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FOREWORD

Under the auspiceé of the Depar;ment of Ehergy, Brookhaven National

Laboratory undertook the task of assessing the industrial hygiene monitoring
/ ) needs for tﬁe coal conversion and 0il shale industries. To assist in

accomplishing tﬁis task,'the folldwing authoritafive workiﬁg group was

organized:_.‘
Affiliation
Otto White, Jr., Co-chairman Brookhaven National Laboratory
Samuel Morris, Co-chairman Brookhaven National Laboratory
'Thomas R. Cessa;io, Secretary Brookhaven National Laboratory
Edward Baier#* . ) National Institute of Occupational
: Safety and Health :

Richafd Brief " Exxon Corporation

Mort Corn : . University of Pittsburgh

Harry Ettinger . Los Alamos Scientific Laboratory
David Fraser ' , University of North Carolina
Morton Lippmann ' New York University:

Andrew Sharkey - Pittsbrugh Energy Research Center

. This group met for the firét.time during the annuai American Industrial
Hygiene Association Conference in Los Angeles, California on May 9, 1978.

‘ The second meeting took'pléte during a two day visit to the Pittsburéh Energy:
Technology Cenéer-where the group sharbened'its focus on industrial hygiene
problems in coal conversion by inspecting specific processes and work pfactices.

The third meeting of the éuthoritative group was held af Brookhaven National

Laboratory in conjunction with a two day symposium on Assessing the Industrial

N

#*Present affiliation is Diamond Shamrock Chemical Company.
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Hygiene Monitoririg Needs for the Coal:Conversion and 0il Shale Induétries.

The symposium prbgram (Appepdix I) iqcluded'presentaFions centering around the
themes: '"Recognition of Qccﬁpational Heaith Moni;oring Requiremen;s for thé
Coal Conversion and 0il Shale Industriesf (November 6, 1978) and "Status of.
Dosimetry Technoiogy for Ogcupational Health Monitoring for the Coal Copvérsion
and 0il Shale Industriés" (November'7, 1978). These proceédings represent the
contributions of the symposium participants (Appendix II). This information
proved to be invalu‘a-b‘ie when-the wox;kiﬁg group met follawing, rhp symposium fér

a third day (November 8, 1978) to draft its_final~report.
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OVERVIEW FROM FOSSIL ENERGY

by John H. Abrahams
Environmental Activities Staff
Systems Engineering Division
Office of Fossil Energy Programs

Department of Energy

-, .

In undertaking an "Overview'" of safety and health concerns in the Fossil
Energy programs of the Department of Energy, three basic considerations are
_appropriate. These are:

1) The reasons why "Fossil Energy" is "in the limelight" as a major
near- to mid-term energy source in the United States;

2) The relative place of Fossil knergy Techuwlogy, in relation to
" overall options for energy available to us;

3) * The concerns of the Department of Energy's Office of Fossil Energy
Programs (FE Programs) as to health and safety in developing
Fossil Energy technology, and the potential problems affecting that
development.

‘ In this presentation, all ‘three of these are addressed. The first two
~are discussed only briefly in order to put the latter in proper perspective
and to set the stage.for the theme of this Symposium. '

An important reason why Fossil Energy technologies are receiving major
attention is such that they offer possibilities to develop and utilize re-
sources which are available without fear of possible influence on supply
and/or price. Further, as generally known, many of the methodologies for
Coal Conversion are not new. The opportunity thus exists for rapid improve-
ment to known systems aud possible extrapolation of basir knowledge to im-
proved or new and mure efficient proccsooce.

Some understanding of the magnitudé of the current Department of Energy
effort in the. Coal Conversion Program can be obtained by comparison of the
funding levels for it, as compared with the total for the Office of Fossil .
Energy Programs (see Figure 1). From a very modest, but steadily increasing
level of effort in the 1960 to 1970 time period (in the former Department of
Interior Office of Coal Research), there have been and continue to be sharp
increases in appropriated funds available. The FY 1979 planned level of
expenditures for coal ($382.5 million) is forty-eight percent of the total
($801 million). Again, it should be noted that part of this increasing,
emphasis is a sharp focus of attention on our need to meet any future chal—
lenges to our energy supply, as typified by the vil ewmbargo. ’

Today, our nation needs to work quickly in developing new technology and
new processes so that fuel resources which are available in abundance can
be turned to clean, safe, non-imported energy.



OFFICE OF COAL RESEARCH’
DEPARTMENT OF THE INTERIOR

1964 $ 5,075,
1965 6.836,
1966 - 7,220,
1967 8,220,
1968 10,980,
1969 13,700,
1970 15,300,
1971 17,160,
1972 ’ 30,650,
1973 . 44,280,

ERDA (COAL ONLY)

1974 $ 123,400,
1975 261,278,
1976 312,763,
1977 325,000,

DOE (COAL ONLY)

1978 © $385,400,
1879 . 382,500,

DOE (TOTAL FE BUDGET)

1978 $ 743,000,
1979 801,800,

Figure 1. - Appropriations for coal RD&D in
thousand of dollars.




At the same time that we need to work with great haste, we need to work
with great caution. For decades now it has been accepted knowledge that many
of the substances of the petroleum industry, coal mining, coking, and other
industries which use products from these processes, cause cancer or other
illnesses. Recent tests and data lead us to SUSPECT that even greater numbers
of substances and processes can cause cancer. So we are in the ‘unhappy pre-
dicament of having to do the seemingly impossible--move quickly but with great
caution. But haste and caution usually do not go hand-in-hand. To help under-
stand "why" fossil fuels technologies are receiving major Federal commitments
today, a review of pertinent well-known facts regarding reserves is essential.
Coal and oil shales represent leading potential fuel sources for the nation's
energy needs of the future. Coal reserves, as an example, according to the
National Energy Plan are estimated at 436 billion tons. There could be as
many as 600 billion barrels of recoverable petroleum reserve from oil shale.
The importance of these reserves is emphasized by the fact that while the
existing oil and gas supply accounts for only about 11 percent of known U.S.
recoverable reserves, théy are.currently meellug abuut 75 percent of the nation's
energy demands. On the 6ther'hand' these coal'and §olid fuel reserves make up
over 77 percent of the nation's known reserves, yet contrlbute less than 20
percent to the nation S energy consumption.

How to make maximum use of these energy resources efficiently and safely
is the principal concern of the Office of Fossil Energy Programs (FE Programs),
under the Assistant Secretary for Energy Technology.

It is anticipated that a shift from current petroleum and natural gas
sources to those associated with coal and oil.shale is needed for near- to mid-
term use through the middle of the twenty-first century, even if new petroleum
reserves are discovered. Of course there is a need for research and development
of other energy sources for the longer term; but we have the coal and oil shale
resourcé now; we have the basic methodology, and with prudence can move ahead.
Unfortunately, the few epidemiological studies we do have suggest that, in
general, coal processing involves biological risk, but early and complete occu-
pational safety and health plans and programs could minimize or eliminate these.
risks. FE Programs and the Assistant Secretary of Environment (EV) have identi--
fied that basic issues and requirements for such programs, and much ol the needed
research to fill the gaps. A comprehensive occupational safety and health plan
for FE Programs is now being formulated for the guldance of FE Programs facili-
ties, including those. of our cost share partners. This "guidance' takes into
account current safety, industrial hygiene, medical, and research programs and
regulatory requirement. We are working closeiybwith EV in this overt effort.

Figure 2 shows how FE Programs is organizecd to deal with these probleﬁs,
how coal and oil shale conversion constitute a major segment of the FE Program;
and that there are other processes under development by FE Programb

. FE Programs consists of four major technical elements, two staff components,
and the Energy Technology Centers (ETCs). The technology elements are:

The Division of Fossil Fuel Extraction
The Division of Fossil Fuel Processing
- The Division of Fossil Fuel Utilization
- The Division of Magnetohydrodynamics
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- Figure 2. Organization of the 6ffice of Fossil Energy
Programs, Energy Technology, Dept. of Em_argy‘.




A brief description of the key elements of the FE Programs will help in
directing attention to the areas of interest from a health and safety view-
point. Within the Division of Fossil Fuel Processing, as an example, there
are four major Coal Liquefaction processes under development. These are:
Solvent Refining/Extraction, Direct Hydrogenation, Pyrolysis, and Third Gen-
eration Processes. A Solvent Refined Coal Demonstration Plant is .currently
in the design stage, resulting from operation of two pilot plants. The Coal
Gasification Program includes both High Btu and Low Btu Pilot Plants, with
at least one Demonstration Plant under design.

The realities of these developments is emphasized by the progress being
made on a number of these technologies. Solid SRC I coal product, relatively
sulphurfree, has been delivered to a commercial utility and used in commercial
quantities for electricity generation; Liquid SRC II fuel has been delivered
and burned in.commercial boilers. Approximately 100,000 barrels of shale oil
product are delivered to the U.S. Navy [ur use in vessclo and aircraft. As
the Demonstration Plants come on stream in the next several years, there will
begin to exist a modest but increasing contribution to meeting our energy needs.

Numerous pilot projects also are underway for the underground gasifica-
tion program. Other FE Programs include: Enhanced 0il Recovery, Enhanced Gas
Recovery, Advanced Power Systems, Fuel Cells, and Direct Combustion. One point
should be.made clear, however, pilot plants are not miniature demonstration
of commercial scale plants. Pilot plants are strictly for research. and develop-
ment of process technology, and frequently contain only components of complete
systems. In addition, many units of pilot plants are not scalable to commercial
applications.

The wide variety of FE Programs technology described covers a wide range
of possible near- and mid-term developments, as well as those of longer-range
potentlal Some of ;the new developments in combustion systems, such as the
fluidized bed process, are already being installed or will.be in the near future
in commercial plant applications. Thesé latter technologies appear to present
relatively small safety and health risks. Local environmental and site-specific
safety requlrements must be met, of course. o

The pr1nc1pal FE programs for near- and mid- term utility should be viewed
as assisting. in filling needs for energy during the extended interim period
when research goes forward on other alternative sources such as solar energy,
geothermal applications, and biomass conversion. These latter, with unuclear
energy, along with the coal conversion and oil shale technologies, constitute
an integrated and coordinated DOE Energy Technology 'system."

FE Programs, within that system concept, is presently concentrating its
health and safety efforts on those technologies which are rapidly entering
the Demonstration Plant stage - Coal llyuefaction and gasification. There are
similarities in the safety and health problems, and also differences; but it
is hoped that the end products for commercial use, such as fuel o0il, solids,

or gases, will he reasonably free of "environmental pollutants." FE Programs
has the sole responsibility for fossil fuels process development and the prime
responsibilities for safety and health matters in its programs. The responsi-

bilities of FE Programs and those of EV, regarding safety and health, are shown
on Figure 3. This figure shows that technical line managers have the major,
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Figure 3. Current DOE policy requirements,



direct responsibility for development and implementation .of safety and health
programs, while EV has overview. FE Programs is approaching these concerns
“for establishing a comprehensive Occupational Safety and Health Program as
follows: .

.

o Must extend from exploratory research to commercialization
o Provide for compliance with OSHA standards

0 Be based on present knowledge, modified as new research results
are available.

In every phase of the coal conversion technology development program,
in both government-owned facilities and in industry, from exploratory research
to commercialization, protection can be achiewved by measures to:

i

1) Avoid inhalation of gaseous emissions;

.2) Prevent physical contact with gases or liquids.and high-temperature
components; ’

3) Comply with existing OSHA Standards which apply to many of the
potential exposures associated with coal conversion process.

The hazards to human health and safety associated with these technologies
fall into two categories: physical and chemical. Risks from physical hazards
generally can be mitigated through a comprehensive safety system analysis
and program. The chemical hazards involve both the worker and the general
population, since air and water pollutants are not necessarily.confined to
the site. .

For example, there are many groups of workers other than. those .in coal
conversion processes who are exposed to polynuclear aromatic hydrocarbous.
A total of some 3,900,000 workers are estimated to be exposed, and this group
includes printers, mechanics, roofers; electricians, as well as workers in
the petroleum industry. It is estimated by the Department of Health, Educa-
tion and Welfare, and its National Institute of Occupational Health and Safety
(NIOSH) that about 9,100 excess lung cancer deaths each year might occur in
this group. This is sufficient evidence to cause FE Programs to be intensely
concerned about this potential health hazard.

Adequate data are available for only a small fraction of the substances
and industrial processes which pose potential risks to exposed workers. Each
year new processes and materials are introduced into the workplace and there
are good reasons to believe these could be as hazardous as those used in the
past.

It is inevitable that more and more substances are on their way and that
more and more regulations are on the way which will-affect both the private
sector and governmental agencies such as DOE. The Occupational Safety and
Health Administration (OSHA) and the Toxic Substances Control Act (TSCA) must
be coordinated if .they are going to be effective in their efforts to protect
the American worker, the public at large, and keep a lid on economic feasi-
bility at the same time. Interagency coordinating committees have beén
established to that end and are beginning to function.

-8 -



We can't afford a time backlog between the development of a process or
substance and the time that process or substance is allowed on the market.
OSHA and TSCA must be in a position to act quickly once a carcinogenic or
toxic substance or process is identified. We have an obligation under TSCA
and OSHAct to develop adequate information which will move through the regu-
latory system without undue delay and contention.

The risks from chemical hazards are subtle and difficult to deal with
since a large variety.of potentially toxic carcinogenic or mutagenic sub-
-stances may result from conversion processes. These substances will likely
be present in complex mixtures, and include other compounds which are un-
known and need to be identified and- assessed for health impacts. In particu-
lar, the effects of chronic low-level exposure to potent by-product carcino-
gens, such as polycyclic aromatic hydrocarbons and -aromatic amines, are poorly
understood. :

Current knowledge of the health effects of substances to which the work
force may be exposed is, in general, limited and needs to be expanded. More-
over, there is a distinct possibility that there may be both synergistic
and antagonistic effects of materials in the complex organic mixtures
(especially polycyclic aromatics) produced during-conversion processes. Little
is known relative to the long-term effects of chronic exposure to such materials
and mixtures. Biologic research should be employed to ascertain potential oc-
cupational risks and to assure that industrial personnel are not being exposed

to unacceptable hazards.

However, few industries have been investigated adequately for evaluating
the possible occurrence of occupationally related cancers and other occupation- .
al illnesses. It is generally agreed that the best basis for regulating a sub-
stance is epidemiological. But epidemiologic surveys are difficult to conduct
- and only agents and industrial processes which lead to rather large excess
incidences have been identified to date. .Although™a number of toxicological
investigation programs on coal conversion products are now underway, sponsored
by the Department of Energy, FE Programs, and EV, we simply do not have a
comprehensive and coordinated epidemiological program in progréss. Although’
exposure to some of the more important occupational carcinogens and toxic
chemicals has been reduced.in recent.years, there are still unregulated mater-
ials in the U.S. workplaces; a number of occupations are characterized by ex-
cess cancer risks which have not yet been attributed to specific agents.

Regardless of the current need for more information, we can, and indeed
must, protect workers from illness or injury by applying what we now know. A
suitable protection program, based on sound principles of occupational safety
and health, must include: ' :

— (Clinical medical considerations, including preplacement, periodic
and special physical examinations; measures for recognition, diag-
nosis and treatment of disease arising from occupational exposures;
and the maintenance of adequate surveillance over medical records and
participation in preventive health planning and programs.

— Environmental controls, including monitoring and surveillance over work
room and process; industrial hygiene evaluations and controls, e.g., sub-
stitution, isolation, engineering design, etc.; personal monitoring and
dosimetry. )



- Provision of adequate personal protective equipment where engineering
controls are not feasible.

— Education of supervisors and employees as to job hazards, results of
exposures, and the means of protection.-

- Research to amplify the current state of knowledge.

Each aspect of the development .of coal conversion technologies is constrained
by laws, standards, and regulations imposed to protect health, safety and the
environment. In most cases, design and operation within these constraints in-
volves higher capital and higher operating costs, which will necessarily be

reflected in the price of the product. In addition, the refinement or imposi-
tion of new environmental regulations will alter the set of constraints under
which facilities are designed, further affecting the price of product fuel.

The Environmental Protection Agency (EPA) has issued in the Federal Register
its proposed approach to implementing the TSC Act. While EPA is developing
testing protocols, they are not being made mandatory at this time. However,

EPA has made it clear that the basic information required must be a thorough
presentation as to projected uses and exposures, by-products, disposal methods,
and as to toxicity and other tests performed. EPA will evaluate this informa-
tion, not only on the basis of the data provided by the sponsor, but on all
other information. available to it. Thus, it is evident that great care is
needed in developing and carrying out test programs, if needless delays are to
be prevented in commercial utilization of fossil energy products.

In recent weeks, the Research News section of Science has been devoted to
chemical carcinogens—--"The Safety of Low Dosages, The Scientific Basis for Regu-
lation," and "How Well the Laws Are Being Implemented." These articles have
been excellent discussions of the confuslun that exists within the scientific
community itself over cancer .research and testing procedures. Perhaps the best
thing that could come from all this confusion over toxic substance regulation
and OSHA regulation is a strengthening of the toxicology and epidemiology dis-
ciplines. Federal support is gradually increasing, and private industiy is in-
vesting substantial sums in this area. - But much remains to be done. 'The TFC
Programs is undertaking an Occupational Safety and Health Program effort which-
includes new emphasis in this area. '

If the Fossil Energy Conversion Program is to succeed, there must be an
intensive occupational safety and health program through every stage of the
development. Obviously, the Occupational Safety and Health Programs must apply
the current state of knowledge arid the best professional practices, as cutrrently
recognized. There must be active and parallel programs which integrate the re-
sults of observations made as part of the Occupational Safety and Health Pro-
grams and the specialized research designed to improve the state of knowledge.
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Distribution of Trace Elements in US Coals

Increasiﬁg interest in the chemical composition of U.S. coals has prompted
studies resqlting in an extensive compilation of trace element data.representing
the major coal—éroducingvareas. The U.S. Géological Survey (USGS) hag a large
ongbing.pfogram which will eventﬁally chérac;erize o&er 5000 coal sampleslfor
30-40 elements. A report (1) convéring the analyses of the first 799 samples
is a&aila£1e. Table 1 summaiizes the aberages dbtainedAfor 36 elements in that
initial study. o

Less recent, but extremely comprehensive, work done.by Zubovic and his
co-workers at tﬁe USGS during the 1960s’ (2) characterizes the vérious coal basins.
Their results indicate that the accumulation and distribution of inorganic
elements in coai resﬁlt from the.interactiops of various geological; physicq-_
chemical, and biochemical factors. Geological factors include the rafg of’
subsidence of a depositional basin, rate of uplift of the drainage area, the
type of rocks being eroded and deposited, and thé.ratio ;f the size of dpainage
areavto the area of organic accumulation. .

{

1The Illinvis SlLale Geological Survey (ISGS) has heen involved with a smaller,
but similar program, concentrating upon the Illinois bésin (3). Table 2 lists L
the mean values for some 114 coals from the various Illinois coal seams. Some'
general observations from this study Are_that elemental concentrations teud Lu
be higﬁest in the eastern United St;tes, lowest in coals from the western fields,
and intermediate in the Illinois basin-coals. It was ob;egved that only.a few
elements were significantly enriched in ¢oals relalive to the éarth's orﬁ;t.

: éelenium is generally enriched whereas boron.was found to be enriched inAcoais
froﬁ the Illinois basin. Chloring.was_féuﬁd to be enriched in the Illinois and
eastern coals. Many elemenfs are depleted in coals, relative to the earth's crust.

In the Illinois basin these include Mn, 'F, Ta, Tl1l, Cr, Na,.Al, Ca, among qthers.

Elements which have the largest relative ranges in concentrations include those

- 12 -



associated with sulfate and sulfide minerals. Sometimes these high concentrationﬁ‘
~are related to mineral deposits. Elements which have the more narrow.relaﬁive
ranges are usually associated with silicate minérals or the organic (c;aly) i
gatrixt Some representative histograms of distribution are shown in Figure'l.

« A comprehensive review of the literature pertaining to distribution and
nature of trace elements in coél has been compiled by Gluskoter et al. (4).
This review lists the many smaller regional sfudies that have been done for various
elements.

Variafions in the vertical distributions which in any coal seam are alsd

quite pronoﬁnced. F;gure 2 exemplifies tﬁe extreme ranges found.in bench-samples
for Br, U, Mo, gnd V.in typical Iilinois coal seams. These data reflect the

influence of the overlying and underlying shale and claystone as sources for

some of these elements in coal.

Association of ‘Trace Elements in Coal

Important as the range of concentration of an element in various coals fhe
mode of occurrence ér nature of association is'equally desired; In most cases
an element is associated with some discrete mineral phase--e.g. Zn as in the
mineral sphalerité (ZnS). Elements such as Br, B and others are identified
'prefereﬁﬁiall§ with the organic coal matrix. Still other elements such as Hg
éhow Both.preferences. Table 3 from Gluskoter et al. (4) lists some minerals
i&éntified’from various coals.~ | '

ﬁ;shability (floét—sinkibdata ha;é been useful in determining‘the mode of
occurrencé'ok eleménts in coal. AThis is a ‘process in which a ground whole coal
sample is”sepéraged into varioﬁs density fraétions~and analyzed for elements
concerned. Elemeﬁts which afe breferentiaily concentrated in the lighter fractions
afe considered to be "oréanically“ associated. Conversély those elements
associated with the heavier mineral phaseé are considered to be inorganically bound.

Fiqure 3 exemplifies some typical washability curves for Br, Cr, As, ash, and S.
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By a normalization process the area under these curvés are integratéd aﬁd the
relative magnitudes may be rélated to "organic" or "inorganic" association
trend. Table.4 summarizes some observations for four Illinois coals (sets 1,

Q, 8 and 9), an Alabama coal (seﬁ 2}, two West Virginia coals (set 3 and 4), and
an Arizéna coal (set 4). . It is apparent that an elément does not generally
exhibit fhe same float-sink (washability) behavior for coals in all geographical
areas, however results from the four coals sfudiéd'frOm'the Illinois basin are
quite similar reflecting the geological environment. Some generalizations from
the Illinois,baéin are that Ge, Be; B, Sb were generallf classified as organic
whereas Zn, €4, Mn, As, Mo, and Fé were gené?ally_classified in.the "indrganic"
group. The other areas studied generall& indicate 'Ge, B, and By to be
organically associated.

Studies involved with demineralized'coal;(coal extracted with several acids)
and analysis of coals extracted with ammonium acetate (5) generally confirm the
trends observed from the washability studigs. Although it is quite probable
some éf‘the oergénic materials are altered with the acid treatment (HCl, dilute
HNOa,,HF. etc.) generally the ofgapic sulfur_éontent was unaltered and mugt
elemental concentrations basically agreed with those valﬁes expected flom
washabilitf curves. The ion exchange behavior of coals as exhiﬁited frém analysis
of before and after ammonium acetate extractéd coals confirmed, in caées.such
‘as Ca, the different associaﬁions for eastern and western coals, in thgt'QSS%

Ca was extracted from the western versus less than 10% in the easternlcoals studied.

These dala can poSsibly omphaeize the pntential cleaning of coal for these
elements concerned, howevgr the pafticle-size of the minerals also play a large
role in the ease of cleaning. In an eastexn Pittsburgh seam coal 95% bf the
pyrite occurs with'an average siée of 8 microns, finely divided withiﬁ the

coaly matrix. - Hence organic affinity is only an -indicator of cleaning potential.

- 14 -



Mobilities of Trace Elements During Coal Conversion

When héat, pressure, and chemical stimuli are imposed upon coal, as during
combustion or conYersion there will be a tendency for mobility and.volatilization
by many elements regardless bf their association. The various processes of coal
preheating, coking, combustion, gasification, éﬁd liquefaction éach pose particular
problems as far as evolution of potentially to;ic materials is concerned.

During coal cqnversibn frace elements may Ee "lost" or accoﬁnteé for in
various product and waste phases of the particular process. These "inventory"
studies aré best made by,analyzing‘all phases of the process, if pdssible. This
is a very difficult if not impossible procedure to carxry out quantitatively.
Material balances of from 50 to 150% are considered quite acceptable since
sampling problemé can be severe.

Several liquefaction’procésses have been studied for possible losses of
trace elements. Some 34 elements were studied for their distribution and faté
in the Solvent Refined Coal'Process Pilot Plant in Fort Lewis, Washington (6). -
All‘elements'were accounted for in one phase or another. Volatile elements
including Se, As, Hg, and Br were qund to a significant degree in the procéss”
watef streams. The Synthoil process has been surveyed by SChulpz et al. (7) and
Lett et él. (8) with most e;ements studied being accouﬁted for within the system.
It was noted Cl was coﬁcentrated in the scrubbers. Analysis of effluent systems
of the COED process (9) indicated the filtered aqueous effluent. streams contained
>1 ppm of B, Fe, Mg, Al, Cu, Mg, Mn, Ni, Pb, and Zn.

Several gasification processes have trace element data available. Gasior
et al. (10) reborted that most elementS‘stddied,(including As, Be, Cd, Ni, Pb,
Se, and V) in the SYNTHANE process were recovered in the char, however some Hg
was unaccounted for. Attari (115 determined some 38 elements in feed coal and
ash samples from the HYGAS process and predicted that Cl1l, Hg, Se, As, Pb, Cd, V,

Sb, Be, Ni and possibly others would be significantly volatilized during the
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pro'cess however the quenc‘hin‘g, ac_id'—gas' removal, ‘and methanation styes would
éfféctivéiy'trap them. Sather's et al.- (12) work on feed coal and ash from
‘the 'LURGI prqcess,indicated,that significant amounts of As, Be, F,‘Pb;‘and \Y s
can possibly be subjected to the air or wéter streams during a ééy'slrun if oo

not effectively trapped. -
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Average Amounts of 36 Elements in All Coal samples and in Different Ranks

Table 1

of Coal, Presented on Whole-Coal Basis
(from reference 1, p. 19)

Subbituminous

All coal Anthracite Bituminous Lignite Average
Percent (799 samples) (53 samples) (509 'samples) (183 samples) (54 .samples) shale
si 2.6 2.7 2.6 2.0 4.9 7.3
a1 1.4 2.0 1.4 1.0 1.6 8.0
Ca .54 .07 .33 .78 1.2 2.21
Mg .12 .06 .08 .18 .31 1.55
Na .06 .05 .04 .10 .21 .96
K .18 .24 .21 .06 .20 2.66
Fe 1.6 .44 2.2 .52 2.0 4.72
" Mn .01 .002 .01 .006 . .015 .085
Ti .08 .15 .08: .05 .12 .46
_ppm_

As 15 6 25 3 6 13
o 1.3 .3 1.6 .2 1.0 .3
Cu 19 27 22 10 20 " 45
F 74 61 77 63 94 740
_Hg, .18 .15 20 .12 S UR .4
Li 20 33 23 7 19 66
Pb 16 10 22 5 14 20
Sb 1.1 .9 1.4 .7 .7 1.5
Se 4.1 3.5 4.6 1.3 5.3 .6
Tb 4.7 5.4 5.0 3.3 6.3 12
u 1.8 1.5 T I 1.3 2.5 3.7
Zn 39 ‘16 53 "19 30 95
B 50 10 50 70. 100 100
Ba 150 100 100 -300 300 580 .
Be 2 1.5 2 7 2 3.0
Co 7 7 7 2 5 19
Cr 15 20 ‘15 "7 20 90
Ga 7 7 3 7 19
Mo 3 2 3 1.5 2 2.6
Nb 3 3 3 5 5 11
Ni 15 20 20 5 15 68
Sc 3 5. 3 2 5 13
Sr 100 100 100 100 300 300

20 20 20 15 30 130
Y 10 10 10 5 15 .26
Yb 1 1 1 .5 1.5 2.6
Zr 30 50 30 20 50 160
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Table 2°

MEAN ANALYTICAL VALUES FOR 114 WHOLE COAL SAMPLES
FROM THE ILLINOIS BASIN COAL FIELD

Element - Arithmetic Geometric Minimum Maximum Standard  kumber Number
Mean Mean : Deviation Samples Less Than
Values
AG 0.03 ppm 0.03 ppo 0.02 0.08 0.02 <37
as ) W ppm 7.4 ppm 1.0 120 20 113
b 110 ppm 9b ppa 1z 230 ' 50 99
bA 100 ppm 75  ppm 5.0 750 110 56
Bi 1.7 ppm 1.6 ppm 0.5 \ 4.0 0.8z 13
BR 13 ppm 10 ppD 0.6 52 7.4 113
cD 2.2 ppm 0.59 ppo 0.1 65 7.4 93 43
CE 1 pPpm 12 ppm y.4 46 7.5 56
cu 7.3 ppm 6.0 ppo 2.0 34 5.3 113
CR 15 pPpPm 16 PpPm k.o 60 9.7 113
[ 1.4 ppo 1.2 ppm 0.5 3.6 0.73 56
Cu 14 ppm 13 ppm 5.0 4y 6.6 13
DY 1.1 ppm 1.0 ppm 0.5 3.3 0.42 56
Ev 0.26 ppm 0.25 ppm 0.1 0.87 0.12 56
r 67 ppm 63 ppm’ 29 140 26 13
GA 3.2 ppm 3.0 ppm 0.8 10 1.2 113
GE 6.9 ppm 4.8 ppm 1.0 43 6.4 13 n
HF - 0.54 ppm 0.49 ppm 0.13 1.5 0.25 56
HG 0.2 ppo 0.16 ppm 0.03 1.6 0.19 13
1 1.7 ppm . 1.2 ppo 0.24 W 2.0 56 13
CIN 0.16 ppm 0.13 ppm 0.01 0.63 0. 56 6
LA 6.8 ppm 6.4 ppm 2.7 20 2.8 56
LU 0.09 ppo 0.08 ppm 0.02 0.44 0.06 56 3
HN 53 ppm 40 ppm 6.0 210 41 13
MO 8.1 ppo . 6.2 ppom 0.3 29 5.4 M 6
NI ) 21 ppm - 19 ppm 7.6 68 10 13
4 o7 64 ppm ©45 ppm 10 340 60 113 7
PB 32 ppm 15 ppm 0.6 220 42 13 6
Rb -1y ppm 17 ppm 2.0 46 y.9 13 1
Sb 1.3 ppm - 0.81 ppm 0.1 8.9 1.4 113
SC 2.7 ppm 2.5 ppm 1.2 7.7 1.1 56
SE 2.2 ppm 2.0 ppm 0.4 7.7 1.0 13
k. 1.2 ppm 1.1 ppm 0.4 3.8 0.55 56
SN 3.8 ppm 0.94 ppm 0.2 51 8.8 60 32
SR 35 ppm 30 ppm 10 130 23 56 2
TA 0.15 ppm 0.4 ppm 0.07 0.3 0.06 56
T8 0.22 ppm 0.15 ppm 0.04 0.65 0.14 L))
TH 2.1 ppm 1.9 ppm 0.7 5.1 0.47 56
TL 0.66 ppm 0.59 ppm 0.12 1.3 0.3t 25
1] 1.5 ppa 1.3 ppm 0.31 4.6 0.93 56
v 32 ppm 29 ppm 1 90 13 113
W 0.52 ppm 0.63 ppo 0.04 5.2 0.69 56
Yb 0.56 ppm 0.53 ppm 0.27 1.5 o021 56
2N 250 ppm 87 ppm 10 5300 650 113
2R 47 ppm 41 ppo 12 130 27 88
AL 1.2 % 1.2 3% 0.43 3.0 0.39 113
Ch 0.67 3% 0.51 % 0.01 2.7 0.48 113
cL 0.14 % 0.00 3% 0.01 0.54 0.13 3
FE 2.0 % 1.9 % 0.45 4.1 0.63 13
K 0.7 % 0.16 % 0.04 0.56 0.07 13
MG 0.05 % 0.05 3% 0.01 0.17 0.02 13
NA 0.05 % 0.03 % 0.2 0.0% 13
s1 2.4 3 2.3 % 0.58 0.7 0.7 13
T1 0.06 % 0.06 % 0.02 0.15 0.02 113
ADL 7.3 % 6.4 3 - 1.4 17 3.4 94
MOIS 9.4 3 8.1 3 0.5 18 5.3 112
voL ho 3 4 ° % ‘27 46 3. m
FIXC 49 3 49 3 41 61 3.6 1M
ASh 11 3 1 I 3 4.6 20 2.3 112
BTU/LB 12712 12702 11562 14362 . k70 107
C 70 3 70 3 62 80, 3.0 110
H 5.0 3 5.0 % 4.2 6.0 0.31 110
N 1.3 3 1.3 3 0.93 1.8 0.19 110
4] 8.2 3% 8,0 1§ 4.2 14 1.8 109
HTA 1. 3 n 3 3.3 20 2.5 112
LTA 15 3 15 3§ 3.8 24 3.3 112
ORS 1.6 % 1.4 % 0.37 3.2 0.6 12
PYS 2.0 .3 1.8 % 0.29 4.6 0.78 m i
Sus 0.7 3 0.05 % 0.01 1.1 0.16 109
T0S 3.6 3 3.4 3% 0.56 6.4 1.1 13
SXRF 3.4 3 3.2 3 0.79 6.5 1.1 112

(from reference 3, p. 44)
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Table 3
MINERALS IDENTIFIED WITH COALS

CLAY MINERALS

‘Montmorillonite . . Al,S8i,0,¢(OH} X H;0
Illite-sericite : KAl (AlSi30;¢) (OH) 2
Kaolinite . ; _ . .Al1,Si,0;9(O0H) g
Halloysite Al,Si,0;¢(0H) g
Chlorite . ' MgsAl(A1Si30,¢) (OH) g

(Prochlorite, Penninite)

‘Mixed-layer clay minerals

SULFIDE MINERALS . :

Pyrite ' ‘ : ~ Fes,

Marcasite ' . ) FeS,

Sphalerite 4 ZnsS

Galena . PbS

Chalcopyrite . cuFes,

Pyrrhotite . ’ Fey_4S

Arsenopyrite B ‘ FeAsS ‘
Millerite . : Nis

CARBONATE MINERALS

Calcite ‘ o ' : CaCoO,
Dolomite ‘ (Ca,Mg)CO;4
Siderite o FeCOj '
Ankerite (Ferroan aolomite) - (Ca,Fe,Mg)CO3
Witherite . . BaCoO;

SULFATE MINERALS

Barite ) L Bas0,

Gypsum X ‘Casou-znzo

Anhydrite: ' CaSo0,

Bassanite : o Caso0, *%H,0

Jarosite (Na,x)éea(so..)z(om6
Szomolnokite _ A FeS0,+H,0

Rozenite o o FeSO, *4H,0
Melanterite ' FeSOy * 7H,0

Cogquimbite Fo, (80) 3+ 9H,0
Roemerite - ] Fesonge2(SOw)3-I2H20
. Mirabilite - " Na,S0,+10H,0
Kieserite » . Mgso, «H;0
'Sideronatrite ’ : ) 2Na;0+F€,03 <4505 +7H, 0

{
(from reference 4) .

- 22 =



CHLORIDE MINERALS .

