 6/22/81 — Q.01 -— —~— -— -—

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

3-100 93 0745-1550 | &/22/81 | - 0.1 - - - -

3lanks 3-640 s/15/81 — - - - — -
(mg/sample) 3-678 s/16/81 - .- - - - -
3-123 ss22/81 | — - - -] = -

:A:am:i: amines: A = Aniline: 3 = N,N-Dimechylaniline; ¢ = s-Toluidine; [ = 2,4-Oimethylaniline:
L = ¢-anisidine; F = p-Anisidigne.

sAssum:‘.nq a sampls volume of 100 liters. Enn indicaces not detacted.

*Plant down. .

B-27




Table B-26.

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

Toluene, and Xylene (May

B-28

Sample Compound
. ; samplad Sample Volz:::e sampling Date {detection limit, oom)
Location P Number Time Collected Benzene Toluene Xylene
{23 {0.01) (0.01) (0.01)
char Sample Port 3-027 a7 0810-1519 5/15/81 0.01 -7 -
Sth Level 3-031 83 0805-1517 5/15/81 0.02 — -
3-130 125 1540-0200 6/22/81 -_ - -
6th Level 3-~029 89 0800-1513 5/15/81 bl -— -—
3-082 84 2023-0312 5/16/81 - -— -
3-G84 32 1031-1510 5/16/81 - - -—
3-129 124 1536=0158 6/22/81 - - -—
Gas Compressor 3-032 88 0815-1518 5/15/81 — -— _—
3-126 131 1508-0205 6/22/81 -— - —
3-151 e85 0012-0810 6/23/81 Q.05 — -—
3=152 95 0Q14-0810 6/23/81 0.04 - -
Filcers 3-g50 2.2 1830-1842 3/15/81 8.2 - -—
3=-125 129 1507-0210 6/22/81 0.04 -— -—
3-147 84 00L2-0810 6/23/81 0.1 - -—
Cantrol Room 3=023 64 0830-1600 5/15/81 0.2 - -
3-1234 120 1548-0148 6/22/81 0.4 -— -—
3~-156 96 2350-Q750 6/22/81 -— -
3~157 96 2350-0750 6/22/81 - 0.1
3lanks 3-038 5/15/81 - - -
(PPm/sample) 3-077 5/16/81 - __ __
3=121 6/22/81 - — -—
aAssunu‘.ng a sample volume of 100 licers. Do indicates not detected.




Table B-28. Plant C Area Sampling Analytical Results (mg/m3) for Phenclic

Compounds (May 14-16, 1981; June 22-23, 1981)
(sampling system complicated by humidity)

N I - R 2 El

< oearicn sacple “Sr:rpal: Sampling sate | Prenolic Compound™ (deteczion linit, ag/m®)
Sazmpled Number ) Tine Collected | A 3 c ) ] B G =S
| ro.azy | ta.02y | o021 | ooy | weiany | caloy | 002y ) ta.m
wake-1p 1-207 74 1814-2230] s/14081 | =° - - - - - — ] -
Fu=ps 3-047 | 86 | 1540-2312| s/15/81 | - - - - - — - -
3-106 87 | 0804-1545| s&/22/81 | -- - - - - - — -
Separator 3-008 689 1612~2229 5/14/81 i — -_— - -~ -— - —_ -
e 3-048 | 87 | 1535-2310| s/1sseL | — - - - - - -~ -
3-146 g4 | oooa-0710| 6s23/81 | - — — - — - - -
Sen Laval 3-124 93 | o755-l540| €/22/8L | — - - - - —- -— —
3-131 | 125 | 1540-1400| s/22/81 || — - - - - - - -
feh Laval 3-102 35 | 0752-1545| &s/22/8L | — - - - - - - —

[

3-128 | 124 | i1S3s-0158| ss22/81 f - - —- - —- —- —_ -
Gas 3-108 ao | cazs-1sas| es22/81 | - - - — - - — -
Compreaser | ;)29 | 128 | Lsc8-0205| 6&/22/8L | — - - - - - - -
Contraol Roem| 1-098 95 | o7as-1550] ss22/81 ] — - - - - | - — -—
3-399 sa | o74s-1ssa| &/22/81 - - - — - - - -
3-133 | 119 | 1548-0L48| 6/22/8L | - - - - - - — -
3-155 % | 2350-0750] s&s22/81 | — - - —_ - - — -
3lanks 31-039 5/15/81 | - - - — - - - | -
{mg/sampla} 3~079 5/16/81 -— - — — f— — -— —
3-122 6/22/81 - - - —_ - - -— —

a?hencli:: compounds: A = Phencl; 2 = o~Cresol; C = a~Cresol; D = p—CTescl; £ = o-Suhylphenol: 7 = p-gthyl-
shencl; G = 2,3l-fylencl; K = 3,5=-Xylenol.

e

DAnm:i.nq a sample volume of 100 liters. "-=" indicates not datactad.




Table B-29.

Toxic Gases (May 14-13, 1981)

Plant C Area Sampling Analytical Results (ppm) for

; 1 )
. Sample Sampling | Date Compound {Sem
Location Sampled H : - carnon dydrogen
Number Time Collected Monexidea Sulfica?

sth Level - on deck
near cyclone, south of 3-012 1811-181¢ 5/14/81 16 -=°
flare
Separater Pit - near - z -
mixer 3-013 1736-1741 5/14/81 2=-5 --
Recycle Gas Compressoz/| 3 414 | 1742-1747 | 5/14/81 13-14 --
Filters
Recycle Gas Compressor,
during process stream 3-015 1011-1016 5/14/81 >50 -
sampling .
Filter Unit, during - - - d
replacement of filters 3-0354 1830-1835 5/15/81 z 120
Pilter Unit, during - _ = - 2
replacement of filters 3-053 1830-18353 5/15/81 5-1,745% 160
Separator Pit 3=-056 1043-1048 5/15/81 -] -
6th Level 3=-057 1049-1054 5/15/81 ] -
6th Level - top of - - -
gasifier (lid off) 3-089 1036-1044 5/15/81 27
Spirect-reading instrument. bDeﬁectar tube. @w__.® indicates not detected.

®Range of CO concentrations at filter unit

"z" indicates not sampled.
. during replacement.
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APPENDIX C
HEALTH EFFECTS OF COAL-DERIVED MATERIALS






EPIDEMIOLOGICAL STUDIES

Epidemiological studies of workers throughout the werld have long established
an association between exposure to the combustion or distillation products of

coal and an increased incidence of cancer at many sites throughout the body.

One epidemiologic study of workers in a c¢oal conversion plant can be found
in the literature (Sexton, 1960). This study is based on 5 years of medical
surveillance of 359 workers employed in a direct ccal hydrogenation plant
in Institute, WV. Fifty workers were described as having skin
abnormalities, and 10 of these lesions were originally diagnosed as skin
cancer. The conclusion by the author stated that "an increased incidence of
skin cancer was Found in workers exposed nine months or more to contact with

¢oal 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-
cldence does ncE support the initial conclusion (Palmer, 1979). Follow-up
studies on these 50 workers have not as yet revealed an increase in systemic
cancers or in cancer mortalities in that work force. However, the age of
the workers, the long latency period of systemic tumors, and the small
number of workers studied {(the group of 309 workers without skin lesions
were not followed) preclude conclusions concerning long-term health

effects. The follow-up studies were limited primarily to maintenance
personnel expected to have high contact but low inhalational exposure to

¢6al process liquids.