Halite
Sylvite

Bischofite

SILICATE MINERALS

Quartz
Biotite
Zircon'
"Tourmaline
Garnet
Kyanite
Staurolite
Epidote
Albite’
Sanidine
Orthoclase
Augite
Hornblende
Topaz

OXIDE AND HYDROXIDE MINERALS

Hematite -
Magnetite
"Rutile
Limonite
Goethite
Lepidocrocite

Diaspore

PHOSPHATE MINERALS

Apatite (Fluor-apatite)

Table 3--Continued

NaCl
KC1
MgCl, *6H20

Si0,

K (Mg,Fe) 3 (A1S130}0) (OH) 2

ZxrSioy

Na (Mg, Fe) 3Alg (BO3) 3(Sig01g) (OH) 4

~ (Fe,Ca, Mg) 3.(A1,Fe) 2(SiOy) 3

Al2Si0g

" Al,FeSi 040 (OH) 2

Caz (Al,Fe) 35i30; 2 (OH)

‘NaAlSisOp

KAl1Si3Og

KA1Si30¢

_ Ca(Mg,Fe,Al) (Al,Si) 206

- 23 -
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Al,Si04 (OH,F) 2

Fez03
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TiO2
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FeO*OH
FeO*CH
AlO°OH

Cas(roy) 3 (F,C1,0H)
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Figure 3. (Continued)
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' Table 4

ORGANIC -AFFINITY OF ELEMENTS. IN LABORATORY-
PREPARED WASHED COAL SAMPLES

Floac—sipk Set 1 Float-Sink Set 2 Float-Sink Set 3 Float-Sink Set 4

Ge ‘Br . Co h Sr
v Ge Br . * Br
Br Co - Ni b
v S Sr U
Sb Ni Be: Ba
Be . w s P . .Organic
Dy Cu . L] s .
by ' Da by
S>r Oe O
Be. P
v Fe
l'a v
.85 ] .12, ’ .66 .62
cr .80 Pb .67 oy .60 Pb .61
B Sm b Eu
Ni T Fu Na
Co Eu Cu Be
Cu Sb A Co .
Na Ce Sb Ga Intermediate-Organic
Lu Ba Tb ' Ca '
Eu . Ga Ca v
K . P in-
Se Lu
.55 ) .65 Ga .50 .47
I .4y Cr .60 Go N9 ru s
ir Zr Sc Hg R -
Hf Se Na La ,
Rb Yb B : Se
Ti T Sm Ni ) .
Ta | Sc Se ’ 20 - Intermediate-lhorganie
5 Ly . La £b .
Cs - . Fe Mn ) Sn o
b ht v ru
Sao Th Cr . Cr
Al Pb Ce
Mg " se
Se
L34 - .39 ’ .37 To .35
Pb .28 Ta .33 . Hg .32 ¥b .33
Se B . Ti ! Al
Al Ca Ta : Fe
Si Zn Th Hf
Mg. : Na Hf Lu .
LTA LTA : AL . ir . Inorganic R
Sn . Si r As ’
Ba K LTA Ta
Ga Mg Cs ™
Cd Cs Rb LTA
Sr Rb © Si Rb
Ce . Mn K K
Fe: As’ As Si
Mn ) ’ t cs
. As Ti
La .
P
Zn
Ca

(from reference 3, p. 118-119)
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Table 4 ——Coni‘:inued

Float-Sink Set 5 Float-Sink Set 6 Float-Sink Set 8 Float-Sink Set 9 -

B Ge Ge Ge
Na B P B
P Be Be Be
Mg P B Sb
‘Ba Se . Ga
Fe Sb Organic
S Cr
Ni
Co
Br
Sr
Ca
Be
Dy
b
Cu
v
Lu
Sb. .66 .68 .8 .69
Se .63 Co .66 Sb .68 v .56
Ce Ga Co ' s
Se ' Ca Se Ga
La Ni Na Mo
Eu K v Intermediate~Organic
Cr v K
Tb N{
u
Mn
L] .51 .60 .51 .49
K .49 Al .58 Pb .42 Na 44
Sm Cu Cu Se
Hf Si si Ni .
ir Mn. Al Cr Intermediate-Inorganic |
Ta Zr Co
Al S Hg
Th Hg Cu
Ga .35 . .36 . .29 .24
fb .34 ir .26 Fe .22 P .18
‘T4 - LTA LTA Ti
Sn S As Fe
Hg As Mo Ir
LTA Ca Cd K
As : Hg Cr LTA Inorganic
Ssi Mo Mn Al -
Pb . Pb Zn Si
Cs Zn Ca As
Ge Fe Po
Cd
Mn
Zn
Ca
NOTE: Grouped.in 4 catagories: organic, intermediate-organic, intermediate-

inorganic, inorganic. Values for the indices of organic affinity sep-
arating classes are indicated.
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Coal Liquefaction - P}ocess Description and Effluent Characterization
By
F. K. Schweighardt

U. S. Department of Energy, Pittsburgh Energy Technology Center
4800 Forbes Avenue, Pittsburgh, Pennsylvania 15213

The production of coal-derived liquids based on by-product coking began
in both Germany and England- in the 1840's. Such products were used
for roofing, wood preservation and solvents. In the 1850's the coal tar
dye industry was born and has lasted to this present day. Coal has provided
the necessary feedstocks for most of the hydrocarbon liquids (aromatics)
used by the emerging nations of the world, Examples of these products
are solvent naphthias, benzene, toluene, xylenes, phenols, pybidine and most
of the anilines. Such materials found their way into most all of our
industrial growth products and provided the basis for the petro-chemical
industry of the 1940-50's,

In the early 1920's there developed in Germany the direct coal lique-
faction process. The Pott-Broche process was used by Germany during

World War IT1 to produce a host of oils and a solid. The recovered extract
was similar to our present day Solvent Refined Coal, SRC-I, product.

During the early 30's hydrogen was added into the process and the resulting
Uhdepfirrmann process bears a close resemblance to the SRC~II process.
Finally the Bergius. process introduced a catalyst to aid in the rapid
production of aviation fuel and diesel oils.,k At its height the Bergius *
process had 18 plants which produced 30 x 10° barrels of oil per year. Our
modern H-Coal and SYNTHOIL processes wer2 derived from the Bergius approach.

Again in Germany during the 1920's Fischer and Tropsch developed their
process of gasifying coal to produce CO and H,, which were then catalytically
converted to -a mixture of organic chemicals in a separate step under pressure,
During World War IT this process produced most of Germany's raw chemicals,
includiﬁg'alcohols, oils and waxes. The Union of South Africa has.a Fischer-
Tropsch plant in operation today.

The United States began its interest.in coal through the U. S. Bureau

of Mines in the 1940's experimenting with both the Bergius process and
Fischer-Tropsch synthesis. Research efforts were nearly terminated in the
early 1950's .with the discovery of large petroleum stores in the Middle East.
It took another twenty years before our wants exceeded our needs and the
petroleum supply was no longer under our control before coal conversion
technology resurfaced. ' ‘

Currently some twenty-odd liquefaction systems are in various stages
of development by industry and federal agencies.- Three major classifications
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of coal liqueféction technology can be identified;
1. Catalytic Hydrogenation
2. Noncatalytic Hydrogenation

3. Pyrolysis, hydrocarbonization and others

1. Catalytic Hydrogenation

The Bergius, H-Coal and SYNTHOIL systems are examples of the reaction

of coal in a slurry under high temperature (350-45000),‘hydrogen pressure

© (2000-4000 psi), and in the presence of a catalyst to promote desulfurization
and liquefaction. 'Of these three the H-Coal system developed by Hydrocarbon
Research, Incorporated (lIRI) is still in operation. The process is an
extension of the H-0il process ebullating bed technology originally employed

to convert heavy petroleum oil residues into lighter fractions. The ebullating
bed catalytic reactor converts about 90% of the carbon in coal to a liquid.
Figure 1 gives a schematic representation of the H-Coal process.

2. Noncatalytic Hydrogenation

The solvent refined coal (SRC-1 and SRC-II) system was developed by
Spencer Chemical Company for the U. S. Department of the Interior, and was
subsequently purchased by Gulf 0il Corporation and run by Pittsburg

and Midway Coal Mining Company, part of Gulf 0il. Coal is pulverized

and mixed with a coal-derived vehicle solvent in a slurry tank. The coal
slurry is combined with hydrogen, pumped through a fired preheater and
passed into a dissolver. In the dissolver the coal and the solvent are
hydrocracked into a wide range of hydrocarbon materials. The slurry of -
undissolved solids is then separated by filtration. Coal solution is then
passed to the solvent recovery unit where the final SRC-1 product emerges
as a liquid with a solidification point of 175°C. In the SRC-II process
the product is partially recycled and distillation fractions represent

the final liquid products. Figures 2 and 3 give schematic representations
of SRC-I and SRC-1I, respectively.

3. Pyrolysis and Hydrocarbonization'

Pyroly81s of coal involves a mixture of combustlon and recycled gases

which fluidizes and heats the coal to about 175°C in ‘the first stage. The
coal is partially devolatilized and the gases evolved are scrubbed with
recycle liquor and cooled. Most of the volatile matter contained in the

coal is removed in stages II and III at 430° and SAOOC, respectively,
Pyrolysis gases and oil vapors pass through an external particulate separation
system to remove solids. An absorption system removes oil vapors, and the
product stream is treated for removal of H,S and CO,. O0il and water condensed
from the pyrolysis stream are separated into lighter than water, heavier

than water and aqueous fractions.. The aqueous stream is ultimately discharged
from a fluidized Led cooling step used to generate high pressure steam.

The o0il fractions are combined and sent forlhydrotrea;ing to remove residual
sulfur, nitrogen and oxygen impurities. 'The resulting oil 1is the final product.
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Typical output streams from the conversion of coal to liquid products
summarized in table 1.

Table 1. Output streams of coal liquefaction.

Product oil Sludge

Sulfur Ammonia

H,SO Spent solvent

A%h 4 Coal dust
Carbonaceous residue Filter cake
Water-coal drying Char :
‘Water-vaste Light distillates
Spent catalyst Middle distillates
Tar ' " Vacuum distillates

Fuel gas (Low BTU) Vacuum hottams

Five major areas of concern involve: 1. sulfur-containing constituents;

2. concentrations of polynuclear aromatic hydrocarbons (PAH); 3. concentrations
of weakly acidic components; 4. nitrogen heterocyclics; and 5. trace

elements. These five major areas of concern can exist in four sample types,

1. gas/vapor; 2., liquids/slurry; 3. solidsj;and 4. particulates or aerosols.

Product Characterization

+

Following the prime output stream, the liquefaction product, through
a general separation and characterization scheme may reveal clues to the
chemical nature of the starting coal and the many effluents.

Let us consider a catalytic liquefaction process and view -the product as
“the sum of ash, carbonaceous residue, and all distillate streams. A classical
approach has been to solvent separate the product, figure 4. From the early
1930's Loutal benzene solubility has heen considored a mcasure of cual cuu=
version to a liquid product, The more recent fractionation of benzene insolubles
to preasphaltenes and ash/residue reflects the newer roncepts of the ctructure
ot coal and its conversion to a liquid. Presently coal is considered a complex
network of polyaromatic-heterocyclic hydrocarbons, held together with scissile
bonds such as ether and ethylene linkages, that thermally disassociate into
large active subunits containing frec radicals. These free radicals can either
accept hydrogen from other coal subunits or from the vehicle solvenr. If
vehlele solvent cannot donate hydrogen, the large coal-derived subunits may
recombine to form an intractible solid. 1If hydrogen is available there is
conversion of large units into smaller units with greater benzenc solubility.

Hence, the degree of conversion can be affected by the chemical nature of the
vehicle solvent. :

The oils and asphaltenes, from figure 4, comprise the total benzene solubles.
"Further separation of these fractions has been accomplished. Thé oils have
been column chromatographed into saturate, aromatic, acid and base sub-
fractions. The distribution of these subfractions will vary greatly

with process conditions, an example is given in table 2. The asphaltenes
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Table 2. Typical distribution of solvent separated fractions
and functional groups in a coal liquefaction product.

Weight percent

Oils Asphaltenes Preasphaltenes Residue
62 29 6 3
Hydrocarbons
neutrals 64 33 25 -
Acids ' 20 45 50 —
Base 16 22 25 —

and preasphaltenes have been fractionated to give bases, acid and neutral .
hydrocarbon materials. Each of the various fractions can be subjected

to an array of instrumental analyses, such as elemental (C, H, N, 0. and S),
§§§ chromatography, mass spectrometry, nuclear magnetic resonance (" H and

C), infrared and ultraviolet spectrophotometry, and molecular weight
determination. : ' '

Analyses of coal liquefaction products as outlined above indicate that- under
90% conversion conditions, as determined by benzene solubility, the major
chemical features of the oils are: a.number average molecular weight of

260 + 15; a distribution of aromatic and hydroaromatic rings (2-4); usually
one heteroatom per average structure, 0> N> S; oxygen distributed as hydroxyl
(60%) and ether linkages; nitrogen primarily as its basic form (80%) with
‘some NH; and sulfur as thiophenic. Asphaltenes are much harder to define
because of their low volatility. The number average molecular weight ranges
from 400-700, with complex polynuclear aromatic clusters. A distribution’ can
be made of acid, neutral and basic material, 35, 30 and 35, respectively.
Preasphaltenes are larger yet, with number average molecular-weights of
1500-2500. A similar distribution of compound types as in asphaltenes
(acid, neutral and bases) is usually the case.

The residue/ash material has been extensively investigated by atomic
absorption, spark source mass spectrometry and X-ray techniques to quantify
the trace elements. Table 3 lists a typical analysis of trace elements.

In summary the chemical nature of the effluents from coal liquefaction
systems is tied yery closely to the process conditions and, to an unknown
extentl, to the coal.

Table 3. Mass of some elements of possible environmental
concern in major liquefaction process streams.

Process stream Mass of elemeﬁt present (mg)

(Total Mass in Kg) " Be As Se Co Zn

Feed Coal 16 62 64 38 490
(15.9 Kg) ) .

Recycle Oil 4 50 30 50 500
(29.5 Kg) .

Feed Paste 21 145 130 100 540
(45.4 Ky) -

Gross Liquid Product 25 125 150 110 400 N
(40.2 Kg)

Centrifuged Liquid Product 11 35 38 48 450
(34.6 Kg) : :

Cent&i%4§%ﬁesidue' ) 12 49, | 49 64 510
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OIL SHALE - PROCESS DESCRIPTION AND
‘EFFLUENT CHARACTERIZATION

R. Merril Coomes

Tosco Corporation
10100 Santa Monica Blvd.-
Los Angeles, California 90067

Thank you Jack Sharkey for the introduction and Ottn White for
inviting me to speak to this group today. I am representing
Colony Development Operation, which is 'a joint venture by Tosco
Corporation and Atlantic Richfield Company. Colony was formed to
design and build a full-scale 50,000 barrel a day oil shale plant
on private land in Northwestern Colorado.l Colony began biological
testing of o0il shale materials as early as 1965, and is now com-
pleting an extensive test program which is managed by Tesco. Many
of the chemical  analyses to be presented today resulted from ‘that
program, which was jointly funded by Tosco, ARCO, Ashland, and
partially by Shell. , '

My subject today will be limited to 0il shale processing and the
chemical characterization of products, byproducts, and process
effluents. Figure 1 shows geographically the location and dis-
tribution of 0il shale in the Green River Formation throughout
Colorado, Utah, and Wyoming. The analytical results in this dis-
cussion will be limited to 0il shale from the Piceance Basin whecre
Colony owns land in Parachute Creek Canynn.’ The two Colorado
Federal Lease Sites, Ca and Cb which are being developed by Culf
0il and Standard 0il of Indiana, and by Ashland and Occ1dental
respectively, are also located in the Piceance Basin.

Before discussing modern retorting, a quick look at the historical
utilization of the Green River oil shale resource may he enlight-
ening. One of the earliest "commercial" developments was the so-
called Mormon Still. This crude batch retort was used during the
late 1800s to obtain lubricating oils. A "modern" retort was con-
structed in the early 1900s by the Ute 0il Company. This retort
produced o0il in "commerc1al" quantities and also utilized a batch
PIOQCcss.

RETORTING OIL SHALE

The objective of 0il shale retorting is to convert the Kerogen in
0il shale into oil and isolate the oil from the retorted solid.
Kerogen is a three-dimensional, high molecular _weight polymer that
is insoluble in conventional organic solvents. To convert Kerogen
into oil, it must be heated to 800-906°F. This heating is called
retorting, and can take place above ground or below ground (insitu).
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There are two basic mechanisms of heating oil shale for retorting;
indirect heating and direct heating. ' Indirect heating is heat
supplied from outside the retort, while direct heating is heat
supplied in the retort by combustion of some of the oil shale.
This discussion will be limited to surface retorting with direct

or indirect heating, and insitu retorting with direct heating.

The four major: retort types are shown in Figure 2. 1In Type 1l re-
torts, heat passes through the retort walls to reach the oil shale.
In Type: 2 retorts, which would include insitu,- a combustion zone
created in the bed of o0il shale, provides the required heat. Type 3
retorts receive their heat from contact with circulated externally
heated gases.” Type 4 retorts receive heat from contact with ex-~
ternally heated solids.

Figure 3 is a schematic of a Fischer Assay retort. This is a Type 1
retort, and is used as a standard laboratory method to determine the
richness or o0il yield of oil shale. 1In the Tosco variation of
Fischer Assay, Tosco Material Balance Assay (TMBA), the product
gases are captured and subsequently analyzed by gas chromatography.
The gas analysis and volume measurement allow a complete material
balance - to be made around the retorting operation.

Figure 4 shows a schematic of an above ground direct heating retort-
ing process (Type 2). Small oil shale particles or fines are gen-
erally incompatible with this type of retorting and must be removed
from the crushed raw shale feed to the retort. Air for combustion
is supplied to the retort, and spent or processed shale is the solid
waste product from retorting.

A schematic of a modified insitu retorting process, which is also

a Type 2 retort, is shown in Figure 5. One should realize that the
modified insitu technique requires large amounts of raw oil shale
to be removed, creating a rubblized retorting zone. This is sig-
nificant since insitu workers would be exposed to raw shale dust

in a similar fashion to-miners in the mining operation for above
ground retorting. Air is pumped into the insitu retort to create

a combustion zone which supplies .the heat for retorting. The
retort products are a low Btu gas and oil.

A schematic of an indirect heating-recycle gas retort is shown in
Figure 6. The raw shale fines must be removed from the feed to the
retort using the Type 3 retorting process. Air and a heating fuel
are used to supply hot gases to the retort. The spent or processed
shale and hot o0il mist and dust are removed from the retort. A
separator removes the o0il and a high Btu gas as products, and re-
circulates some gas to the recycle gas heater.

A schematic of the Type 4 retort, indirect heating with a solid

heat carrier, is shownh in Figure 7. This retorting method is
typified by TOSCO II and Lurgi. A furnace is used to heat a solid
.heat carrier which is fed to the retort with the raw oil shale.

This retorting method allows the oil shale fines to be retorted.

The solid heat carrler is recovered from the retort and rec1rculated
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to the solid heater. The processed shale and 0il mists are removed
from the retort. A separator produces o0il and a high Btu gas as
products. - : . o

POTENTIAL WORKER EXPOSURE

The areas in which workers can be exposed to o0il shale materials
can be explained best by considering a complete o0il shale processing
complex as shown schematically in Figure.8. The exposures would be
similar for modified insitu retorting, except for the processed
shale disposal. Workers would be exposed to raw o0il shale dust
during mining and crushing operations. The equipment for 0il shale
mine use' is huge, and has been demonstrated in prototype and .
demonstration mines. The proposed mines use the room and pillar
mining technique. A mining horizon is 30 feet high and 50 feet
wide. The pillars are about 50 by 50 feet, and are left in place
to support the roof. A second stage in o0il shale mining is the
removal of an additional 30 foot horizon from the mine floor, which
gives. 60 feet between the roof and floor of the completed mine.

Workers in the retorting complex may be potentially exposed to oil
mists and vapors, in addition to dusts from raw and processed oil
shale. ' The control of oil vapors and mists should not present any
situations that are not currently experienced in a modern oil re-
finery around a catalytic cracker or petroleum coking operation.

Exposure to processed shale dust will occur during processed shale
disposal. In Colony's operation, the processed shale is moisturized
to about 12 weight percent water in order to minimize dust levels,
and to aid in compacting the processed shale in disposal embankments.
After the processed shale is compacted, using normal earth moving
and c¢ompaction equipment, the surface is prepared for revegetation.
The surfaceé is loosened and the salts are leached with water from
the surface of the shale. Revegetation experiments at the Colony
site since 1968 have demonstrated that revegetation is an acceptable
method for surface stabilization of processed shale embankments.
Even in the arid Colorado areas, revegetated processed shale does
not require maintenance after 3 years.

CHEMICAL PROPERTIES

The intent of the previous discussion was to familiarize you with
the areas of an oil shale processing complex where workers could
potentially be exposed to oil shale materials. This section will
provide chemical analyses of 0il shale materials that-would be
present at such a complex. :

Raw oil shale exposure is common to all retortlng processes.
Table 1 gives the mineral content of 0il shale.3 There is nothing
unusual about the mineral composition, which is:typical of many
soils and rocks. The amount of alpha-quartz, which is usually
about 10%, may significantly affect worker health and would require
that dust levels during mining and crushing operations were con-
trolled to acceptable concentrations. Raw o0il shale slowly oxidizes
at ambient conditions, changing the character of the retorted
products.
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Table 2 gives an elemental analysis of Kerogen in oil shale.3
Kerogen -is the organic portion of oil shale which yields oil on
thermal decomposition or retorting. This analysis demonstrates

why o0il shale.may be converted to a liquid fuel without requiring
hydrogenation, as coal liquifaction does. .Hydrogen is present at
10%, an amount similar to fuel oils, whlle coal contains only about
4-5% hydrogen by. weight.

The product and organic carbon balances around the retorting process
are given in Table 3. These data show that one ton of 33 gallon
per ton oil shale yields 70 lbs. of high Btu gas, 23 1lbs. water, and
1648 1lbs. of processed shale while recovering 35 gallons of oil.

The organic carbon balance is included to show carbon dlstrlbutlon
in the products. . .

The product gas analysis in Table 4 was formed by retorting oil
shale in an 1nd1rect heating/solid heat carrier retorting process
(TOSCO II).+ The product gas composition is ‘dependent on.retorting
conditions and the type of retorting process. Higher.temperatures
“will increase the amounts of olefins, produced by thermal cracking,
and €032, resultlng from thermal decomp051tlon of the carbonate
minerals present . in o0il shale. :

Table 5 gives elemental balances for earbon, hydrogen,- sulfur, and
nitrogen around the TOSCO II retorting process.l These data show
the distribution of ‘these elements in all products.

The propertles of raw, bottomless and hydrotreated shale oil are
listed in Table 6. Raw or crude shale oil is the o0il as it comes
from the retort. Bottomless shale oil is the shale oil fraction
that distills lower than 950°F, with the higher boiling or bottoms
material removed. Removing the bottoms material is typical of the
first refining step in a petroleum refinery. The heavy bottoms
material can be coked, releasing -light hydrocarbons by thermal
decomposition, and forming solid coke. Hydrotreated shale oil is
formed by catalytically hydrotreating the bottomless shale o0il
under pressure. These data show that each step in the.refining
process increases the amount. of light material in the product oil.

The fate of trace metals during retorting is important when con-
sidering the potential health effects or an industrial hygiene
program for an oil shale industry. Table 7 .gives the elemental
balances for trace metals around the Fischer Assay retorting of
‘0il shale.> Analyses are given for trace metals that have re-
portedly. adverse health effects, except for mercury. The TMBA
equipment used for retorting, similar to Figure 3, uses a mercury
relay switch to control the pressure of the product gas at one
atmosphere. These experiments demonstrated that mercury contam-
ination . from the relay switch interfered with material balances.
These data show that volatile elements were found in the oil,

water and gas, while nonvolatile elements remained in the processed
shale. No unusual concentrations of elements were found in the
products. \
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0Of equal concern for industrial hygiene programs is the potential
worker exposure to organic compounds in oil shale materials. Of
specific importance are polycyclic aromatic hydrocarbons (PAH),
some of which have been shown to be carcinogenic to animals, and
are suspected human carcinogens. PAH analyses always include the
benzo (a) pyrene (BaP) content. . The reasons for this are: there is
substantial literature available concerning the BaP content of
various materials, BaP is the most potent carcinogen of all en-
vironmentally occurring PAH, and BaP is a relatively easy PAH to
detect analytically. - :

With this background, I would like to discuss some of the PAH
analyses we have performed on o0il shale and products from the
TOSCO II retorting process. Tables 8 and 9 give the results of

BaP analysis of raw shale, processed shale, crude shale oil, hydro-
treated shale o0il, TOSCO II atmospheric effluent, and shale oil
coke. These data{5 show that mined raw oil shale contains: half as

- much BaP as TOSCO II processed shale, 'and that hydrotreating shale
0il reduces the BaP concentration.

It is difficult to draw meaningful conclusions from such BaP
analyses without comparing these data with BaP contents of other
common materials like those included in Tables 8 and 9. It may

be concluded from these data that shale oil materials do not con-
.tain unusual or large amounts of BaP when compared to materials
commonly utilized 'in present-day o0il refineries. It can similarly
be concluded that the solid byproducts from oil shale retorting

do not contain unusual amounts of BaP when compared to many common
materials, including soils.

Our extensive chemical analyses for PAH in oil shale materials has
shown that they contain not only PAH, but also monomethyl and
dimethyl PAH homologs. - Table 10 gives the cancgntrations of all
PAH and methyl substituted PAH compounds found. 7 The substituted
PAH compounds were quantified by UV spectroscopy, using the ex-
tinction coefficients of the parent PAH. The UV spectra of methyl
substituted PAH exhibited a small bathochromic  shift, but otherwise
were identical to the spectrum of the corresponding parent PAH.
These analyses demonstrate how difficult it would be to identify
7,12-dimethylbenz (a)anthracene, a potent animal carcinogen, from
the mixture of 60-plus dimethylbenz(a)anthracene isomers .present.
The similar properties of these isomers does not allow separation
utilizing presently available technlques.

Exposure . of workers to BaP contained in TOSCO II processed shale
would be very low, as .is shown in Table 11l. The amount of processed
shale allowed in the work environment would be 2.6 mg/M3, based on
current standards controlling worker exposure to alpha-quartz, and
the 10 weight percent alpha-quartz found in proc¢essed shale. As
shown in Table 11, this BaP level is considerably lower than BaP
exposures experienced from everyday environments and common sources.,

- 46 —



INDUSTRIAL HYGIENE

While this paper was to address only the characterization of oil
shale materials, I must briefly mention some aspects of industrial
hygiene, which is the overall topic of this meeting. It is im-
portant to realize that the presence of chemically detectable
amounts of carcinogenic compounds in a material do not mean that
the whole material is carcinogenic. Animal experiments have shown
that certain carcinogen-containing materials are not biologically
active. The carcinogens can be held in the matrix of the material
so tightly that they are not available to a biological system, and,
therefore, cannot promote a carcinogenic response.

The concept of b1010g1ca1 avallablllty of carc1nogens was effectlvely
demonstrated in an extensive series of experiments?r:10,11,12 ywhich
are summarized in Table 12. These experiments determined the
carcinogenicity of whole carbon black and the benzene extract of
identical carbon black by skin painting, inhalation, feeding, and
subcutaneous injection. The tests were done under identical con-
ditions. 1In each test, the whole carbon black was found to be non-
carcinogenic, while the benzene extract was carcinogenic by every’
route. Based on our biological tests, it appears that oil shale
solids behave exactly like carbon black - they contain carcinogenic
compounds, ‘BaP, but do not cause cancer in animal tests. '

Animal tests have proven the value of basic hygiene practices. The
importance of removing potentially carcinogenic oils from a person's
skin and clothing .is dramatically shown by the data® given in Table
13. These data are from an animal experiment in which mice were
painted with a cracked residual refinery stream. This material was
a normal petroleum-derived substance, and not a synthetic fuel. The
data show that the test material caused a 100% tumor incident in 26
weeks. However, if the animal's back was washed with a simple soap
and water solution 10 minutes after the test material was applied,
no tumors developed after 80 weeks of testing. The test material
was applied each week. The remaining data show that the carcinogenic
response was proportional to the length of time the carcinogenic
material remained in contact with the skin.

Colony has been concérned with the potential health effects of oil
shale processing, and contracted our first health-related studies

to outside laboratories in 1965. Since that time, over $500,000

has been invested in chemical characterization and biological test-
ing of 0il shale materials. We have tested raw oil shale, TOSCO II
processed shale, crude shale oil, hydrotreated shale o0il, and TOSCO II
atmospheric effluent for their toxicity and carcinogenicity. It ‘is
concluded from these experimental results that crude shale oil pre-
sents a carcinogenic hazard that is similar to or less than that

of currently used petroleum products, that hydrotreating dramatically
reduces this carcinogenicity, and that solid oil shale materials

do not present a carcinogenic hazard.
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Table 1. MINERALS ANALYSIS OF RAW SHALE

Component Weight Percent
Dolomite 32
Calcite ) ’ 16
Quartz : 15
Illite - 19
Albite 10
Microcline 6
Pyrite 1
Analcite . 1

i

‘Table 2. CHEMICAL ANALYSIS OF KEROGEN

Organic Component,

Component , Weight Percent
Carbon 80.5
Hydrogen T e : 10.3
Nitrogen ' 2.3
Sulfur : 1.0
Oxygen | 5.8
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Material

Feed

Raw shale -
Product Slate

Processed Shale

oil

Gas

wWater

" opotal

Recovery Percent

Weight of
component
(pounds)

2,000

1,652
250
70

23

1,995

99.7

Table 3

Product and Elgmental Balances
Tosco II Process*

Weight )
) of Distribu- Weight
Distribu- organic tion of of Distribu-
tion of carbon organic sulfur tion of
component (pounds) carbon {pounds) sulfur
(wt., 8) ~ ’ (%) - (%)
330.6 15
82.4 81.4 24.6 10.2 68.0
12.6 212.2 64.6 2.1 14.0
3.5 35.4 10.5 : 3.1 20.7
1.2 nil . 0.1 0.7
99,7 .329.6 99,7 15.5 -103.4
9947 103.4

*Basis: 2,000 pounds of raw shale (35 gallon per ton).

Weight

ot

nitrogen
{pounds)

Distribu- Weight

Distribu-
tion of of tion of
nitrogen. hydrogen hydrogen
(%) (pounds) (%)
43.0
50.0 4.4 10.2
50.0 28.4 66.0

7.0 16.3

3.3 2.6 6.0

103.3 42.4 98.5
Y8.6



Table 4. PRODUCT GAS ANALYSES - TOSCO II PROCESS

Component . Weight percent
Ho ) 1.34
co ' 3.14
CH,4 . 10.66
CoHg 7.53
CoHy 7.75
C3Hg ) . 4.87
C3Hg 9.90
i-Cy4H39 . : 0.37
n-Cy4Hjg : 3 .-5_7
Butenes 6.07
Cg's . 6.14
Cg's . 3.60

_Cq's + . 0.8Y -
CO» » 29.56
HpS 4.61 .

100.00

Table 5. Elemental Analyses of 0il Shale Materials.around the
TOSCO II retorting process (weight percent).

'Organié“ -
carbon Sulfur Nitrogen Hydrogen
Feed '
Raw shale 6.5 - 0.8 0.5 2.12
Products ‘ ]
Processed shale 3.3 0.6 0.3 0.3
~Qil 84.7 0.8 1.8 11.3
Gas 48.9 4.4 nil 9.9
Water - nil 0.4 1.3 11.30-
Table 6. 'SHALE OIL PROPERTIES .
' Raw ~ " Bottomless ' Hydrotreated
Gravity,'QAPI‘ 21 25 40
Sulfur, Wt.$% ‘ 0.7, 0.7 - 0.01
Nitrogen, Wt.$% ' 1.9 1.8 0.06
Ccomposition, Wt.% .
IBP - 400°F - 17 23 43
400°F = 650°F 25 - 300 34
6500F - 950°0F 35 47 a 23
950°F - EP . 23 . - - -
Pour Point, ©OF : ‘80 - 55 . © 50
Viscosity, : o
SUS at 100°F. - 96 ‘ 48 35
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"Element--

Arsenic
Berfilium
Boron
Cadmium
Chromium
Cobalt
Copper
Fluoride
Lead

_Magnanese

Molybdenum

Nickel -
Selenium
Vanadium’

Zinc

Table 7

78.7
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0il Shale
. Elemental Analysis (ppm)
Raw Spent .
Shale Shale 0il Water
61.7  62.3 21.2 0.0
0.87 1.05 0.0 0.0
‘74.9 78.6 0.60 "0.55
1.35  1.67 0.0 0.0
43.3 52.6 0.71.  0.004
5.9 7.4 .. 0:22°  0.004
42.8 49.7 0.15 0.16
1018.  1282. 1.0 3.0
29.1  35.3 0.17° 0.0
213.7 263.7 0.05 0.02
33.3 40.7 - 0.63  0.006,
23.3 27.8 .. 1.63 - "0.034
12.2 . ‘13.8 0.0 - 0.1
49.8 62.1 0.38 0.0.
54,2

- 0.045



Table 8

BaP -CONTENT OF OIL SHALE SOLIDS AND NATURAL MATERIALS

Material , - RaP Cantent (pph)

Raw 0Oil Shale v ' 14
TOSCO II Processed Shale : o 28
TOSCO II Effluent 140
Shale 0il Coke . 129

Farm Field Near Moscow : 79

Oak Leaves : . 300
Rural-Mixed Forest Soil - Eastern U.S. 1,300
Garden Soil - Eastern U.S. 90
Plowed Field - Eastern U.S. ’ ‘900
Sandy Soil - USSR ' ' ) .. 0.8 - 40 .
Soil Near Streets -~ USSR 1,000 - 1,500
Sediment . 75 = 370

Table 9

BaP CONTENT OF PETROLEUM PRODUCTS

Petroleum Products : BaP (ppb)
Libyan crude oil . 1,320
Cracked residuum (API 59) 50,000
Cracked sidestream (API 2) 2,000
West Texas paraffin distillate 3,000
Asphalt 10,000 to 100,000
Coal : ’ . 4,000
Raw shale oil (Colorado) 3,200
Hydrotreated shale oil (0.25% N) 800
Hydrotreated shale oil (0.05% N) 690
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Table 10

PAH Analyses of 01l Shale Materials
(concentrations in ppb)

o vTosco 84 . E ﬂjdrotreated
Raw 0il Shale Processed Shale Effluent Crude Shale 0il Shale-0il (0.05%N) Shale 0il Coke
Alkyl Croups 0 1 11 0 I 1T 0 1 11 o] 1 IT ‘ 2] I IT - 2] 1 I1
Pyrene 64 16 - 61 102 58 © 331 344 _435 14,500 21,500 20,000 17,500 109,000 71,500 23 43 13
Fluoranthene 33 ¢+ - 23 21 + 171 100 + 6,900 3,700 - 980 16,200 - 5 6 -
Benz(a)anthracene 13 13 10 27 43 . 45 83 89 145 2,700 4,550 2,050 - 1,800 1,435 53 54 & 34
Chxyscne' 36 25 26 30 52 55 105 105 447 5,600 6,850 5.350‘ 91$ 5,606 3,450 21 50 50
Triphenylene 22 8 17 13 15 3% - 31 4 68 1,250 2,050 1,850 - - 1,700 2,450 3 3 3
. Benzo{a)pyrene 14 -] 1 Zei 55 36 140 83 123 3,100 7,250 4,550 690 2,250 . 460 .129 189 105
Benzo(e)pyrene 16 5 4 18 . 29 18 ) 102 80 93 1,350 2,250 2,060 3,150 6,950 875 46 . 82 52
Perylene ' 3 - - 6 9 3 5+ - 980 720 - - - - 6 20 -
Anthanthrene 3 - - s s 3 omoa - 525 - - o - - - 6 29 -
Benzo(ghilperyleme 15 11 = 2 1 % - 267 63 21 1,400 - - 13,90 8,450 2,700 ' 294 164 109

. Cororene B A - 5 - - R 7. J— - - - - 515 - - 20 - -

+ trace, not quantified
- not detected

v



Table

11

.ATMOSPHERIC CONCENTRATIONS -OF BaP

Atmosphere or Effluent

Processed Shale (2.3 mg/M3) (1)

Los Angeles (1971/72)
Auto Exhausts

Gas-Fired Heat Generators

Beer Hall in Prague
Truck Exhaust
Open Burning

BaP Concentration

nanograms/M3

0.06
0.03 - 3.5
- 4,000
20 --350
28 - 144
1,500 - 36,000
2,800 - 173,000 ~

(1)The amount of processed shale_ is based on the curtent
30 mg[M3 D
% Quartz + 3

nuisance dust standard:-

- Table 12

BIOLOGICAL AVAILABILITY

OF CARCINOGENS FROM CARBON BLACK

Benzene Extract

of Carbon Black

Pusilive

Results
Whole |

Test Method @~ . = Carbon Black.
8kin Painting . Negative
Inhalation - Negative
Feeding Negative
Injection Negative

Table 13

RETARDATION OF TUMOR FORMATION
BY WASHING THE SKIN OF MICE

]

Period of Contact Before

Washing Skin -

Control - no washing
10 minutes
1 hour

4 hours

WITH A SOAP SOLUTION

Washing

-_Agent

None

Soap Solution

' $oap Solution

Soap Solution |
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Pnsitive

Positive

Positive

' Maximum Incidence

- of Tumors (% weekKs)
- 100/26 |
0/80
20/80
- 100/70



Relative Chemical Composition of Selected Synthetic Crudes* é&ﬂgﬂ

W. H. Griest, M. R. Guerin, B. R. Clark, C.-h. Ho,
I. B. Rubin, and A. R. Jones

Analytical Chemistry Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

A knowledge of the Eomboéitioﬁvof synthe%ic crudeé can pro;ide an
ihportant'ihput into the assessment of occupational exposure monitoring
requirements for the coal conversion and 0il sha]e‘industries. This
paper summarizes comparative cbmpositioha] studies of coal- aﬁd shé]e—

derived crude oils with petroleum crude oils as a reference point.

*Research ‘sponsored by the U. S. Environmentaj Protection Agency under-
Interagency Agreement IAD-D6-0129 under Union Carb1de Corporation contract
W-7405-3ng-26. with the U.S. Department of Energy.
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Chemical- Class Fractionation and Ana]ysis

Many chenfcal class fractionation procedures exist. Several have been
specifica]]y'app1ied‘to synthetic crudes derived from coal and o0il shale
versus -natural petroleum ae a point of.referenee. The results of each pro-
cedure can contribute to our understanding of the chemistry of synthetjc
crudes. |

The most extensive comparison of‘coa]—derived crudes with petroleum
has been.conducted by Dooley et al. (1) at the Bartlesvillé tnergy Research
Center. Six selected petro]eum crude oils and five coal-derived crudes have
been subjected to both'roqtine crude 011l physica] property tests and an API

separation procedure consisting of distillation, ion exchange, adsorption

-and gel permeation column chromatographies, followed by gravimetric and mass

e’

spectra] ana]ysis.‘ Few differences were obtained in the physical property
teets The maJor differences between the coal liquids and the petro]eum as
d1st1ngu1shed by the simple compositional tests were the greater n1trogen
content but 1e$ser sulfur content of the former. Even greater nitrogen
content (1.5 to 2 percent) has been reported for shale oil by Morandi and
Poulson (2),.suggest1ng a relative ranking by nitrogen content of shale
011 > coa]—derived crude > petroleum.

More revealing differences. were found when the 370n 535°C d1§t1]]ates
of the crudes .were separated by chrumatugraph1c procedures into saturate,
monoaromatic, diaromatic, and polyarcomatic plus polar fractions, The data
sumharized in Tab]e 1 indicate that the coal-derived crudes are characterized
by a 1e$ser saturate content than the petroleums, but a much greater aromatic
content extending across the range of ring sizes from mono- to po]yaromat1c
In some of the extreme cases, the d1fferences exceed an order of magnitude

in percentage weight.
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A more detailed characterization of the aromatic hydrocarbon content
of the crudes was obtained by Dooley et al. (1), from a mass spectrometric-
analysis of the 370°-535°C distillate polyaromatic + po]dr fraction. The-
results indicated that the greater aromatic content of.the coal-derived
crudes is due in part to polycyclic aromatic hydrécarbons and their alkyl-
ated derivatives, ranging from at least acenaphthalene to benzo(ghi)pery]ene.f
.The sum of the generically identified PAHs ranged 5-14 percent in the coal-
derived crudes as compared to 1-2 percent in the petroleums. The smaller
three and four ring PAHs were consistently more concentrated in the coal-
derived crudes, but the greatest differences in concentrations were seen for
somé of the larger five and six ring ‘PAHs. Most known carcinégenic PAHs
fall in.this range of ring sizes, such as benzo(a)pyrene and dibenz(a,h)-
anthracene. However, the mass spectrometer cannotvéasily distinguish among
isomers.

These results are in general agreement with data from the gravimetric .
) -

analysis of polyaromatic isolates prepared in several 1aboratorfes from
petroleum, shale oil, and.coa]—deﬁived crudes, as'shown in fab]e 2 (3). The
data indicate the.greater po]yafomatic content of the coal;derived crudes,
and»;hggest that the po]yaromatic content of the shale o0il may fall between
that.of coa]-derived crudes and pétfo]eum. However, this is hardly a statis-
ticé]]y significant comparison, and thus on]yAa suggestion of a trend is

made.A Tﬁe data again emphasize the differences in polyaromatic content within
the classifications themselves; in petroleum alone, the results range from

1.1 to 4.3 percent. Further, the data also emphasize the necessity of paral-

lel studies. For some crudes, the percentage of polyaromatics will depend

upon the fractionation procedure employed to define "polyaromatics", e.g.

some may include nitrogen- or sulfur-heterocyclics.
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Compositional stqdies at Oak Ridge National Laboratory of synthetic and
nafura] crudes have concentrated on chemical class separation via Swain-Stedman-
type acid-base-neutral fractionation (4). The procedure is diagrammed in
Figure 1. Sucéessive partitioning of the crudes with aqueous base/ether
and aqueous acid/ether remove acidic and basic constituents, respectively,
leaving the neutrafs for further separation by adsonptiop co]umn chromato-
gfaphy; Acids are sub-divided into weak and strong categories by acidification
and extraction with ether. Results for the parallel application (5) of this :
method to two coal-derived and one shale-derived crude, one mixed petroleum
crude (composed of a blend of six domestic and mid-east crudes), and a domes-
tic crude (Louisiana Mississippi Sweet) are shown in Table 3. Again,  the
predominance of neutral constituents in all three types of crudes is emphasized.
Excebt for Coal Synthoil C, the bulk of the neutrals appear to be hydrocarbons'
(hexane eluate of adsorption co]umn).. PAHs and other neutral, relatively |
non-polar polynuclear aromatics (hexane/benzene eiuéte) are a minor portion
of the neutral constituents. No significant differences~ahong the latter
in the crudes were detected by this procedure. The remaindgr of the material
in the crudes is spread among ‘the other chémical classes, with a few percent
appearing in each class. Coal Synthoil C seems to stand out with elevated
amounts of sodium hydroxide-insolubles (NaOHI). These constituents appear
to correspond to the unidentified material which defys solution in most
organic 'solvents. The coal- and shale-derived crudes are higher in-ether-
soluble weak acids (WAE)-andva150~water-solub1e strong acidss(SAw) than are
the petro]eumAcrudes, with the Coal Synthoil C far exceeding the other in
WAE. The NAE class most likely is composed of phenolic compounds, some. of
which - ‘1ike phenol - may be toxic. 'In this regard, direct aqueous analysis

methods have shown (6) considerable phenolic content in by-product waters
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from coal -gasification and liquefaction, and enhanced carboxylic acid and
amide concentratione in by-product waters from oil shale retorting.

Considering next the basic constituents in this fractionation procedure,
the Shale 0il1 Bis seen to contain by far the highest percentage of ether-

soluble bases (B . ‘This observation is supported by a separate aha]ysié

£)

of another shale 0il, where the B_ accounted for 6.7 percent of the crude

E
| 0il. The coai liquids fall between the two extremes represented by shale
oil and petro1eum and the relative ranking thus parallels the nitrogen
content of such crudes. . These compositional differences may be important
in light of recent research (7) demonstrating that polycyclic amines or
'basié azaarenes are among the most bioactive of the BE constituents. The
BE contribute ‘almost 40 percent of the mutagenicfty of Shale 0il1-B and
approximately 14 percent of Coal Synthoil C. In contrast, only a few-percent
of the mutagenicity of the other crudes is found in BE' Interestingly, almost
70 percent of the mutagen1c1ty of Coa] Syntho1] C resides in the prec1p1tate
314" The compos1t10n of the BI of Coal Synthoil C is not known, but the
mutagen1c1ty result does emphas1ze the potential var]ab111ty in coal-derived
products. 0vera1] recoverles are good, indicating 11tt1e material was lost
in the'fractionation. |

Swain-Stedman fractionation has been criticized because of the strong
acids andAbases4contacting the sample. In recognition of thié'drawback;
another approach to fractionation of crudes at ORNL has been through the
"gent}e“ gel filtration on Sephadex LH-20 (8).x Depending on the solvent,
a remarkable range of separation mechanisms can be brought into effect. As
shown in Figure 2, swe]]ing the'ge1 with methanol/water and paseing the
samp]e through in hexane affords a hydroph1]1c/11poph1]1c separation of

constituents. The 11poph1]1c compounds cam be separated further 1nto

po]ymer1c, hydrogen bond1ng, and s1eved classes by employing tetrahydrofuran
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as the solvent aﬁd gel swelling agent.. A final- "sorting" by molecular size
and aromaticity into aliphatic and various arométic classes is achieved with
_isopropanol. The results of the parallel application of this procedure to
four of the five crudes examined also by the Swain-Stedman procedure are shown
1n.Tab1e 4. The predominantly aliphatic character of the crudes as determined
by gel filtration is in good agreement with resu]tsvfrom other procedures. No
- significant differences were detected among the aromatic fractions, with the
possible exception of the elevated polyaromatics in the Mixed Petroleum A,
which seems out of line with results from other methods. The insoluble ma-
terial in Coal Synthoil C was again evident, but interestingly, the Coal
Syncrude D was found to contain the greatest amount of polymeric constituents.
Total recoveries are good, indicating a mass balance accounting'of most of

the materials.

Specific Class Isolation and Analysis

.Because of their importance as known carcinogens (e.g. 9), PAH§ have
received particular attention in specific class isolation and analysis. PAH
isolates have been generated from the same four érudgs treated in the é]ass
fractionation studies, by a combination of solvent partitioning and adsorption
column chromatography (10). Gas chromatographic profi]es'(3) of PAH isolates
are shown in Figure 3 for (A)'Pefroleum Mix A, (B) Shale 0il B; (C) Coal Syn-
thoil C, and (Dj Coal Syncrude.D. The major feature of these isolates is
their comp]exity, particularly for the coal-derived crudes, but épbarently
less so for fhe shale o0il. It may be important to note that recent studies
(11) have indicated that multialkylated PAHs are responsiﬁ]e for the complex
nature of the éoa]—deri?ed PAH isolates and that the multialkylated PAHs cén

_contfibute twice the total mutagenicity of the parent plus simpje q1ky1ated

PAHs by virtue of their greater quantify and only slightly lower specific
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~activity. The parént plus simple alkylated PAHs would. include most presently
known carcinogenic PAHs.

Specific analyses were conducted in separate studieé employing carbon-14
1abe]ed PAH tracer for recovery corrections. Diaromatics weré isolated ~and
analyzed (3) using carbon-14 labeled naphthalene for recovery corrections.
Resuits<are shown in Table 5 for thé four crude oils. Diaromatic concentra-
' tjohs are seen to bé'high, exceeding one percent by weight of the crude oil
in the case of the coa]—derived crudes. The shale oil and petroleum contain
one-third to one-half the total diaromatics. The 2-methy]-naphtha]ene pre-
dominates in the coal-derived crudes, while 1,3- and/or 1,6-dimethylnaphtha-
lene is the most concentrated diaromatic in.shale oil and petro]eum. Tﬁus,
the coa]—deri?ed crudes stand out in diaromatic content.

Po]yarbmatics‘a]so nave been meésured (12) by similar procedures,
using carbon-14 labeled benzo(a)pyrene for recbvery corrections. The dafa
in Table -6 show concentrations of representative PAHs in the crude oils.
Again, as with the diaromatics, the}c6§1—derivéd crudes contain the greatest
émounts of PAHs. The shale oil appears to contain higher PAH concenfrations
than do the petroleum crudes but less than the coaT—dekiVed crudes; The latter
" are more enkiched in the larger, potentially bioactive PAH ring systéms than
the other crudes, in agreement with other studies (1).

One particularly interesting type of coa]-derfvéd liquid iS'thé heavy
0il derived from'the rapid-flash hydropyrolysis or other similar processes.
We have examined three such.productg and have found them to contain higher
levels of PAHs thén any other material we have examined thus far. Total
PAH conceﬁtrations have ranged from 18 to 36 percént by weight, allowing
the PAHs to be analyzed directly by gas chromatography and mass spectroscopy.
The results of one such analysis aré presented in Table 7. Diaromatics con-

stitute one-half the PAHs and nearly one-quarter by weight of the oil. Above
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the diaromatics, the parent; unsubstituted PAHs..predominate in marked con-
frast to other‘synthetic or natural crudes. Concentrations drop with:-in-
c}easing ring size, but even'benzo(a)pyrene constitutes nearly 0.4'percent

* of the 0il. Of particular interesf he}e is tHe tentative identification by -
‘gas chromatograbhic retenfion time ahd mass spectrum.of the very earcinogenic
3 - methy]cho]anthrene. It is to be emphasized that such critical identifi-
cations (both-here and elsewhere) must be subject to confirmation® by other,
independent methodsibéfore acceptance. Howevef,'indications of its presence

have been detected in only a few materials.

A~. CONCLUSIONS

The overall conc]usidn'of fhi§ review is that comparative eompositiona1'
studies of the synthetic crudes are still on a preifminafy ]evei. Much~fur-
ther work needs to be'conducted,(particu1ar1y qn'fhe isomeric level so.
crucja]]y determinant to bibactivity. HoWevér, the resu]fs of theée
studies suggest that the coal-derived crudes are characterizeu by their
greater aromatie content, ‘and the shale 0ils, by their greeter nitrogen
compound content. .Potentia11y signiticant comp651t1ona1 differences mdy
.exist among these-erudes, and oecupationa] expoéure honitoring requirementé .

could differ for their respective industrie§.'
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Table 1

Chemical Fractions from 370°-535°C Distillates
of Coal-Derived and Petroleum Crudes

Saturate
Monoaromatic
Diaromatic

Polyaromatic +
Polar

Total Aromatic

+ Polar

% rom Dooley et al. (1)

bRange of values reported

Wgt. Pct. of Crude Oilb

_ Coal-Derived * Petroleum
3-10 9-16
2-20 2-5

s 1-3
6-33 2-8
18-50 5-16

Table 2

Polyaromatic Content of Crudes: (Weight Percent)a'

Synthetic Crudes

/ .
Method

Petroleum Crudes o Ir
Petroleum Mix 2.6
Gach Sach, Iran 3.5
Swan Hills, Canada 2.0
Wilmington, California 4.3
Recluse, Wyoming 1.1
Prudhoe Bay, Alaska 3.6

a .
From data collected in Guerin et.al. (3)

‘Shale 011

- Syncrude D
Syncrude K -
Syncrude U
Synthoil C
Synthbi] W
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Method

1 I I

2.0 5.0
6.0 5.0

7.7

13.3
5.1

14.6



Constituent Class

NaOHI
WA
WA
SA
SA
SA

= m o= M e

Ia
Ib
E

W W o W
CE

Neutral (Total)
Hexane
Hexane/Benzene
Benzene/Ethér
Methanol .

TOTAL

aFigure 1

Table 3

‘Fractionation of Coal- and Shale-Derived Crudes

and Petroleum by ‘Acid-Base-Neutral Extraction

Wat. Pct. of Crude 0il

LMS

1.0.
0.1
1.3
0.1
0.4
0.6
0.1

- 0.2
7.0°
0.4

(88.5)

AR.R
6.6

13.8 .

14.3

Coal . Coal. -Mixed
Shale 0i1 B Syncrude D Synthoil C Petroleum A Petroleum
0.9 14.7 1.3 2.9
0.2 2.0 0.1 0.2
1.9 6.5 0.3 0.8
0.2 0.1 0.2 0.2
T 1.9 0.4 0.5
1.6 1.7 0.1 0.1
0.2 3.6 1.3 0.4
0.2 0.3 0.3 0.1
2.2 1.6 0.2 0.2
7.3 0.6 0.5 0.1
(86.2) (67.8) (78.0) (80.7
74.2 27.6 59.9 70.8
4,9 7.4 6.6 4.0 -
4.7 21.7 7.5 3.4 .
101.7 100.2 82.7 86.2

99.6
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Table 4

Gel Fi]tratfon of Coal- and Shale-Derived Crudes and Petroleum

Wgt. Pct. of Crude 0il

T = trace, ND = not detected

_739

Coal Coal Mixed
Ffaction Shale 0i1 B Syncrude D Synthoil C Petroleum A
Volatile 1.1 . 7.0 - 10.7
‘Hexane Insoluble 1.3 0.2 51.2 2.5
Hydrophi]ic 7.0 3.4 11.0 0.8
Polymeric 2.3 7.4 -0.4 3.4
H-Bonding 5.2 8.2 5.7 14,9 .
Aliphatic 59.8 55.0 21.8 " 39.2
Monoaromatic ' 4.9 6.8 3.3 2.5
Di- + Triaromatic 6.1 6.7 6.3 4.1
Polyaromatic 2.0 1.0 3.9 6.7
Residue |- . - 2.6 12.9
TOTAL ‘ 89.7 95.6 106.0 97.7
" Table 5
Diaromatic Content of Crude 0ils
. ) Concentrationa, mg/g ) -
shale .Coal Coal Mixed LHS
PAH 0il B Syncrude D Synthoil C Pet A Crude
Naphthalene 1.39 1.68 1.64 0.87  0.90
2-Methylnaphthalene 0.9 3.47 2.92 1.06 0.87
1-Methylnaphthalene 0.68 ° 1.11 0.92 0.75- 0,72
Biphenyl 0.06 0.44 0.22. T . T
2,6-Dimethylnaphthalene 0.10 0.81- 0.44 0.08 0.08
~1,3/1,6-Dimethylnaphthalene 1.63 3.00 1.80 1.48 1.31
'2,3-Dimethylnaphthalene 0.28 1.53 1.01 0.51 0.24
1,5-Dimethylnaphthalene 0.03 0.67 0.20 0.08 - 0.09
1,2-Dimethylnaphthalene 0.19 0.23 0.26 0.31 0.35
‘Acenaphthalene 0.26 2.19 1.33 0.30 0.26
Acenaphthene T 0.30 0.4 ND T
TOTAL A5.23 15.4 11.2 5.42 4,82
a



Table 6

Eétimatjon of Polycyclic Aromatic Hydrocarbon Content of Crude 0i1$

Concentration®, ug/gq’

- : Shale foal © Coal Hixed  LMS

' PAH , - 0i1 B Syncrude D Synthoil C Pet A . Crude

Fluorene - © 940 - 485 - 345 108 220

9-Methylfluorene - a0 IR . .90 IR . IR

1-Methy1fluorene . 980 229 1,900 - 110 140

‘Phenanthrene + Anthracene ' 620 - 554 1,400 - 207 209
Fluoranthene | 400 150 1380 35 68

Pyrene . 170 651 4,300 IR . IR

Benzo(a)fluorene 53 IR ' IR IR 22

Benzo(b)fluorene 140 IR IR IR 13

1-Methylpyrene . 70 363 620 - IR 36

Perylene. A 22 IR ND R 31

~ Picene N IR 380 ND ND
Benzo(ghi)perylene ND 263 1,500 ° ND O ND

aND = not detected, IR = incomplete chromatographic resolution
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Table 7

. Quantitative Analysis of PAHs
Tentat1ve1y Identified in Heavy 0il from Rapid Flash Hydropyro]ys1s Process

) . . Concentration,

. _PAH - ' mg/g
Naphthalene 172.6
2-Methyl Naphthalene : . : 20.2
1-Methyl Naphthalene o 7.7
Biphenyl . ‘ ) 18.0
2,6-Dimethyl Naphthalene : ' 0.58
1,3 and/or 1,6-Dimethyl Naphthalene 1.51
1,5 and/or 2,3-Dimethyl Naphtha]ene . 0.56
1,2-Dimethyl Naphthalene - 0.51
Acenaphthene , : o .98
Fluorene ) ) 30.

9,10- D1hydroanthracene
9-Methyl Fluorene

. 1-Methyl Fluorene
Phenanthrene - o .
Anthracene '
2-Methyl Anthracene
1-Methyl Phenanthrene
Fluoranthene
Pyrene '
Benzo(a)fluorene
Benzo(b)fluorene
1-Methyl Pyrene
Benz(a)anthracene

. Chrysene
Benzo{b, j, or k)f]uoranthene
Benzo(a)pyrene
Perylene
3-Methyl Cholanthrene
o-Phenylene pyrene
Picene
Benzo(ghi)perylene
Anthanthrene

.
w o

e
OO O —WANWAHAOUNOINO—=WNONNONO D

ONO—~O—WWW—TOWWIHAN—TOWOI—NOD W

—_—
» e e o o ® s o @

WWWOSNOONOANNWWOWO® NP O W

Total Tentatively Identified N 363.60 m3/g
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. CLassic Acip-BAsE SoLvenT PARTITION SEPARATION METHOD

SAMPLE-
’ ETHER (OR MeCly)
A N ‘NoOH N
: ORGANIC . AQUEOUS
NaQH - c .
BASIC INSOL. | - ’ '( .
AND . |acioic |
NEUTRAL - |pH 64 ,
AQ ETHER ORG
AQ { ¥ HCI ORG - 4 ]
: o ' ‘ - wa, | WEAK
BASIC B1o NEUTRAL ACIDS
M t
pH i : €20
AQ ETHER ORG FLORISIL H 1.0 '
1 COLUMN PR Ly
pH 9 . 20 ETHER oo '3
BASES Brp BASES AR
H0 €120 SA, STRONG
j — ACIDS | .
€10 |
STRONG )
acios |
Hzo —
. . - t ‘
{HExane HEXANE/BENZENE  -|BENZENE/ETHER METHANOL
8/1 a1
Figure 1. Swain-Stedman fractionation procedure. ‘

.
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HEXANE SOLUBLE NONVOLATILE
PORTION OF SHALE OIL

85 VOL. % MeOH—H,0/HEXANE

LIPOPHILIC
. FRACTION

TETRAHYDF. . FURAN

HYDROPHILIC
FRACTION

’ FRACTION 2

FRACTION §

FRACTION G

" Figure 2. . Sephadex LH-20 gel .filtration
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| POLYMERIC “SIEVED” . HYDROGEN-BONDING
FRACTION FRACTION FRACTION
FRACTION 3 . FRACTION 4
: ISOPROPYL ALCOHOL
3 ACETONE
ALIPHATIC ONE RING TWO AND THREE POLYNUCLEAR
.HYDKOCARBON AROMATIC " RING AROMATIC AROMATIC
FRACTION FRACTION FRACTION FRACTION
FRACTION 7

FRACTION S




l+—6 RINGS——*+——5 RINGS —}e 4 RINGS } 3 RINGS ofe 2 RINGS —|

ope

29
AL

29

| | 1
4 -3 2 - i 0o
TIME (hr)

’ Figure 3. Gas chromatographic profiles of PAH
isolates from (A) mixed petroleum A, (B) shale
oil B, (C) coal synthoil C, and (D) coal syncrude
D (3).
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TOXICOLOGY AND CARCINOGENICITY OF OIL SHALE PRODUCTS

INTRODUCTION

Studiés of workers involved in the production and use‘of shale oil strongly
suggest that the major health ;oncern of this industry is the .carcinogenicity of
shale o0il. It is well kﬁown‘from £he ;éports of Belll (1876) and Scottz.(l923),
that pfolonged expoéurés to shale oi} caﬁ produce skin cancer in humans. These
reports, as well as reporté of others, dictate tﬁét-&n assessment of the potential
-ﬁealth éﬁfeéts of shale oil and shale oil products should be made as new ﬁeghnologies
are developed for tﬁe expanding industryp

As Qreé§ emphasis is being placed on developing domestic energy sources, it is
most likely that oil shéle will soon be commercially developed. The feasibility of e#—
tracting and processing oil shale has been known for some kime and this industry
would have develqped sooner had it not ﬁeen impeded by economic.and political problems.
The development of the o6il shale’inaustry in Estonia and Brazil gives added impetus
that o0il shale industry will soon be in full operation. |

There are additional heéithﬂagd envir&nﬁeptal concerns associated with oil
shale exgraction and processing. Worker§ may be expﬁéed to dust. particulate

hydrocarbons, .silica and metal salts from

organic matter (POM), CO, Nox, 502,

blasting, mining and crushing the ore. In addilion to the above compounds, retort
operations can produce poiycyclic organic -compounds, st, NHB’ and volatiles. Some
of these cpmpounds, as well as mefals,including arseﬁic, are produc;d in the up-
grading process aﬁd disposing of the solid waste producﬁé, a maior énvironmental
concern. Many of these.compéunds may contaminate not only the atmosphere but'water

as well. Since water is a necessary commodity in the o0il shale industry many of

these compounds may be found in the waste and run off waters.'
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Although there may be many potentiaily hazardous chemicals present in the work’
area and the surrounding environment, the major health concern appears to be the

carcinogenicity associated with shale oil use and production.

AéUTE AND CﬁRbNIC TO*ICITY'
' Weaver égd Gibson3 (i§78) réported on thé écﬁte’énd.chronic studies éf four
crhde ;hale oiis, three raw shales and four spent-shéies (Table 1). The £esults
do_not-show‘that ﬁhe materials are aéutely toxic.

' Table 1

Acute Studies of Shale 0il and Shale 0Oil Products*

Sample ’ Test _ Results

Crude Shale 0ils (4) Oral LD50 (Rat) _ 8-10 g/kg

Crudg Shale 0ils (4) . Dermal LD50 (Rabbit) 5 ml/kg .

Cruder Shale 0Oils (4) E'ye' I'fritation. (Rabbit): minimal/reversible

Raw Shales (3) . - Eye-Irritation (Rabbit) negative

/sﬁent Shales (4) _. Eye Irritation (Rabbit) irritating/reversible

Crude Shale 0Oils (4) ", Dermal Irritation (Rabbit) 0.5 g/72 hrs '
_ o abraided/unabraided |

Crude Shale Oiis (4) ) Seﬁsitization (G. Pié) negat':ivé ‘

Raw Shales (3) S Sensitization (G. Pig) ‘negative

Spent Shales (4) - Sensitization (G. Pig) ' negative.

*Reported Weaver & Gibson (1978).

3

Weaver and Gibson3also reported on chronic inhalation studies of two raw

shales and two spent shales. In the study rats and monkeys were subjected to

. : R, 3
the inhalation of the respirable dusts at concentrations of 10 and 30 mg/m" .

After more than one year of exposure no adverse effect was seen in the animals.
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MUTAGENICITY ) : N .. : . .
TWO .raw shale:oils were ‘tested for mutagenicity ;n two strains of~Salmqnella
typhimurium, TA98 and TAl00, using techniques devgloped by Ames4(1973). One drop of
0il was used per plate as a spot test. When activated, both samples induced mutations
in strainATA98 (Table 2) as indicated by the number of revertant éolonieéAwhicﬂ were
more than two times spontaneous revisibns;~ The oils were not mutégeﬁic to strain

TA100 even when activated.

. .

Raw or upgraded shale oil was injected intraperitonealiy into hybird (101 x C3H)

*
~male mice to test the induction of dominant lethal mutations in gametes - Mating

intervals, rel;ted fo adﬁinistratiog of oils,.served to separate the effect§ on sperma=
toza of the vas and epididymus (lst week), testicular sperm (Znd week) and spermalids
(3xd week).(Qakberg> 1956)° . Fpllowiqg a single injection of 200 mg/kg body weight
of a test oil-(in mineral oil) ‘or an.'equal volume of mineral oii, males: were bred
sequentially to vifgin feméies for Fhreé weeks. After detection of a vaginal plug,
females were replaced with neQ females. The bred animals were sacrificed én day 13
of gestation and sc;réd for pregnancy and total implants, including live impiants
and early and late fetal deaths. °

These preliminary experimen£3’do not indicate that dominant lethal mutations
were induced because the percent of dead implants per fgmale bred to shale o0il treated
males was not greater than the percent observed in control females (Table 5), There
was, however, a decrease in the total number of implants per female in each breeding
period. This decrease was most pronounced in feméles bred the third week éf injection
of males with shale oil. Theée results suggest that both.éhale 0ils induce pre-im-
plantation losses and the greatest effect was on spermatids. Future egperimenfs, in
which corgug lutea are scored and compared with the number of implantations, may.

indicate that pre-implantation losses do occur and are the result of dominant lethal

mutations.

*Bingham, E., Murthy R. and Dressel, L., 1975, Unpublished data.
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Table 2
Mutagenicity of Raw Shale 0il

Salmonella typhimurium

‘Number of Revertant Colonies

Strain TA98 - "Strain TA100

Raw Shale 0il Activation® . Activation®

‘ None . + None +
Sample 1 26 161 110 155
(8) (123) (-4) (0)

Sample 2 20 178 126 229
(2) (140) (12)  (74)

Spontaneous 18 38 114 155

Revisions

%Activated with 9000 x g supernatant from livers of Aroclor
1254 induced rats. ‘

?
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Table 3

Effects‘of Shale 0Oil on Gametes of Male Mice

‘Time of Mating Number . Fertile Implants per Live Embrvos

- yg -

Males-One . (days after of Mating Female + Per Femalie : Dead - Decrease in
Treatment (i.p.) treatment) Females (%) (Mean + S.E.) (Mean + S.E.) - Implants Implants (%)
L. . B . ! . i . j
Mineral 0il T -7 S 87.5 10.0%0.3 9.4%c.1 5.7 -
8-14 - 6 66.7 .10.0%1.1 8.8%1.4 © 12.5 -
15-21 9 100.0 10.7%0.3 8.9%0.2 16.7 --
Upgraded Shale -7 16 68.8 9.6%0.4 8:9%0.4 . 9.4 4.0
i1 . R . ST U ’
0il (200 mg/kg) 8-14 14 64.3 9.6-0.5 8.3%0.5 12.8 4.0
N .
15-21 15 80.0 8.4%0.3 8.1%0.4 11.9 21.5
. . . Lt I :
Raw Shale 0il -7 13 76.9 9.3-0.5 i 8.9-0,7 4.3 7.9
e 0 . L
(200 mg/kg) 8-14 14 57.1 - 9.4%0.6 8.9%0.4 5.3 6.0

o

; o _
15-21 . . 12 100.0 9.1%0.3 8.3%0.2 9.2 15.



TERATOGENICITY S . . '

Disposal of solid wagtes produced in Qil-shale proéessing presents an environ-
mental problém, Becausg compounds léached from spent shale may create a teratogenic
haZard, Binghdm _et'al.6 (1975)'evaluaté the embryotéxic and/o% teratogeﬁic effects
of spent shale in rabbits. |

Pregnant New Zealand white rabgits,.3—5 kg, were administered spent shale or
carbon as a suspension in distilled water by oral intubation in doses of 250 or
506 mg/kg on the.8th and 12th days of gestation. Doés were sacrificed on day 28
of gestation. Every third feLus.was cleared and examined for skeletal defects;
the remaining fetuses were_placedlin Eouin's for at leas£ two weeks prior to eval-
uation of sections for soft tissue anomalies.

In comparison to the effects of carbon, spept shale induced a sliéht increase
-‘in‘malformations in skeletal and soft tissues (Table 4). Extra and rudimentary
ribs are common in the offspring of rabbits and were included in calculations of
malformations.  Anomalies resultiné from the administration of spent shale were
severéi myelomeningocele, hydrocephaly, acephaly, folds in the retina, enlarged
jagged foramen, overlapping frontals, and deformities in the'supraoccipitals énd
© occipitals. . Anomalies.resulting from the administration of carbon included: exence-
éhaly, umbilical hernia, fused lumbars and overlapping parieta%s aﬁd'integparietals.
Resultsinot reported here indicated that the embryos were most susceptible on the
8th day of gestation.

A dose response relationship was observed for both carboniand‘spent4shale re-

kd
.

lated to the number of live fetuses with one orﬁmore malfo;mafions. Dose response
was not observed in relation to the total-numbef of dead or-resorbed}embf&os.
Dosages used in tbis study were in excess of amouﬁts whic# might be injested
by wild life, suggesting that speﬁt shale would ﬁot present a teratogenié hazard.
Considering the large volume of processed shale returned to the land, it wquld be
prudent to investigate the leachates of spent shale.in order té evaluate the'impact

on surface waters.
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Table 4

Effects of Spent Shale on the Incidence of Fetal Anomalies in Rabbits

Agent
Dose (mg/kg)

Number of Litters Examined
Number of Ihplénts
Number of Dead or Resorbed

Percent

Number of Survivors Malformedb

Percent

Gross Skeletal AnomaliesC

Ribs
"Skuli

Vertebra

Limbs

Other

Distilled

Carbon Spent Shalea

Water 250 500 250 500
4 8 4 10 15
41 o7 50 . o4 129
4 .10 6 9 9
9.8 14.9 12.0 1u.7 6.9
0 1 3 4 14

0 1.5 7.5 5.4 10.9

4 8 3 7 17

0 : 1 1 2 13
0" 0 4 8 7

0 -0 1 1 1

0 2 1 3 1

a L. . . S i .
Administered by gavage as a ‘suspension in.distilled water on days

8 and 12 of gestation.

Rib anomalies not included.
anomaly per animal.

COne third of the fetuses examined.

per animal.

More than dne skeletal or soft tissue
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CARCINOGENIC STUDIES

In our carcinogenic animal studies we have reported the benzo{a)pyrene (BaP)
content of test materials. This practice was predicated on the early belief
that BaP was the carcinogen pfesent in coa1 tar and therefore might be also present
in shale 0il. The isolation and identification of BaP from coal tar by Hieger7
(1930) and Cook (1933)8 led many investigators to study the carcinogenic constitu-
ents of shale o0il.” The search for thé ;arcinogen in Scottish shale eluded many
investigators untii 1943 when Berenblum and SChoentalg identified BaP in shale
0il, but they also obse?ved a fractiqn of shale oil to be carcinogenic ‘that did
not contain detectable guantities of ?ép. Later Hueper and Cahnmanlo(1958) and
Bogovskyll(1962) reported BaP free American and Estonian shale oil, respectiveiy,
to be carcinogenic in animal mouse skin painting studies.
Method

Young adult C3H/HeJ mdle mice were freated twice weekly with-SO mg of the
test material. The material was applied to the intetrscdpular area of the shaven
backs with ajmicroiiter pipette or a calibrated dropper. In the case of solid
materials, such as raw and spent shale, the materials were suspended in white
mineral oil in 1:2 ratio (by weight). Mice were treated for 80 weeks or until
the appearance of a‘papilloma. If a papilloma progréssed and was diagnosed grossly
as a carcinoma the mouse was killed and autopsied. HOWevér, if the papilloma re-
gressed the-treatmenﬁs were resumed.
Results

In Table 5 yoﬁ can see the results of skih painting Qith two crude éhale
0ils from two different processes. .The two 0ils produced very little difference

ifi tumor incidences and average latent period.

s
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Table § ,
Carcinogenic Potency of Two Raw Shale Oils

_88_

Strain ; Number | Final* . Average Time
sample o of .  of Effect Bap Number.of Mice of Appgarance
) Mice Dosage Mice Number % Devgloplng Tumers of Papillomas
Malignant | Benian (Weeks)

Shale 0il #1 . C3H 50 mg 2x/vk 15 12 <0.00001 8 3 .43
Heat Transfer . . ) :
Process
Shale 0il #2 C3H 50 mg 2x/vk 1% 12 <€0.00001 8 2 43
Retort Combustion
Process . o . .

*Final Effective Number is the number of mice alive at the time of appearance of the median tumor plus those
mice that may have died with tumors.



In another study we determined the BaP content found in a raw shale oil,
upgraded shale oil, processed shale, processed water, native grass, leached
water, raw shale and native soil. The results of these determinations can
be seen in Téble 6 BaP found in all samples was considered low. The results
of topical appl;cations of raw Qhale 0il and upgraded o0il to mouse skin is pre-
sented in Table 7. It may be seen that shale oil induced tumors in 86% of_the
effective number of mice with én avérage time for appearance of about 30 weeks,

~wherea§ the upgraded oil induced'tumors in 13% of the effective number with an

average iatent period of 49wgeks. A solution of 0.05% BaP in toluene resulted in 91%
of the effective number of mice developing tumors with an average latent period
of 46 weeks. No tuﬁors were observed in the mice treated Qith.tolhene alone after
eighty weeks of topical application. -

Four shaleboils and raw and spent shales that Weaver and Gibson3 studied
are currently on test at Kettering Laboratory for their carcinogenic potential.
After 67 weeks of topical applications of the materials to the backs of mice,
all the animals trgated with the shale oils have dévéloped tumors or have died.
The incomplete results of this studyare presented in Table 8. No tumo?s have

been observed in the'mice‘feceiving raw and spent shale suspended in white mineral

oil.

Discussion

Animal studiés using shale oil and shale oil products have:shown that they are
relatively low in acute toxicity. Hdwever, there is great concern about the long
term effects of these products. One such concern is the carcinogenic properties
"of shale oil. It has been clearly.demongtrated that raw shale oilsf p?oduced by
a number of retort methods, are carcinogenic for the mouse's skin. The content of

benzo(a)pyrene in these oils was quite low and could not account for the carcino-

. genic activity. .It.is likely that other carcinogens and perhaps .cocarcinogens are
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Table 6

Benzo (a)pyrene Content of Shale 0il Products

Sample

Raw Shale 0il
Opgraded 0il
Processed Shale
Processed Water
Bative Grass
Leached Water
Raw Shale
Native Spil

Table 7

ﬁ‘BaP

< 0.00005%
0.0006%
£ 0.0D0005%
<1 ppb '
0.000065%
<1 ppb .
£ 0.000005%
< 0.000005%

Carcinogenic Potenéy of Raw and Upgraded Shaie Jil

- Strain Number | Final# b . Average Time
sample’ of of Effect Bap N 1erio Mice of Appearance
Mice Dosage Mice Number % pevg gp "9 Tum9rs of Papillomas
: . : Malignant | Benian (Weeks)
Raw Shale 0il C3H 50 mg 2x/wk 50 45 <0.00005 21 18 30
Ungraded Shale C3H 50 mg 2x/wk 50 -39 0.0006 3 2 49
. 0il '
‘Positive Control C3H . 5C mg 2x/wk 100 92 0.05. 75 9 46
0.05% BaP in ’
Toluene
- Negative Control C3H - 50 mg 2x/wk 100 91 0 0 0 -
. Toluene Only ' : T ‘

*Final Effective Number is the number of mice alive at the time of appearance of the median tumor plus those
mice that may have died with tumors. i : :

The number for the Solvent Control is the nunber of mice alive after one yéar.



Table 8

Carcinogenic Potéhcy of Shale 0Oils and Shale 0il Productsf

: Average Time
-t Strain Number Final : : Number of Mice of Appearance
) of of Effect ) .1 Developing Tumors of Papillomas
Sample Mice Dosage _Hice Number |- BaP Malignant Benign (Weeks)
Raw 0il #1 C3H 50 mg 2x/wk 50 42 0.00018 | - 15 .19 ! 31.9
ﬁaw 0il #2 C3H 50 mg 2x/wk | 50 43 | 0.00018 | 29 6 - 21.6
Raw Oil #3 c3n | 50 mg 2x/wk 50 a6 0.00023 30 10 28.5
Raw Oil #4 .| c3n 50 mg 2x/wk 50 .48 0.00042 28 11 957
Raw Sha;e 101 ’ C3H: S0 mg 2x/wk 50 <0.00001 o 0 -
Raw Shale 102 C3H 50 mg 2x/wk:| 50 . . <0.00001 0 0 -
Raw Shale 103 ’ C3H 50.mg 2x/wk | 50 N <0.00001 o | 0 -
Spent Shale 201 C3H 50 mg 2x/wk 50 <0.00001 "o .0 -
Spent Shale 202 ‘ e | somg 2mmwk | S0 | <0.00001 ° 0 0 -
Spent Shale 203 C3H 50 mg 2x/wk | SO o <0.00001 0 0 -
Spe;t Shale 204 | C3H 50 mg 2x/wk 50 <0.00001 0 0 -
Control - No Treatment C3H ‘50 mg 2x/wk 50 - o] 0 -
Control - Mineral Oil Only | C3H 50 mg 2x/wk 50 , ] - ) 0 o -
0.05% BaP_in Mineral 0il C3H somg 2x/wk | S50 | ~ . |. .05 | 43 4 " 37.8
0.15% BaP .in Mineral 0il C3H 50 mg 2x/wk | 30.- | .15 - 29 L1 27.4

'Incompleté‘- 67 weeks duration.