In addition, the relevance of these studies to today's coal conversion pro-
cesses 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
an association between exposure to these related materials and an increased
incidence of cancer.
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Soot was first noted as a cause of skin cancer by Pott (1775) and later by
Butlin (189za) in chimney sweeps. Supporting evidence was provided by
Schamberg (1510) who noted the reduction of scrotal cancer after the insti-
tution of control measures. Positive correlations between increased systemic
cancer and exposure to carbon black and oil in the rubber industry were re-
ported by Henry (1946). Poclynuclear aromatic compounds (PNAs) which are
carcinogenic to mice have subsequently been identified in carbon black and

processed rubber tire extracts (Falk and Steiner, 1932).

Skin cancer among coal tar and pitch workers was first described by Butlin
(1892b). Since that time, studies by Henry {1946, 1947) and by Bogovski
{1960} have enumerated cover 3,000 cases of occupational skin cancer attri-
buled to tar and pitch. Subsequent chemical analysis of coal tar has iden-
tified numerous PNAs including benz(a)anthracene, benz{a)pyrene, dibenz-
{a,h)pyrene, dibenz{(a,i)pyrene, benzo(b)fluoranthene, and dibenz{a,h)-
anlhracene (IARC, 1973).

Exposure to coal tar products as they are produced in the coking industry
and in the coal gas industry provides the closest industrial analogy to coal
conversion. The common use of coal, similar temperatures and the reducing
atmosphere used in its processing provide the basis for this comparison.

The latter Ffactor of temperature is of significance because the production
of carcinogenic materials and the incidence of lung cancer in cecupational
workers appear to increase with coal processing temperatures up to about
g15°C (1,500°F) (U.S. DOE, 1980).

While the chemical content of these materials can be argued to be similar,
the potential exposures are not. Coking is carried out in batches with poor
containment of materials. Fugitive emissions are much higher than those
expected from the continuous, enclosed coal conversion processes. 1In
addition, concurrent exposures to other chemicals will be different in the
two industries. For example, coking involves significant exposure to sulfur

dioxide which is reported to have synergistic effects on carcinogenicity.



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 technologies.

Doll et al. (1972) reported the results of a 12-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 high-exposure workers.

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

increase in lung cancer mortalities in coke oven-charger workers.

Redmond et al. (1976) reported on an epidemioclogic 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 nct coke oven workers.

Reid and Buck (1956) conducted an epidemiologic study to determine the cancer
mortality of coke plant workers in Great Britain. Their results also showed -
higher-than-expected numbers of deaths from respiratory and other cancer in

coke oven workers but not for other workers in the plant.

The NIOSH (1977a) criteria document on coal tar products contains a recom-
mendation for a permissible exposure limit (PEL) of 0.1 mg/m? of coal tar
measured as the cyclohexane-extractable fraction of total particulate matter.
This recommendation takes into consideration both the carcinogenicity of this
material and the lowest concentation that can be reliably detected by envi-
ronmental monitoring. The federal OSHA standard is 0.2 mg/m? of coal tar
pitch volatiles defined as "the fused polyeyclic hydrocarbons which volatil-
ize from the distillation residues of ccal, petroleum, wood, and other or-
ganic matter' (OSHA, 1978).
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TOXICOLOGICAL TESTING OF COAL CONVERSION MATERIALS

Coal conversion materials have been estimated to contain over 10,000 differ-

ent chemical substances, often of unknown biological activity. The first
toxicological testing of these materials was undertaken by Hueper (1956a,
1956b) on oils produced in Bruceton, PA, by the original German Bergius pro-—
cess and in Louisiana, MO, by the old Fischer~-Tropsch process. Carcinogeni-
city of the higher boiling fractioms when applied to animals (skin painting
and injection) was thus established. In addition, greater carcinogenic po-
tential was seen for materials produced by the Bergius process than by the

Fischer-Tropsch process.

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 in rats are ongoing. Preliminary results from

all of these toxicological programs are 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 peint (over 230°C or 450°F) coal-derived liquids and tars have
displayed significant mutagenic activity in the Ames microbial system. In
general, higher boiling point materials exhibit greater mutagenicity. This
activity exceeds that of petroleum crudes, and resides primarily in the
basic fractions as contrasted with petroleum crudes where the major muta-
genic activity is found in the neutral fractions and is attributed to

nonsubstituted PNA's.

Battelle's Pacific-Northwest Laboratory (PNL), under the aegis of the

Department of Energy (DOE), has performed biological testing programs of
Solvent Refined Coal I and -II (SRC-I and SRC-II) liquefaction materials.
Dupont has published limited and preliminary toxicological data on SRC-II
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and EDS materials. Oak Ridge National Laboratory (ORNL) is evaluating
H-Coal materials. Some results from these programs are discussed below and

summarized in Table C-1.
Acute and Subchronic Toxicity

Acute toxicities of the three SRC-II coal liquefaction products (light, mid-
dle, and heavy distillate), SRC-I process solvent, and SRC-I light oil have
been determined from oral feeding studies in female rats., SRC-II materials
were found to have toxicities which were similar to those of many compounds
in commercial use (benzoic acid, phosphoric acid, and sodium tartrate) but
which exceeded that of crude petroleum. SRC-I wash solvent was at least
five times more toxic than any of the other process streams in this study.

All materials or their effects were shown to be cumulative (Mahlum, 1981).

In cultures of Vero (African green monkey kidney) cells, SRC-II heavy dis=-
tillate and SRC-I process solvent were significantly more toxic than either
middle or light distillate or than Prudhoe Bay or Wilmington petroleum
crudes (Battelle PNL, 1979).
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Table C-1,

T

Toxicological Teating Results for Goal Conversion Materials

ED§
8RC~-T ShC-X Crude
BRC-II (Port Lewls) H-Coal (FDU) { (Bay- .
(Fort Taewis) (wilsonvilla) town) |Low-Btu Petyolouns
- ste— - Severaly Gasl-
Testa Ihx:hl Middle | Heavy [Racycle ':-a:t?r ':‘:t?r Blended Hydeo- Heavy flex Wik~
| Vacuum | Light | Procese] golid |Process Treated *uvixty lPrudhos
(Light Joistil-{0isti)-lrrocesa| plant | Plant Bot oi) |sgolvant]praduot |sotvent Dlatil-| o) o ealGaeroln] oo Ba ming-
Distil~] late late 0 in- Bf- late® Distil-|Product ¥ ton
late) fluant | fluent st
2 late*
Acute Toxicity
In vivo LDsg {g/kg) 2.3 3 3.8 3.0 2.8
In vitro vERo? - - + +
CHOb + + - - -
a
RAN +
Subchronic Toxicity
5-day (g/kg) } 3.3 1.5 3.4 3.0
14~ ox 28-day{g/kg)
Hutagenicity/
Carcinogenicicy
Point Mutation Mmes - - ¥ + - - + - + + + + - + + + +
Chromosomal SHE + +
Skln Painting - + +
Reproduction
pecreaased Fercility - - *
Reproductive Buc~ + + +
casn
Paxinatal and Post-
natal Burvival + + ¥
Potal Abnormalities - - ¥

anonkey Kidney Cell Cytotoxiocity.

Syrian Hamster Embryo Transformation.

bCh‘nane Hamster Ovaxy Cytotoxicity.
*A blend of 1.9 mediug dist{llate and } part heavy distillate.

anabbu Alveolar Microphage Cytotoxicity.



Mutagenicity/Carcinogenicity

High-boiling point materials (over 230°C; over 450°F) from all four of the
major coal liquefaction processes having potential for commercialization
(3RC-I, SRC-II, H-Coal, and EDS ) have digplayed significant mutagenic
activity in the Ames microbial system. In general, higher boiling point
materials exhibit greater mutagenicity. This activity exceeds that of
petroleum crudes, and resides primarily in the basic fractions as contrasted
with petroleum crudes where the major mutagenic activity is found in the

neuktral frackions and is attributed to PNAs.