Analytical*
. Tﬁe.raw and spent shalg saﬁples contain only a few ppb'of BaP;( 1 ppb to 24 ppb).

The shale oil_retort samples, on ﬁhe other haﬁd(’contain }OOO to 5000 ﬁpb_of BaP and
3000 to 20,000 ppb of mono- and dimethylated BaP..»The mono- and @imethylated‘BaP
were analyzed together and reported as one value. The biological»activities of the
0il samples do not correlate with thé amount of benzo(a)pyrene (Table 9) in the samples.
As'an example, the ratio of benz(a)anthracene to benzo(a)pyrene in samples RO-2
.and RO-4 are 3.0 and 0.3 respectivelx whiie the ratié.of methylaped compounds are
0.6 to l,4_in sampies.RO—Z and RP-4 respectively (Tabie 11).

In addition.to behzo(ajpyfene and benZ(a)gnthraéenéf IQ ofhér polyc?clic aro-~
matic hyaroc;rbons are id;ntifiéd (Table 1b)-.0ne bf,these, ;cridine, is found only
, in sample RO—lL It should be néted that pyrene, flubraﬁthepe, benzo(e)éyrene, and
benzo(ghi)perylene havg cocarcinogenic activities (Vén Duuren, 1976)13 in éddition to
aliphatic compounds (Bingham, 1969) that are found‘ip these compleQ mixtures. A
number of heterocyclic aromatics are not found in these samples: carbazole, 11 H-benz-
(a)carbazole, benz(c)acridine, 7 H-benZo(a)carbazole,‘dibenz(a,h)acridine and 7 H-di-
benz(c,q)cqrbazole.

From these results it is important to look at the mixturés as a whole and to -
cons;de; cocarciﬁogens and ihhib;tors that are present in the samples. Lastly, it
has to be noted that BaP may noﬁ be a good indicator for carcinogenicitf of shale

. !
oil.

*These data were supplied by the API.
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Compounds

Benz (a)anthracene

bhrysene

Benzo(é)pyrene

Fluoranthene

Pyrene

Table 9
Benzo(a)pyrene Content of Shale Retort- Oils

~ (ug/kg : S$.D:)

Sample . : Parent . Methyl Substituted )
RO-1 1800 ¥ 141 , 4150 ¥ 1202
: , + ‘ +
RO-2 - 1800 2 00 21500 X 707
+ . _ + .

RO-3 2300 £ 00 11500 £ 707

. + +
RO-4 a0 fq 8350 & 212

Table 10

Relative Amounts of PAHs to BaP Standard

Shale 0il Samples

" RO-1 : - RO-2 ‘ RO-3

Parent Methylation* Parent ‘Methylation* Parent Methylation¥* Parent RO;:thylation*
1.0 0.6 31 0.6- 1.6 1.9 - 0.3 1.4
0.9 0.8 3.1 0.7 - 1.7 S 2.2 0.7 2.8
0.4 0.3 . 0.3 . S 0.1 0.5 0.3 0.5 3.2
1.3 - . 0.3 1.3 671 S N 0.2 L3 \ 1.0
1.9 2.2 4.6 ‘ 1.4 2.3 P a.1 6.0

*Mono and di methyl substitution. . ] K



Table 11

. Polycyclic Aromatics Present in Shale 0il

Carcinogen _— N Noncarcinogen -

benzo(a)pyrene (stfohg) - pyrene*
benz (a)arithracene (weak) : fluoranthene*
= triphenylene

: K benzo (e) pyrene*
Borderline Carcinogen L perylene
chrysene L . anthan;hrene .
. . benzo(ghi)perylene*

i : : coronene ’

<

*Cocarcinogenic Activity
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INTRODUCTION

Thank you, Mr. Otto White for inviting LASL to participate
(or be a participant) in this symposium on Assessing the
Industrial Hygiene Monitoring needs for coal conversion and oil
shale industries.

Los Alamos Scientific Laboratory's (LASL) Health Division
became interested in 0il shale as part of a research program to
study the long-term health effects of exposure to 011 shale and
its products.

LASL had the opportunlty to study the PARAHO process of 011
shale retorting, which is a surface retorting process using
internal gas combustion, that is termed "ready for '
commercialization". It is the only process for which the
complete technology - mining - retorting - Refining - and
product utilization could be studied. Also, because, as some
said it's "the only game in town.". : )

At that time it was the only surface retort producing crude
oil from oil shale. The facility is located at Anvil Points,
:Colorado, and is operated by Development Engineers, Inc. (DEI).

Two studies have been undertaken by LASL. The objective of
the first study, which involved .three trips to Anvil Points was

to-obtain samples and site-specific industrial hygiene data
from the major points in Lhe process Stream.

Samples and data collected would serve as material for .
exposures to animals and to assess the results on the basis of
exposure potential and threshhold limits.

The second study of the PARAHO process was to be more of an
industrial hygiene survey of the entirée PARAHO facility in
conjunction with a joint LASL/API occupational health study of
the present work force at Anvil Points. Only one trip was
performed and because of eventual closure of the facility, the
survey was cut drastically. Up to two weeks of work was
initially scheduled so that all facets of operations could be
sampled and so that sufficient samples could be taken to be
statistically significant. .

Although we have visited the Occidental Mining Company' s

modified in-situ, process at Debeque, Colorado, only the PARAHO
process will be covered in this talk.
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Experiences in the 0Oil Shale Industry

I. TECHNOLOGY

The PARAHO o0il chale process is a surface retorting process
with the capability of using either direct gas combustion or
externally heated recycled gas to achieve the retortlng
temperatures of 900 oF,

Coarseley crushed and sized cil shale is conveyed to and
introduced at the top of a vertical kiln approximately 10-1/2'
in diameter and 75' high. This retort is referred to as the
semi-works and is capable of producing approximately 280
barrels per day of oil from the shale. The original and
smaller 4' diameter pilot plant retort is still operating and
is used to cool down the semi-works. It is also used to
supplement the semi-works in oil shale processing.

II. RETORTING

The product shale is fed into the retort through a gas
rotary seal then into a rotating apron "pant-leg" feeder. " The
. shale then flows by gravity through a retorting zone to the
bottom of the retort and through a discharge grate and bottom
rotary seal. The "spent" or retorted shale is then conveyed
to a disposal pile.

The combustion air and recycled gas is introduced into the
retort by three distributers flowing counter current to the
shale. Combustion of these gases with the residual carbon on
the shale provides the temperature or heat needed for retorting.

Vapors of shale ©0il and residual gases are drawn off from
the top of the retort and passed through an o0il and gas
separation consisting of an electrostatic precipitator and
coalescer (demister). The remainder of the off+gas is recycled
for combustion. .
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Experiences in the 0il Shale Industry

III. MINING

The o0il shale is mined by underground room and pillar
techniques using large diesel powered drilling, loading, and,
trucking equipment. The rooms are approximately 60' wide x 60'
high and pillars 80' long x 60' high. Ammonium nitrate and
fuel oil (NFO) are used as blasting agents. A 7-1/2 £ft3
front end loader is used to load the 50-ton capacity diesel ore
trucks which transport the ore approximately.five miles down ‘to
the crushing site. The runers are actually equipment
operators. The mining is contracted out to the Cleveland
Cliffs Mining Co.

IV. CRUSHING

From the stock pile of oil shale at the crusher site,
oversize boulders are broken to a size which the crusher will
accept. Then a front end loader is used to load the crusher.

The crushing operation consists of an apron feed, primary,
secondary and tertiary crushers. Primary and secondary '
screening is used for sizing product shale for retorting.

Fines from the screening process are conveyed to piles, some of
which are used for road surfacing material (like gxavel) for
the mine road. o

From the crusher, the product shale is again conveyed to
storage bins, Some-additional crushing occurs in bin storage,
Dust generated in the storage bins is collected by a dus
collector.

V. COMMERCIAL SCALE—UP OF THE PARAHO PROCESS

Development Engineers, Inc. propose a modular system of
retorts, The modular retort will be 40' in diameter and 100'
high. Each retort will produce 5,000 barrels of oil per day. A
t?tal of 20 such retorts will pLoducc 100 000 barrels per day
of oil.

VI. DISPOSAL OF RETCRTED SHALE

The retorted shale is presently conveyed to a disposal
pile at vne side of the retort. Some trucking of retorted
shale has been done for revegetation studies by Colorado State
University. The retorted shale is moved occa551onally to
permit better disposal.

i
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Experiences in the 0il Shale ‘Industry

VII. INDUSTRIAL HYGIENE SURVEYS

In the Spring of 1977 LASL met with DEI on several
occasions to arrange for the sampling trips to provide the
information for the animal exposure studies. It was agreed
that we would make at least two trips to Anvil Points to do a
preliminary survey of the various operations to determine what
we would need for a more accurate or refined sampling trip.

The complete survey was supposed to be conducted in a
short span of time, but was extended into three trips. The
second trip was to sample only the mine and crusher (winter
weather becoming a factor) and the third trip to sample the
retort.

No personal dust sampling was done at the request of DEI.
Only area or operation sampling was done utilizing portable
personal sampling equipment along with larger air sampling
equipment.

The joint API/LASL industrial hygiene survey was scheduled
to occur in two phases and was to be done over a two week
period. Enough time was scheduled to sample all the desired
operations and workers to obtain the necessary quallty and
quantlty of material for analytical purposes.

Because DEI's contract with the Navy was completed and
other funds could not be obtained, DEI had to close down its
operations. Also, due to lack of maintenance during those last
few days, equipment failures occurred which prevented us from
doing the sampling we desired.

LASL was able to sample the crusher for only one day, the

seémi-works retort was shut down shortly after we started, and
we were limited to sampling the mine without entering it.

VIII. SAMPLING NEEDS

Area samples were very important from the standpoint of
characterization of the operations and the pollutants.
Some of the equipment used to sample the operations were not
compatible to field studies, for example, the Andersen Cascade
Impactors. We frequently were unable to get the. proper loading
of dust on the filter media. Also the pumps used were shut out
of commission,
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Experiences .in the 0il Shale Industry

One major recommendation regarding sampling facilities of
this type is to perform as much of the analyses on site as
possible, using the necessary lab and maintenance equipment to
limit the transportation samples back to the laboratory.
Transport of samples was very deleterious to our results.

Personal sampling equipment was useful in that no
external power was required. 1In some cases, power available

was so low we could not get the Andersen Impactor Pumps to turn
over. :

On our 1aqf survey, we provided our own diesel and
gasoline power. in an01t1pat10n ot low or lack of power at the
facility. '

*  More passive dosimeter samplers would be an asset to
surveys where technologies are in development. This permits
samlpling the man and separating.out individual operations. .
These samplers should be for short term (15 minutes) and long
term (8 hours) sampling.. :

All the sampling equipment we used addresses only the
respiratory system as a route of entry.

Sample tpchnlques are needed which can quantlfy skln
exposures, from PNAH in oils and in water..

Biological sampling may be a technique useful for this
type of evaluation. Also, we should arrive at a singular
reference substance as an indicator of tox101ty for polycycllc
aromatic hydrocarbons.

IX. OTHER LASL RELATED STUDIES

LASL is currently acquiring a repository of oil shale
materials for use in animal exyosure and characterlzatlon
stuules. These materials are:

OllS

1. Paraho Crude Shale 0il - not upgraded.

'255Modified ig situ shale o0il - upgraded - limited supply.

3. Gulf coast crude o0il - reference petroleum,

4, Middle eastern crude 0il - reference peEroleum.
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Experiences in the 0il Shale Industry

Process Waters

1. Paraho - by sepqrétion.from storage tank oil.

Raw Shale | | o ; |

1. Largé Rock - Laramie Energy Technology éenter (LETC) .
2. Paraho crusher product. | |

3; Parano bag house finesn

4, Estonian shale - llmlted supply
Spent Shale

1. Paraho spent shale.
2. TOSCO Iz spent shale (restricted Jse).
3. Fischer assay spent shale.

4. Estonian spent shale (combustion ash?).

Also, LASL'S Biology group. is conducting animal
toxicology exposure experiments 6n the PARAHO TOSCO II spent
shales. Intratracheal exposures to the same materials plus
silica; dermal tox1c1ty and carcinogenicity studies to PARAHO
crude 0il, modified-in-situ crude oil, Gulf Coast:erude oil and
middle Eastern Crude o0il are being conducted.“

X. CONCLUSION

Industrial hygiene sampling studies and surveys of oil
shale processes will require well formulated objectives and an
appropriate allocation of personnel and materiel for both
sampling and analysis. All data obtained should be referenced
-to present energy related industries experience to place this
developing technology into perspective.
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® Use direct reading instrumentation  whenever possible

Table 1

Dust Sampling Summary

TOTAL DUST

Sampling Needs

MMAD

2 pm

3 um

4 pm

6 7pm

6 um

nd
nd
35

nd

® Do all somple analyses on site that is practical

nd

nd

nd

<1

20

LOCATION % RESPIRABLE
MINE 38—319 . 60%
CRUSHER 23-472  -50%
BIN STORAGE 42—1179 45%
RETORT 15— 90.8 22-39%
RETORTED' =
"SHALE PILE .  5.3—84.6 30%
Table 2
Gaé and Vapor Sampling Summary
Retort A[ea (ppm)
CO THC HS HCN HCHO NH3; NO,
Top Seal 25 400 20 8 2
Bottom Seal 5 nd trace nd nd
Recycle . 600 <1000 10 15 15
Gas Rlower A ‘
» ' Mine Area
Working 5.0 <10 nd nd trace
- After . )
Blasting 100 199 .nd nd . —
Tablev3f

®Use passive somplers for short and long term sampling

® Develap a personal PNAH sampler

® Develop oan HC N specific sampler

® Need Diesel Fume criterio and sampler

® Need skin_exposure evaluation techniques

® Need personal Total Hydrocorbon sompler

® Need for a field microbalance for large filters

® Need periodic samplers for dusts
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INDUSTRIAL HYGIENE EXPERIENCE IN COAL LIQUIFICATION
(AN OVERVIEW)

H. E. Runion
Gulf Science & Technology Company

'SOLVENT REFINED COAL (SRC) PLANT - FORT LEWIS, WASHINGTON

Department of Energy 50 ton. per day research fac111ty for de-
ash1ng and desu1fur1zat10n of raw coal.

End products include so]1d (SRC-1. Process) and l1qu1d fuels

- (SRC-11 Process) and solvents.

Waste. byproducts include su]fur compounds, mineral residual and
phenols.

GULF INDUSTRIAL HYGIENE AND ENVIRONMENTAL MONITORING PRODOSAL -
OBJECTIVES: :

0

0

0

Eliminate or control health hazards to employees.
Prevent or minimize job related illnesses.
Assess health impact of all p]ant operations.

Apply findings and so]ut1ons to large second generation 6000 ‘ton
per day demonstration plant. )

- SCOPE OF STUDY

Define quantitative and qualitative character of contam1nants in
the work environment.

Assess points of fugitive emission and their control.

Characterize contam1nat1on levels and c1rcumstances of exposure
on an area and work or task: bas1s :
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"III. SCOPE OF STUDY (cont.)
0 Principal contaminants of concern inc]dde:
o Particulates |

Total particulates

Respirable fraction

Benzene séluble fraction

PNA composition

Free silica and mineral residual dust
Asbestos :
Welding fumes

0 Hydrocarbons

. SRC light naphtha, SRC heavy naphtha, SRC recycle o0il
Phenols

0 Others

o Skin contamination

.Qualitative/quantitative analysis

IV. IMPLEMENTATION - FIELD STUDIES - DOE CONTRACT JANUARY 1976
o Gulf Industria1 Hygiene personnel - organize andAmanage.study.
0 Gulf Physician - to organize and manage medical surveillance program.
0 Gulf Health Educator - designed an in-plant personne] training program,

0 Outside contractor'- perform off-site air and water sampling functions.

V. IMPLEMENTATION - LABORATORY SUPPORT
o Equipment and personnel assigned January 1976.

0o Special analytical tools

HPLC - High Pressure Liquid Chromograph (HPLC)
SPF - - Spectrophotofluorometer (SPT) -
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V. IMPLEMENTATION - LABORATORY SUPPORT (cont.)

0 Benzene solublé fraction analyses conducted in accordance with NIOSH
procedures. PNA analyses to be performed by HPLC w1th Uv and
fluoresence detection.

o Develop improved method for PNA air sampling analysis.

VI. METHODS AND PROCEDURES

o Personnel air sampling

Pumps @ 0.2 and 2.0 1pm

Tubes :

37 mm silver membrane filters wilh Chruinasorb backup - PNA's
Millipore filters.- total and resp1rab]e fraction with 10 mm
cyclone @ 1.7 Ipm

Deployment on personnel and in strategic locations within work
place.

0 Area air sampling

.. High volume samplers - 40-60 cfm
8 x 10 fiberglass filters:
37 mm glass fiber/silver membrane filters
Site selection considering nature of processes and meteorology

[l

o Miscellaneous

50,

Detector tubes
Fritted bubbler with West-Gaeke analytical procedure

Phenols

Fritted bubbler with 0.1.N NaOH
Silica ge] adsorbant tubes

EQ'

Direct reading Ecolyser

o Skin contaminants

Commercial alcohol prep skin wipe pads .
Spiked samples and actual emp]oyee skin wipe exper1ments conducted
. Prescribed sites on subject for wipe testing
- UV lamp for periodic skin examination for evidence of lesions or
other skin disorders
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VII.

o SRC-1 Process (Fig. f)

" SRC-I VS. SRC-II -PROCESSES

‘Coa1 preparat1on and s]urry m1x

Coal pu]ver1zed, sized and mixed w1th anthracene oil type solvent
to form a 25 40% coal slurry.

Preheater and D1sso]ver

Slurry mixed with hydrogen and fed through preheater to d1sso1ver
for reaction. Ninety (90%) per cent of organic matter dissolves in
20 minutes @ about 8000 F. and 1500 psig.

.Sulfur Recovery, H, recycle and fuel gas -

Su]fur compounds extracted by sulfur recovery unit producing
elemental su]fur with rema1n1ng H2 recycled and gases used as plant
fuel. : : . . -

Solvent Recovery

Vacuum flash distillation occurs producing light SRC-1 naphtha, heavy
SRC-1 naphtha and processed solvent for recycle back to slurry
mixing area.

Mineral Separation

The bottoms from flash distillation above is of heavy residual oil
called Solvent Refined Coal containing less than .1% and less than
.8% sulfur. - MoTten SRC product with undissolved solids are filtered.
Following f11trat1on, undissolved solid (mineral res1dua1) is ‘washed,
then dried in a rotary kiin for waste d1sposa1

Product Solidification

Molten SRC material (300-400° F.) subsequently flows onto a stainless
steel (Sandvick) belt for cooling where it solidifies and breaks up
into chunks like peanut brittle.

SRC-II Process (Fig 2)

Primary difference with SRC-1 is the transfer of hydrogenated molten
SRC Tiquid to the fractionation tower where the Tight and heavy
naphthas, fuel o0il and heavy SRC-II distillate are produced. The
vacuum bottoms containing mineral residual are directed to the
Sandvick belt for cooling and ultimale disposal. The SRC-II process
eliminates mechanical filtration and produces only liquid products
the prime fuel of which contains only = 0.4% sulfur.
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0 SRC-1 - Industrial Hygiene monitoring findings January 1974 - July 1977

Airborne organic vapors in b]ant. Concentrations of‘drganic vapors
and hydrocarbon gases were found to be generally less than 0.1 ppm.

Benzene survey - heavy and light SRC naphfhas contained less than 1%
by voTume benzene.  Occupational exposures were less than 1 .ppm TWA.

-4

Suspended particulates - plant air and per§onne1 exposure

Large mass of data now being processed
Emphasis of moment - SRC-I vs. SRC-II processes, e.g.
Coal recovery and preparation areas '
Solvent recovery
Product solidification
Statistical findings to date

Welding fumes

- Welding can be exposed to airborne concentrations of coal derived
materials when working on contaminated metals.

Asbestos

Following ‘initial .experience in handling asbestos, installation

of an exhaust ventillation system, exposure in the filter preparation
area was less than 0.1 fiber per ml of air.

Mineral residual

Several types of calcined diatomaceous materials containing 50%

by weight of free silica were used as a filter aid in the SRC

process filter. Hence the mineral.residual averaged 4.5% free silica
as alpha quartz. Short term_levels when loading on truck for disposal

occasionally reached 10 mg/m3.

Hydrogen Sulfide

HZS levels found to be consistently low (>.1 ppm)

4

S0

. Air samples collected from various fixed locations within the plant
showed all levels to be .04 ppm or less.

Phenolic compounds

Phenolic compounds exist in many 1iquﬁd streams; however, sampling
indicated that airborne levelswere all below 0.5 ppm. .
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Noise’

Noise levels in this particular plant were found to be consistently
less than present day exposure criteria as evaluated with the use .of
sound level meters and dosimeters. .

co

CO exposures have occurred, stemming from the plant inert gas {(nitrogen)
generation unit, which, due to incomplete combustion, can develop

CO Tlevels up to 1.5% CO in the inert gas stream. Corrective action:

- Repair and periodic rep]acement of rotary air lock in the coal
pu]ver1zer unit. .

Sett]eab]e part1cu1ates - ambient air

Monthly dustfa]] samp]es co]]ected in f1xed samp11ng sites showed
ambient dustfall concentrations considerably lower than those reported
from a neighboring urban commun1ty

Skin contamination . S _ .

J

Preliminary efforts using. "alcohol prep," gauze pads soaked in 70%
isopropyl alcohol, showed demonstrable differences in terms of

- benzene soluble fractions between "contaminated" samples (taken
before bathing or washing) and "clean" samples taken afterwards.
Quantitative analysis was not successful due to need for more
sensitive analytical methods not available at that time.

SRC-II - Industrial Hygiene monitoring findings January 1974 -/{July 1978

Airborne organic vapors. in plant. No incre&se in benzene exposure levels.
" The majority of samples taken were 0.01 ppm of n-hexane, benzene,
toluene and xylenes

Benzene
"No increase in benzene exposure levels.

Suspended particulates - ambient air

Results indicated a significant lowering of contamination in
conjunction with SRC-II processing.

Suspended particulates - personnel exposure

A significant reduction of exposure occurred in conjunction with
SRC-II processing.
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Welding fumes:

Exposure to coal derived materials occurs during welding as a
product ‘of work j:ractice or use of local existing control, not
manufacturing methodology {i.e., SRC-II vs. SRC-I).

Asbestos
No asbestos sampling was conducted during SRC-II operation because

neither asbestos nor.asbestos containing filter aid mater1a1s are
required with SRC-II process1ng

Mineral res1dua1’
No sampling. The high alpha quartz.containing.substances used as

part of the SRC-I mineral res1dua] fllter are not 1nvo]ved with
SRC-1I process1ng s S )

It was determined that SRC naphtha(s) or other low boiling light
distillates contained dissolved H2S in the head space above liquids
in tank cars on storage vessels. "The.equilibrated vapor space
concentration of up to 10% have been observed. SRC-II. middle and:

heavy distillate and fuel o0il contained" very 11tt1e d1sso]ved HZS
with 1ess than 200 ppm in-the vapor space

50

SRC-II results showed v1rtua]1y zero occupat1ona1 exposure to SO;
in the various process areas.

Pheno]s

Samp11ng indicated that virtually no apparent phenols were present
in the work place.

Noise
SRC-11 processing did not result in increased exposure to noise.
EQ'

SRC-1I processing did not ihcrease CO exposure.
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Skin_contamination

Work continues toward the development of an effective and repro-
ductive skin wipe procedure. Laboratory analysis employs high pressure
liquid chromatography (HPLC) with special spectrophotofluorometric
detection (SPF). Both "spiked" samples as well as actual wipes from
employee's skin at various levels of contamination produced results
which suggest that a reproduc1b1e skin w1pe test procedure can be
developed.

Sett]eab]e particulates - ambient-air

Monthly dustfall samples during SRE-II processing were found to be
less than levels associated with the SRC-I process.

VIII. HEALTH EDUCATION FOR EMPLOYEES

0

k]

0

A1l new empioyees regardless of ass1gnment receive a health educat1on
1ndoctr1nat1on emphas1z1ng

Hazardous c1rcumstances and recommendation for contro]
Measures for personnel protection
Use of protective apparel on equipment
Cause and .prevention of occupational d1seases including dermatitis
and sKin cancers
. Personal cleanliness during work and at sh1ft change

Health Information Booklet for each employee
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FACTORS ‘FOR SRC DATA EVALUATION

. " DISTRIBUTION OF DATA BEING TESTED
'SKEWNESS (SYMMETRY)
-KURTOSTS * (SHAPE)

PRELIMINARY FINDINGS SUGGEST DATA ARE LOG-NORMALLY DISTRIBUTED
OR DATA APPROXIMATE LOG-NORMAL DISTRIBUTION

AGREEMENT WITH LEIDEL AND BUSCH (NIOSH) AND COMMUNITY AIR
POLLUTION ENVIRONMENTAL DATA ' '

CONDITIONS FOR LOG-NORMAL DISTRIBUTION (BUT NOT ALL NECESSARY)

THE CONCENTRATIONS COVER A WIDE RANGE OF .
VALUES, OFTEN SEVERAL ORDERS OF MAGNITUDE

. THE CONCENTRATIONS LIE CLOSE TO A PHYSICAL
LIMIT (ZERO CONCENTRATION)

THERE IS A FINITE PROBABILITY OF VERY
LARGE VALUES (OR DATA "SPIKES") OCCURRING
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TABLE I

HIGH VOLUME AREA SAMPLING IN VARIOUS

PLANT LOCATIONS DURING SRC I AND SRC II

Total Particulates

, mg/m3
Plant Area . Operating Mode =~ = GM GSD N
Coal Receiving SRC 1 0.67 5.3 7
and :

Preparation SRC II 0.56 5.8 21
Solvent “SRC I ‘ 0.14* 2.6 34
Recovery . ’

SRC 11 0.08 2.3 24
Product - SRC 1 0.73** 3.2 81

Solidification
SRC 11

o

.10 2.2 36

GM .
GSD

‘Geometric Mean
Geometric Standard Deviation

*  Significant difference at p<0.05 with 2 tai]ed t-Test
** Significant difference at p<0.01 with 2 tailed t-Test
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Benzene Solubles
mg/m3

@ G0 W

0.06* 3.6 69
0.03 2.2 20

0.06** 2.3 34
0.03 1.8 24

0.32** 5.0 8]
0.03 2.0 36



TABLE II

PERSONAL SAMPLING IN VARIOUS ‘PLANT
LOCATIONS DURING SRC I AND SRC IT.

Total Particulates ~ Benzene Solubles
' mg/m3 L Amg/m?_

~ Plant Area Operating Mode M GSD M " GM GSD N
Coal Receiving SRC I : 0.86 7.0 8 . 0.04 4.6 . 8
- and 1 : o )
Preparation ~ SRC IT 1.3 3.7 30 . 0.03 4.1 30
Solvent B SRC 1 7 0:56 2.3 -9 0.06 6.5 9

Recovery ‘ " . . 7 ) :
SRC 11 0.20 5.0 7" 0.04 5. 7
Product o SRC I - 2.3 3.0 8 B 0.96** 3.7 8

Solidification . ' ' ‘ _ o

‘ ~SRC 11 0.9 3.5 29 0.12 7.1 29

Geometric Mean

GM

GSD Geometric Standard Deviation

** Significant difference at p<0.01 with 2 tailed tTest"
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VOCCUPATIONAL SAFETY AND HEALTH IN COAL GASIFTCATION

-+ James M. Evans . :
Manager, .Advanced Coal Technoloay
Enviro Control, Inc. '
One Central Plaza
11300 .Rockvilie Pike | .
Rockville, Maryland 20852

Presented at

Brookhaven National Laboratory
Upton, Mew York 11973

November 6, 1978
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OCCUPATIONAL SAFETY AND HEALTH IN COAL GASIFICATION
GASIFICATION PILOT PLANTS, 1976

Horker health and safety'has always been a concern in the.Department of
Eneray (DOE) Fossil Enerqy Pilot Plant ﬁrogram. However, in mid-1976,
when NIOSH and Enviro Control, Inc. (ECI) first became involved in
occupational health for coal gasification pilot plants, Fossil Eneragy
was somewhat reluctant to pursue the subject. Yet, NIOSH and in turn
ECI, received full cooperation both from the Fossil Energy project

of ficers Incated in Hashinaton and at the pilot plants.

During the Fall of 1976 and-1977 a NIOSH-ECI team visited all the major.
coal gasification pilot plants and several of the energy resSearch
facilities and national laboratories which were engaged in coal gasiti-
cation. In general, we found a very positive emphasis on personnel
safety. However, with a few exceptions there was little consideration
given to .the finer points of occupational health, pafticu]arly to the
carcinogenic nature of the liquid products which mény of the plants
produced. In some cases management seemed unawére that this type of
problem might exist. "VWe seemed to be the first to bfing detaited
information and to ask questions on the subject.

As a-result of the initial pilot plant survey, the information supplied
by the .national laboratories and»eneréy centers, by the pilot plants,
and material from epidemidlogica] and toxicological literature was all
compiled and published in 1977 as "Recommended Health and Saféty Guide-
lines for Coal Gasification Pilot Plants". The guide]ineé took into
consideration that no two coal easification pitot plants are.alike in
process - technoloay or hazards, and also recoanized a variable and
inconsistent nature- of pilot plant operatiun. They were designed as '
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down- to-earth guides emphasizing worker protection measures such as safe
work practices, personnel protective equipment and clothina, industrial
and personal hygiene, workplace medical monitoring, labelling and posting,
hazard information and awareness, and record keeping. We had one major
stumbling block. There was no real time, reliable method for monitoring
PNA concentration. Consequently, we recommended CO or HZS as proxy

compounds.

DEVELOPMENT OF A CRITERIA DOCUMENT

NIOSH next turned to the development of a criteria document for commercial
coal gasification plants. Toxicological and epidemiological evidence on
which to base such a document was scarce. Information was ayai1ab1e

from gas works studies and from the coke oven work. However, these pro-
cesses are totally unlike the modern coal gasification plant. The old
gas works and most of today's cokina plants leak T1ike sieves, and many

of the workers were, or are, constantly exposed. Modern coal gasification
processes, particularly the high-pressure processes, are closed. Yorker
exposures should not follow the same patterns as those defined by the gas
works and coke oven studies. But exactly what kinds of exposures do
occur in modern plants? The only epidemiolocical data available was

that of Sexton, which was obtained at the Union Carbide plant, Institute,
West Virainia, for a five-year period in the late 1950s. This data
pointed out the potential for a massive problem. Toxicological data
based on rodents was available from the studies of Weil.and Condra,

which were made in conjunction.with Sexton's work; studies by Hueper on

. materials obtained from the Louisiana, Missouri, pilot plant; and the
study in 1970 by Bingham on materials obtained from the Synthetic Fuels

Pilot Plant in Cresap, West Virginia.

These studies indicated that there was a carcinogenic problem, and that
various streams from coal liquefaction plants exhibited a rather wide

range of toxicities.
We next approached the companies which were seriously involved with
coal gasification. The enthusiasm which met our requests for help and

information was both sta?t]ﬁng and flattering. We visited all the
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cormercial coal casification plants operating in the United States today;

. Carey Lime and Stone Co., in Ohio, with three stirred, fixed bed Wellman--
Galushas; Glen-Gery Co. operations - 6 Wellman-Galushas, firing anthracite,
were used to produce-a low-Btu aas for firing brick kilns, and the Holston
plant in Kingsport, Tenn., which has 12 Niﬂlputte casifiers. (It is

hard to believe that in 1929 there were 12,000 gasifiers and gas works 1in
small and large communities spread throughout this country; it was only

in 1961 that the city of Reading, Pa., closed down its last gasifier.

There is 1ittle information on their mode of operation and less: on occupa-
tional health and §afety.)

e next visited the offices of thé firms wHo were actively engaged in the
consideration of large high-Btu casification plants. These included El
Paso Panhandle Eastern Pipeline Co., American Natural Gas Coal Gasifica-
tion Co., and Wesco at Fluor Engineers and Constructors. . Here the
engineering and cohtro] technology which was beina designed to protect

the worker was explained to us in detail. In my.opinion concern for
worker heé]th went hand in hand with first class enginéering design.
However, they all, and without exception, urged that we visit the SASOL.
plant in South Africa.

SASOL

SASOL is a large operation, approximately one-half mile wide by over a
mile long. The operation is.based on gasification of coal. Syhthesis

gas from the 13 Lurgi gasifiers is purified in much the same fashion.

Gas will be purified for-hioh-Btu pipeline coé1 gasification plants. This
purified gas is then reacted in a Fischer-Tropsch process to produce
Tiquid paraffinic hydrocarbons. At SASOL, these hydrocarbons'are then
taken and.used for the production of numerous petrochemicals. In 1977
there were 3400 whites and 2200 blacks employed there.
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When we visited the gasification and gas purification sections of the
plant, there was extensive construction in progress'as the plant was
being expanded from a capacity of 9000 tons of coal feed per day to
14,000 tons of coal feed per day. Despite the confusion and dirt caused
by the construction, we found the housekeepina in the plant, with the
exception of the ‘tar gas-liquor separation area, was very good. The
SASOL engineering staff includes a number of very dedicated environ-
mentalists. The plant was and is making a large effort to insure that its
eff]uénts meet the rather strict environmental criteria of the South
African government. SASOL has been largely successful in controlling
their effluent composition with the exception-of fluorine, which is
present in high concentration in the Siama coal used by the SASOL opera-
tion. Safety is a must and safety rules derived from experience are
very carefully enforced in the plant. The Lurgi high-Btu coal gasifica-
tion plants to be used in the United States will undoubtedly base their
safety rules on SASOL experience..

At that time their industrial hygiene proagram was in the initial stages
of implementation. Other medical problems seen at the c1inié include
gassings with carbon monoxide in the coal casification plant and further
downstream, ammonia. Burns are common, particularly steam burns. Other
burns include those from catalysts in the gas purification plant, tar
burns at the Kellogg reactors, and thermal burns durina cleaning pro-
cesses. Burns which occurred from hot wax which leaked out when blocked
pipes were released were also reported.

Conversations with workers who had been at the plant more than 20 years
showed that allergies were occasionally seen. These included allergies
of the hands and other skin allergies associated with the use of indi-
cators for dyes which seemed to clear up when the worker was removed
from the site of the problem. The SASOL doctor stated that he had not
seen any skin cancers among the workers. lhen the workers were ques-
tioned about skin cancer, they too stated that they'haq;not seen any
skin cancer among their fellow workmen. One foreman described three
possible skin cancers, but these cases were not documented on any of the
records that our team saw.
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In the spring of 1978 one more piece of epidemiological information was
developed. Under a NIOSH contract Dr. Alan Palmer of Stanford Research
Institute looked at the medical records of and interviewed 50 workers
identified by Sexton in the 1950s as havina cancerous or pre-cancerous
lesions. Of these workers, most of whom have been on the maintenance
force at the Institute pilot plant, three had died of coronary problems.
One of those deéd had also had cancer. One of the living had prostate
cancer. There were no other signs of cancer reported in 1977 by these
50 people.

Thus, what we see is a mixture of confusing data and information.

THE RECOMMENDED STANDARD

Employment in a coal gasification plant may entail exposure to a number’
of chemical compounds which may be toxic and/or carcinogenic. Exposure
to these compounds cén increase the risk of éancer to exposed employees.
However, it was the consensus that there was insufficient evidence to
develop new permissible levels of exposure to toxic substances. It was
recommended that, where applicable, existina Federal occupational expo-
sure 1imits or NIOSH recommendations be enforced.

An engineering approach separating coal gasification processes and unit
operations was used to facilitate the order]y development of the criteria.
Coal gasification_was separated info three types-of pfocesséé, disting-
uished not only by operating process and technoloay but also by the nature
and extent of potential exposure: '

1) High-Btu product coal gasification (which leaned
heavily upon-Lurai technology),

2) Coal gasification (low or medium Btu product)
utilizing bituminous coal or lower ranked feed-.
stocks, and ' 4

3) Coal gasification (low or medium-Btu product)

- utilizing anthracite.feedstock or very high
temperaturesi
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Because of ths ]érge number of toxicants which may be présenf in a coal
gasificatfon piant, the guide1fnes were presented for an.indicator
monitoring method to allow real time detection of leakage in coal gasifi-
.cation.p]ants {with the notation that before this indicator method is
adopted as a procedure-fdr compliance with standards, the method should
be compared with cther methods for the detection of sbecific hazardous
compounds in terms of accuracy and sensitivity.) The document emphasizes
_ both engineering controls -and worker protection. In the‘area of cancer,

it was recotnized that skin cancer could be a common problem but that
systemic cancer, where it occurred, would be a greater danger toc the

worker. It was also recoanized that it was necessary to permit free.and
innovative desian of enaineering controls to protect.the worker, and
that any attempt at this point.in time to specify the form that such
controls would take would most likely result in more rather than less
worker exposure over the long run. The document is specifically de-
signed to encourage innovation in the design of equipment that wi}]
reduce potential exposure of gasification p]anf vorkers.,

"WHAT REMAINS TO BE DOME

In my opinion, insuring good occupational health within the coal
gasification plant will be as important as community health outside

the gasification plant or environmental intearity. My reasohing is

that we are already developing the technology to insure that the environ-
ment will be protected, and the technology available for this should be
even more sophisticated and effective when these plants go into opera-
tion. At the comunity level, if the worker inside the plant fence can
be protected from fugitive emissions and other ‘types of toxic hazards,
then there should be few if any problems from these hazards in the
comunity. - ' '
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Frankly, we have a lot to do before.we can achieve a comfortable position.
There is a strono need to characterize and to identify the toxic hazards
to which the worker may be exposed, especiaiiy at the commercial plant
level. There is a far étronger need to develop enaineering control
techno]ogy‘which»wi]] reduce the potential for worker exposure to these
toxic hazafds as well as to.safety Hazards. -1t is obvious that better
enaineering contro? technology will mean areater available onstream time
for the plant and-less maintenance, .and therefore less exposure. Me.
need more effective,:less expensive real-time .monitoring equfpment and
we especially need- to know what exactly -are the synergistic effects of
these.toxic substances, especially the carcinoaenic health hazards.
However, even if an effective epidemioloaical program were initiated
today, we'would not have the answers we need for twenty years. 1n the-
meantime, we must protect-'the worker and therefore the community as

best we can:

NIOSH has initiated several projects with EPA pass-throuch funds which
will begin to answer the problem. These include the industrial hygiene
characterization of coal qasification and liquefaction.pilot plants and
an occupational hea]th enqineerinq contro1 assessment of coal qasifica-
tion and 11quefact10n processes. At the same time the.Department of
Energy has initiated an extensive occupat1ona1 hea]th and env1ronmenta1{
program in the ”Gas1f1ers 1n Industry" program. 1he NIOSH program .
should begin to define the problem, particularly for the coal Tiquefac-
tion or high-Btu coal qas1f1cat1on p]ants, while the better fundec DOE
program should prove to be except1ona11y usefu] in def1n1nq the occupa-
tional hea]th prob]ems assoc1ated with low- Btu coal 0as1f1cat10n and.

in defining controls requ1red to prevent occupational exposure For the
larger p]ants it would be exceot1ona11y helpful if a multi-disciplinary .
program could be developed which would bring together experts from all
over the country to work together.
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GASTIFICATION PILOT PLANTS, 1978

In 1978 1 revisited one-of the coal gésification pilot plants that I had
visited late in 1976. The increase in awarenesé.of the potential
oc§upationa1 health exposures withinAfhe:plant was almost indescribable.
Contract maintenance workers who had originally been considefed-unmanage-
able are being ordered to follow aood work practices. Showers were

beino made mandatory for all workers within the plant. Air sampling
techniques for areas frequented by the operators were being investi-
gated and a professional industrial hyaienist was to be added to the

staff.

IN. CONCLUSION .-

Thé awareness of the“need fof better occupationaJ hea]th4procedures %n:
coal gasification have come a long wéy‘sinceAghe summef of 1976. Now
comes the hard part: to define the extent of the problem, to cﬁéracterize ’
it, and to develop equipmént and procedures which will protect the worker.
He don't have very much time to accomplish all this. If we ‘work. to-
gether, the privaté sector and ggvernmént, envfronmenta]ists and hygien-

ists, employer and worker, we can do it.
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Ettinger:

Evans:
Ettinger:

Fvans:

Ettinger:

Evans:

PANEL DISCUSSION

'(Newell Bolton - Chairman)

This remark is directed to Mr. Jim Evans. I was interested in the
information you brought back from SASOL and delighted, ‘in fact, to hear
that you can run such a facility safety, apparently from the data that you
were able to gather from this. - :

Information, based on their data.
Based on their data? -You have doubts that they were telling the truth?

No. There was not a systematic program to gather data. 1In effect, what
they've got is information except for the death records. There just are no
health records kept on the sort of thing that you and I would be interested in.

Well, we can accept, at least partially, that their information was
reasonable although perhaps not complete in terms of the truth. The concerns
are .expressed in that NIOSH document about health effeclks from ceal gasifiocation
processes, the document you alluded to in your presentation. How can we take
such a positive position about the concerns for cancer? It seemed like an
overkill from one point of view; in fact, with these data weighing it the other
way. .

Again, the oﬁly data we have are from Sexton. I'm confused. I'm.
completely confused. Because if you go to the centers where they have been

" doing c¢oal work-=consultants, coal libraries, PERC, IV, etc.~-you hear

Hull:

Evans:

Hull:

the same things said at SASOL. On the other hand, there is no systematic

_program to look at it (the data).

First of all, just a point of information, I remember when I was a kid
or even a young man, there was & coal conversiun gas works in thoe relatively
small town where I lived. ‘'hére must have been a number of such towns of
many sizes all over the United States. I would think while some of the
retrospective investigations that are now going on in regard to people
exposed to radiation, it wouldn't be too hard for somebody to get the money
to do it. There must be records of people who worked in such places;
secondly, if you are going to go and look at their death certificates, you
can track them down. You can say it was pre-Soc¢ial Security, I'm not sure.
People weren't as mobile as-they are today, and it wouldn't be much of a
project to do the retrospective (study) and take a look at this population
which must be very considerable.

Two things: The gas works you are talking about aren't the same as the
modern coal gasification facility. They really aren't. It's not to say

‘that perhaps the materials coming out aren't similar in some cases, the
-pyrolysis process, for .example, but a leakage is heck of a lot higher.

All to the better, isn't it, if we are giving off our limits?
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Rather than looking here in the United States, we looked for German data.
Nothing. Absolutely nothing. We fclt that if anybody would have the data,

_the Germans would. They were very careful in their record keeping, but they

Bolton:

Evans:

Hull:

Evans:

Beardsley:

Evans:

Beardsley:

Runion:
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did not keep industrial hygiene data as far as we could find.
I still believe it is written down somewhere.

The people I've talked to, whose names I can't remember, knowledgeable
preople who are consulatnts today in the field, have tried to find it too
through their friends. We went to Lurgas and tried to find it through
those people. '

I happened to see one of the few Xerox copies of a big study that APHA did
under a $50,000 contract for the Ford Foundation to look at the health effects
of different technologies; there 'was a very considerable section in there on
the experience of coal workers. Isn't that useful or is it again so sloppy
that it's just not appropriate for this use?

It's useful in pointing out the problem. The experience of Doll, etc.
It's useful in pointing out the indidence of fatalities. That's exactly
where the concern comes from in the NIOSH Criteria Document and the Recommended
Health and Safety Guidelines...because of the experiences in other fields.

I have a question just in general to the panel. I agree with the comments
that were made concerning the fact that you can't use benzo(a)pyrene as an
index, but you have. to take into consideration the cocarcinogenic factors and
other compounds that may be present. In light of this, I was surprised that
not much was presented or talked about in terms of using the benzene-soluble

‘fractions that have been utilized by NIOSH in the coking industry. I just

wondered what's the panel's consensus of using the ‘benzene-soluble fractions
as opposed to trying to get one index of some specific compound in either
gasification, liquefaction, or oil shale (industries). ‘

If I can express my opinion before I get swamped. People have the
potential to be exposed to toxic gases and to tars. Tars are in everthing
that condenses. People aren't exposed to single compounds.

Yes. That's the whole reason for my question. I mean I can understand
the tars and the gases, but there are a lot of comments made about single
compounds and very little comment made about the only thing that we've got
to put a handle on right now, the benzene-soluble fraction.

Let me make a comment in this regard. We include in our battery of
analyses the benzene-soluble fraction.

Yes, I saw your data.
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We are doing one other thing that is not reflected in this report here.
And that is because we've had problems in terms of equipment acquisition and
manpower. But we are analyzing some of these samples. We've kept them all.
We're going back and selecting a basis to analyze the samples using.the high
pressure liquid gas chromatography for a profile of the PNA's. We're looking
for some common denominators. We realize that BAP is not the limit in terms
of finding out whether you have problems. Maybe we can relate in time to
such a profile with clinical observations. One of the things that has
always been missing is that toxicologists, to whom we so often turn for
clues as to how much is too much, are just now beginning to develop the kind
of profile in this context in terms of characterization of atmospheric levels
of exposure that are in their chambers, i.e., express the qualitative and
quantitative character of the contaminant. So that later on when you start
looking at the results of the biology and even .later when you start looking
at the epidemiological or early clinical findings, you begin to blend these
things together. We need this kind of approach which today won't give us
the answer but maybe five years or eight, ten years from now will begin to
give us some kind of answer. Meanwhile, being programmatic and practical,
maybe the benzene soluble fraction for lack of something better is better
than nothing at all.

I'm concerned about the fact that benzo(a)pyfene is used so much.
I agree.
' And used as an index. by so many people.

Bob Scoler from Exxon who heads their toxicology group as well as
Dr. Crown from Gulf repeated many times that experiment after experiment
shows that you don't have to have any of this particular compound present to
produce tumors. We all are looking for that tack. We are all searching for
one, two, or three PNAs that we could identify with reasonable ease in the
laboratory.

. I realize that we are all seeking the utopia. Certainly in terms of

doing the pathological studies and looking at the synergistic effects of a

half dozen compounds simultaneously could price you out of the market. My
concern is that I don't understand why a working group like this, for instance,
doesn't come out and say, "Until something better is developed, we will not use
the BAP index, but we will use such and such an index which is perhaps the
benzené-soluble fraction." The problem is that there are a lot of people

that really rely on the BAP rather than on the benzene-soluble fraction.

And whenever you go to a, symposium, you see the two camps arguing back and
forth. Certainly, some sort of resolution needs to be made.

In defense of using BAP, the whole process is historical when you think
about it. But when we did the original work at Mellon Institute in the 50's,
the one thing that was common, and I ﬁean literally common to all the
strains that they investigated, was BAP. Coupled with that was the fact
that around 1974 NIOSH published a tentative or proposed TLV for BAP. It was
really the only thing we had that had a tentative threshold limit value. So
most of us for pragmatic reasons built that into our programs.
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Well, that was the only index that you had at that point in time.

I think if vou check the criteria document on coke ovens, which address
that  point, NIOSH did not recommend any kind of an environmental limit in
that document. The BAP arqument, I thought, got shot down at both the coke
oven hearings and the carcinogen hearings. NIOSH did not do that either.

You're right. It was ACGIH that published the tentative TLV. You're
right. .

To continue with the question of indicator substances and the BAP
problem, I can probably address this to.any of the people who were talking
about shale o0il, Wayne Griest and Merrill Coomes in particular. BAP was
obviously not a suitable indicator of the shale o0il products. It was pointed
out that shale o0il products are different from coal conversion products in
that a lot of mutagenic activity is contained in the basic nitrogen fraction.
I wonder if one of the speakers would like to stick his neck out and suggest
the substance equivalent of BAP that might be an abundant base nltrogen
compound which.would act as an indicator.

I'm not familiar with suggested indicators. I think the point_ should
be that prior to the selection of an indicator compound, somewhere along the
line we've got to establish a relationship between that compound .and the
rest of the family.  This relationship may not hold for coal conversion and
0il shale.

In the toxicological studies that I have done, it is much easier to use
a pure compound for the study. Just using one compound you have a problem.
When you start putting in more than two compounds, it becomes an impossible
task. It has been shown so many times now in these types of processes that
BAP does not follow the results you would expect from an indicator. It
bothers me because it keeps coming up and people keep looking at BAP. Maybe
someone has to come out and say, "Look, we're not.going.to use BAP anymore.
Let's find another index."

When I was at Cresap, it was suggested that in coal liquefaction one
should use sulfur-containing compounds without saying how they should be
used as an indicator. At least you can smell them. But then you can smell
most of the products in coal liquefaction processes.

I showed some results from a rather extensive analysis and could perhaps
relate .a combined analysis to the carcinogenic potency. But those analyses

_are very expensive, very time consuming. Each one costs us $5,000 per sample.

That's way too much time to be.putting into something as an indicator. You
point out the difficulties of testing two or three-compounds. Here we have
shale oil or a coal-divided liquid and it has thousands of individual poly-
cyclic compounds. When you get up into the large fused ring systems with
just a two methyl isomer compound, you've got hundreds of possibilities. So,
this is one of the reasons .that (inaudible) took an approach. in animal
testing to test the whole material. Disregard what's in there.
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You get a whole mish mash and just look at the benzene solubles.

Unfortunately, if you are testing oil Shale, benzene solubles include
the entire thing. 'Shale, as a crude material, is completely soluble in
benzene; only a very small amount is insoluble. And so that, to me, does not
seem to be a very good standard if you are applying it to liquids. I know
you are thinking about solids. Let's look at solids, raw shale. Raw shale
is approximately 2.8 percent soluble in benzene. The processed shale is
about 0.2 percent soluble in benzene. But if you test most extracts by
painting on mice, you find out that on the weight of the extract'bases,the
processed shale is much more potent. You can analyze and spend $5,000 per
analysis and.will find out that each one. contains the same polycyclic aromatic
hydrocarbons. v

Now to get back to the point of using BAP as an indicator compound. It
was mentioned quite a while ago that BAP is always present. Well, almost
always present when.you test'a carcinegeniec fraction. The analytical
capabilities at' the present time are available to the 'same analysis for all
other polycyclics, but it is just too expensive. Now, I believe it was the
EPA that proposed a scheme to get a total polycyclic analysis of the materials.
We went through the scheme and analysis of one scheme required about 3 man-weeks
of the chemist's time. . It 15 just a littlc bit difficult to have one thing
substitute for a biological activity. You have to settle on something that's
not perfect, something that's easy to do, something that's moderately good:
and chemists can analyze for it if it shows up very nicely.

What is the rationale for the biological testing, or the fractionations
that identify the bad actors if we are going to give up on the industrial
hygiene end and say it is impossible, it's not worth measuring these compounds.
It seems-lopsided considering the funding that is now available.

FPirst of all, sometimes the crude materials are not améhable [fur animal
testing. As a scientist aren't you interested in what materials aré in these
oils that are causing a lot'ul activity, how they differ among each other?
This information peérhaps couuld go back to the engineers. Here, you've got
this compound. What can yuu do? Can you plead for controls?

I might also as a scientist or industrial hygienist measure a small
number of these materials that are representative of classes which were
biologically active to give me a good handle on just what sort of hazard
the worker is being exposed to.

I think that the work we are doing on the SRC project speaks to this
mixed bag in an attempt to get some balance. We are all in a developmental
ReD phase. The technology of converting.coal and shale to some other form
of energy is being developed. 'So, in the laboratory, in terms of toxicelogy,

-I contend that we will continue to characterize with come care the nature of

that beast our animals -are being exposed to for future reference. Go ahead
and define the benzene-soluble fraction per se. Go ahead and define the
partiuclate composition of the chamber atmosphere. Go ahead on this selective
basis and characterize the PNA profile of this mateiral. And then, in the
field as we are doing, take your air samples four the purpose of compliance
with current standards which seems to be the most programmatic, most acceptable
reasonable practice at the moment. But if you_have the ability and the state
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of the art apparatus, go ahead and collect some samples in such a way that you
can have a few analyzed in greater depth. Again, this: is a sort of

reservoir of knowledge of the future. Then .as we go along on this path, we
begin to see human experience. This is a new business. SRC has been going
for four years now and the population of that plant is, from a health effect
point of view, only four years old. You're not going to see tumors emerging
at this point and we hope we don't. We need a certain amount of this kind

of information. We don't need to blow all our bucks and do all of this at
great depth. . '

It seems as if we may be a little premature in selecting proxy compounds.
One of the points that I will be making tomorrow is the fact that we need
these in-depth characterization studies to identify what sampling is required
to monitor work place environmental conditions. It is possible that the
combination of high volume samples and some of these in-depth analytical
techniques and-treatments will identify compounds which. are more meaningful
selections as proxy compounds. Until we get these kinds of samples analyzed,
we could be barking up the wrong tree in terms of what causes adverse health
effects.

I just want to make one other comment on the standards already engaged.
It seems to me that one has to consider and I agree that even more testing
to get an idea of profiles is necessary; but I think that the temperature at
which you're generating these compounds, and the BAP may reach a maximum at
a certain point. You don't really have that kind of information available
yet to say, "Well, because in some instances BAP may be a good indicator
compound depending upon what temperature BAP is produced." We still need that
type of information that is not available. I think that is very important
to consider when you're looking at profiles. )

Back to my previous question about epidemiology. I remenber seeing in
an ERDA-sponsored conference on Risk Assessment that somebody had looked at
petroleum workers data assuming that there are a lot of analogous conditions
in refineries and what not. The data generated were a sort of back and forth
argument as I remember, questioning whether it was meaningful or not. On
absolute standard mortality ratios, they didn't look convincing, but on
proportional mortality ratios they did look somewhat convincing. Is that
type of data source or experience useful in this business? Why not? I
see you shaking your head.

I don't think so. And pursuant to this matter of running studies on a
retrospective sense, we have .such a small population here. Of course, you
were raising a question about the fellows who used to work in .your neighborhood.
Even if you could find them again, you would be faced with this problem of
having no way of finding out the levels of exposures or what they experienced.
You're almost wasting your money. Retrospectively, yes. Indeed one of the
things that we're talking about and beginning to develop-is this type of
retrospective study of...

API has an epidemiolbgical study under way in which they're beginning to
collect data which may be somewhat relevant. NIOSH has an epidemiological
study of TVA workers in TVA coal-fired facilities which may also be somewhat
related.
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The API has in their books a research project which hasn't started yet
but is awaiting some samples. We're going to get a whole variety of components
or products from petroleum sources and relate the PNA analytical experience
to biologic activity and try with some correlation techniques to see if we

‘can draw out two or three of those things and try to get some kind of a
‘fac r. Now, even if they draw this outi, it will be related only . to those

products. If you have another set of products based on .shale or on coal, I
suspect that the same kind of thing would have to be done. But this would
be an expensive project that would be taking place over several years. Just
because the biologic activity information isn't complete, there are about
fifteen or sixteen materials that you'd want to put into this package.

There is also a NIOSH effort looking -at shale workers as well, which I
think I forgot to mention. . .

Several of us have alluded to the problem of instability of many of these
coal-derived Jliquids at previous meetings. This is one of our main concerns.
We're dealing with a very new coal-derived liquid and not something aged like
petroleum. One of our major concerns is getting compositional data ‘that are
strictly irrelevant to the problems, and I think we have to keep this in
mind. You can see major changes- in viscosity with just minor heating above
ambient temperature. Exposure to light, agitation, any of these factors can
cause major changes. So I think it is very premature to attempt to extablish
some one compound. . R :

It is interesting you should bring ‘this up. . I was thinking about the
fact that our people have warned me repeatedly that the character of samples
obtained from certain phases of ‘the process in SECl1l and SRC2 changes once
the samples are removed and cooled. And, if you wish, the:chemical half-life
is very short. 1In the real world, it's there. The maintenance man or the
operator may get that stuff. on his body or may inhale it. But ‘our people say,
"We defy you to be able to capture this in a cylinder, get back to the
laboratory, heat up the cylinder, and create that exposure experimentally.

At this point 'in the work that we're doing, I've got more questions
than answers. One of the guestions I have deals with the many lesions found
in the Institute study. There was a tremendously large number- found for
such a small population.” '‘And yet, the work at SRC lasted about the same
length of time but no lesions. Is it that we weren't looking for them?

We are. And why don't we see them? Why is there a difference?

In ternis of clinical experience with SRC, we've had two or three cases

. of transient photo dermalsensitization. No cases of cancer. One individual

had cancer of .the lip. This was associated with smoking and was so determined
by a panel suhsequently to the appearance of the problem. The only.other

thing, as I mentioned earlier that we've had some Lrouble with is this matter
of phenol irritation of the eves and to some extent transient cermal problems.

I would like to ask Jack Abrahams if he could provide a little more
detail on Fossil Energy's industrial hygiene program. One of his slides showed
the ‘initiation of the industrial hygiene program in January 1978 and extending
for several years. :Can you give us: a little more background on the plans or
current activity? :
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Abrahams: The plans will depend somewhat on what will be called "Decentralization.
of Fossil Energy." The idea is. to decentralize a lot of the responsibilities
in the ‘energy research centers. It would be looking at the energy research

" or pilot program which would be cost-shared with other functions. First of
all, the energy centers would be operated the best we .can. Then those programs
would be developed along similar lines in the facilities. Now, we've got a
rather unique situation of fossil energy, because almost all our facilities
are cost shared, .i.e., a lot of ‘the facilities are completely. funded by Fossil
Energy but they're still operated completely by industry. So, in most cases,
each of the industrial partners, whether it be Gulf .or.Exxon, has a.plén or
a system of its own. They are developing their own programs in.the fossil
energy program and not a program that Fossil Energy has imposed. At some time
they will have to be merged into one program. We do want to keep the independent
programs going but make sure that there is a minimum program that will be
coming out of our association. So we will be developing something, I.think,
that is unique because we have such a very definite industrial input at this
time. It should be emphasized that the pilot programs are just that. They
are pilot programs. They're not necessarlly representative of the demonstra-
tion problems. Many of the pilot programs are slowly phasing out. Some

- within-the last several months. If there are no industrial hygiene programs
there right now, we are trying to collect, particularly with NIOSH involvement
in some of our facilities ‘that are phasing out, as much information as we can.
I would imagine that a whole industrial hygiene program may not develop in
many of these cases. At what point do we develop a full-fledged industrial

- hygiene program when we have sizes all the way from process development studies
to demonstration projects. We certainly hope that we have enough information
to help demonstration programs that are underway and that we can have a
comprehensive industrial hygiene .program in demonstration plants.

White: I would suggest that the industrial hygiene involvement begins with the
drawing of the ink into the pen used to layout the blueprint.

Bolton: . No. It's before you start designing.

Evans: : You have to realize that at one point the ink was made from coal. (laughter)
Abrahams: "Some of the plants that we have right'now were built quite a while back.

The monies which were available all came out of the Office of Coal Research
and there were virtually no funds set aside at that time for industrial
"hygiene studies except what may have developed subsequently. ‘But, since that
time, we have been looking as closely as we can at pilot plahts. I think that
in every case industrial hygiene information is belng applled or de51gned in
the demo plants. We're 1ook1ng at two stages. Then again, I think we have
some engineers who may argue about how much data obtained at a pilot plant
‘'you can use in the demo plant because it (pilot plant) is truly research.

How much is scalable? If it is not scalable, you are not going to be using

a particular process in the demo plant. It is interesting for the protectlon
of the worker in that plant, but what doeés it do for workers in a demo plant?
why look at that plant as a demo plant if the demo plant is not g01ng to

have that particular process?
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White: My reply to that comment is that in these ‘plants: you have a work force
which is a group that should be kept under surveillance and they may provide
answers long before commerical employees go through a latency period for
some unsuspecting disease. In that way you may counteract or minimize the
risk to those employees.

Abrahams: I think you miss what I'm trying to say. If the process in a pilot plant
is only going to be used in” the pilot plant, you should work for the protection
of workers in that pilot plant, but you cannot scale that protection up to
a demo plant because that process or that particular application may not be
happening in a demo plant.

Runion: I think that one of the possible answers is that where there isn't direct
conversion of knowledge from the pilot plant experience to the demo, those
who need tha information are the industrial hygiene types. We are not just
talking about PNA's and so forth, we're algé talking about such rudimenlary
matters as noise so that when you start looking at big demo plants, you're
wearing your industrial hygiene hat. You take the information you can from
SRC1 and SRC2 with your other knowledge and other factors and put this into
the design of the demonstration facilities. So one way or the other, there's
going to be a large contribution from these small plants to the design of
the commerical facilities.

Evans: An.engineer, going from the bench scale to the pilot plant or from the
bench scale to the 600 ton per day plant certainly has a mouthful of questions
when he builds that pilot plant, but he uses as much of the data as he can,
as carefully as he can, putting into the data what he knows or suspects will
be the process configuration at the commercial plant. Obviously you are
going to do some guessing. You're going to do a whole lot of guessing. It's
better starting from zero.

Pallay: I want to reiterate that point. I'm Barry Pallay from NIOSH, and we
strongly feel that way. We are going into ¢oal liquefaction amd gasification
facilities, and we are going in with that arrirude. If we understand the
process, some of the parts of the unit, our scale calls fur using that
information but using it carefully.

Freeman: I have a comment and a question. My comment is derived from twenty years
as a chemist working with coal and coal-derived products and has some bearing
on what Howard Kunion had to say. 1 am a little confused why apparently identical
processes in the Pacific Northwest do not produce the same physiological results.
We've had analyses of lignite seams where the chemical composition both
inorganic and organic, from one side of a seam to the other, twenty yards
wide, will vary significantly. I think this supports Dr. Beardsley's con-
tention that we should be looking at organic contamination as a class rather
than a distinct chemical material. Now, my question would be directed to
Mr. Garcia. T notice in your slides, that you had drilling and blasting people
running their trucks down unguarded mountain roadways, etc. Do you really
expect that this population is going to survive (laughter) and see the
industrial hygiene effects?

Garcia: The Paraho process is an experimental process. It is a shoestring opera-
tion and none of the things that you would expect in a normal control
environment are found there. Ventilation in the mining area is never kept up
to the face, etc. We're still in the initial stage of that study.
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As far as I know, Paraho has been shut down, hasn't it?
For some time.

We're getting into an area that I like (laughter) obviously, and I would
like to pursue it. In visiting industrial plants, I rarely find this situation
not happening. I saw the same thing on the slides this morning. If there
are not beards on those faces, they have the damnest contamination with
polynuclear aromatic hydrocarbon that you ever saw. And yet, I see respirators
required and so forth. Will the appropriate people comment on their respirator
policy or respirator program? Do you permit respirators to be worn over
beards? .

Do you find respirators in lockers in the locker rooms?

We do not.

This is.a real problem because when you live within the DOE complex, you
tead to think that everybody lives the way you do. All of the DOE facilities
that I had the privilege of visiting have respirator programs, comprehensive
respirator programs. It ain't so out there in the real world. It really isn't
the same when you start talking about industry and using respirators, an
adequate trained program and everything. It just don't get done out there.

You know you're destroying some of my credibility as being in private industry
at this point. I used to be DOE-inspired. Now I'm private industry. I'm
faced with having to go into an iIndustrial situation where the real important
part is to make money at the end of the month. Not anything else, that's
bottom line. And I've said: '"Look, you need a comprehensive respirator
program, and they see pictures in journals and magazines that show people with .
beards, you know, working in areas where respirators are required. Why, I
have a lot of problems with credibility. You guys could help me.

Well, I think you as the industrial hygienist for industry have the
choice of convincing the management of the plant that they can compare the
cost of having an effective respirator program vs the cost of implementing
engineering controls vs the cost of getting sued a few years in the future.
They can make that sort of a management decision. Because if they are going
to put respirators on people whu have beards, they may as well not do it.

It is all make believe. Twenty years ago that may have worked out fine—-—

the make believe is there, the inspector goes away and it's done. But
nowadays, when a guy dies, the first person a widow goes to see is probably
the undertaker. The second one is a lawyer, and you know lawsuits are
becoming a way of life. And if you've got an inadequate respirator program
and management is well aware of the fact that it is inadequate, they run

into trouble. They've got to balance those three things. Maybe they'll
decide the lawsuit is the cheapest way to go. Or they've got their own ethical
cares. .

I can convince my management. I don't have that problem. I'm just
saying that I lose a certain credibility. Well, I'll give you a classic
example. NIOSH sent a team of people to look at vinyl chloride, and they
demand fresh air, and they have the longest, strangest beards, and the company,
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rather than take a positive stand allowed this. If I had been there, I would
have said, "Okay boys, you can come in. You can wear this device, but you
have to visit your barber first, you're going to have to shave off that
adornment.”" But it's really put you in an adversary position. That's a

real adversary.position when you have to tell a government employee that he's
got to do this before you let him in. ‘

Well, of course a factor that wasn't referred to in this equation that
I've secn way down the line is a sort of a national societal
perception, particularly on the part of the small but vocal sector or subsector
in our society that is not very happy about energy growth. If this
business turns out to have a preceptible health cost, it is going to be in
veal trouble as is the nuclear business because the health cost can be alleged.
And so in my perception, any management that is that callous is asking to be put
out of business in the not very.distant future.

On the respirator program, I know that SRC and Cresap both have
a beard respirator program. You'd have a choice when you come into the plant,
you can either not work there or you can shave off your beard. I got
a lot of comments this past week when I was down there by the people. The

- only saving grace is that I was an engineer and I was not. taking samples, not -

Runion:

Evans:

in the plant as much as my industrial hygienists who do not have beards.

- In light of what you just said, I'd like to throw another question
to the group. It has to do with the medical surveillance.. ‘Perhaps the panel
would like to comment on their feelings in terms of the cost of a program and
what DOE is proposing to do? I just wanted to get some sort of feeling because
certainly it is a very large component of what we're talking about here. I
just came from a conference of Occupational Health Society back West. The
whole conference had to do'with the legal aspects of medical surveillance in
the areas that we are talking about, i.e., carcinogenic products and Workmen's
Compensation. Certainly I think that this is something that we are well
aware of. How are we going to seolve the prublem? What are your feelings
about it? . ' ' '

I've got a personal comment. That is, before.you start a medical program,
the physician who. is to operate the medical program must learn what he is
dealing with., ' There are very few physicians who have any inkling of what they

© are up against in coal gasification, coal liquefaction, and oil shale program

Runion:

Ettinger:

Audience:

"1 might addione.thing.too that has to do with medical directors. Many
times when companies feel that they.need a medical director; they also feel

.it has.to be a physician.. Would you like to comment on that too9 Do you

feel that a medical director has to be a phys1c1an‘7

To be. totally cbnsistent, the director of environmental ‘health or whatever
euphemism is used for that kind of department mlght not be a physician, but the
medical director by dcfinition is a phy31c1an.

I think the ba31c questlon is whether you. thlnk a 'medical director could

work for an env1ronmenta1 scientist and direct the whole environmental safety
program?..
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Audience:

Runion:

- Yes, I guess you have to rephrase that because invariably you end up
getting a physician to be a medical director and all he knows how to deal with
are medical problems.

Again, back to good old SRC. Although my comments apply to our other
enterprises, the coal and shale conversion business. All of these operations
are under the direct surveillance and active participation of a Gulf physician.
Dr. Peterson who was based in Los Angeles has spent many hours at SRC. He
knows the plant very well and he has a firsthand working knowledge of the

- operation-and has established a thorough medical surveillance program for all
.. of the employees working there. And the same thing applies to our small pilot

Pallayﬁ

Brief:

" Ettinger:

Bolton:

Evans:

Bolton:

plant projects back in the Pittsburgh area and in Kansas. So, if this can be
done and certainly I think this is true for Exxon; certainly firms of that size
are paying attention to both sides of -the equation, medical and environmental.
You've got to work together. -

I'm almost afraid to pafticipate. -I am from NIOSH, and I have a beard,
but I do want to comment that we are developing medical protocols for the coal
conversion industry., That .is a project. It is underway. I guess I would .

1like to ask about any kind of .record keeplng that the companies are involved

in now that are relevant to that.

s

I think that we are drlftlng so far away from our. obJectlve that we're

‘missing the point.

- T have a question as a member of the committee that has:to sit here
Wednesday and do something. I would like to ask the eleven or so people up
front if they can make any specific comments relative to the monitoring re-
quirements for coal conversion and oil shale industries. I know we've drifted
on a lot of occupatioﬁal -and safety things, and they are kin of interesting
to me. - Since I've got to be here Wednesday and Otto is going to make me
write something, I'd like to see if we can get some comments on this. I know
Leroy had one viewgraph about some of the things that he perceived-as needs
in sampling on the basis of his experience on the Paraho facility. I would
like to ask the panel whether there is anything they can toss out in terms
of things that should be developed, whether it is sampling 1nstrumentat10n,
analytlcal procedures, technlques, etc.

Would you like to take this in order or would you just like to volunteer?
I seem to stick my neck out further than most pecple. I think that the

list that was presented was a good start. As a chemical engineer rather than
an industrial hygienist, it is my feeling that in this field especially the

-multiplicity of potential problems we have in coal conversion ‘are pretty

permanent: monitoring technlques, availability of 1nstruments, analytical

-technlques, etc.

»Anybody else on the panel -want to comment?
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Runion: This is no different from all the other things that we've been
concerned with. The need for an instrument that is easy to wear, that gives
you either long or intermittent readouts is something that we all want not
only for coal conversion products which are particulates, gases, or vapors.
We want the same thing in every oil refinery and in the steel mill. I think
that what we need in terms of defining the nature of the beast and how hard
it's going to bite is some better relationship between the substance there
and what it means biologically. I think we're dealing with some fundamentals
that are missing. I think that the gentleman who spoke of using benzene-
soluble fractions as an index hit it on the head when he made the observation,
that we all want to (and we do) find some sort of tactic or group of tactics,
if we can find them; then we can sharpen our sampling and analytical tools
to zero in on the one, two, or three. But in the absence of more definitive
information that pertains to these mixtures, I don't know that a lot of new
tools peculiar to this particular industry, this particular problem, are
called for. They are called for not only in this business. They are called
for in oil refineries, steel mills, and so on. .

Audience: I didn't bhave a question. T just wanted to point out that the system
' has the same problem as you do, those of you who are industrial hygienists.

For instance, you refer to the vinyl chloride industry. A physician who was
a medical director in that particular plant didn't know what he was looking
for and even now it is difficult for the medical profession to survey these
employees without perhaps performing a liver biopsy every year to find out
if workers are getting cancer of the liver. I think the industrial hygienist
has to have communication with the medical director to say, 'in Building B we're
experiencing a high level of respirable particulates.” Perhaps he goes to the
literature and sees that this particular partiuclate has a high percentage
of asbestos, iron, and whatever. He needs to know what biological response
to look for. You need to collect this-information so that he can find out
what he's looking for. For instance, I think that the most important thing
in every industry is to perform base line studies when the worker comes in.
Okay, it is hard to know what to look for. Right now you look at things like
pulmonary functions, blood studies; urine. If you have these base line studies,
then if the problem does arise, you have data to work with.

Bolton: I think the converse of what you are saying is just as important: for
the physician to tell us he has seen something bizarre that he can't explain
and for us then to go and look for it.

Vo-Dinh: Well, I have a comment. It's about the need to have proxy compounds and
benzene-soluble fraction analyses. I think it is very useful to have these
analyses as well as very thorough analyses of the sample to get detailed data.
Let me for just a moment mention as Jim Evans has that there is a need for a
real-time in situ monitor and we have the state of the art for the instrumen-
tation, and in the next five to ten years we can expect to have a monitar which
can measure 20 to 40 compounds at the same time. So we have to stick out
our necks and apply our knowledge to define the types of compounds, maybe not
one or two, but a half dozen so that the analytical chemists can develop
analyaco along thnse lines for the next five or ten years. Because after
five or ten years, we will get epidemiological dara tu corrclato to the
real-time results.
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Campbell:

Lippmann:

Bolton:

Hull:

I have one comment relating to}Harry's question about need. I hope
to make this conclusion tomorrow in my paper. I think we have the technology
available to develop sampling techniques and analytical techniques. The
need right now is to develop a united front and work together. Howard Runion
and his people have developed good sampling and analytical techniques for
some of their work, and I think maybe the committee can use its position to
start designating directions and areas which require more effort.

I share Harrv's apprehensions about Wednesday since I have to be there
with him. After listening quietly today to a lot of information and some
things that weren't information, I suggest that everybody here look at the
interim summary that Otto has passed out with the registration materials.
Recognizing a lot of ignorance, those of us on this committee put our heads
together and came up with this. I'm really frustrated because I don't know
any more today than I knew when we wrote this a few months ago and I wonder
if anybody else in the committee feels as I do that -we're spinning our
wheels and that this day has not been very productive. I'm not sure that
it is anybody's fault. I think that we are all confronted with the same large
body of ignorance. We have no concept in the world of an indicator chemical
that is better than BAP, but we know that BAP isn't any good. If we measure
soluble, we measure everything. We may as well not bother with the benzene
and just weigh everything. I'm not sure that's any good. And so, we have
no idea and we certainly won't be any better off in five or ten years from now.
We probably won't have any disease because we are all so frightened of cancer
that we're going to have processes that are pretty tight. So, I think it's
very difficult to define the monitoring needs except for indicative things
like carbon monoxide which can be measured and used to tell us if the processes
are leaking. If the process is leaking, we'll just tighten it up. I'm not
sure that we need any instrumentation at all in this field, and I'm not
going to vote for recommending millions on instrument development when I don't
see that it will be productive at all.

Carbon monoxide is the one indicator that we recommended, by the way,
at the University of Minnesota. It seemed to be a reasonable approach. It's
common to all the streams. If you've got CO out, it's an indication that
you've got a leak.