In the cagses of SRC-I, SRC-II, and H-Coal materials, this mutageniecity has
been found to be associated mostly with primary aromatic amines. Further,
in the cases of SRC-I and SRC-II materials, these primary aromatic amines
were found to be mostly 2- to 4-ring compounds including aminonaphthalenes,
amincanthracenes, aminophenanthrenes, aminopyrenes, and aminochrysenes
(Battelle PNL, 1979). The mutagenic/carcinogenic role of PNAs in coal
liquids (found in the neutral fractions and in both greater quantities and
variety than in petroleum fractions) in unclear. Elucidation awaits futthe:

advances in subfractionation and characterization techniques.

In the cagse of SRC-II materials specifically, the light-oil fraction was
found to be negative in the Ames assay, while the heavy-distillate product
was positive and the heavier vacuum bottoms even more strongly positive.
Inconsistant results for middle-distillate oil [found inactive by Pelroy
(1981) but active by Calkins et al. (1979)] can possibly be attributed to
the variability of the chemical composition of different test samples. No
temperature ranges for definition of these distillate fractions were in-
cluded. '

Skin painting studies in mice have been carried out using SRC-II heavy and
light diskillates (Mahlum, 1981). Heavy distillate was found to cause

malignant skin tumors following dermal application. Increasing concentra-
tions of this material both increased the incidence of these tumors and de-
creased the latency period for tumor development. Light distillate did not

exhibit tumorigenic properties in mice similarly treated.



Hydrotreatment of SRC-ITI distillate materials has been shown to alter both
the chemical composition and the mutagenicity of these materials. A distil-
late blend of SRC-II product containing 3 parts middle distillate and 1 part
heavy distillate was found to contain primarily 2- and 3-ringed aromatic and
heterocatomic species together with high concentrations of phenolic and poly-
nuclear aromatic components. Hydrotreatment resulted in predominately hydro-
aromatic species of lower overall molecular weight, along with reduced con-
centrations of heterocatomic species. Most nitrogen- and sulfur-containing
compounds underwent transformation. Oxygen content was reduced, resulting
in lowered phenclic concentrations and the elimination of the furans
{(Battelle PNL, 1980).

The muktagenic response, as measured by the Ames assay, was considerably re-
duced for this hydrotreated material. Hydrotreatment severe encugh to remove
67 percent of the nitrogen and 82 percent of the oxygen produced mutagenic
rates comparable to those of the controls (Battelle PNL, 1980).

A second, less expensive approach to reducing the genotoxic potential of
high-boiling coal liquids, that of fractional distillation of the liquid
products, correlated with positive results in the Ames mutagenicity assay,
is currently being investigated by Battelle Laboratories (Pelroy and Wilson,
1981). Uncertainkties concerning analytical methods and masking of genetic

effects of individual fractions réquire further study.

Of SRC-I materials, SRC solid product and SRC process solvent have both been
found to be mutagenic in the Ames assay. Unlike SRC-II materials, however,
part of this activity was found to be located in fractions identified with

phenolic compounds (Pelroy, 1981).

SRC-I materials exhibiting a positive effect in the microbial test also
caused mammalian cell transformation. For most materials, the presence of
39 was necessary to effect the transformation; however, a small amount of
activity was observed with SRC-I process solvent without the S9 fraction of
Aroclor 1254 treated rat livers., indicating the presence of direct-acting
agents (Mahlum, 1981).
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Toxicity testing of H-Coal materials has shown that the neutral and basic
fractions of blended H-Coal distillates from the Trenton, NJ, process
development unit (PDU) exhibit significant mutagenic activity eliminated by
high-severity hydrotreatment (Cowser, 1980). Mammalian toxicity and skin
carcinogenesis assays with these materials are under way. Process materials
from the H-Coal pilot plant are being added as they become available.
However, no test results for specific streams produced under standard

operating conditions are yet available.

An Exxon Donor Solvent (EDS) product sample (heavy gas o0il) was tested for
muatagenic and tumorigenic activity by Calkins et al. (1979). The heavy gas
0il was found to be strongly mutagenic in the Ames assay and a potent tumor-
igenic agent in & mouse skin painting assay. In the latter study, 18 of 30

mice developed skin tumors.
Reproductive Effects/Teratogenicity

Reproductivereffects/teratosenicity studies in rats using SRC-II light, mid-
dle, and heavy distillate (by gavage) showed some increased prenatal mortal-
ity by all three materials, and an increase in the incidence of malformations
by heavy distillate when administrered on the 12th through 16th day of ges-
tation (Battelle PNL, 1979). The increased frequency of prenatal mortality
occurred occasionally in the absence of signs of maternal toxicity, but the
increase in malformationé nearly alwayshwas accompanied by a decrease in.

maternal weight gain during pregnancy.

Likewise, SEC-I light oil and wash solvent were not significantly fetotoxiec
or teratogenic at doses below those causing maternal toxicity; thus, the
fetus may be no more gensitive to these exposures than are adult females.
However SRC-I process solvent consistently induced fetal mortality and major
malformahions‘at>1evels below those producing signs of maternal toxicity
(Battelle PNL, 1979).



POLYNUCLEAR AROMATIC COMPOUNDS

Polynuclear aromatic compounds (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.
Polynuclear aromatic compounds (PNA's) 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.
Several new books are now available that describe the health effects sand

chemistry of polyaromatic compounds.

The content of PNAs in coal-derived crude oil has been estimated to be 5 to
20 percent compared to 1 percent in petroleum crudes (Zedeck, 1980). Anal-
ysis of coal conversion process streams and the industrial hygiene air and
bulk sampling carried out in the present study have confirmed the presence
of vapor and particulate PNAs at coal conversion plants. Emissions from
plants have not been completely characterized, many processes and resulting
material streams are being changed as the technology matures and improved

conktrol technologies are implemented.

The most important concern regarding the effeckts of this exposure {(dermal,
oral, and/or inhalation) is the potential risk of cancer and/or inheritable
chromosomal damage in persons chronically exposed to low levels of these

chemicals over long periods of time.

Tﬁe chemical Family of PNAs has been found to contain many potent mutagens
and carcinogens that act in minute amounts almost universally at the site of
application. That is to say, tumors appear in the tissue directly expased
to the carcinogen, usually in the skin or lung. The property of carcino-

genicikty appears to depend on metabolic activation of these chemicals by the
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microsomal mixed-function oxidase system to biclogically active diolepoxide
derivatives. It also appears to be stereospecific. Slight changes in
molecular structure can result in significant changes in carcinogenic acti-
vily. Only PNAs with three or more rings have been found to be strong muta-
gens and carcinogens, and alkylation often produces an increase in this
mutagenicity. Nonetheless, despité recent advances in the understandiﬁg of
some structure-activity relationships of these chemicals, it is not possible

to predict mutagenic activity based on molecular structure.

Interactions among carcinogens, cocarcinogens, and promotors must alsc be
considered when exposure to complex mixtures of chemicals occurs. Co-
carcinogens increase the overall carcinogenic process caused by a carcinogen
when exposure to the cocarcinogen occurs simultanecusly with exposure to the
carcinogen. Kuschner (1981) demonstrated that cancer incidence in rats ex-
posed to benz(a)pyrene (a carcinogen) increased directly with simultaneous
exposure to sulfur dioxide (a cocarcinogen). The aliphatie hydrocarbon
dodecane was found by Smith et al. (1951) to have cocarcinogenic properties.
Bingham and Falk (1969) demonstrated a 1,000-fold increase in the potency of
low concentrations of benz(a)pyrene by the simultaneous application of dode-
cane. The authors suggest that certain long-chain hydrocarbons may play the
decigive role in determining the carcinogenic potency of a mixture; the im-
portance of the concentration of the initiator (carcincgen) may be minimal.
Finally, certain sulfur compounds, aldehydes, and phenclices have all been
shown to stimulate the effects of PNAs and other carcinogens in mouse skin
(Slaga et al., 1978).