Well, I'm listening to this with fascination as a health physicist. You
always sought background with good engineering practices as a qualitative thing
to help monitoring practices and good sampling practices, as a certain
state of the art. And if you are pursuing that with a reasonable amount of
diligence, you are stuck on what the trade offs are. You know in radiation
you can make a wild guess at what the value of eliminating a person-rem is,
but in this business you can't engage in things of that sort. But aren't
you stuck with being pretty qualitative and again I guess as I already
heard that there is a parallel in the close range of radioactivity. You know
for most real-time monitoring purposes you can't get much beyond that unless
you want to spend a lot of money is some particular process and you arec
focusing right on one particular nuclide. But short of that you tend to go
to rather close methods because these are the only things you can do with
reasonable cost. Then you can do some sampling back in the laboratory as a
backup. That's one comment. If no one wants to respond to that now, I have
one more comment. Does anyone want to say anything about this now on the panel?
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If you want to know if you can do any more, I sort of hear somebody saying,
"Well, you ought to develop some instruments rapidly.' I haven't the
foggiest idea from listening to this discussion today what you should do,

" but I've been trying to pay attention to it.

Bolton:

Evans:

Audience:

Runion:

Ettinger:
""" on the panel. I think Howard Basically said 'he thought that coal conversion

Runion:

Ettinger:

If I could take the chairman's perogative and make one comment quickly,
I read preliminary reports of the committee. Frankly I didn't think it was
all that bad. Now, in my opinion, if this meeting only reinforces that fact

" that that wasn't too bad a protocol, the meeting will have been worthwhile

if you think about it.

On the carbon dioxide-H5S indicator, there is one problem. We really
don't know how closely we could use it as an indicator. We've been thinking
about this for a couple of years. It really needs some work. I hope that
is what's going to be done.

We've been talking about a CO monitor for coal gasification. You're not
going to follow a coal liquefaction fac111ty with a CO monitor and feel
confortable. Let s be sure we understand ‘that.

That's what I was going to say. I wouldn't buy that for a minute in
terms of SRC.  We've got carbon monoxide here and we also have hydrogen
sulfide, but that's no way of handling the problem.

‘I guess I should come back, reword my question, and direct it to anyone

is no different from other 1ndustr1al hyglene sampling problems, and that

might very well ‘be true.

It isn't even different when we'talk about the steel industry.

Yes, I'll accept that as a possible answer. My question now concerns '

sample needs in general. In which areas do you feel there are great needs:

" real-time monitors, high technolog&, low technology? ~People get carried away

Craun:

with high-technology sampling. Maybe we need low technology. I hope Ed Palmes
doesn't take any offense, but I would consider a passive sampler as low
technology but very very useful. It is cheap. You can place it on a person
and you don't have to do anything with it.  Yet it is not a high-technology
real kind of readout system. What do we need’ Looking at it from your

point, what are the biggest néeds in alr sawpling rcquircments, whether for

0oil shale, coal liquefaction, coal gasification, or the steel industry?

"I'm not on the committee. I am an industrial hygienist who has been
asked to come in and talk about coal gasification. Certalnly,’I heard people
talk about indicator compounds like CO and BAP. Perhaps I could, as an out-
sider, try to tell you some ‘things I have heard come out today that partly
reflect my own concerns. As far as ‘indicator compounds, it's always been
spoken of here in the singular-~indicator compound one, two, or three. If
you're going to spend the money to develop that kind of technology, perhaps
it ought to be stated that it might be useful to develop it for indicator
classes, that is benzene solubles, only perhaps more refined classes such as
nitrogen heterocyclics, etc. The second is that given a lot of uncertainty
about sample stability, the uncertainty of about the use of indicator com-
pounds, the uncertainty about how tight your controls are, etc. I would offe:
the fact that in many ways, pilot and demonstration plants are, even if not
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scalable, they are very nice places to start to address some of those questions,
develop methods on samples which are perhaps not exactly indicative of what you'd
see cormercially but are probably better samples than you can create in a
- laboratory trying to figure out whether or not the box is really going tu

work. These plants give us an opportunity to try to figure out whether or

not you can really sample a high pressure process gas or characterize tars

that by the time you get to the laboratory will have cooled and condensed.

It's a place to look at possibly the performance of existing kinds of

equipment for sampling fugitive emissions versus what can be developed.

Fraser: As one of the committee members who unfortunately had to miss the second
meeting of the committee in Pittsburgh, I would like to comment that today's
program has been most enlightening to me and most valuable. I am grateful
for it. I'm wondering if any of the panel can give us any idea as to how much
of our problem is related to, say, the primary process, as compared to general
housekeeping, secondary processes, disposal of effluents, and this sort of
thing. Is our major problem really going to be the primary process scaled up
to a demonstration level? I'm wondering just what our problem is going to be.

Runion: . There is a little bit of mental telepathy. One of the things that struck
me at least with respect to our operations is that although we spend a lot of
time concerning ourselves with our airborne PNAs, when you get right down to
it, the people who find themselves most deeply immersed, if vou wish, in these
materials, are the maintenance people: and vou find this is skin contact and
this is conjecture on my part, but maybe some of the problem is dirty hands and
what have you. You can't discount inhalation, but you know, and I'm guilty
just like everybody else, we spend an awful lot of time in air sampling. I
think to some extent it's because we have something there we can measure and we
we have some criteria. Whether we like it or not, we can go back and look at
it and say, ""Ha! We are or we're not in trouble." Skin contamination is yet
to be quantified. It seems to me that this is one area that we all have got
to focus on. How we are going to handle it? How much is too much in terms of
skin contamination? It's easy to say, '"Howard, you can wash it off," but you
could have said that 50 years ago about inhalable contaminants. But we did
come around to finding ways and means of measuring inhalable contaminants,
controlling them, and getting some quantitative handle on how much is too much
for inhalation. Is it not possible to do something of the same nature in terms
of skin contamination? ‘

Bolton: I think we had better think about quitting. I will close this session by
saying, '"Don't get so wrapped up in the science that you forget the objective.
The objective is to protect the people by whatever means you choose, but
protect the people." You are adjourned.
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ADEQUACY OF CURRENT DOSIMETRY TOOLS FOR THE
COAL CONVERSION AND OIL SHALE INDUSTRIES

The chemical hazards that employees are potentially exposed to in thq
coal conversion and oil shale industries‘are‘many and varied. They range
from gaseous compounds,HﬁS éﬁd CO, to heavier polyﬁuclear aromatic
hydrocarbons (PNA) and intermediate or lighter weight organics
'such as pyridine, benzené and naphthalene. The sampling techniques and
instrumentation for measuring.thesé Eﬁemical,sfrésses are aiso of a wide
variety. This presentation will be limited to a discussion of the current
state-of-the-art techniques available for personnel monitoring of coal tar

pitch volatiles.

The PNA exposure to workers in coal conversion and oil shale industries
must be evaluated. Not only must personal exposure potential be quantified,
it is also necessary to properly evaluate the effectiveness of engineering
and other ;ontrol measures. A third reason for eValuating the individuél

workers exposure is to comply with regulations.

Since the individual's personal éxposuxe is of prlmary concern in the -
evéluatlon of the PNA hazard, it is pertlnent that any sampllng technlque
used for this purpose be capable of determlnxng time- we1ghted average
concentrations at the worker's breathing zone. The sampling device must
be light and compact. One of the main hazards of the-polyﬂuclear material
found in coal tars is skin cancer from contact of the material with the intact
skin. The air sampling capabilities necessary for determining breathing
zone exposures do not reflect the e*tent of’éxposure to the individual's skin.
Because of this, a method for monitoring PNA contamination of exposed skin

areas is necessary to totally evaluate the worker's exposure. This paper
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will discuss the. NIOSH-approved method for detcrmining breathing zone
exposures to coal tars and reflect on some ideas related to longwave ultra-

violet lighf,sufveillance of ekposed skin.

NIOSH has recommended the use of the cyclohexane solﬁble fraction total
,particulate matter (CSFTPM) method for evaluating the breathing zone

(1)

atmosphere of workers exposed to coal tar prodﬁcts. Previous recommendations
suggested the benzeﬁe'soluble fraction,'butxbécause of the inherené'ﬁézards
réiated to benzene, the less toxic cyclohexane is now being'fecommended.‘ The
standard has been reduced from 0.2 mg/m3 for the benzene soluBle tb O'.I.mg/m3

for the byclohexane soluble. The following is the recommended procedure

for determination of worker exposure to PNA-containing particulate matter.

Full-shift (8-hoﬁr) sémﬁres should be collected with a persdnal sampling
pﬁmp at a flow rate of 2 liters per minute. Samples should be collected on
0.8 micron pore size silver membrane filers (37 mm diametér) preceded by
Gelman glass fiber A-E filters encased in three-piece plastic Ipolystjrene)
field monitor cassettes. _The cassette face cap should be on and the plug

removed. The rotometer should be checked every hour to ensure that proper
2
d. (“)

o
flow rates are maintaine
Cyclohexane extraction of collected material using ultrasonic. techniques
is recommended. Aftér the extract has been evaporated down to 1 ml, 0.5 ml
of it is pipetted into a pre-weighed teflon weighing cap and evaporated to

4

drYness in a vacuum oven -at 40°C for 3 hours. The extract is then weighed

(2)

on an electrobalance to the nedrest microgram.

The CSFTPM method discussed has some disadvantages. The sensitivity of
the analytical method is low, résulting in the need to make eight-hour

samples. Peak exposures for short periods of time are difficult to determine
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using this method. At the TLV_an‘éiéht-hour sample just reaches the lower
level of detectability. There have been many questions raised about whether
the silver membrane filter is a functional part of ‘the system. One investi-
gation determined that thére was no breakthrough of particulate matter
through the glass fiber to the silver membrane. This was determined by

(3).

separate analysis of the two filter media. Another questibn has been

raised about using the silver membrane in areas where H,S is present. The
silver may react with H;S forming AgS and rclog the poros; making the [iller

(4)

ineffective. H. J. Seim et al(5)~believe that the p1a§tic cassette
adsorbs some of the low molecular weight volatiles. For their studies

they used machined aluminum cassettes to eliminate this potential error.

Another area‘of great concern is the breakthrough of low molecular Weight

volatiles. Significant amounts of low molecular PNA's have been found in

(5)

. Other evidence of breakthrough problems

(6)

the backup cellulose support pads.
have been found by Jackson and Cupps. Solid sorbent materials such as
Tenex GC, Chromosorb 102 and XAD-2 have been suggcsted as a th;rd stage

in the sampling train to collect any breakthrough material from the filters.

The significance of the breakthrough problems needs to be defined and, if

necessary, a standard sampling technique déveloped.

Another significant problem associated with tﬁe NIOSH gecommendea method
is the variability of the sampling efficiency. The sampling cfficiency is
dependent on the amount of particulate present in the air. At high parti-
culate loadings, most of the PNA's are retained on the filter because they
édsorb‘to the particulaté; At low loadings it has Been found’that the
baﬁkup padtwill contain more-PNA's than the filter. What this means is that
the filters have a contihhougly variable coilection‘efficiency that is

(5)

dependent on the nature and the quantitﬁ of the particulate.
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Despite these.diséanhtages, the CSFTPM method is the only. method
évailable for\breathing zone sampling of coal tars. Before this technique
can be conéidered a reliable method for.thé evaluation of individual
worker exposures, many of its problems must be investigated. The-inherent
errors, such as those_relating to sampling efficiency,'mﬁst be defined and
standardized. The effectiveness of the‘silver membrane must be investigated.
If the silver membrane does not increase the sampling efficiency of the
system, perhaps it should not be included as parf of the system. The use
of solid sorbents should be further investigated and made part of the ‘
standard system. A combined effort between government and industry is
necessary to develop a standardized sampling technique, otherwise, it will
be difficult to correlate data obtained from different processeég

The potentigl for exposure via the respiratory route is a very real
problem but surveying exposed skin areas for contamination by coal tars is
another important area of personnel moﬁitoring that must be discussed.
Longwave UV light monitoring of skin is a technique that has been used to
determine the extent of contaﬁination. This‘préctice has come under consider-
able criticism by some in the field of iﬁdUStrial hygiene. NIOSH does not
endorse this teﬁhnique because of the potential ce-carcinogenic effects
between UV and PNAfs. Although this technique may have some risks invblved,
it alsd has some benefits. Primarily,’it.is a quick and éasy technique and
is reassuring to the worker to go home every day knowing he has not been
contaminated by PNA'$. Others say that the .deleterious effects of the PNA's
‘occuf so rapidly that any screening mechanism, including UV‘light, is of little
benefit at the end of an 8-hour shift. Research ih this area is necésSary

to determine the risk vs. benefit of U.V. skin surveillance. Research should
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also be conducted to develop similar monitoring techniques that do not

pose the potential hazards UV surveillance-does. : . = .

The deférmination of personﬁei ekposure to PNA;s‘in the breéthiﬁg zone
is essential. At present; the NIOSH-recommended method.méy not be completely
acceptable, bﬁt it is:the best method available. Much work is préséﬁtly
being conducted on dévelopiﬁg more sensitive analiticai techﬁiques for
determination of PNA's. 'Wifﬁ.the large:er}bfs;tﬁaf seem to be inherent
in the sampliné tecﬁnique discuéSed,'theée more sensitivevanalytibal methods
may be of little vélue,ﬁ The primary area of concern is'the'éfandarAiiatidn
and development of a good'Sambliﬁg-feéhﬁiqué fé determine breathing'zone;
time-weightéd'a?efage concentrations bf poteﬁtiéliy4ekposed workers in the

coal conversion and shale oil industries.
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Criteria for Occupational Health Monitoring in the
Fossil Fuel Conver51on Industrles*

v-""

Otto Wh;te, Jr.
Safety & Environmental Protection Division
Brookhaven National Laboratory
Upton, New York 11973

The occﬁpational health professional is being confronted with the monumental
problem of identifying and evaluating the potential health hazards associated with
the gmerging fossil fuel conversion industries. The p?oblem is enhanced by the
complex composition of the base materials. Wiser's (1) proposedﬂstructurg"of“cbal
(Fig. 1) contains many analogs of known hazardous organic compounds (Fig. 2).

Coal also eohtains many metals with known health cénsequences (Table l). Kerogen,
the base material for the o0il shale industry, also represents a structurally
coﬁplex material as illustrated by the reduced.chlorophyllin model proposed by
Jackson and Decora (2) +(Fig. 3). .Kerogen's pyrolysis products are comparable
with their toxic counterparts derivgd from coal.

" Treatment of these base materials, whicﬁ vary widely in carbon to hydrogen
ratios as well as distribution of‘tracé elements, with hedt, pressure ana various
gas and solvent streams results in the generation of a host of chemicals which
produce health effects ranging from simple asphxiation to cancers and death.
Characterization studies of process and effluent streams have identifiéd a host
of chemicals which are known.or suspected to be hazardous to man (Fig. 4),

Although the works of Pott§ (3), Volkmann (4), Butlin (5), Lueke (6), Henry (7,8),
Kurado (9), Telekey (10), the Kenneways (11,12), Doll (13,14) and Lloyd (15,16) when
studied chronologically,'repfeseht a very strong case in demonstrating a positive
relationship between increésed-cancer incidence and égposure to ce;tain fossil-
derived materials, the absence of é strong épidemiological base does not permit the
traditibnal assigﬁment of pfiorities for bccupational health érotéction.’

*Wﬁrk perfbrmed at Brookhaven National Laboratory under contract with U.S. Department
of Energy.
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;

he mandate to provide workers in the coal conversion and oil shale industries

a safe and healthy work environment is clear. Protection of this workforce will

require monitoring for the following purposes:

1.

10.

Health hazard evaluation
Performance trends in engineefing controls

Development of design requirement for new engineering controls

Documentation of exposure levels

Compliance determination

Measurement of procéss‘losses-

Selection of sﬁitable respiratory protection devices
Identification of contamination sources

Assgssment of emergency conditions

Establishment of baseline data

The focus of this>paper is to provide the occupational health professional with a

criteria that will assist -in establishing priorities in occupational health monitoring

programs for the synthetic fuel industries. Elements which must be considered in esta-

blishing monitoring criteria are as follows:

1.

Identification of hazardous operations and processes

Hazard classification of contaminants

Identification of workforce members at high risk
Total risk assessment involving all occupational saféty and health hazards

Monitoring. strategy

Identification of Hazardous Operations & Processes

Characterization studies of process and effluents streams can provide much infor-

mation relating to the prioritization of those operations and processes which pose

predictable levels of risk. Not only must the chemistry and the physics be known but
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also the engineering. Failure rate of pumps, valves, pressure réliéf devices,
compénents fafigue~and failure histories are required to accurately identify the
system's hazards. | |

Job safety analyses deploying a systeﬁ's approach will iéentify'hézards often
overlooked. Not oniy must attention bé focussed on process.feed material, product
‘and wéste streams, but also additive streams, catalyst beds and scrubbing solﬁtions.
Maintenance procedures as'suggested in the "Becommende@ Health and Safety Guildlines
for Coai'GasificatiénAPilot Plants" (17) should be reviewed in detail to determine
the degrée of hazard associated with.all stages of ﬁhé opexatiqn. Exposure of
. workers to 62 deficient or contaminated vessels may‘undermine all the efforts put
into a monitoring program capable of quantification of all isomers of
dimetﬁylbenz(a)anthracene.

A Fossil Energy Report—FE-2213-1 (18) entitled, "Carcinogens Related to Coal
Conversion Processes" summaries two documents which addréssed hazards associated
with coal.conversion processes: |

1. Battelle Ehergy Program Report'oh Carcinogenic Poten£ial of Coal and Coal

Conversion Produéts concludes;

a. Elimination of spills and leaks should minimize carcinogenic éxposures'in,
coal gasification systems. Crﬁde gas'codtaining tar, oil, sulfurvcompounds,
eté., may create carcinogenic haéaras which may be feduced by éppropriéte

- health and engingering’measures.

b. Proper engineering in coal liquefabtion systems should attenuate the

carcinogeﬁic risk associated with some high molecular Weigﬁtvarohatics

in distillates, centrifuged.oils and centrifugéd cake residues.
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c. Precautions $hould be exercised in sglvent—fefining operations and
in'avoiding contact with process streams, filter cakes, recycled
soivents énd liquia coél.

2. Battelle/ﬁadign’Docuﬁent on Poténtially Hazardoﬁs Emissions from the Extrac-
tion and Processing of.Coal and 0il Converéion Products describes the

results of an e#amination of the two coal conversion systems in which 25

- process. steps were reviewed. -It's conclusions wére:

a. Coal gésification is likely to produce dangerous substances which can
be contained, thereby minimizing emissions.

b. Quenching and coblihg 6f gasifer off-gases and tar separation are -
important potential sources of toxic emissions.

c. Liquefaction products may be dangerous but more coqtainable than gasifi-
.cation products.

d. Potentially significant emission sources in liquefaction are the Slurry

o pfeparation and fugitive losses from leaks and equipment failures.

e. Liguefaction products are potentially.more hazardousfthan crude oil
products. Réfiqing'and utilizaﬁion are likely to be worse offenders
.than the corresponding petroleum operations. - | h

.Similarly, FE 2213-1 suggests that hazards assoéiated with coal conversion.process
rel@te<(a) to possible expogure Qf worker and the general public to prbcéss'and waste
;tieams, (b) to occupational exposure during handiing and utilization of products;
and (c) to environmental exposures to combustion emissions and coal derived products.
It concludes that‘adeqﬁate éfotection against exposure can be. obtained by proper
design and operation of:coal gonversion plaﬁtszwith emphasis on material handling,
industrial hygiene practices'ahd control methods to-minimizg spills, leaks and em;Se

sions..
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Identification of Workforce Members at High Risk

Once the processes and operations which pose potentially significant risk have
been identified, the next 1ogic;l stép is to review the dutigs of all members of the
workforce which interact with the system. From supervisory through maintenance
personnel, exposures.to the proéesses and operations hust bé reviewed: to identify
their.specific auties, exposure‘time, associated. equipment/material utilized to
accomplish requifed tasks and specific work environments. Sampling and testing proce-
dures may result in the release of significant quantities of toxic materials into the
work environments of an ordinarily enclosed sysﬁem.- Certain maintenance opérations
may require a different workplace to accomplish the required task such as degreasing
tanks and sand blasting booths. Improper emphasis to these situations may expose workers
to’ unnecessary concurrent hazards.

Identification of the employees at highest risk takes on another connotation other
thén the employee who received the highest exposure, who is in contacf with the system
for the longest pefiod and who is least knowledgable of the.potential hazard. Employees .
who are predisposed to increased risks.due to physical cohditionsp medication require-
ments, qosmetic and grooming preferences, ‘poor hygienic practices and heriditary factors
must be identified, informea and educated to the enhanced risk. To complement this
task, a positive medical surveillance program whichincludespre—emélOyment physicals
as well as periodic followups is required.

Hazard Classification of Contaminants

‘Hazard classification of contaminants in the work envifonment is essential to the
establishment of occupational health monitoring programs..Knowledge of the pollutant
species, acute and chronic toxicological properties, potential quantities,. mode of -
dispersiony_mode of exposure, physical and chemical properties, metabolic fates, thres-
hold levels, environmental fate, synergistic and antagonistic properties are éll ideal
parameters that would assist in the development of a hazard classification scheme.

Obviously, with such fofmidable lists of pptential pollutants as have been demonstrated
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through the various process and foluentcharacterizationstﬁdies;'much-pf this
preferred information is not‘available and may even hamper the decision process if
"relative weights are not assigned to each parameter.

A simpie‘scheme such as the workplace selection standard utiliéed_at Brookhaven
Laﬁoratory cbuld be used with an acceptible degree of confidence.(19). A typical
_approach would be the follswing four category scheme:

A. Immediately Hazardous to Life énd Health

This category woﬁldAinclude those materials which are present in sufficient
quantities that acuée exéosure could occur and that the health and/or safety
effects associated with tﬂiswexposure could result in immediate and/or serious
impairment to life and health; Examples éf this category include the following
materials: |

1. H2S - acute poison >400 ppm, affects central nervous system - and indgces

respiratory failure

2. CO'- acute chemical asphyxiant

3. . NOX—NO - delayed pulmonéry edema

2
4. O2 deficiency
5. Coal and shale dust -explosion hazard
6. H2- explosion'hazardl
Phenols, hydrogen cyanide, ﬁetal carbonyls and carbon disulfide would also be
placed in this category if present in significant gquanties.
B. 'High Risk, But Not immediately Hazardous to Life'
This c;tggory is reserved for substances which cause delayed irreversible

effects and which are not present in sufficient quantities to produce acute

toxicological effects. Examples in this category include the following:
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1. Aromatic Amines. - apiline, B—paphthylamine,benzidine, etc.
2. Aromatic Hydrocarbons. - benzene; xylene, toluéne, etc.
3. Heterocyélic Arométics - pyridine,‘écridine,,dibeﬁzofuran and dibenzo;
thiophene
. 4. Nitrosamines - dimethylnitrosamine, diethylnitrosamine, etc.
- 5. Polycyclic Aromatic Hydrocarbons - 3—methylcholoénthreﬁe, benzo (a)pyrene,
etc. | | ‘
6. Certain Metals - arsenic, beryllium,'cadmium, chromium, nickel, etc.
7; Cerﬁain Fibers and Dust - asbestos and silica
C. AModerate Risk ana Not Immediately Hazardous
This category cogld include, in addition fo some of the above substancés/classes
which are nqt present in the work environment in sigﬁificant,éuantities, those |
compounds which cause reversisle»toxicological effects. .Examples in thisucategory
wou;d inclﬁae‘the following:
1. Sulfur Oxides
2. Ammonia
3. Paraffins
D. Low Risk
This category is reserved for those chemicals which poses low or nuisance type
health'hazards. Examples would include the following:
1. Cdrbon Dioxide
2. Nitrogen

3. Steam
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Risk Assessment Involving All Occupational Health Hazards

Verx little d;scussign has been focussed toward the fact that the processes and
operations in the fossil conversion industries will represent sources 6f high noise
gené:ation and of high temperature emitters, that maintenance activities wiil require
entry into confine spaces, that fire and explosive hazards will co-exist with carcino-

. genic hazards, and that exposure via contact is likely to be as significant as inhala-
tion. Using the methodology of risk evaluation as proposed by Herbert Inhaber (20) of
the Canadiaq Atomic Energy Control Board, all components which contribute to the risks
of accidents, disease and death incurred in producing.a gallon or cubic foot of
converted fossil fuel must be taken into account. The forest versus the

trees syndréme is a real potential in this instance where an overwhelming accumulafion
6f data from process and effluents characterization studies have identified the presence
of 'carcinogenic chemicals and biological test results support these analytical findings.
Prior to the establishment of occupational health monitoring efforts, experience
dicta;es that emphasis be placed on the major contfibutors to the overall workplace

riék and that stripping this risk of its compbnenté should identify areas.fof iﬁplement-
ing enéineering controls. Those areas which engineering céntrol cannot adequately
reduce risk warran;s monitoring. When thelriskg are associated with healfh effects,

key areas for occupational health monitoring have been identified.

Monitoring Strategy

" If one starts with the premise that the major purpos¢s~for.occupational health -
monitorisg for these emerging industries are (1) to ensure that the employees are
provided a safe and healthful work environment, (2) éo identify and evalu&te health
hazard, (3) to document exposure levels, and (4) to determine compliance status,
immediate considerations mustbbe given to the following factors when establishing

the monitoring strategy:
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A. ‘Selecﬁion of Parameters

B. Monitoring Frequency

C. Types and Numbers of Samples

D. Analytical Treatment

E. Value and Use of Anéiytical Results
Selection. of the parameters which warrants monitoring should be determined from the
risk evaluation discussed previously. Decisions to use proxy or indicative parameters
should reflect their ability to accurately quantify the risk component at,;ssue.
Monitoring tools which- measure. several parameters may provide a ﬁore accurate descrip-
tion of the workplace conditions than single index_de?ices. Minimal programs musf
monitof those substances in the work environment for which safe level, compliance
limits and human health effects are known. ,For'those parameters for which no limits
exist nor safe level identified, .the use of a ;iered program as suggested by .Bora (21)
and Dean (22) could assist in the_décision process.

SR Monitoringffrequency should be,a'facfor of the hazard classificatioﬁ, the
variability of the environmental conditions, the economy (time and dollars) associated
in obtaining a result, and the potential for workplace conditions degrading into
serious adverse levels/situations. .The availability of real time, continuous monitoring
devices as opposed to time cbnsuming grab samples with subsequeht lengthf analytical
procedures will often assist in the decision process.

Determination of the types and the numbers of samples to collect will be dictated -
by many of the above factors in addition to the mobility of the workforce and the
constraints of the workplace. Area sampling could be used advantageously in areas
where the variability‘of the contaminant is low but could be impractical for most outside

areas which are susceptible to broad meterological variants. Personal sampling may
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solve some of these problems, but will greatly increase the number of samples:because

a represggtative number of the workforce must be sampled and the collection limitation
of the sampling tool may inhibi; the application of se&éral ahalyfical_techniques to

a given sample. Often overlooked in monitoring strategy is the usefulnessjéf bioassays
and surface contamination monitors.

‘Hi-volume area sampling should be an initial choice in gharacterization of the
Workplace atmosphere followed by detéiled and specialized analytical‘procedures. This
initial-effbrt should cover not only normal conditions, but élso maintenance and
downtime situations. A relatively few of these samples will permit the health profes-
sional a greater insight into poﬁential problem areas. Consequently, the Analytical
treatment will dépend upon the value and use of the results. Characterization studies

‘

requiring sophisticated treatment cannot be equated to'reai time, continuous and/or
direct readipg devices. -

Occupational health monitoring for the coal conversion and oil shale industries
“will reéresent the greatest challenge to date for the occupational hea;th.professional.
The requirement to use all the tools, knowledge and experiences. obtained in the past
and apply them to this frontier dictatesvthat initial broad criteria be used to minimize

- the chance that some unturned leaf does not conceal future compensation liabilities

equal in magnitude to the black lung and the asbestos problems.
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Functional group model of hituminous

\

coal (Wiser).

Figure 1.
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Compound Class Representative Compound Structure

Polynuclear Aromatic Hydrocarbons

¢
¢ 08
&

Anthracenes 9-, 10—dimethy1anthracen¢
CJ"

" Chrysenes chrysene : - OO
Benzathracenes ’ benzo (a) anthracene O’O
Fluoranthenes benzo (j) fluoranthene @.s]
Cholanthrenes " 20-methylcholanthrene o O’O

%)
Benzopyrenes . - benzo (a) pyrene: Olgg
Debenzpyrenes ’ d‘ibenzo(a.h)pyrené ' @ee a
Nitrogen-,Sulfur-, and Oxygen-Containing Polycyclic Compounds
mono- and dibenzacridines ' dibenz (a,h) acridine
N Y

benzocarbazoles \ 7H-benzo (¢) carbazole

dibenzocarbazoles ’ 7H-benz (¢, g) carbazole

benzathrones 7H-benz (d, e) anthracen-7-one

Aromatic Amines’

Aminoazobenzenes. 4-dimethylaminoazobenzene (¢ HJ)A N@ N:N@
LIS
Naphthylamines a-naphthylamine @e

Figure 4. Classes of known or suspected carcinogenic
or cocarcinogenic compounds associated with processing
and utilization of coal.: ’
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TABLE 1

Adapted from Ruck et al.

" Mean AnaLyTIcAL VALUES FOR 101 Brmuminous CoALs
- ,
CONSTITUENTS _ Mean DEC?R#%N ‘ MINIMUM MaxImum
. ) |2 . - ] 2 ' 8-%
e I .70 02 %,
% 1.6l pem 0.8 8 g
A : 2, PH gg . 63.
™. Jﬂ% M7 00 g
LEAD 8 PPM 0 B389 , 4,00 218.00
4 - 5% /o anil ok 9%
PPM ' o » ] ’ '
VANADIUM 30,71 ppi 12,03 11,00 /8.00

(1974)
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TABLE 2

High Resolution Analysis (Intensity %) of the

Aromatic Portion of a Hydrotreated and an Untreated
Tosco Shale Oil Boiling in the Range 320 to 430°C

nH2n+x

x =  Mono arohatics
-6 Alkyl benzenes
-8 Naphthene benzenes

-10 Dinaphthene benzenes

Di aromatics

-12 Naphthalenes

-14 Acenaphthenes, biphenyls

-16 Fluorenes :

Poly aromatics

-18 Phenenthrenes

=20 Naphthenephenanthrenes.

=22 Pyrenes

Cnflon™
+ NH
x .

Xx =  N-Containing aromatics
-6 Pyridines ]
-8 Naphthenopyridines

-10 Indoles

-12 Quinolines

-14 . Naphthenoquinolines

-16 Carbazoles

Other N, O, S types

%N (from the analysis)
%N (elemental analysis)
Est. mol. wt

Untreated

3
1

Tosco Shale 0il

Adapted from Peters and Bendoraitus (1976)
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61.8
18.3
20.4
23.1
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PRELIMfNARY THOUGHTS ON PROXY PNA COMPOUNDS
IN.THE' VAPOR AND SOLID PHASE* -
: R. B. Gammage
Health and Safety Research Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
_ INTRODUCTION
In recent yearé there has'beén'incfeésihg awareness of the possihle
adverse health and.environmentaT impacts of polynuclear aromatic (PNA)
compounds. Many of these ébmpounds'have been shown té be carcinoéenié
and/or cocarcinogenic. A new; potentially large source of PNA ex-
posure is the coal éonversion.(gasification and liguefaction) and oil
shale technologies. | '
Given the potential long term health effects of PNA compounds and
the potential for exposure to tars, respirable pgrticles, and vapors, a
good industrial hygiene program must be committed to protecting workers
from these PNA compounds. Economic consideratioﬁs, inadequacies ofv
analytical techniques, and incomplete understanding of the complex
synergistic effects prohibif the routine monitoring of all PNA com-
pounds suspected of being carcinogenic.. On the other hand, a fairly
simple, rapid iﬁdication is required tonprovide near real-time warn-

ings of sudden increases in exposure levels. Also needed is a limited

*Research sponsored by the Office of Health and Environmental'
Research, U.S. Department of Energy under contract W-7405-eng-26
~with the Union Carbide Corporation.
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number of indicator compounds fhat_can characterize the worker's chronic
exposure to PNA'compounds. This paper attempts to stimulate some
thinking about this problem,. recognizing fully that much initial re-
search and development work will be required to esfab]ish reliable
correlations, if possible, between suggested proxy or indicator com-

pounds and the more complete PNA exposure distribution.
PROXY COMPOUND CONCEPT

'The indicator substance contebt suggested for coal gasification
pilot p]énts is in response to the' need for a simple, easily measured
index for real-time detection of leaks. A single substance, usually
carbon mohoxide (co), acts as a proxy for all the components of a given
process stream (1). - The concept of using a gas compound (CO) for indi-
cating concentrations of fugitivé airborne particulate matter is not
wholly satisfactory because their rates of dispersion will differ. The
indicator compound is a proxy for ‘substances that' cannot ‘be analyzed 1in
real time, or that are difficult or impbésib]e to analyze at prevailing
concentratioﬁs. The need to estimate tﬁe toxicity of tars in an industrial
hygiené setting offérs possibilities for'expansion of the indicator substance
concept to nonroutine operating situations, whére simple gases are not
re]ated'directly td the amounts of PNA-containing tars that are present.

One should first address the critical question: 1is there sufficient
merit to meésuring one or moré specific PNA compounds in coal derived
samples as opposed to measuring only the cyclohexane séluble. fraction
of particulate matter (CSFTPM)? There is no regu]ation‘regarding ex-
posure limits for specific PNA compounds, except for some of the lightest,
more volatile members, such as nabphthalene with a time weighted average
(TWA) concentration of 10 ppm. This is not surprising since the capability of

easily measuring individual compounds in complex PNA mixtures is quite poor at
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present.” The hazard of an -individual component is also difficult to
evaluate, especially when taking into account the promotional and syn-
ergfstic effects 6f coexisting species. For these reasons, Occupational
Safety and Health Administration (OSHA) concentration limits haveAnot
been set. The time for regulatory standards concerning the‘majority
of‘single PNA compounds has not yet arrived.

Thére is sti]T, however, a need for characterization work fhat
will ihvo]ve the selection and monitoring of a handful of indicator PNA
substances. A need exists to find out what is occurring in contaminated 
occupatjonaf Zones. Information needed includes determination of parent
PNA profiles of fugftive ehission, how these prdfi]es change with time
and exposure to light, what are the products of phdtochemica? oxidation{
and what is the ﬁature of contaﬁinants that build up on su}faces; Coal
tar products from various conversion technologies, or from different
parts of a single plant, can differ appreciably in mutagenic and car-
cinogenic activity. Measurement 6f CSFTPM does not by itself reveal
differences in biological activity. .AAmeasurement of the small number
of proxy -PNA .compounds, each an indi;ator for a particular chemical
group exhibiting biological aCtivity; would be an improvement. This
group wbu]d bé'even more useful if their measurement could be made in
real or near real time.' '

| PROXY CQﬁPOUND SELECTION _

N If vapor phase detection &f PNA.compoundé is the éim, the com-

p0uhds present with highest vo]afility will produce the Tafgest concen-

tractions under equilibrium conditions. Since work areas are normally
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ventilated or open, one will not in general be mohitoring vapors at
saturation vapor pressure. The abundance.of the PNA-compounds in the
liquid or solid contaminant from which the vapors are emanating will
then have a bearing on the measured vapor phase concentration. MNaph-
thalene and its methyl derivatives are attractive compounds- in both
respects (Fig. 1). They are qu%te volatile, and they are ubiquitous .
and abundant in coal conversion oils and tars. Naphtha]eneé can com-
prise as much as 10% by weight of coal tar products (2). Preliminary
investigations of PNA vapors in air that has passed over naphtha or .
light oils from the Solvent Refined Coal I and Il processes show that
naphthalene and both of its mono-methyl derivatives are dominant spe-
cies. These are vapors that can be measured quantitafive]y in real time.

Quinoline vapor should also be considered for some special reasons.
It can be a fairly abundant nitrogen base componént,of coal liquefaction
products, 1:1% by weight in one particular instance (3). Being a liquid
at ambient temperatures, it is certainly volatile, and in dddition it is
a carcinogen and a mutaﬁen (8). . For each nf these reasons its presence
should be sought, either in its own right or as a proxy compound for
nitrogen containing PNA.vapors. Human exposure to quinoline should be
carefully monitored and -reduced wherever possible.

- Tar cdmpounds'in thé solid phase preseht a more complex and
analytically taxing situation. Quick response can be obtained only by
observation 6f gross fluorescenceAwith-the naked eye.A The information
obtaincd simply tells one whether or not a surface is contaminated.

The CSFTPM method, on the other hand, is quantitative but only with

respect to cyclohexane soluble matter, and no information is obtained
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with regard to-any specific PNA compound qr-groups of cdmpouﬁds.
Furthermore, the recommended National Institute of Occupational
Safety and Health (NIOSH) procedure for conducting the analysis. con--
sumes about 4 hours (5). This stretches one's conception of a near
real-time analysis. |

If there is a proxy having widespread acceptance among the high -
boiling, nonvolatile PNA compounds, itAis benzo[a]pyrene (BaP). This
is because it is the most intehsive]y-studied PMA in the environment
and its metabolites, especially ?,8—dio]-9,10 epoxides (6), are being
investigated intensively because of their mutagenic and carcinogenic
potency. The rather common practice of measuring the BaP content of a
complex 5NA mixture has come about more for reasons of familiarity
thaﬁ sbund reasoning. ~ It is inappropriate to use BaP as the proxy, or
to use any single proxy, for all situations. -Some reasonS'are:;
(1) it may be a minor constituent compared to other PNA compounds,
(2): the biological activity of a particular sample may be associated
primarily with.otﬁér types of PNA compounds, (3) as a fugitive emission
it might be chemically less stable than other PNA cbmpounds and therefore
less suitable .as an indicator. |
' The-ﬁarent PNA profiles (7) shown fn Fig. 2 serve to illustrate two
_important points. -In one environment (the aluminum plant), benzopyrenes
" are abundant, while in another (the Soderberg paste plant) they are
reduced by nearly two orders of magnitude compared to éther PﬂA compounds
and are a minor PNA constituent.. Only in the former case is BaP a
suitable indicator compound. The second point to make is:that parent

PNA profiles differ considerably from one type“of;samp]e to"another.
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Generalized statements cannot be made about which PNA compound or
compounds are the best indicators.