Equally complex and imperfectly understood is the role of promotors in cancer
production. These chemicals increase the tumorigenic response to a chemical
carcinogen when they are applied after the carcinogen, ﬁut do not have
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 fact, 1 year later by a promoting stimulus such as the application

of phorbol esters from croton oil and still result in the production of skin

tumors.
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To further complicate the picture, other interactions occcur between chemicals
as they undergo transformation by chemical and physical processes in the
environment, and alteration during uptake and tramsport by the human body.
This often leads to health effects totally unpredictable on the basis of a
simple knowledge of eFfects of exposure to individual PNA compounds in
animals. Thus, while information concerning effects of individual chemicals
fills many gaps in the understanding of general PNA toxicity, it has severe
limitakions when applied to analysis of the risk involved from exposure to

complex mixtures.
Toxicity

Very limited acute or chromic toxicity information, other than that concern-
ing carcinogenicity, is available for PNAs. In general, these chemicals are
primary irritants which on repeated or prolonged contact with the skin cause
photosensitaization and dermatitis, and upoa contact with lung tissue cause

pulmonary edema, pneumonitis, and hemorrhage (Boulos, 1978}.

A review by Philips et al. (1973) pinpoints the hematopoietic system, gonads,
and intestinal epithelium as being especially susceptible to PNA injury. The
cells of all these tissues are rapidly dividing, and it iz easy to speculate
that injury to the DNA replicative phase of the cell accounts for this tox-

icity, as well as for the carcinogenic potential associated with many of

these chemicals.

Naphthalene is the most abundant congtituent of-coal tar. Inhalation of
naphthalene causes headache, confusion, nausea, and perspiration. Severe
exposure has been reported tc cause severe hemolysis, vomiting, hematuria,
and optic neuritls (Boulos, 1978). The OSHA standard for exposure to naph-

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

The Environmental Protection Agency has compiled a list of 124 PNAs identi-
fied in the environment which summarizes the toxicity/carcinogenicity data
available for them. Those PNAs ranked by EPA and also included in the
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presenc 1naustrial Nyglene STUGY 43 Welli as several related compounds are
listed in Table C-2 (adapted from Kingsbury and White, 1979). Also shown in
the table are information summaries of the experimental animal testing data

For each compound.

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

exposure utilized by the investigators.

No federal health standards exist for individual PNAs, although 13 of these
compounds* are listed in the EPA Consent Degree List and are considered as a
group ko be potential carcinogens. A threshold limit value (TL?)/time—
weighted average (IWA) of 0.2 mg/ 3rfor total particulate PNAs determined

as cyclohexane-solubles has been recomméndegipy the American Conference of
Governmental Industrial Hygienists (ACGIH, 1981). This TLV recognizes the
carcinogenic potential of PNAs collectively and is an attempt to minimize

' concentrations of the higher weight PNAs that are suspected carcinogens.

Individual species of PNAs that were measured in the present industrial
h}giene-study are pictured in Table C-4; molecular weights, boiling points,
and the number of aromatic rings are included when available. Tumorigeniec
citations of either "CAR" or "NEO" are listed in the Registry of Toxic
Effects of Chemical Subgtances (NIOSH, 1980) for 17 of these chemicalg
(Ecotnoted in Table C-4), and several others including the prevalent naph-
thalene are rated as equivocal tumorigenic agents on the basis of at leasg
one experimental study in the literature. A special occcupational 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-c¢d)pyrene, and
pyrene.
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Table C-2. Carcinogenicity Data for Selected PNAs

Campournd Informaticn Jummary ‘ Compound Information sSumbary

Aptchracane Lowast effective doss for tumori~ Pluaoranchane Ligg (aral, zac): 2000 o /R,
genis response in mice 13 3300 mg/kdd pop g (k) fluoranchens | Lowest effective dose for tumori-
Phenanthrane Lowest dose for cmmrigenic responss genic respense in mice is 72 ag/kg.
in mice is 71 og/ksg. Banza (4) 21 B L effective dose for tmori-
Benx (a) anthracans Lovant effective dose fur tumori- genic rssponss in mics is 238 ag/kg..
qunic response in zics 8 2 og/kg. fg 3.4, §-0ibenzo~- | Lowast effactive dose for tumori-
7,12=0imechylbenz {a)= | Tumors in 7 species reported. Lowest | flucrene genic response in mice iz 530 og/kg.
anthracens stfactive dosa is 21 ug/kg. Benza(h) fluaranthers | Lowest effactive dose for tumori-
J-vathylcholanthranae Eurumnvﬂk‘gogn genic rasponse in aige is 40 og/ky.
atZagtive dose iz 0.112 my/kg. ndena(l,2,3-<d) - Lovest effective dose for nunun»
Benzo(c)phenanthrene | lowest effective dose for Sumori- FYrene: genic response in mice is 72 mg/kg.
and alkyl derivatives | qenic rssponse in mice is 10 og/kg. Phenanehridine Based om idine. LDgg (oEal, rat):
ryseans Lowast effective dase for tumori- 2000 mg/kg.
genis u.ununuuo in zice is 99 mg/kq. Benzo (f)quinoline Based on acridine. LDgg (oral, rag):
Teiphettylens e 1000 mg/kg.
Prrune Lawast effactive dose reportad Zor Beaaza (hlquinoline Sased on acridine: LDgg (oral., Tae}:
tomarigenic raspoase in mice is 2000 =y/%y.
10 g/kg. fSanx(a) acTidine. vew
3enzo (g) chryseans gg‘ﬁo}nﬂ Bens (@} iad Lowest effective dose for tmmeri-
wngo Bn._-n...ho respcase wice gunic response in mice is 488 ag/kg.
; Oibanz(a,})acridice Lovast effsctive dose for CmOTi~
Dibeniz (a,3)anthracens | Lowest «ffsctive dose reportad for
Smorigenic in mice is genic response in nice is 11 og/kqg.
440 og/kg. . Dibens (a,h)acridine Lowsst sffective doss for tumori-
o4t ta : ene | Tomors in S { are 1 genic responss in mice is 10 mg/kg.
n!lln e2fsctive dose 1s- 0.006 my/kgd Dibenxz(a,h)acriline Lovest effactive dose for tumori-
Benzo (a)pyrena Smars iz 6 e arw " . gunis. responss i mices is 1020 my/ky.
Lowest sffsctive dose is 2 ug/kg. Carbazole Lowast lasthal dose (oral, zat):
Sanzs () pyrens Tomnrs in 2 speciss are reportad. | 900 mg/kxg.
Lowest e¢ffactive dose is 140 oy/kg. { 3enzo(c)carbazole Lowast effsctive daose for tumori-
lene ‘ genic rwsponse in mice is 340 mg/lag.
oY cae -
Picane Lowest effactive dose far fo Ribenzo(a, i) carhasals | Lowvests 'nu-nnndﬂuanmnlnnnh qun.ﬂwa
. genic responss ia mice is 111 xg/kg. genic responss g/ xT-
Dibenzo{a,n)pyrene Lowest effsctive dose for tummori- Dibenzs (¢,g) cacbazala [ Tumors w” 4 uunnhnm reportad. lowest
gqunic response in mice is 165 og/kg. - stfactive dose w3/ kg
Oibanzn(a,g)carkazols | Lowest «ffactive dosa for thaori-
Dibenzs (a.i) pyrens Tomrs iz 1 speciss reported. Lowest ’ = .- :
affactive dose is 2 D9/%3. gunic response in mice is 270 og/kg.
Dibenzo (a.1)pyrens Loweat effactive dose for tmmozi- Benzo (b) ehicphens Lowast wupwg dose (intraperitonsal,
gqunic Tespouse in mice is 48 zq/kg. mouse) ¢ /R

’ Benzo(ghi) perylens
Coronang

2,3-Benzofluncens A

Adaptad from: Eingsdury and Whita (1979)
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Table C=3. TARC Evaluation of 31 PNAs

Indications of nuunuboaabuhu..d%n

Ratings Suggestad
by nasd

Comments

3-Methylcholanthrens

Dibenzo{a, j)acridine
Aenzs (b) flucranthen
Dibenzo(a,l)pyrens

R

R

- oy

i1

Produced tymors in all 9 animal specias reportad tasted.
Latent pericds shorter than for other polyeyclics with
possible exreptiocn of dibenz(a,h)anthracene.

Tumors produced in 6 animal speciss. Both local and
systamic carcinogenic effscts observed. Effective at
low doses. Singls dose effective in newborn mics.

Not addrsssed

Not addressecd

Rapid appearance of local sarcoma cbserved from subcu-
tanecus injection in mice and hamsters. Skin painting
an mice wvas also effective Dut less active than benzo—
(a)pyrens. .
Carcinagenic in mice by several zoutes. Effective ozal
dose similar to methylcholanthrene but withcut gastro-
intestinal tract tumors.

Cazvinogenic in rat, mouse, hamster, apd possibly dog.
Both local and systamic effects cksarvad. Appears to

be strongsr respiratory tract carcinogan than benzo(a)-
Pyrene in hamatase. :

Not addressed

Skin tumors and lung tumors in mice cbserved following
skin painting or subcntanecus administration. Net
testad adequately by othar routas or in other specias.

Skin tumors in mice followed topical application.
Subcutansons adminjistrations at highest dosage produsad

‘local sarcomas and lung tumors. Hot testad in other

fpecias

Producad sidin tumors in mics following repeatad skin
painting but only at levels 10 times higher than effec-—
tive benzo(a)pyrens levels. Not tastad by other routas.

Subcutanecus administration in mice resultad in sarcomas
in all anizals. Not treated by other routes ar in other
spacias.

Not addressed
Not addressed
A complete carcinogen and initiation of skin carcino—

Skin tumors in mics followed repeatad painting at high
concentrations oaly. High dose, subcutanscus injections
produced low incidence of tumors after long induction

. time.

Not addressaed

Data from skin painting experiments in mize evoked
waaker response than benzo{a)pyrene ar dibenz(a,h)-
anthracena. Not tasted by other routes.

Carcinogenic effects demonstratad following repsated
skin painting in mice and injections in mice ané rats.
¥ot tsstad by othar routas or in othexr species.

(contimued)
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Table C-3 (concluded)

Compotsned

Indicacions of C.uci.nnqaai::itya

Ratings Suggastad
NAS?

Comments

Dibenzo(a, g) carbazale
Benzo{3) fluoranthans

Cholanthrens

Bidbanz (&, &} aatheacans

Benzo(clacridine

Benzo (a)carbasols
Ribens (4, l)carhazols
Dibenz (c,h)acridine
Dibenz (a,q) fluszens
Dibanz (&, }) anthracens
Dibenx (3,c) fluozwna

+ + & W W

t

ot addressed

A high incidence of skin carcincoas rasults ftom re-
peated skin painting in mice. Not testad in other
species or by otiar routas.

Not addrassed
Not- addressed

Skin tumars in mice followed topical applicaticn.
Bladder tumors in rats followed paraffin wax pellat im=
plantacicn. Not tastad by other routss or in othar

pesiss.

Hot addressad
Not addrussad
Not addrassed
Not addressed
Hot addrassed
Not addressed

mumq,mgnmmmm-m.

5

Caruincgenicity code given by NAS:

~ oot carcinogenic .
£ uncercain ar wveakly carsinogenis

.

carcinogenic
»,m,ﬂ»mlrm
mz:axmrymmu 08191
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The PNAs contain some species which are also highly teratogenic. Not all of
these PNAs are alike in their teratogenic properties, and the teratogenic
effects are even less well understood than the carcinogenic effects. For
example, benzo(a)pyrene is not an effective teratogen, whereas 7,12-dimethyl-
benzanthracene produces a high incidence of defects in exposed animals
(Weisburger and Williams, 1980). The evidence for inheritable chromosomal

damage 15 limited and inconclusive.

Virtually no toxicological data are available for the oxygen or sulfur
heterocyclic PNAs. On the other hand, nine nitrogen heterocyclic PNAs have
demonstrated carcinogenic activity, whereas data are lacking on many others
(Kingsbury and White, 1979). Five nitrogen heterocyclics were measured in
the present industrial hygiene study. Three of them {(quinoline, dibenz-
{(a,j)acridine, and dibenz(a,i)carbazole) are suspected of having carcino-
genic properties; information on the other two (acridine and carbazole) has

not demonstrated this carcinogenicity.

T

—
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Table C-4. »__Pglyn-uclear Aromatic Hydrocarbons

Benzo (b) flucrens

e

Malecular Boiling Point Number arf
Compound Structurs Weight (9} Arcmatic Rings
Yaphthalene @ 12¢8.19 213 2
Quinoline* 129.16 238.08 2
Oy
l-Methylnaphthalana @@ 142.2 244.64 2
iy
1-Mathylnaphthalene @@ 142.2 241.0% 2
Acsnaphthalens @ 152.21 263=-27% 2
Acenaphthene @@ : 154.21 279 2
Plucrane m 166.23 293-29% 2
o d

Carbazols @Q@ 167.21 188 3
Phenanthrene* @

‘ @ 178.22 340 3
Anthracane* m
Acridine ) @@@ 179.22 345=346 3
Plucranthene & 202.24 375 3
Benza(a) £lucrene ﬁ

216.29 413 3

t 3
Associated with tumorigenic citations of either "WEQO" or "CAR" in the 1379 Registry of

Taxic Effects of Chemical Substancas

(HICSH,
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Table C=-4 (continued)

Compound Structare M::;.;c;ﬂ.:: aoil.i-.?:;g ’Pcim: Ar::nt;mqe: Rof o
Pyrens ‘ 202.24 393 4
Benz (a) anthracsne”
chrysane* 228.28 435 4
‘L‘:iplnnyinn.
Banzo(3) tluo;anthmc' 3
Benzo (b) fluoranthene® | by 252.32 480 4
Bfn;a(kizluoranthlnc <uJ
P.ryla.nl 252.32 350-400 4
Dimethylbenz (a) anthracsne” 256.35 -— 4
(7,12= is pictured)
3-!‘uthylcholanth:en-' 2683.34 -— 4

*usqciuad with tumorigenic citations of either "NEG® or *CAR® in the 1979 Registry of
Toxic Effacts of Chemical Substancss (NIOSH, 1980).
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Table 0—4 ggong;uded)'

r Compound Structure Mr:{'é.: f :’ é':: sou.;.?;:;c ]; oias 3 ;E};L?bs,- ezi _g_ci;;qc q
@
Banzo(e) pyTenes ©©..
@ 252.32 310-312 g
Banzo (a) pyrane®
Dibenz (a,i)}carbazole” 257 —_ 5
Indeno(l,2,3-cd) pyrens* 276.22 - L
Benzo(g,h,il perylene” 276.22 273 5
Dibanz(a,h) anthracens* 278.33 252 5
D;b-nz(a.j)ac:idin‘* 280.32 — 5
6,13-Dimethyldibenz (a,h) - 306.35 -— 5
anthracene*
Dibenzo(a,i) pyrene* 302.28 -— [
Coronane* 300.24 5235 7