Within both parent PNA profiles shown in Fig. 2, fluoranthene
and pyrene are abundant constituents and for this reason might be
considered as candidates for proxy. Phenanthrene and anthracene,
although abundant, are probably .too volatile to be good proxy compounds
for liquid and solid samples.

Another important factor to consider is the constancyfof the parent
PNA profile for a particular type of fugitive emission. ‘Bjorseth has
stated recently (7) that "once the parent PNA profile is established
it does not change significantly." This might be so in the~workp1ace,~7
close to the source of the emission, and before the escaped PNA ma-
terial has had a chance to evolve.photochemically. A need is seen,
therefore, for examinat%on of PNA parenﬁ profiles in plant fugitive
emissions to establish their degree of variability. Small variability
would enhance the value of monitoring PNA proxy compounds.

Fugitive emissions are, however, not always caughp soon after
their escape. One will be exposed in such an instance to an evolved
photochemical system. Selection of indicator compounds in a "aged"
PNA sample should take into consideration susceptibility to photochemical
oxidation or other degradation processes. One may even choose to monitor
one or more of the degradation products to assess thc state of evolution.
For example, the halflife of BaP deposited on a surface and exposed
to sunlight is orders of magnitude greater than that of ‘the PNA as an

aerosol exposed to sunlight in the presence of ozone (8).
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With the exception of quinoline, the discussion of proxy PNA compounds
has so far excluded heterocyclics. Chemical ‘fractionation and testing:.A~
for biological activity of synthetic crudes'from,coa1 and shale oil,
however, revea]ed‘thé active mutagenic character of basic nitrogen con-
stituents such as the aza-arenes (9): 'Since crude synfuels are com-
posed of from 1 to 10% by weight alkaline constituents and this fractién
carried 50-80% of the mutagenic activity, one should seek a nitrogen
heterocyclic PNA proxy compound. }At.this time -Titlle gu!dahce'cah be
given in suggesting suitable heterocyclic PNA proxy compounds. Few
.coal conversion products have been ana]&zed quantitatively for tﬁeir
nitrogen base components. One recent analysis of & coal 1iquefaction
product (3) showed it to contain about 10% by weight of such materiai
with azafluorenes, acridines, benzoazafluorenes, and azapyrenes each
constituting ofAthe order 1% by weight. One might suggest acridine
as a surrogate; methylated benzacridines qnd ﬁibenzécrid}nes'have Tong
been recognized as tumor initiators.

.. MEASUREMENT OF PROXY COMPOUNDS

Measuring proxy PNA compounds in the workplace should ideally be
~conducted in real time. For vapors of the low boiling PNA compounds
there is good hope that this'can-be achieved with instruments such‘as
the second-derivative UV-absorption. spectrometer (10) described at this
meeting.

Solid and liquid samples are not seen as yielding to real-time

analysis in the near future. Still one can hope to avoid extensive
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and time consuming chemical fractionation procedures such that results
are forthcoming in near real time, The room temperature phosphorescence
(RTP) technique, also described in a paper at this meeting, offers
multicomponent analytical capabilities (11), provided the definition

of near real time can be extended to about one hour. In this technique
a sample of Synthoii is subjected to a separation into acid, base,

and neutral fractions and much of the éoloration removed by passage
through a Florisil column. The RTP ana]ysis is conducted on 3 pl of
solution spotted ohto a substrate 6f filter paper. The RTP spectrum of
pyrene in the neutral fraction'of Synthoil is shown in Fig, 3.

Pyrene -is the most abundant PNA compound in this coal Tiquefaction
product (4300 ppm by gas liquid chromatography (GLC) profiling). The
still complex neutral fraction can be selectively excited to produce
an RTP spectrum very similar to that of Eure pyrene together with the
quantitative result of Séoo‘ppm + 30%. The high abundance of byrene fn
this type of product and the means for fair}y rapid and accurate analysis
allow one to recommend pyrene as the best PNA indicator compound‘for
this partiéu]ar coal liquefaction product. | |

* In this same neutral fraction, BaP is a minqr cdnstituent (41 ppm
by GLC pnofi]ing). This concentration of BaP is about at the lower
limit of detectability by'RTP. By resorting to standérd additions of
BaP (Fig. 4), the cpntentration of BaP was estimated to be 50 ppm.A
Because BaP is a:relatjvely minor constituent in this sample and is-
diffiéu]t to éna]yze using a rapid screening technique_éuﬁh as RTP,

it is not the ideal PNA proxy compound for this particular samp]e;
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It is worth mentioning that heterocyclic PNA compounds are suit-
able for. analysis by RTP. Compounds such as acridine (Fig. 5) can be
detected with nanogramvsensitiyity. N

Other techniqueslfor the rapid deéermination‘of workplace and
environmental samples--select compounds and eépeéia}]y BaP--are being
actively developed, A rapid thin layer chromatograpﬁic separation and
fﬁ situ fluorescent ana]ysis,is_beihg integrated with an autématic iso~ ..
lation procedure (12). Because application of up to 18 samples on a
thin layer chromatography plate is accomplished semiautomatically by
a multispotter, and- the fluorescence analysis is.carried out directly on
the plate with a motorized scanner, the method-hésvgood potential for a
high degree Qf automation. . There a]so seems a good-possibi]ity.for
replacing the fluorescent analysis step with a RTP step to enhance - the
multicomponent analytical capability through added compound selectivity.
So the outlook for reasonably rapid analysis. of select compounds is not .
bleak and the next year or two should see some significant advances,
which is all the more reason for early consideration of proxy PNA
compounds .

SUMMARY

Better monitoring data for PNA compounds are.needed to establish .
the level of worker exposure. This need, together with the inaccuracy
éf the method for CSFTPM, andjbecause the 1étper does not é]ways corre=~
late well with the PNA content, are the best reasons one can advance
for meésuringiPNA proxy compounds. _ProxyAPNA compounds wqu]d‘be used,
for the time beiné at least, to characterize rather than regulate the

PNA compounds in fugitive emissions.
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The concépt proposed by Bjorseth (7) ié‘recommendeﬁ as the first
step in the selection of proxyAcompounds; K PNA parent.profile is de-
termined, and one or two of the more abundant PNA compounds. are.-chosen,

' Ryrgne and fluoranthene are generally prbminent and thus-are attractive:
candidates for proxy. Benzo[alpyrene, when it is abunaant, is likewise
‘a suitable indicator compound. The common practice, however, of measuring
BaP as the singTe proxy without foreknowledge of the parent PNA profile
should be discouraged. Attempts to gauge the mutagenic and carcinogenic
potential of each sample via its BaP content can be mis]eading.' In cer-
tain cages,'a basic nitrogen-containing PNA would be a more valuable
.pfoxy than BaP. It is recognized, however, that because the concentra-
tion of heterocycli¢ nitrogen cémpounds is one or two orders of magnitude
lower than the hdhocyc]ic PNA compounds, their detection will be
difficult. Hevertheless, species such as quinoline and acridine may be
suitable proxy compounds. In vapor phase monifOring, naphthalene and
its methyl derivatives are the most attractive indicator compounds due

to their high volatility and high concentration in most synthetic fuel
products.

While it may be a bit premature to identify specific compounds to
serve as indicators for thc presence of complex, multicomponent mix-
tures, the need for such proxy compounds has clearly been established.
These proxy compounds not only must he readily measured and indicative
of their parent sample in the work environment, but should themse]ve% be
of biological intgresﬁ, COnsideraBle research and development_is required

in each of theseé areas to understand more fully the behavior, both
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chemical and bio]ogida], of these complex PNA mixtures. Also required
is continued development of improved measuring techniques and instru-
mentation that can provide more economic and efficient monitoring of

selected proxy compounds. .
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Figure 2, Parent PNA profile of PNA ‘compounds in
particulate matter from an aluminum plant (---)
and a Soderberg paste plant (—). )
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DUVAS: A Field Portable Second-Derivative UV-Absorption
Spectrometer -for Monitoring PNA Vapors*
Alan R. Hawthorne
Health and Safety Research Division
Oak Ridge National Laboratory
O0ak Ridge, Tennessee 37830

| ' INTRODUCTION

The potent]a]]y hazardous env1ronment at coa] conversion facilities
p]aces s1gn1f1cant respons1b111ty on the industrial hygienist in that
many of the process chem1cals e1ther are,acute]y toxic or are carcinogenic,
thus requiring exposures to be kept to a minimum. Exposure to potential
carcinogens requtres a special commitment to worker protection, since
there ererften no.detectable warning signs of exposures that may re-
sult decades later in cancers. | ‘

Given this potential for worker exposure to compounds that give
no imnediate warning signs and yet may cause cancer years later, a
real-time, continuous, portable monitor is needed to warn of clevated
concentrations in work areas. This monitor is needed in addition to
meesurements of integrated exposures obtained by personnel monitors re;
quiring subsequent laboratory analysis. Portable, real-time monitors
will also prove valuable in detecting small leaks in process.streams and
in pinpointing important sources.of exposure.

This paper discusses the development of a portable monitor that can
be used to measure volatile polynuclear aromatic (PNA) compounds as part

of an industrial hygiene area monitoring and leak detection program.

*Research sponsored by the Office of Health and Environmental
Research, U.S. Department of Energy under contract W-7405-eng- -26
with the Union Carbide Corporat1on
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Results are somewhat preliminary, -as the prototype.instrument has only
recently been completed and_further.optimizétion will be required be-
fore field testing.
PROTOTYPE INSTRUMENT

Ultraviolet(UV)-absorption spectrometry proVideé gqod sehsiéivity
for the detection of‘most'PNA compounds. However, selectivity between
various PNA compounds in a mixture poses a problem since these compounds
often exhibit considerable spectral overlap. Derivative.UV—absorption
spectromethy is a technique that permits imﬁroved selectivity between
overiapping spectral bands- (1-3). In particular, this procedure tends to
enhance the signals .from compounds that exhibit narrow-band absorptibn
while diminishing the signa]é from compounds ‘with broad band absorption.

Work is in progress-at Oak Ridge Hational Laboratory (ORNL) to
develop a prototype second-derivative UV-absorption sbectrometer (DUVAS)
for analyzing parts-per-billion levels of many trace gases in_air.
Figure 1 shows the prototype spectrometer with the 1-m multipass air
sampling cell attached. A barticu]ar emphasis is being placed on the
detection of volatile PNA combdunds. This instrument is designed to be
considerably reduced in size and substantially faster in spectrum scan-
ing speed relative to a commercially avai1ab]é'spectrometer, the Lear-
Seigler, Inc., Model SM-400 secbnd-derivativ§ spectrometer (4). It is
a]sp microcomputer-controlled whereas the SH-400 is‘nbt:

Theofy

Detailed treatment of the theory of wéve]ength-mddu]ated derivative
absorption spectrometry may be found elsewhere (1,3,5,6). 'Briefly, the
technique consists of modulating the incident wavelength by a few nano-

meters and detecting the second harmonic of the modulation frequency;
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This signal gives a response that is proportional to the concentration
of the compound being measured. Since a second-defivative‘spectrum'iS'
a reasure of the curvature of the absorption spectrum-and not of the

transmitted light, the technique of second-derivative absorption has the

important advantage of being independent of sample opacity, light in-

E

tensity fluctuations, and source-energy variations. This advantage is
particularly useful when no sample preparation to remove particulate
maften is performed prior to analysis.-
| Optics

The opti;a] system of the prototype DUVAS consists of a deuterium’
lamp light source, monochromator, .sample compartment, and photomul-
tip]ier.tube (PMT). The smaiT monochromator is a 10-cm holographic:
grating monochromator having a reso1utioﬁ‘of 8'nm/mm. Wavelength
modulation is achieved by replacing one of.the mirrors in the mono-
chromator with a commercially available tauf band vibrator that os-
cillates with a frequency of 400 Hz. The second harmonié signal at 800
Hz is sufficiently removed from the 120-Hz line voltage hoiﬁe to allow
good filtering  thus improving the moise level.

Another distinct advantage of the higher modulation frequency

.relative to the commercial- SM-400 second-derivative spectrometer is -

that, when coupled with an integrating'techhique (diécusséd in ‘the next
gection), much féster scanning sbeedﬁLCan be -obtained. Whereas the SMQ
400 has scanning speeds ofl2.5 or 10.0 nm/min, the DUVAS scanning.speed
can. be varied bethen'30 and 240 nm/min, thus allowing 'a sample scan to

be completed in considerably less time.
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Monochromator positioning-and scanning are accomplished with a four
phase bidjreétiona] stepping motor. Vhen used~ﬁith a 2:1 gear reduc-
tion, this motor gives a stepping resolution of 0.25 nm/sfep.

| Electronics .-

F{gure 2.is a block diagram of the DUVAS showing the‘fe]ationships
- of the.major,e]ectronic components of the prototype .instrument. In
addition to the previously mentioned deuterium lamp, PﬁT and preamp,
sfepping motor, and mirror coils, the e1ectrqhic”component§ consist of - .
three prinfed cifcdit (PC) boards.

One PC board contains an F8 microcomputer that provides the contrb]
logic for scanﬁing a spectrum. It posit{ons the stepping motor to a
beginning wavelength,  scans. to thé stopping. wavelength at a selected
speed from 30 nm/min to 240 nm/min, and stores data in its memory at
resolutions of 0.25, 0.50, 0.75; or 1.00 nm/data.péint. The data
points are obtained by counting the pulses frdm a vdltage—to-frequency
(V/F) converter for a time interval determined by the scanning speed .
(e.q., é scanning speed of 120 .nm/min .gives an‘integration time of 0.125
seconds/point). This integration 6f the~second-derivative_Signa1 helps
to improve signal-to-noise- (S/N) ratios without requiring the much
slower scanning speeds that wdu]d Se required by a low-pass electronic
filter having the same S/N ratio. The F8 microcomputer also provides é :
parallel interface to external computers that can transfer scanning
parémeters to the F8 and receive a spectrum scan from the F8. A tele-
type interface is also provided, permitting the use of a teletype as an
input/output device when desifed,

The second PC board.is a cﬁmmerdia]]y available voltage programmable

high Vo]tage (HV) supply for the photomultiplier tube. A control
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voltage input of 0to-5V gives a 0 to -1200 V output. The programmable
feature allows an automatic-gain-control (AGC) signal to the HV board to
control the gain of the PMT by varying the applied vo]tage.. The second-
derivative signal is not affected if the time constant of the AGC is

slow reiative to the 400-Hz modulation frequency because varying the

gain i§ equivalent fo changing the light intensity, and the second-
derivative signal is insensitive to light intensity changes. The AGC
feature acts as an automafic iris to ensure that dc signals from the PHMT
are neither too small nor too large, thus ensuring that sigﬁa]s fall
within the optimum range for the signal processing electronics.

The final PC board contains signal processing and control circuits.
Figure 3 is the block diagram of this PC board. The AGC circuit can be
adjusted for the desired dc signal from the PMT. This‘AGC circuit then
acts as a servo control to adjust the PMT voitage to give the desired
output. Also, on this PC board is the mirror-driving.and sen%ing
circuit. This circuit oscillates the mirror and provides a:400-Hz
reference signal to a frequency-doubling circuit; which gives an_800-Hz
reference. signal for use in the synchronous detector circuit. A step-
ping motor control circuit takes a direction signal and step puise from
the F8 microcomputer and provides the proper sequence of pu]sés to the
four-phase stepping motor.

The sigha] from the PMT, which has an 800-Hz ac component con-
taining the second-derivative information, is input to a logarithmic
amplifier circuit. This .circuit eliminates the need for a divider

circuit that the SM-400 requires and also eliminates a-nonlinearity
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in the second-derivative signal (1). Following the log circuit is a
bgﬁdpass filter/amplifier with a central freqUenconf 800 Hz. This
circuit filters out both ‘high and low frequencies, including 120-Hz
:noise from line voltage and some of the 400-Hz signal due to the first-
dérivatﬁve signal. A'synchronpus-detector circuit then selects only
signals with an 800-Hz frequency ahd, with a subsequent fi]ter/ampliffer
circuit, coriverts this ac signal into a dc signal proportional to the.
secbnd derivative of the absorption curve of the measured compound at
the measured wavelength. This analog signal is avaijab]e at the rear
panel of the instrument for use with a chart recorder. The final circuit:
on the board is a V/F convefter,.which provfdgs a frequency signal
proportional to the second-derivative signal for the F8 microcomputer to
record as digital data. |

| Computer Interface

As stated, the F8 microcomputer has a para11e1 interface fo}
communication with an external combuter. The DUVAS has been. operated
with a Digital Equipment Corporation (DEC) DECLAB 11/03 minicomputer and-
a Commodofe PET 2001 microcomputef. Figure 4'shdws.a spectrum as
disp]ayed‘On‘thg 11/03 system. For laboratory use the PDP 11/03 pro-
v{des much flexibility, with dual-floppy discs for mass data storagé and
program storage plus a'vided disp]éy fbr plotting spectra and disp]ayiﬁg
analyses.

For field use the PET 2001 is an. inexpensive microcomputer, which
prévides a 9-in. video. display, a. communication keyboard, a maghet{c.
tape cassette data recorder, and a microcomputer programmable in.BASIC
for data analysis (Fig. 5). Using the PET keyboard, the user may define
the speétra] region he wishes to scan, as well as the speed and reso-

lution. The spectrum is displayed on the screen and may be permanently
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,sévedyon:magnetic-tape. The PET microcomputer can be located remotely

from the 'DUVAS, with only an interface cab]e.éonnecting the two. Soft-

ware development is currently in progress on a series of programs for

controlling the spectrometer, plotting spectra inva variety of modes,

and analyzing the data by comparison‘with a cassette of library spectra.
ModeS}of Operation

‘The DUVAS can be used to analyze both 1iquid and gaseous samples.
"As a trace gas analyzer, a 1-m multipass sampling cell is attached to
the spectrometer. The fota],path]ength‘of 1ight through the sample is
adjustable, with a 12-m pathlength typically used. An air-sampling pump
pulls air through the ce]]iwith a flow rate of approximately 4 i/min..

A heating blanket surrounds the sample cell and can be used to prevent
condensation of low vapor pressure compounds within the cell that would
otherwise.produce anomalies or béckground signals.

The DUVAS céﬁ also be.operated in é lTiquid analysis mode. A 1-cm
quartz cuvette is used to hold.a 1-ml samp]el Water, cyclohexane, and
ethanol are suitable Uv;transparent solvents for use in second-derivative
spectrometry. Since DUVAS is insensitive to sample turbidity (7), it |
may be operated as an on-line analyzer for monitoring wastewater streams.
A small.sampling pump is used to pull the water thcough a flowthrough. |
.cell; -

CONCLUSIONS

Although further evaluation and optimization arelneeded to assess.
the full potential of the DUVASZ the instrument qhnuld‘prove to be a
useful tool for indusfria] hygiene monitoring and 1ocati§ﬁ of point

source exposures. Analytical data are somewhat Timited from the
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prototype .DUVAS as optical and electronic component optimizations are
still in progress. Some data are available, however, on an earlier
second-derivative sbectrometer (8). Figure 6 illustrates both thé -
sensitivity and selectivity for vapor phase PNA compounds.  Naphthalene
and 2-methyinaphtha1ene are each measured separately at parts-per-billion
concentrations and in a mixture of. the two compounds. Sepafation of these
two similar compounds is clear even without the aid of a computer pro-
gram. Figure 7 shows a typical calibratiOn curve for a PNA vapor.

.The ability to measure naphthéjene and its methyl derivatives in
real time should prove useful- for indicating potential éexposures to
other PNA compounds. - Naphthalene and its methyl derivatives are often
a major component within the synthetic crude product. In addition, these
volatile PNA compounds should prove suitable indicators even for spills
and contaminated equipment encountered in maintainence operations wﬁeré'
other indicators such as ca}bon.monoxide would not be present.

Field evaluation of a prototype vgrsion of & DUVAS is scheduled
at the University of Minnesota-Duluth low-Btu gasifier—during the follow-
ing year. .The'instrument will be used to characterize vapor emissions
from-the ga;ifier'and to éva]uate:its usefulness as part of ‘an "industrial
hygiene ﬁrogram.i The results of thfs evaluation should prove-this
instrument to be a usefﬁ] addition to the monitoring tools available to

the industrial hygienist.

- 198 -



REFERENCES

Hawthorne, A. R., and Thorngate, J. H. (1978): Improving analysis
from second-derivative UV-absorption spectrometry. A4ppl. Opt., 17:
724-729.

0'Haver, T. C., and Green, G. L. (1975): Numerical error analysis
of derivative spectrometry for the quantitative analysis of mixtures.
Anal. Chem., 48: 312-318.

Williams, D. T., and Hager, R. N. (1970): The derivative spectrometer.
Appl. Opt., 9: 1597-1605.

Hager, R. N. (1973): Derivative spectroscopy with emphasis on trace
gas analysis. Anal. Chem., 45: 1131A-1138A.

Bonfiglioli, G., and Brovetto, P. (1964): Principles of self-
modulating derivative optical spectroscopy. Appl. Opt., 3: 1417-1424.

Hager, R. N., and Anderson, R. C. (1970): Theory of the derivative
spectrometer. J. Opt. Soc. Am., 60: 1444-1449.

Hawthorne, A. R., Thorngate, J. H., Gammage, R. B., and Vo-Dinh, T.
(1978): Trace organic analysis using second-derivative UV-absoprtion
spectroscopy. Proceedings of NBS Conference on Trace Organic
Analysis, 1978. (in press).

Hawthorne, A. R., and Thorngate, J. H. (1978): Application of
second-derivative UV-absorption spectrometry to PNA analysis.
Appl. Spectrosec., 32: (in press).

- 199 -



Figure 1. Photograph of DUVAS with 1-m multipass
air-sampling cell attached.

MIRROR POWER HV SUPPLY
MODULATOR SUPPLIES PC BOARD
sense | {orive  acc e
STEPPING|, |  sIGNAL PROCESSING  [SIGNAL| PWT
MOTOR PC BOARD PREAMP

V/Fl tom 'STCP

F8 MICROCOMPUTER
PC BOARD

Figure 2. Block diagram of DUVAS major
electronic components.
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Figure 5. DUVAS with liquid sampling compartment
attached and PET-2001 microcomputer used for data
analysis.
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PASSIVE-DOSIMETERS FOR GASES
' by
E.D.-Palﬁes
Institute of Environmental ,Medicine
New'York University Medlcal Center

. 550 First Avenue
New York, New York 10016

I would like to begin hf distinguishing between an actiVe
and a passive sampler. The active’samplet requires external
power to move air through’the absorbent or detector and, because
of this, it has considerable weight‘and cost and requires main-
tenance. The passive sampler has.little or any of the aboVe;
The active sampier, on‘the other hand, can be used to collect
both particles and gases, but the passive sampler will not
collect particles because of their extremely low coefficients
of diffusion. The active sampler is capable of measurlnglpeak
concentratlons over extended per1ods (ghe pass1ve sampler, on
the other hand, is designed primarily to measure time weighted
average exposures to gases tor relatively long periods.B

For explaining the principles of the diffusion sampler (the
simplest type of passive dosimeter), I would like to use as an
example the NO, Sampler reported by»Palmes, et.a;f 11976). _This
sampler is small llght-welght and can be conveniently worn on
the worker's person for a full shift. It consists of a short
" acrylic tube capped on both ends durlng storage and with one cap

removed when sampllng so that the opén end is exposed to the

environment to be measured. At the closed end of the tube the
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other cap contains three screens‘coated with‘tricthanolaminé
(TEA), a very efficient gbsorbgnt for N02. A steady state con-
dition is established in a very short time and during this
stéady state there is a transfer from the open(td the closed
end of the tube by'moleculér diffusion. I woula point out
again that all the energy for this transfer is furnished by

the motion of the gas molecules themselves. The triethanolamine
keeps the concentration at the closed end very nearly at zero
while the open end is at the ambient concentration. This sets
up a concentration gradient down the tube and the transfer of
NO2 by diffusion can_bé predictéd from Fick'S'First Law. In

its simplest form this can be stated as follows:

- -p 9¢
J=-D g

where:
J = diffusion flux (moles/cmz/sec)
D = coefficient of diffusion (cmz/sec)
c = NO2 concentration (moles/cm3)

length of diffusion path (cm)

and x

We then multiply'both sides of the equation by cross sectional area

(A) of the tube in cm2. The-equation then:takes the form:

JA =D

e

(o]

You will note that there are three constants,. the coefficient of

diffusion,of_vNO2 in air, cross-sectional area of the tube, and the

- 205 -



length of the tube. These along with the one variable, concen-
tration, detérmine the sampling rate in moles per second.  To
estimate the quantity of N02~collected in moles, one multiplies

both sides by the time in seconds; to give the equation:

' Q = JAt
where
t = .time .(seconds)
Q = guantity:of N02 trapped during exposure (moles) -
For the,NO2 sampler descri%ed, the conStants.are as follows:
. ,2" fo
D = .154 cm”/sec

A=0.71 cm2

‘L = 7.1 cm

Changing the units to more conventional ones for industrial

hygiene, the equation becomes:

Q (nanomoles N02) = 2.3 (ppm NO2 xshrs)

-Samplers were calibrated by expoéing them for definite times“

to NO, atmospheres created by diluting the Nozufrom a permeation

2
tube with a known volume of room air. ' The results were routinely
in excellent agreement with theory and demonstrated that Fick's
Law could be used to predict the rate of sampling using tube

dimensions as measured and a coefficient of diffusion obtained

from values in the literature.
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I would next like to discuss a slightly different type of
sampler which depenas on permeation rather than diffusion. 1In
this sampler the: atmosphere to be sampled is separated from a
collecting medium by a thin membrane. . There are two types of
collection media used here: liquids and.solids. ~In the first,
reported by Reiszner and West (1973), the sampler was designed
to collect‘soz-from the ambient air by having it permeate
through a thin silicone membrane on the other side of which,
contained in a tube, was‘West—Gaeke.'S.C)_2 collecting reagent.
This group showed that individual samplers of this type gave
very repdeucible results'but‘thqt the thickness of the  mem-
brane was not sufficiently constant so that. a single value :
could be used for individual samplers and-each héd to be
individually calibrated.. Nelms, et.al., ‘1977, reported a
similar sampler for vinyl chloride; charcoal was used aé:the
solid adsorbent. In this case, also, the constant for the
permeation rate of edch sampler-was determinéd individually.

A very similar sampler was reported by Bailey and Hollingdale-
Smith, 1977, who used membranes of the order of-0.001 'inch -
thick as the diffusion barrier“for'organic gases. For the SOz
sampler a colorimetric: procedure was used for the final deter-’
mination; all the organi¢ gas samplers used gas chromatography-
to determine the material after elution from the charcoal.

It should be pointed out ‘that the coefficients Qf diffusion
for gases in-air can be estimated by a number of teéhniques'and

it is possible for the coefficients to be determined independently

- 207 -



so that all of the constants for the solution of the diffusion
equation can be obfained without resorting to empirical mea-
'-surementé. In the sampleré which depend on permeation

through membranes, it appears that the coefficients of
diffusion are not 'nearly aé well defined.- In the three
examples of permeation samplers cited, only approximations‘
were given and it appears that all have grouped the three
constants. of the equation, D, A and L, into a single permea-
‘tion constant. From .the examples given in these publications,
rthe coefficient of diffusion of the gas through the membrane

6 7

would appear to be on the order of 10 ° to 10 ‘cmz/seé as

1 cmz/sec for similar gases'

opposed_fo the approximately 10
in air. We believe that there are and will bg many applications
and needs for both types of samplers in the measﬁrement of
aipborne gases. |

I would now like to;réview very‘briefly'the history of
o passive éamplers other than those described abbve.‘ At the
aﬁnual-meetihg of the American IndustriallHygiene.ASSOCiation.
in‘1972,'Pa;mes énd Gunnison (1972) presented the firstlpéper
- on this‘typéhof sémplér; it described the quantitative applica-
tion-of‘the'method to méasurement of 502 and to water vapor
in air. At the same meeting, Bréun (1972) reported a mércufy
vapor sampier which was empirically calibrated and depended -’
on diffusion of mercury vapor through a seriés Qf small holes
where it was captﬁred by a strip of gold foil and changed the

resistance of the foil.

- 208 -



Goldsmith (1977) reported a proprietary dosimeter; this
devicc was described in much greater detail, however, by
Bamberger, et.al. (1978) and Mazur, et.al. (1978) for use
.in sampling organic vapors and-ammonia_respedtively.' Finally,
.gt the 1978vﬁeetiﬁg of(AIHA, there were three samplers pfé—
qepted:VCampbell (1978) described a dosimeter for aniline,
éosselink, et.al. (1978) reported a personal organic vapor
sampler with an in situ sample elution feature. Finally, {
Palmes and Tomczyk (1978) presenfed a personal sampler for NOX.

It is Seen, therefore, that the history of use. of these
devices for the quantitative estimation of airborne gaseé has
been very shQrt. We believe, however, that there .is a definite
increase in interest in devices of this type. We also believe
that such devices may obviate some df the problems of both
weight and éxpense as well as improve accuracy and precision
in detérmination,of airborne gases in industry aﬁd the}community.

In other words, we feel that passive.samplers have a very short

past, but a very bright future.
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A PORTABLE FLUOROMETRIC MONITOR TO DETECT PNA
CONTAMINATION OF WORK AREA SURFACES

- D. D. Schuresko and G. Jones, Jr.

Chemical Technology Division
0ak Ridge National Laboratory
Oak Ridge, Tennessee 37830

-~ INTRODUCTION -

Survey monitoring in coa]‘COnversion work areas for surface cohtamination
caused by spill, 1eaka§e, or contact tranSfer of'materia1 contafning carcino-
genic polynuclear aromaticlﬁydfbcérboﬁ (PNA) COﬁpounds'or mutagenic acridenes
is essential for the health and safety of personnel. A portah]e direct-
reading instrument, -similar in function to the familiar radiological survey
devices, is required for this type of survey'monitoring. The instrument
must be capaS]e of (1) functioning during aCtua] plant operétion in variable-
workingvenvironments; (2) detecting material spilled on various work surfaces,
including machinery, plumbing, construction hateriaﬁs, and on personnel and
clothing; and (3) being easi]y‘and reliably operated by ai] plant personne!
'(IabOrérs, technicians; and staff). '

The: portable fluorescence spotter currentﬁygundgr development at ORNL-
has fhe desi}éd tababﬁiities, 2fhis.ﬁhéfrumeﬁt;‘which iﬁAfihaj.form Qi115c6n§ist
of an optica]lﬁn1t that éontaihs f]uprescence excitation.and detection systems
and . is connected by an umb11ic$1'cab1e to a baftery—powered electronics unit
(see Figure 1), will enable remote monitoring of work area surfaces at

distances of 0 to 2 meters.
PRINCIPLES OF OPERATION

The spotter induces and detects .the fluorescence of PNAs'such'asAperylene; :

whose structure and optical properties are shown in Figure 2. Like most PHNAs,
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Figure 1. Portable fluorometric spotter concept.
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Figure 2. Optical properties of perylene.
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perylene absorbs 1light in the 350- to 440-nm region of the spectrum and emits
fluorescence with high efficiency in the blue-green region of the spectrum.
Multiring heteroatom aromatics, including acridenes, are also fluorescent;
however, they generally absorb light and fluoresce at longer wavelengths than
do their pure hydrocarbon counterparts.

The initial effort involved construction and laboratory testing of a
prototype device. The prototype optics unit consists of two subunits:

(1) a uv illuminator which radiates a cone of amplitude-modulated, near-
ultraviolet light; and (2) a fluorescence detector which detects the fluores-
cence induced by the uv Tight in a spill. The operation of the spotter is
depicted in Figure 3, which also shows the signal traces corresponding to the
radiated uv intensity and to the emitted flucrescence when a spill has been
"sighted." The fluorescence signal sits atop a much higher signal due to
background illumination of the viewed surface. The uv beam and, in turn,

the fluorescence which it induces are modulated at 1 kHz. Since the electronic
frequency spectrum of fluorescent or incandescent room lighting consists of a
120-Hz tundamental and its harmonics superimposed upon white nnise, it is
possible to separate the 1-kHz fluorescence signal from the background signal
by electronic filtering. Demodulating and low-pass filtering this signal,
which .effectively averages each 1/2-msec pulse, enables detection of very
Tow-level fluorescence (i.e., only 3% as intense as the background illumination
in the optical wavelength band of interest).

A schematic diagram of the prototype spotter is shown in Figure 4. The
illumination beam is produced by a high-pressure mercury arc lamp and modulated
by an electromagnetic, tuning-fork chopper. A dichromatic beam splitter
reflects the illumination beam to the telephoto output lens while it transmits

the Tonger-wavelength fluorescence to the photomultiplier tube. The filters
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Figure 3. Principle of spotter's operation.
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in both units are mounted in thumbwheels which project outside the housings,
allowing for filter selection while the unit is in use. The telephoto lens

is adjusted so as to focus the illumination beam 40 cm from the spotter (the
cross-sectional area of the beam at focus is approximately 1 cmz). This
results in roughly distance-independent fluorescence measurements for distances

ranging from 0 to 80 cm.
RESULTS AND DISCUSSIONS

The prototype spotter has been laboratory tested with a number of liquid
samples and with films and smears of coal conversion oils on selected construc-
tion materials. Table 1 1ists the sensitivity of the prototype spotter to
various coal process liquids. The samples used in these measurements were
1- to 20-p-thick films of the materials prepared on microscope slides with
cover slips. The variation in sensitivity to the different coal liquefaction
or 0il shale products generally reflects the different PNA content of each;
for some substances (e.g., ORNL hydrocarbonization 0il1), the sensitivity also
apparently depends on the relative asphaltene-vs-Tight 0il content of the
material as will be discussed later. These figures are actually upper ]imit§
on sensitivity since they were computed by normalizing the measured fluorescence
from milligram amounts of each oil by the observed detector noise and the amount
of material observed. Milligram-Tevel smears of ORNL hydrocarbonization oil
and COED syncrude on both floor tile and metallic surfaces have also been
examined in a less quantitative fashion.

The sensitivity of the spotter to solutions containing PNAs or acridenes,
including some hydrocarbonization wastewaters, is shown in Table 2. Note
that the spotter is sensitive to microgram amounts of pure compounds (perylene)

in dilute solution.
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;Sensitivity of ‘the Spotter to Various -

Table 1

Coal Conversion 0Oils and Solvents

SENSITIVITY
- SAMPLE. (MICROGRAMS)
SRC-I RECYCLE SOLVENT - 27
SRC-1 WASH SOLVENT. 129
SRC-I PROCESS SOLVENT 34
SRC-1 LIGHT ORGANIC ' *884
LIQUID (RAW)
SRC-II FUEL OIL BLEND N ¥
CENTRIFUGED SHALE OIL 26
(PROCESS 1)
HYDROTREATED COAL 38
. DISTILLATE
PRODUCT DISTILLATE N
(ZnC]Z)
COED SYNCRUDE .20
" ORNL HYDROCARBONIZATION 790

0IL (HC-12)

3

Table 2

Sensitivity of the Spotter to Solutions
and Aqueous Coal Conversion Liquids

~ SENSITIVITY TO VARIOUS SUBSTANCES

" (EXCITATION = 350 nm, EMISSION CUT-ON = 420 nm)

" DISTANCE

: SENSITIVITY

SAMPLE (MILLIGRAMS) (cm)
HC-10 SCRUBBER H 0 1.0 22
HC-8 BIOREACTOR FEED 10.0 22
W-41 BIOREACTOR 250.0 22
EFFLUENT A -
PERYLENE. .001 82
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‘Coal liquefaction products may -contain certajn compounds which, in
sufficient amounts, quench the fluorescence of PNAs and thus interfere with
fluorometric moniforing techniques. Two classes of aromatic compounds that
are abundant in coal conversion broducts aré phéno]s»and acridenes. We have
tested for phenolic interference by adding 1arge excesses of phenol to
solutions contdining péryTene. As one.hight_e*pect'frdm the fact that
there is no overlap between the optical abébrption of phgnb] and the
fluorescence emission of PNAs, phenol did not intefﬁere with our fluorometric
PNA determinations. 'quever, heteroatom aromqtic compounds such as acridenes,
which are abundant in‘oi1s having a high asphaltene content, do apparently
affect PNA fluorescence. The optical absorption.of‘hany acridenes overlaps
the emission from PNAs; resulting in a sh{ft‘of théﬂf]uorescence to longer
wavelengths and a decrease in its intensity.  Norma1lPNA fluorescence of
materials such as ORNL hydrocarbonization oil is observed, however, upon
_ fivefold dilution of the oil with aliphatic solvents or oils. We are
examining the possibility of taking“smear samp1es of potenfia]]y ;ontaminated
surfaces using porous materials such .as plastics in situations where ultra-
Tow-level monitoring of contamination by these heavy o0ils is required.