'Assqcti.ated with tumorigenic citations of either "NEO" or "CAR" in the 1379 Registrcy of
Toxic Effects of Chemical Substances (NIOSH, 1980Q).
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AROMATIC AMINES

Aromatic amines have been detected in high-boiling point (over 370°C; over
700°F) coal liquids. They have been shown by chemical fractionation and
analytical methods to be largely responsible for the high level of
mutagenicity associated with these materials in the Ames test. The most
mutagenically active boiling-point cuts appear to contain the highest
concentration of 4- and S-ring polynuclear aromatic amines as well as the
highest concentration of total polynuclear aromatic amines (Pelroy and
Wilson, 1981). Sources for futher reading may include reports from ORNL,

BPNW, and ITRI.

.

The major health concern regarding occupational exposure to aromatic amines
is the potential risk of cancer, especially of the urinary tract. Absorption
of these chemicals occurs readily through both the lungs and the skin, and
can regult in the appearance of tumors following a latency period of from 4
to 40 years. In addition, exposure to many of the aromatic amines results

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

Many aromatic amines, derivatives, and analogs have been found positive in
the Ames Salmonells biocassay for mutagenicity and/or to be carcinogenic for
animals undergoing toxicity testing. Unlike the carcinogenic PNAs, these
compounds do not usually cause cancer at the pcint of application, but
rather at distant locations in the body. An exception is 2-anthramine
which, in addition to causing a varity of tumors in areas distant from the
éite of exposure, causes skin cancer in rats subjected to dermal applica-
tions. The specific target site seems to depend on the animal species
tested and on the specific structure of the aryl group. In man, the urinary

bladder appears to be the most common target (Weisburger and Williams, 1980).

The property of carcinogenicity appears to require metabolic activation.
Studies have established that, with few exceptions, a key activation re-
action, N-hydroxylation (a liver mixed-function oxidase-dependent metabolic
reaction) is a prerequisite for tumor production. Animals lacking this meta-
bolie pathway often exhibit negative aromatic amine carcinogenic assays.
Further, the sensitivity of a particular tissue to carcinogenicity induced
by aromatics amines appears to depend at least partially on the ability of
the target organ to convert the carcincgen or an intermediate metabolite to
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iLs active form. Thus, it iz generally believed that aromatic amine-induced
cancer of the urinary bladder is most likely due to the release of active

carcinogens such as arylhydroxylamine derivatives from their transport con-

jugates at this site (Clayson and Gardner, 1976).

Certain structure-activity relationships have been elucidated for the
aromatic amines. For example, the monocyclic arylamines (including aniline)
show weak or no carcinogenic potential in animal tests, whereas a number of
substituted anilines are poéihiva. In general, arylamines, when substituted
by an electron donating methyl or halogen in the ortho position, appear to
be more powerful carcinogens than the unsubstituted compound. Although
these relationships are important in the selection of suspected chemicals
for testing and/or monitoring, it is\not yet possible to predict

carcinogenic actlvity on the basis of molecular structure.

OSHA (1978) recognizes 17 chemicals as causing cancer in humans:; nine of
these are aromakic nitro and amino compounds.* Of the nine aromatic amines
measured in this industrial hygiene study of coal conversion facilities, two
(l1-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 (Beard
and Noe, 1981).

*2-Acetylaminofluorene, 4—aminodiphenyl, benzidine (and salts), 3,3-di-
chlorobenzidine (and salts), 4-dimethylaminoazobenzene, l-naphthylamine,
2-naphthylamine, 4-nitrobiphenyl, and 4,4-methylenebis—{chloroaniline).
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The monocyclic arylamines (aniline, o-toluidine, o-anisidine) have all been
found to be carcinogenic in animals, but only after continuous intake of
high doses. Aniline studies failed to produce the characteristic bladder
tumors, but unexpectedly resulted in subcutaneoué carcinoma (NCI, 1978).
These chemicals, when substituted in the ortho position by an electron do-
nating methyl or halogen, appear to be more powerful carcinogens than the
unsubstituted compounds (Weisburger and Williams, 1980). In addition,
hemorrhagic cystitis has been observed in workers handling toluidines and
chlortoluidines in other industries; however, a relationship to urinary

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

Z2-Naphthylamine is one of the most potent industrial‘carcinogens ever en—
countered (Clayson and Gardner, 1976). Occupational exposure to commercial-
grade Z-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 bladderfgﬁ;;rs

in exposed workers of up to 94 percent. _

In addition, 2-naphthylamine was the First aromatiec amine\qggflusively estab-
lished as an experimental carcinogen. Subsequent testing has shown_positive
tumorigenic results from exposure in dogs, monkeys, mice, and hamsters (the
latter response occurring only after high doses); results in rats and rabbits
have been negative. éood correlation between tumor production and the ap-
peacrance of N-oxidative products in the drine lends support to the belief
phat an active metsbolite 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 correlated with bladder
cancer (Parkes, 1976); however, the possibility of simultaneous exposure to
2-naphthylamine cannct be ruled ocut. 1In animals, no carcinogenic effect has
been found after testing in dogs or hamsters. However, its metabolite
N-{l-naphthyl)-hydroxylamine causes cancer in animals when administered

intraperitoneally.
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Federal standards For exposure to seven of the aromatic amines measured. in

the industrial hygiene of coal conversion facilities are as follows:

aniline S ppm 19 mg/m3
N,N-dimethylaniline S ppm 257m31h37'
o-toluidine S5 ppm 22 mg)ma
2,A-dimethylaniline 5 ppm 25 mg/m3

. o-anisidine 0.5 mg/m3

. p-anisidine Q.5 mg/m:

p~nitroaniline 1 ppm 6 mg/m

Because there is no known threshold dose below which a carcinogen will not
induce cancer, l-naphthylamine and 2-naphthylamine have no exposure limits;

all contact is to be avoided.

The most important toxic effect following exposure to many aromatic amines
including aniline, N,N-dimethylaniline, p-nitroaniline, and the toluidines,
other than the development of cancer, is the development of methemoglobi-
nemia. Methemoglobin, a chemical oxidative product of hemoglobin, cannot
combine reversibly with oxygen, and at blood levels approaching 60 percent

produces symptoms of hypoxia (Beard and Noe, 1981).

Table C-5 shows the molecular structure, molecular weight, and when avail-

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

Boiling vVapor
. , Molacular p
Aromatic Amine Structure Weight Pg.zém Pressure
't
Aniline 93.13 184.13 0.6
"y
a=-Toluidine @"a 107.16 200.23 <1
o-Anisidine 123.16 224 <0.1
MM,
p-Anisidine @ 123.16 243 <0.1
N,
p-Nitrocaniline @ 138.13 284 <<l
e
N, _
]
2,4=Dimethylaniline @a 119.18 - —-—
o,
CHynp CH, '
N,N-Dimethylaniline @ 121.18 194.15 <l
: 4
l-Naphthylamine @@ 143.19 300.8 -
]
2-Naphthylamine 143.19 306.1 -
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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
parcosis. In addition, chronic exposure to benzene produces damage to the
blood and the blood-forming organs. However, this myelotoxicity has not

been demonstrated for either toluene or xylene.

Light and middle coal liguefaction distillates have been found to contain
concentrations of the monocyclic (simple) aromatics ranging from 0.1 to 1.0

percent by volume (Pittsburg and Midway Coal Mining Co., 1980).
Benzene

The major effect of acute inhalation of benzene is central nervous system
(CNS) depression with death resulting from respiratory failure and circula-
tory collapse. For man, an exposure of 20,000 ppm is usually fatal within 5
to 10 minutes, and 7,500 ppm inhaled for 30 to 60 minutes produces toxic
effects {Flury, 1928). The NIOSH (1978c¢c) IDLH (immediately dangerous to
life or health) level is 2,000 ppm.

Other toxic effects from severe, acute exposure to benzene include CNS
symptoms of convuléions, paralysis, andrunconsciousness. Milder exposure
produces reversible euphoria, giddiness;'headache, nausea, and unsteadiness
(NIOSH, 1974). Postmortem findings in fatal cases include petechial hemor-
fhages of the brain, pleura, pericardium, urinary tract, mucous membranes,
and skin (Gerarde, 1960). Breathlessness, nervous irritability, and unsteady
pait have been found to persist for up to 3 weeks following an acute expo-

sure (Gerarde, 1960).

Strong evidence linking chronic benzene exposure with damage to the blood-
forming tissue and to chromosomal aberrations has long been recognized.
Depression of such blood parameters as erythrocyte count, hemoglobin,
hematocrit, mean corpuscular red cell volume, platelet counts, and leukocyte
counts in persons exposed te benzene was the basis for the former NIOSH
recommendation of 10 ppm TWA exposure limit (NIOSH, 1974).
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In addition, more recent clinical and epidemiological evidence has impli-
caled benzene in the causation of leukemia. Presumptive case histories of
benzene-induced leukemia reported by NIOSH (1974) include those of: Mallory
et al. (1939), 2 such cases; Vigliani and Saita (1964), 6 cases; Forni and
Moreo (1967), 1 case; Forni and Moreo (1969), 1 case; and Tareeff et al.
(1963}, 16 cases in the U.S.3,R. Vigliani and Sait# (1964), comparing the
incidence of acute leukemia in Milan in 1959-1961 with that in 1962-1963,
found a 20-fold increase in leukemia in the latter period which coincided
with a sharp increase in benzene poisonings. Cavignaux (1962) demonstrated

a high incidence of leukemia among cases of benzene poisoning ia France.

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

for these petroleum workers than for the general population.

In 1979 NIOSH issued a revised recommendation for an occupational exposure
standard for benzene. The NIOSH recommendation stated "...because it
[benzene] causes progressive malignant diseases of the blood forming
organs...benzené shall be considered a carcinogen in man." and'suggested a
permissible exposure level of 1 ppm and avoidance of dermal contact (NIOSH
1979).

The early symptoms of chronic benzene poisoning are vague, consisting of
headacye, fatigue, and anorexia; and early blood examination usually shows
only slight abnormalities in hematological parameters. As the disease pro-
gresses, however, bone marrow changes including aplasia or hyperplasia, and
peripheral blood changes including anemia, leukopenia, and thromocytopenia

develop.

Aculte dermal contact with liquid benzene may cause local erythema and blis-
tering of the skin. Repeated or prolonged contact may result in drying,
scaling, or dermatitis. However, no evidence exists for systemic injury
following dermal contact.
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Toluene and Xylene

The primary health effect associated with occupational exposure to both
toluene and xylene is CNS depression following acute inhalation of vapors.
Reports comparing the relative acute toxicities of benzene, toluene, and
xylene are conflicting, possibly because of the different toxicities associ-
ated with various isomers. However, these toxicities all appear to be of

the same order of magnitude (NIOSH, 1975).

Distinck symptoms from an exposure to toluene appear at about 200 ppm; they
include headache, lassitude, anorexia, fatigue, and skin paresthesias. As
concentration and/or length of exposure is increased, more severe symptoms
appear, including muscular weakness, incoordination, mental confusion, and

loss of consciousness (NIOSH, 1973).

Exposure to both toluene and xylene vapors produces local effects as well;
they are irritating to the eyes, noise, and throat. In a subjective study
by Nelson et al. (1943), reported in NIOSH (1975), a majority of test sub-
jects felt that they could work in an atmosphere of 200 ppm for teluene, but '
only of 100 ppm for xylene.

Current scientific evidence indicates that, unlike benzene, neither toluene
nor xylene cause injury to the blood-forming tissues of the body (NIOSH,
1973). 1In addition, other effects from chronic exposure to low concentra-

tions of toluene and 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 S00 ppm are
allowed for 10 minutes. However, NIOSH (1973) recommends a TWA of 100 ppm
and a ceiling of 200 ppm. The OSHA standard for xylene is 100 ppm, which is

in agreement with the NIOSH recommendation.
PHENOLIC COMPOUNDS
Phenolic compounds are formed from coal during conditions of high tempera-

ture and high pressure. Production of phenolic compounds is highly variable
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depending upon process conditions and quench system operations. In the
11quefaction process, phenolics can comprise up to 25 percent of the light-
01l fractions and are present in concentrations of up to 10,000 mg/L in un-
treated wastewater {(Herbes et al., 1976). During gasification, phenolic

compounds exit the gasifier with the raw product gas.

Industrial exposure to phenolic compounds is chiefly from dermal contact
resulting in both local injury and systemic toxicity following absorption.
However, at high process temperature, inhalation of vapors and particulate

phenolices with rapid absorption i3 also possible.

In general, these compounds are highly irritating to the skin, mucous mem-
branes, and eyes. Systemic effects usually involve the central nervous or
cardiovascular systems, or both; this may be accompanied by renal and hepatie
damage. OFf the phenolics measured* in this liquefaction study, phenol is by
far the most prevalent and the one that has been studied most. Therefore,
the health effects from exposure to phenol are discussed in the most detail
here; information concerning the cresols and the xylenols is also discussed

when their toxicological manifestations differ from those of phenol.

Phenol

Phenol is a general cell toxin that coagulates protein and produces tigsue
necrosis (Liao and Qehme, 1980). 1Its potent corrcsive properties cause
local damage to exposed tissue. Dermal contact initially produces painless
ﬁhitening of the exposed area; continuing exposure results in severe burns
and necrosis. Skin contact by humans with solutions, emulsions, or pure
preparations containing from 80 to 100 percent phenol for a little as 5 to
20 minutes has resulted in death. Eyé contact may cause severe damage and
blindness (NIOSH, 1976).

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

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

*Phenol, o-cresol, m-crescl, p-cresol, o-ethylphenol, p-ethylphenol,
2,3-xylenol, and 2,4-xylenol.
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from respiratory arrest or from direct cardiac paralysis (Sellmann, 1957;
Deichmann and Keplinger, 1981). The "immediately dangerous to life or
health” (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 is rapid and results in systemic damage to the
nervous system, heart, respiratory system, liver, and kidneys (Whitthaus,
1911; Piotrowski, 197I). 1In some exposures, hemolysis leading to hemo-
globinurea and jaundice have been reported. NIOSH (1976) further states
that "phenol in excess of normal physiologic capacities adversely affects

nearly all organs.”

The zignificant health hazard froem chronic exposure to low levels of phenol,
especially in industrial environments, may be its tumor-promoting activity
which has been demonstrated in several strains of mice. However, no infor-
mation is available concerning chronic human exposure to phenol from inhala-
tion or skin contact; nor are epidemiological studies of occupational ex-

posure to phenol by inhalation found in the literature.

e

However, Enimg}g clinically exposed to phenol vapor have exhibited myo-
cardial, pulmonary, vascular, hepatic, and renal damage (Deichmann et al.,
1944). 1In addition, phenol appears to have tumor-promoting activity in many
stralns of mice when repeatedly applied to the shaved skin after initiation
with known éarcinogens {Bouktwell and Bosch, 1959; Van Duuren et al., 1971;
Van Duuren and Goldschmidt, 1976). It was not found to be carcinogenic when

aéplled alone to the skin of standard strains of mice.

A threshold limit value of 20 ms/m3 (5 ppm) determined as a TWA, or of 60
3 . - . :

mg/m as a ceiling concentration for 15 minutes has been recommended by

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

Cresol

Cresol presents an occupational hazard from both dermal contact and vapor/

aerasol inhalation. Due to the similarities between the reported health

«ffacts of exposure to cresol and phenol, these.two chemicals have usually

been considered analogous with regard to toxicological manifestations. Both
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chemicals are readily absorbed, csuse skin and eye burns, and produce sys-

temic damage to the nervous system, heart, liver, and kidneys.

However, NIOSH. (1978a) cites a French study of 34 resin workers exposed to

- ¢cresol, formaldehyde, and ammonia (Corcos, 1939) and a Russian animal study

{Uzhdavini et al., 1974) as evidence for setting a more stringent limit on
exposure levels of cresol. They conclude that, while dermal exposure to
phenBI and cresol produces similar effects, inhalation of cresol results in
more severe upper airway irritation. In addition, NIOSH reports that re-
peated or prolonged skin exposure tc low concentrations of cresol may cause
skin rash and discoloration -- a sensitization reaction not seen in phenol

exposure.

A threshold limit value of 2.3 ppm determined as a time-weighted average is

recommended by NIOSH (1978a). The OSHA standard is 5 ppm (22 mg/m;).

Xylenol

Inhalation and dermal contact with xylenol result in absorption, rapid
metabolism, and excretion in the urine (NIOSH, 1978a). Much of the informa-

tion on the toxic effects of exposure to xylenol comes from Russian studies

in animals.

Acute exposures to xylenol cause moderate toxic effects, but less Ehan axpo—
sure¢ to phenol or to the monomethylphenols (cresols) (Uzhdavini et al.,
1974). Signs of acute toxiecity include irritation of the skin and mueous
membranes, blood vessel dilation, and neuropathy, all of which vary with

dose and route of exposure.

In chronic toxicity studies using mice, xzylenol inhalation produced slight
growth retardation (Uzhdavini et al., 1979). A study with rats given oral
doses of xylenol resulted in decreased liver, kidney, and heart weights, and
dystrophy of liver cells (Maazik, 1968).

Xylenol dissolved in benzene promoted papillomas and carcinomas when skin-
painted on mice after one subcarcinogenic dose of the initiator DMBA
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(Boutwell and Bosch, 1959). Some of the results indicated that xylenol
might also be a carcinogen; however, the mice used (Sutter) are highly
susceptible to carcinomas. No information was found on xylenol's possible
¢carcinogenicity for humans, but contact is generally avoided at levels far

below those used in the animal éfﬁdiés}
No exposure guidelines are available for xylenol.
TOXIC GASES AND VAPORS

Coal converSion processes which involve the reaction of coal constituents
under high temperatures and high pressures present a potential for leakage
of Loxic gases and vapors into the industrial environment. Although these
gases and vapors are normally confined in vessels and pipelines, release can
occur from leaking valves, seals, flanges, and vents, as well as during a

process upset or vessel rupture.

The toxic gas that is expected to be present in all coal conversion pro-
cesses at concentrations that can be dangerous is hydrogen sulfide. 1In
addition, lower levels of other toxic gases and vapors including hydrogen
cyanide (HCN), carbon disulfide (csz). carbonyl sulfide (COS), and various
metal carbonyls may be present. Carbon monoxide is present in coal
gasification processes as a major constituent of the product gas, in some

processes exceeding 20%.
Hydrogen Sulfide

A large, scute exposure to hydrogen sulfide can cause respiratory failure
and death within a few minutes, Other CNS symptoms of an acute, sublethal
dose include weakness, dizziness, headaches, nervousness, and convulsions.
Recovery is usually complete, although residual polyneuritis from resulting
CNS damage has been reported (Hamilton and Hardy, 1974). The mechanism of
actlons appears to be inhibition of the cytochrome oxidase system necessary
for cellular respiration (Doull et al., 1980), and toxic action on the
carotid body (Hamilton and Hardy, 1974) leading to central respiratory
paralysis. Hypoxia resulting from the inability of cells to utilize oxygen

can cause damage to other organs as well.
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Hydrogen sulfide is also a potent local irritant. Eye exposure results in

conjunetivitis, keratitis, and palpebral edema, although corneal ulceration
is rare. Photophobia and lacrimation have also been reported. However, no
reports of lasting eye damage were found in the literature (NIOSH, 1977b).

Respiratory tract irritation produces rhinitis, 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 diarrhea have all been reported at a wide range of concentra-

tians.

NIOSH recommends a ceilins.concentration for hydrogen sulfide no greater
than 10 ppm; the OSHA standard is a ceiling value of 20 ppm with a maximum

peak of 50 ppm For a maximum duration of 10 minutes one time only.
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 purification processes which remove carbon dioxide and hydrogen
sulfide.

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

Because carbon dioxide blocod levels are not affected and therefore do not
teigger a respiratory stimulation response, unconsciousness usually precedes
awareness of distress. NIOSH (1978c) defines the IDLH concentration as

1,500 ppm. This represents the maximum level from which one could escape
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within 30 minutes without any escape-impairing symptoms or any irreversible
heallh effects. The OSHA standard is 50 ppm.

Once an exposure is terminated, complete recovery is the rule unless hypoxia
~ has produced cell damage. Surviving victims who have experienced prolonged
unconsciousness may have permanent damage, especially to the CNS basal
ganglia and subthalamus. A relapse or delayed toxicity has been reported in
some patlients regaining consciousness. In these cases, CNS deterioration

and death occur within a few weeks of apparent recovery.

The results of chronic, long-term exposure to low levels of carbon monoxide
are less well documented but of increasing concern. Neurologic, behavioral,
and cardiac effects have all been reported and refuted. Exposure to carbon
monoxide increases blood carboxyhemoglobin in proportion to the CO air
concenkration as well as the length of exposure and individual ventilation
rate (increased during work). A rough correlation of air concentrations and

8-hour equilibrium levels of carboxyhemoglobin are shown below:

ppm %_Carboxvhemoglobin
10 2
20 3.7
30 S

Table C-6 summarizes the major toxicological effects and target organs for
the groups of chemicals studied in the five coal liquefaction plants.
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Table C-6. Major Toxicological Effects of Chemicals Sampled
at Coal Conversion Facilities
Chemical “ajor Organs at Risk Indicator of Exposurs

Xylene
Phanclics

Skin (cancer)
Lmg (cancer

Lung (cancas)

Urinary Tract {cancar)

Blood (oethemoglobinemia, hemolysis)
s

Liver

G238 (depressant)

Alood~forning elements (daprassion, cancar)

N8 (depressant)
Skin (sensitization)

QIS (daprassant)

8 (dapressant)
Cardisvascnlar Syscam
Reaspiratory Systam
Liver

Xidoey
“all oryans” (NIOSHE, 1377) (cancar promotar)

skin (sensitizaeion)

Q&8 (deprassant)
Heart (stress)

OIS (dapressant, rsspiracory arrasc)

Orinary phancls

Urinary hippuric acid

Urinary hippuric acid

Urinary or sermm
pbanol
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