The prqtotybe spotter provides the capability for crude discrimination
among classgs_pfvorgahic contaminants, such as PNAs and BTXs (henzene, toluene,
xylene), by selection of optiha] excitation and,emigsion wavé1engths with
opfica] filters. The spotter can also discriminate the fluorescence of
uraﬁy] nitrate (UNH) from the fiuofescence of ofganiq compounds, even though
both have similar optical proberties, because the 3uh§nes¢encé iffetime of
uranyl nitrate is comparable to the 1-msec beam modulafed:period. This
results in a nonzero phase shift in the f]uorescenée §igna1 frdm uranyl

nitrate samples which can be discriminated electronically with a phase-
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sensitive demodulator. Since the spotter is sensitive to 1-mg amounts of
UNH, it could cbncejvab]y be used in nuclear fuel and waste handling faci]fties

'to locate spills or leakage of UNH-containing liquids.
FUTURE DEVELOPMENTS AND ACTIVITIES

The characteristics of the prototype spotter which are imbortant to
its fﬁnction'as a survey device are:
1. Its high sensitivity, due to the strong native fluorescence of PNAs.
2. Its ability fo.operate in either illuminated or darkened work areas.
3. Its ability to yield a semiquantitative measurement of the ampuﬁt of
spilled material at variable spotter-to-surface distances.
4. .Its ability to detect spills remotely at distances from 0 tb 2 meters.
Pprtabi]ity is being incorporated into the design of.ah advanced version
spotter (Figure 5) wﬁich is to be fie]dAtested in DOE coal conversion faci-
lities. This version i5~apprdximate]y 25 cm long x 15 cm high x. 5 cm wide
(neglecting telephoto lens), a size compakab]e tq thaf ofbmany commercial
home movie cameras. A portable, belt-pack-size, battery-powered electronics
.unit to be used with -the advanced veréfdn spotter is also under development
at ORNL in collaboration with the ORNL Instrumentation and Controls Division.
The most desirab]e characteriétic of sﬁch an insfrument is, of course,
~its utility. Toward this end, we have recently operated the prototype spotter
in the ORNL hydrocarbonization facility, where we were éble to 1oc$te PNA
contamination in the experiménta] area. Our DOE-sponsored programmatic
effects include fabrication of two advanced version spotters for comprehensive

field testing in other DOE coal conversion facilities.
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Advanced spotter assembly.

Figure 5.
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ABSTRACT

A pocket-sized personal air contaminant analyzer is being
developed to monitor a worker's exposure .to toxic -gases. The heart’
- of this instrument is a miniaturized gas chromatograph, complete with
carrier gas supply, pressure_regulator, sample pump, and computef
- system. The instrument will be capable of automatically sampling the
air at one minute intervals during an 8-hour shift, ‘measuring the con-
centrations of up to 10 different gases, calculating and storing'the
average and peak concentrations of those gases, and sounding an alarm
if potentially dangerous environmental conditions are detected. The
miniature size of the package is due mainly to the use of integrated
circuit processing techniques upi]ized in the fabrication of the major . -
components of the chromatograph; This‘instrument, which is'curréntly
in the early prototype development phase, will allow the on-site monitor-
ing of .a mobile worker's exposure to multiple gaséou§'contaminant, which
should have a significant impact on the field of industrial hygiene.
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. INTRODUCTION

Gas chromatography is a widely used lechnique to analyze.air samples
for contaminant gases. Gas chromatographs have been too massive, howéver,
to be unobtrusively carried by a worker for the purpose of environmental
monitoringg Recently the techniques of integréted circuit processing have
been ntilized to greatly reduce the size of all major components of a standard
gas chromatograph (GC), so that a completely self-contained instrument weigh-
ing less than one-ki]dgram is now possible. The prototype of such an air -
contaminant monitor containing an integrated GC is currently under development.
It is anticipated that the final instrument will be capable of sampling the
air at one-minute intervals during an eight- hour shift, analyzing the sample
for up to ten selected contaminant gases, ca]cu]at1ng and storing des1red
average exposures for each gas, and be capable of warning the wearer of
dangerous environments by sounding an alarm when any concentration exceeds a’
preset maximum exposure limit. .

The comp]ete]y self- conta1ned gas chromatograph system, as Qhown in Fig. 1,
consists of -a gas chromatograph for doing the actual separation of gaseous
impurities from the air and a microcomputen system for both analyzing the
separated componenﬁs and controlling the operation of the coﬁp]ete instrument.
The ‘chromatograph separates gaseous'contaminants'from,air by injecting a brief
bu]se of sample at the head of a long separating column. A carrier gas, which
is continually flowing through the column, transports the samp]e‘past a column
lining which is capable of absorbing and desorbing the éonétituents of the
sample mixture. Different impurities are retained in the lining for different
total amounts of time, so they will exit the column at characteristfcaT]y.dif—
ferent times. A detector placed at the colunn output measures the concentratjon
of the now separated impurity peaks. and the computer system determines the
identity of the peaks using stored retention time data, calculates the present
concentrations, updafes the average conéentrations, sounds an alarm if any con-

centration exceeds a stored maximum, and will display any concentration on demand.
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DEVICE FABRICATION

The heart of the complete system is the integrated GC which consists of
a'sample injection va]ve,_sepakating caﬁi]]ary column, and output detector.
These elements are fabricated on a éing]e 5-cm diameter silicon wafer using
a seqUence of photolithography and silicon etching stepé. The etches were
developed from integrated circhit processing technfques which allow very
tight control over the locations and geometries of the etched features. The
separating column is forméd by etching a spiral groove in the top surfa¢e of
the silicon wafer and then hermetically sealing the wafer to a piece of Py?ex
glass. A photograph of such a wafer and glass assembly is shown in Fig. 2.

The column is 1.5 meters long with a cross section of 150 x 30um. Etched
holes through the wafer lead to the sanp]e injection value and output detector
which are located on the bottom surface of the silicon wafer.” The samp]e
injection valve is an exiremely small solenoid operated diaphragm valve which
is capable of reproducibly injecting samples of less than 10-=n1 volume. The
detector is an integrated thermal conduct1v1ty ‘detector which is batch fabri-
cated using integrated circuit processing techniques and is capable of detect-
ing impurity concentrations of about 500 ppb at the detector The'capillary
column is lined with a th1n Iayer of 11qu1d sLdt1onary phaae by passing a p]ug
of the lining through the capillary and then blowing ‘the column dry.

The complete chromatography system utilizes support components which have’
been miniaturized to roughly match the size of the‘integrated GC. Since the
column cross sectional -area is so small, the column operates on extremely small
gas flows, which a]]ows'a signﬁficant reduction in the carricr gas supphy. A
10cc high-bressure gas'cartridge, for example, is capable of supplying the
nominal 0.2 nl/min carrier gas flow rate for about 100 hours of operation. A
pressure reQu]ator prototype has been built 'using another miniature diaphragm
- valve and a 10cc surge tank"to supply carrier gas at constant presshre to the
chromatograph. Since the one valve injection scheme requ1res samp]e gas to he
pressurized above the carrier gas input pressure, a miniature piston pump has
. been developed which draws in samples from the air on command from the computer
and pressurizes them for the injection valve.

_ Recent advances in the field of large scale integrated circuits have allowed
entire microcomputer systems to be built on silicon chips less.than 5mm on a
side. Without such a computer system a pocket-sized gas chromatograph would not
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be possible. The computer, with only a few small support circuits, handles

the adjustment and sequencing-of the pressure regulator; sample pumb, input
valve, and detector amplifier. In addition, it analyzes the detector amplifier
output to do peak detection, integration, base line correction, impurity gas
identification, and concentration calculations. Low power, low cost microcom-
puters are becoming available which will allow continuous operation of the
instrument for an eight-hour shift on a small rechargeable battery.

A preliminary drawing-of the final configuration of the instrument is
shown in Fig. 3, The package size, 4cm x 8cm x 15cm, and the expected weight
of 0.6 kg should allow for relatively convenient and unobtrusive use of the
instrument.

SYSTEM PERFORMANCE

The performahce of the instrument is now limited mainly by the rather
short, 1.5m, column and the extremely small sample injections. The short
column requires extremely efficient column linings in order to provide good
separations in the short times available and at ambient temperature. Since
the amount of column Tining is limited by the available column surface area,
the injected sampies must be limited to about 10nl1 in order not to overload
the Tining. An injection of 10n1 of 10ppm hexane, which is now at the limit
of detection, represents only 0.4pg of impurity.

The work on colurin linings to this point has been somewhaf limited due
to the lack of complete, working chromatographs. Recent work with the station-
ary phase Squalane, for example, has given some beginning indications of the
performance of the instrument. One such separation, with a rather thin column
1ining is shown in the oscilloscope photograph of Fig. 4. The air peak is- |
mostly off screen, aﬁd hexane, heptane, and octane impurity peaks can be seen.
The peak on the far right, octane, was injected at a cohcentration of about
4000ppm. ‘ ’ ,

The height equivalent to a theoretical plate (HETP) of this column is
less than O0.1mm. A thicker lining tends to increase the HETP but also increases
the separation factor. A thicker Squalane lining with a.HeTP of about 1,0mm
was able to clearly separate air, acetone, pentane, hexane, and heptane.
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It is not completely clear at this point what performance will be
obtainable from the miniature columns. Many techniques which have been
developed for increasing the surface area of standard GC columns should be
applicable in the miniature columns and would substantﬁa]]y increase per-
formance. The colunns can now be fabricated with a high yield of working
units, so that investigation of different lining schemes can now proceed.

It seems highly probably that -1inings can be developed which will have the
required performance to separate about ten different gases, but probably
different column Tinings will be required for different classes of compounds,
for example polar vs nonpolar substances.

Although the detector is capable ot detec¢ting impurities at about the
500ppb level, there 1is significant broadening of the impurity peaks from
injection to detection, so it appears that the minimum level of detection of
substances in air for this unit will be about 1Uppm. It is hoped that improved
detector systems and peak detection programs can be developed>to reduce this
limit, but the detection of gases under 1 ppm may never be possible for such
a portable chromatograph. ’ |

CONCLUSION

A complete portable gas chromatograph has been designed and all major
components built and tested. Some development work is still necessary to
improve the performance -of the column 1inings dand Lu fully integratc all system
components before the: prototype phase will be cumpleted. The final pockect-sized
instrument will be capable of separating and measuring up to ten sample gases
and calculating and storing their time weighted average concentrations. It
will be fully self-contained and capable of unattended operation for an entire
eight-hour shift. In addition, with minor software changes, the same instrument
could be used as an initiél sUrvey device to quickly assess the coﬁcentrations,
of the programmed fmpdrity'gasses at many locations in a plant. As a personal
monitor, the instrument should significantly expand the ability to measure
workers' exposures and aid in the reduction of those exposures. In such an
application, the device should prove to be a useful analytical tool and should
have significant impact on the fields of industrial hygiene and occupational
safety. :
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Figure 4. Oscilloscope photograph of amplified
detector output showing, from left to right, air,
hexane, heptane and octane peaks.
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RECENT ADVANCES IN
THIN SOLID FILMS FOR SOLID STATE

GAS DETECTION

D.J. Leary - ' s ' A. G. Jordan
Department -of Electrical Enginéering

Carnegie-Mellon University
Pittsburgh, PA 15213

Several materials systems have shown promise as thin films for solid
state gas detection when incorporated in infegrated devices using- standard
planar pfocessing techniquesl. Among the several acti&e areas of pursuit,
impressive recent advanced in thin film'métal—oxide semiconductofs, metals,
and certain or@anic materiaiSvsugéést a brigh£ future for the deﬁelopment
of highly interxgradable soiid state gas sensing devices. Recent'developménts
in thin film metal-oxide semiconductors (2n0) sensitive to CO and 02,
hydrogen and st sensitive metal-gite MOS structures, ana.gn organic
thin film (phthalocyamine) sensitiQé to Noz‘arendiscussed in this, the
first parf of a twovparg presentation entitled "Recent Advances - Solid

State Gas Detectors"
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Introduction: 7n0 as a Material for Gas Dectection

Materials systems whose ele;trical properties are iﬁfluenced
directly by reactions with the gas ambient and which lend themselves to
standard planer procéssing have receivedléonsiderablg attention recently. -
As a specific case Zn0 was a likely céndidate for study because of its
long service record as an industrial cataiyst. Electrical préperties
of Zn0 sukfaees are very sensitive to;ambient conditiqns and high purity
. single crystal specimens aré valuable for”étudying such processes. Gas-
" solid interactions b; chemisorption processes involve charge transfer of
electrons to or frqﬁ surfaée layers. Figure 1 illustrates a specific
examélé of oxygen chemisorption on n-type éno. Oxygen acts as an accep£or
introducing surface accepﬁor states that deplete electrons from the solid.
Energy- band bending depicted in this figure has 'a spatial extent on the

order of a Debye length, LD into the solid,

2 .
LD = ekT/qZND

’Cbnductivity measurements 6n single crystal specimens,however,will not

refiect this'surféce sensitivity if its spatial extent is small compared

to the sample thickness. 1In pol?crystalline films ﬁhe surface charge

tra;sfer process is still at play and with crystallite size small, the
"surface. layers dominate the measured conductance. Figure 2vis an illustration
of pqssible processes in polyprystalline films whefe individual grains

are connected to form.a conducting medium.

For the first situation we show adsorption of oxygen at free surfaces

which establishes a depletion region accémpanied by a large reduction

in free chafge. The depletion region can extend through the intergranular

contact as shown pinching off the conduction path between grains. In

the second figurc oxygen is adsorbed along grain contacts as well rasulting
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in a potential berrier to carrier flow between-adjacent grains that is
modulated by the amount of oxygen on .the surface. The expression for the
measured resistance of such films is

R = q/
meas n_eeTMagr - .
where N oee is the effective carrier concentration in the individual grain,

q is the electronic charge, u is the efféctive mobility in the intergranular

eff
. region, and g is a geometrical parameter.

Studies by previous workers on films of this geometry have analyzed
the situation by considering a highly conductive grain to bé separated from
its neighbors by a second high.resistance phase that effectively determines
the measured resistance. Such an o&ersimplification does not deal with the
.electronic processes directly and can not give more than qualitative information
if applied to gas sensitivity.

A more fundamental approach recently applied to this situation has
provided a semiquantitative description of' electronic processes and a guide
for materials processing to optimize gas sensi;i?ity of polycrystalline
metal-oxide semiconductérs.

A chemisorption charge transfer moaél would be expected-tﬁ depend °
critically on grain size and the corresponding number of free carriers
which takeApart in conduction and surface reactions. For the case of small
crystallites the volume concentratidn of surface accepfors can be comparabie
to or, even greater than the volume densilty of free carriers inside. Such
a situation requires simultaneous solution of Poisson's equationAand the
charge neutrality equation for each grain. We apply this approach to determine
crystallite surface potentiai and from this the effective carrier concentration
as a function of-the density of ionized surface accépfor states for a

particular set of materials parameters (e.g., grain size and geometry,

dopant concentrations, donor and acceptor energy levels distributed in the
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bandgap, cépture cross section for surface acceptor states, etc.). For:
the case of Zn0 the effective carrier concentration versus grain size is
plotted in Figufe 3 for a given surface acceptor density; Nss' The results
of the computer solution suggest the existence of a sharp transition in

the effective carrier concentration bétween a highly conductive grain

with large radius and a nearly fully depleted grain of small radius.

The transition is for small changes in grain size and,for a given doping
level,is a function of temperature and concentration of surface acceptor
states. The result suggests-that material parameters might be adjusted
such that small changes in surface -acceptor density could give rise to

large changes in n and the measured resistance of the film. The effect

eff
of a distribution in grain size about a mean and a distribution in energy of
surface acceptor levels and bulk donor levels is shown to smear out this
sharp transition.

The situation is illustrated in Figure 4 where n is plotted from

eff
the computer solution versus Nss’ the surface acceptor concentration for
Zn0 material parameters as listed in the figure. For the parameters used,
an optimum Sensitiv;ty of neff.to Nss is determined for a discrete

grain size of 35nm at room temperature.

We have to somg-extend experimental confirmation using Hall and
conductivity measurements that a.high sensitivity region may indeedugxist.
We have  been sucéessful in fabricating and studying films that have a
distribution in grain size and that would appear to lie in the upper
and lower.regions of the curve, but have failed to produce films to date
that lie in the transition reéion. Fortunately, the RF Sputtering proceéss

employed for film deposition affords good control of doping and grain

size.
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Gas éensitiyity: Zn0

Figure.S-illﬁsfrates the sensitivity of ZnO té COlin air. "Plotted
is the change in resistance of a 2Zn0O thin film resistor operated:at elevated
temperatures versus CO concentration in parts per thousand. The response
of the film is due to interactioﬁ of gaseéus €0 with ionized adsdrbéd o*ygen
in thg oxidation reaction of CO of C02. The ngt procesg donates;an electron
to the conductiéﬁ band at the.surface and the film resistapce decreases.

If an isobar frém this f;gure for Qppt CO is plotted yith teﬁpérature
as a pgrameter the curve of Figu;e 6 results. Thé bell shape.iﬁ'the
responée versus temperature suggests a tempé;ature distribution for the"form
of ionized oxygen on the surface,where in the'fegion of highest sensitivity

/ , )

the predominant adsorbed form is 0 . It is we}l known that certain catalytically
active metals such as Pd and Pt are used in ;xidation and hydroéénation
reactidns3. Incorporation of such a metal in,;mail qgantities as. a dopant
in an is observed to increase the sensivitity.of thin films to chemisorption.
and cétalytic charge transfer processes. Addipipnally, the rcspo;se
curve.fﬁr these films in Fiéufe16 is:shifted‘tblkower temperatures. This
is a Qesirable feature in integra;ed devices on silicon where thermal

)

isolation of adjacent devices is a significant developmental problem.

’

H_and H S Sensitive MOS Structures
P4 Z -
Thin metal films which dissociatively dissolve H2 such as P& and Pt

have been incorporated in integrated diodes and capacitors on passivated

14

silicon substrates . Changes in work function at the metal-SiO, interface

2

oad
and gases such as H

induced by ionized H 2SAand NH3 can give rise to lérge

2
changes in the reverse leakage current of a Schottky diode or changes

in the’flat band voltage. of MOS capacitors. H_ sensitivity is shown
P 2

in Figure 7 with the structures operated at room temperature. ' The figure
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“illustrates diode sensitivity in terms of changes in reverse leakage
current and changes in capacitor flat band voltage versus hydrogen

concentration. 1 to 10 ppms H., in air are detected with the upper limit

2

on sensitivity being near 1% H2.
MOS capacitors can be operated at elevated temperatures improving

response times and the senéitivity to H, is perverved. Both structures

2

are sensitive to strhut operation at room temperature results in a short
term deterioration in response due to sulfur poisoning of the metal

surface. However, the sensitivity is entirely‘réversible at elevated
temperatures above l6OOC in air. AQiode structures can not be used at

élevated temperatures whereas MOS capacitors retain their characﬁeristics
substantially in this temperature range. As an alternative to measurements

of changes in flat band voltage with H2 ér Hés, the actu;l change in capaéifance
can be measured at a given gate voltage. Figure 8 illustrates the resulf

.of such a méasurement plotting changés in differential capacitance versus

st concentration at elevated temperature in air. 1 to 10 ppm st

can be determined. Device sensitivity can be improved by minimizing the SiO2

dielectric thickness.

" Detection qf NOA with Organic Semiconductor

Recent‘intézest in organic semiconducting thin films sensitive to
various gas species has producgd some ;mpressive resultsG. As a spec%fic
example, a thin film polymeric material, phthaiocyamine, has been shown
extremély sensitive to NO2 and Cltoperated:at élevated temperafurés. A
change in film resistance is mea;ured with detectiOn.ip the_partsbper billion
range for N02. A éensitivity curve of measured resi;tance versus NO2

concentration is shown in Figure 9 (after reference 6). The attractive

aspect is that the material can be processed with conventional planar techniques.
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The aspect4oE seiectivity has been approached from several angles.
Figure 6 was one speéific illustration where the addition of a.catélyst as
a dopant impurity shifted the Zn0 tempergture distribution for the
response of the film in the case of CO. In general, the sensitivity of
a metal-oxide is temperaturé dependent and conceivably an array of devices
operating at d%fferent temperatures witﬁ the associated signal.processing
could ge used to discriminate several gas constitueﬁts. Alternatively,
pre-processing of tHe gas ambient by filtering of the gas components, analogous
to pre-processing of communications waveforms before detection, can provide
selectivity as well. We'have been working to incorporaté Zeolite moleculaf
sieves with commercially available devices and with our own integrated
‘versions. Figure 10 demonstrates the results of the use of a.3‘angstrom
pore sizevZeolige deposited on 2Zn0 as a filter for Co. »HZS, which is a poison
to Zn0, is screened out because its molecular gize is too large to pass
“through the Zeolite. Responses to HZS without the Zeolite are shown. With

the filter, H,S is effectively screened from the sensor. The currently

2

employed deposition process for the Zeolite is not fully compatible with
standard planar processing techniques and before this.technology-can be
fully implemented, thin film deposition of moleculaf sieve material must
be developed. |

Figure 11 illustrates the utility of BA Zeolite for separation of
H, and H,S. The fesults‘shown3héie are for a commercially available SnO2
baséd detector. Two identical detectors,with one incorporating the Zeqlite,
can effectively descriminate the response to stAfrom that of H2. This
is also of interest for the diode and capacitor structures rgférred to
earlier.

Finally, separation in time with the chromatography column described

-

L1 . ‘ ‘ : . .
in this symposium incorporating our sensors at the end of the column is

- 248 -



Resistance.(ohmsy

Resistance (ohms)

10

10

10

10

4
10

10

10

10

Zeolite 3A

E——

RF_Sputtered Zn0—

HZS with 3A

co .

H_ S
2 .
(poison)

g

10

3
10 10

‘Concentration ppm

Figure 10

Zeolite 3A

TGS#813 (Sn&z)

with 3Aa

L 1

10 100
Concentration ppm

Figure 11
- 249 -

+



" possible. The high degree of integrability and success of implemencing

standard processing to these materials have given some results that
so far appear promising. ‘
We héve éoncérned‘oursel§es in the first seétionnof the presentation
with recent deQelopmehts of materials and deviéés around wh;ch some solid
state detectors are bﬁsed."Part II discusseé developments yith the assdciated

signal processihg'and aevelopment of aléorithms making the best use of

already existing sensor téchnology.
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*

INTRODUCTION

A primary goal of our research is the eventual development
of a portabie pollution monitor. The ideal monitor would be
small, light weight, safe, rugged, inexpénsive and capable of
continuous operation throughoﬁt the worﬁday. As a gas detection
system it would need to respond reliably to combustible and
polluting gases over a dynamic¢ range of several ofdcrs of'
magnitude, with a time resolution of a few minutes and a
typical accuracy of 1o<goz. A gas detection technology that
seems suite& to thé eventual fuifiilment éf ﬁhese goals is
that of semiconductof.detectors. Howevér, to date, semiconductbr
detectors have begn qharactérized by loﬁ rgﬁroducibility, driff,
and very ﬁoof'gas selectivity; These limitations cannot be
overcome until much more is kﬁownfabout the nature of the
detection mecharnism in the semiconductor material. Some of
these limitations though appear to be inherently tied to the
nature of the materials usea in such a way that it is uniikely
‘thét they will be completely overcome by materials research in
the near future. If the computational power which ié now becoming

available at low cost in microcomputers can be used to compensate
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for the imperfections of present solid state detectors then

the development of a portable gas detéction'instrumect,may

be possible. This is made possible only by the significant.

decrease in both size énd cost of computer systems.ovef the.

past few years.

‘To aid the theoretical understanding of the'basic'mechanisms
of the detection process, an empirical foundation must be
established dealing with the response of existing detectors
to various gcses under various conditions.l An experimental’
effort satisfying such needs should be able to accomplish -
the following. tasks.

1) - Investigéte thc basic response mechdnism of the-dgtectors;
(e.g. determine empirically the dependence of the'semi—
conductor material on temperature, gas concentration;
fouling, etc.).

2) Provide insight into the characteristics which -would be
desirable in future detectors, thereby aiding in the
development of higher performaﬁce detectors. . : C

3) Determine the extent to which a synergistic cooperation
between semiconductor and microcomputers is able, b§<
using innovative signal crocessing techniques, to overcome -
the inherent limitations of existing detectors, and,

therefore, make the genesis of a truly persorial, portable

gas detection system feasible. -

In our preliminary efforts to meet the above goals, we
have designed and ¢onstructed a microcomputér—based data acquisition
and analysis system. To determine the necessary functional.attributes

of the system, we have studied a detector which typifies the state
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‘of the art iﬁ solid state gas dgpection.v That detectof_iS'
the Taguchi Gas Sensor (TGSS, which is manufactured by Figaro
Manﬁfacturing Company of Japan. The TGS is constructed of a
highly porous n-type, tin oxide semiconductor whoée conductivity
is greatly affected by’the gases present at its surface. The
surface-reactions which determine the sensor's.detection properties
are sfrongly‘témperéture dependent. To control the sensor temperature,
a heating coil is imbedded within the sensor. A power of 66Q mw
dissipated in this .coil is capable of heating the TGS to about 400 C.
Heating in order-to achieve reasonable sensitivities to gases‘is a
method likely fo‘beAqsed by most detectorg we‘plan.to test;,

Preliminary study of the TGS yielded the .following characteristics
which we expect to .be-in common with those of other semiconductor
gas'&etectors:
1. Concentration Résponse: The conductivity of the sensor

can change‘over an order of magnitude when exposed to

just a few hundred ppm of combustible gas. The data

acquisition system hés beeﬁ developed to measure

conductivities over a six decade range ‘in magnitude.
 2. Resistance Drift and Stabilization Times: When the

detectors are.heated up éfter a long period of inactivity

they may take up to a week before stable resistances are

obtained. Even then>thexe are changes 1in resistance with

time that are not correlated with changes in environment.

The data collection system has the capability to takg

data over long time periods so that drift and detector

lifetimes can be analyzed.
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3. Temprature Variation: The résistanceS"of the detectors
and their sensitivities to gas concentrations change
dramatically with temperatufe in a very compléx.way;

If the'temperatureiis.changed the response depends on
the previous history of the détector. The detector

has a memory that extends from a few hours to a few
days, that causes a hysteresis loop to be produced in

a resistance vs. femperature plot. The data acquisition
s&stem chahges, in real time, detector temperature and
gas concentration so that the detectors' response to

the three variables temperature, concéntration; and. time

can be determined.

RESULTS
A. Steady State Response
When TGS sensors operating at 5V heater voltage are placed

in pure N, their resistances drop from "air" values of approximately

2
10-20 KQ to véry low values (.5-2 KQ). In additioh, the sensors
resistances are observed to drift over a large range (of up to a
factor of 2) over time periods of hours to days in a constant
environment. This drift in resistance at constant'temperatureA
over long time peériods does not seem to be relatéd to ambient
'gas concgntrations. If Oz-is added, the resistances increase;
nearly following a power law relationship, until in pure 02

they are the greatest observed (500 K to 1 mQ). Fig. 1 shows
this power law responée for several sensors. Resistances of

individual sensors start at vastly different values but all

show similar power law slopes.
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If one starts with a high OQ cqntentration (for instance
pure 02 or Air) and adds either’CHa, CO or HZO, very: similar
curves.are‘proauéed. The resistance vs. concentration is again .
described by essentially a powerflaw,‘but now the resistance
decreases. TheAremarkable feéture of these curﬁes is that their
slope is the ﬁeggtive of the slope for increasing resistance in
02 concentrations. IR N

An equation which fits these cufves very well is found
to have the,following form.

= -B
R = (Ko + K[C]).

for CHA’ co, HZO;Aand for.O2 replace -8 by +8..
where R = resistance of sensor
K, = a detector dependent constant

which describes the finite
resistance at zero gas
concentration
K = a constant which is specific to a
sensor and the type of.gas
[C]'= concehtragion of gas (ppm)
B = power;law slope.
In the above equation the 8 is very similarlf;om sensor to
sensor or gas éo gas, but changes sign fof concentrations of 02.
Values of K, the gas sensitivity coefficient, chapge from sensor

to sensor, gas to gas, .and temperature to'temperature. It:is this

variation that will need to be exploited if .these sensors are to
.be used to selectively identify a gas. Imbedded in the Ko term

-are the drift effects.
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For a single sensor, operating at constant temperature,
there is a day to day variation in resistance even in a very
"clean" atmosphere. If the dependence of sensor resistance on

4

family of curves is obtained, each with a different starting

CH, concentration in air is measured on different such days a

point but with other eésential features mucﬁ the same as can
be seen in Fig. 2. 1If these curves are optimally fit to
) R= (K, + K[C])_B
B is found to be constant to + 25% and K constant to + 10%.
Almost all variation is found ig the K0 term.
Based on preliminary results, we feel that the dependenceA
of a seﬁsor resistance on the simultaneous presence of concentrations

of several reducing gases can be expressed by

R= (K + y Ky [ci])'B
i

where [Ci] is the‘concentration of ‘the‘ith reducing éas, and
Ki is a strongly temperature dependent gas sensitivity coefficient
for the ith gas. |

. This éxpreSsion suggests that if there is enough tempe;ature
variation among .the sensitiﬁity coefficienfs Ki then it may bé‘
possible to produce gas specificity by varying the temperature.
Long stabilization tiﬁes and hysteresis effects greatly complicéte
data collection when the temperature is varied. If, howevér,
at different temperatﬁres, the resistaﬁce vs. concentration
characteristic is 'measured, and then the corresponding,relationship
between resistance and temperature at constant’concentrations
is obtained, then a graph similar ta that showﬁ in Fig. 3 would
be obtained. Here we can see fhat'temperature dfématiéally

affects the zero concentration resistance as well as the sensitivity
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to the gas. If such curves for different gases show different
sensitivity functions vs. temperature, then conceptually at

least, we have a means of improving the specificity of the

sensors to various gases. It is in this area that a coupling

of the control and computational power of microconputers to

the limited selectivity of the solid state gas detector could

lead to an acceptable gas detection system.

CONCLUSION

We have shown that, at constant temperature in an oxygén
rich ambient, the_TGS resistance, R, Qaries with reducing gas
Aconcenfration [C] as RN'K[C]—B, where K is a seﬂsitivity
coefficient peculiar to the reducing gas and the'operafing
femperature, and B is a power law exponent. - It seems possible
that the'depeﬁdence of the sensitivity constants K for various
gases on detector temperature can be utilized to enhance the
.TGS selectivity in gas detection: Thevmajof complicaﬁioﬁvto‘
this scheme would be the long stabilization times ipvoived
when temperature is changed. Ne&eftheless, a s&nergisticf
combination of seminnnduétor.sensorc.and microcomputer=based
signal processing is exﬁected to help overcome the most significant

limitation of ptesent sensors: their lack of selectivity.
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RAPID ANALYSIS OF PNA COMPOUNDS IN COMPLEX
SAMPLES BY ROOM TEMPERATURE PHOSPHORIMETRY*
Tuan Vo-Dinh
Health and Safety Research Division
Oak-Ridge National Laboratory
Oak Ridge, Tennessee 37830

The characterization and detection of polynuclear aromatic (PNA)
» compounds is an extremely important problem invoiving numerous fields
ol resedrch ranging from petroleum and poa1'téchno1ogy to carcinogenisis
research and hea]th'hq;ards assessment studies. Room Temperature Phos-
phorimetry (RTP) is a re]étive]y new.-technique that has recently gained
considerable interest ahong analytical spectroscopi§ts (1-6). This
technique is based on the phosphorescence at room temperature of organic
compounds adsorbed on various solid substrates including asbestos, silica
ge{; sodium acetate, and filter paber and provides a‘simp1e and sensitive
tool for monitoring PNA compounds in fossil fuels and coal conversion

products.

Methodology of the RTP technique.

A RTP assay consists generally of four steps:
1. substrate prebaration (optional pretreatment),
2. sample Helivery, |
3. drying process, and
4. spectroscopic measﬁremeht!'
Filter paper was cut into b 25 in. c1rc1es using 'a standard office

‘hole punch. Three m1cro]1ters of samp]e so]ut1on were then spotted

*Research sponsored by the Division. of Biomedical and Environmental
Research, U.S. Department of Energy under contract w 7405-eng-26
w1th the Union Carbide Corporation.
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'on the'§upbort using syringes with a volume of 3 microliters. Pre-
drying was achieved with infrared heating lamps. The Subsequent
drying process during the measurement was accomplished by blowing
warm and.dry air through the sample compartment, _Phosphorimetric
measurements were performéd with a commercial Perkin-Elmer spectro-
fluorimeter equipped with a rotating phosphoroscope..

Concerning sampling procedures, the RT? technique is characterized
by the simplicity and'versatf1ity of its methodology. The use-of fil-
ter paper as direct sample support offers an extkeme]y large choice |
of the types of samples which can be monitofed, such as 1iqqid or

. gas samples collected on filter membfanes.

The external heavy atom effect.

Since the first.report of the solvent heavy atom effect was given
by Kasha (7), it has been conffrmed that the presence of heavy atoms,
either as substituents (internal heavy atom effect) or in fhe environ-
ment (external heavy atom effect), can enhance significant]y the
process of intersystem-crossing and, therefore, the phospharescence

emission. Significant progress has been achieved recently in the RTP

method by the extensive use of the heavy atoms. For PNA compounds a

large variety of heavy atom salts such as CsI, NaI and Pb(oAc)’(]ead acetate)
. have been found to be very efficient in enhancing the phosphorescence
quéntum yields. The presence of heavy atom salts offer; considerabié
advantage in quantitative analysis since the 1imits of detection can

be decreased, in soﬁe cases by several orders of magnitude‘(Fig; 1).

The detection limits of the PNA compounds investigated are in the nano-

gram and sub-nanogram range (Table 1). Preparation of phosphorescent

substances can be accomplished not only by adding heavy atoms to the
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solvent but also’'by incorporating these perturbers directly in the
adsorbent material prior to samp]é delivery. The use of commercially
available, pretreated adsorbents is also ppssfb]e.

hecentistudie§ have shown that the technique based on selective
triplet emission enhancement could extend considerably the specificity
of.fhe RTP‘technique'in multicomponent analysis. It was possible to
se]ective]y enhance the phosphorescence emission of a gjyen compound
(or group 6f compounds) "in a complex mixture (8).

Analysis of hazardous PNA combounds.

The RTP technique has a great potential as a rapid and simple tool
for monitbring PNA compounds. llt will have useful application in many
cases of analysis of envi?onmenta] samples. It is most valuable in
situations where the analysis time and cost per sample are important
factors.

A practical example of application is the characterization and
semiquantitative determination of PNA compounds in a Synthoil sample
that has been coarsely fractionated. For compounds that are abundant
in the Synthoil, such as pyrene, direct identification by'RTP_cou]d
even be perfokmed;with the crude 5amp1e (9). Figﬁre 2 illustrates
an example of rapid identification of pyrene in Synthoil by RTP
' analysis using the synéhronous scanning technidue by which both
exéitation and emission wavelengths were scanned simultaneously
with a éonstant wavélength interval ax between them (10,11).

The RTP technique can offer a fapid and simple method for differ-
entiating isomeric PNA compounds.. Precise .identification of PNA
jsomers is extremely important in-environmental §tudies and health

hazards assessmeht bécause the toxicity varies strongly with the
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structure of isomers. Benzo[a]pyrene (BaP) and benzo[e]pyrene (BeP)

are well known examples; whereas BeP is relatively innocuous,.BaP is

a hézardous compound (12). - Isomeric benzopyrene can be easily and -
-unambiguously-differentiated in RTP analysis by eip]oiting the differehce
of their singlet-trijplet energy :splitting (10).

It is believed that RTP can provide aArapid and practical method
for honitoring BaP because its phosphorescence occurs at aboﬁt 690 nm
and is not interferred withxby its isomer BeP or by a ]arge‘number
~ of other muitiring PNA compounds (8). Another example of interest
involves ],2,5,6-DBA (dibenzanfhracene) and 1,2,3,4-DBA. These are
two isomers that exhibit strikfng]y different carcinogenic activifies_
and can be differentiated easily by synchronous RTP analysis (Fig. 3).

Potential applications.

In the area of occupational health hazard assessment, RTP can
offer several advantages as an-ana1yticélAhohitoring tool. The
technique shéu]d providé a éimp1e, rapid, and sensitive method for"
identifying mqjor PNA;components in samples from coal conversion and
0il shale industries.

Since RTP is essentially a surface detect{on technique, it can
be applied to monitoring organic compounds-on contaminated surfaces
in coal procession Tocations (working areas, spills, clothing, etc,.:).

The veréati]ity of its sampling procedures js one of the main
advantages of thé method. Various sample collection methods are
bossib]c: spotting,. leaching, swipe techniques; liquid and gas fil-

tration. The use of filter paper or fi]tervmembrahes as direct sample
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.support greatly broadens the type of samples that can be monitored:
For example, the use of RTP to monitor PNA vapors and particulates has
the obviousiadvantages in many app]icafions, especially with regard to
field sampling and real-time or nearly real-time organic trace analysis.
The possibility of automation'isAanother main advantage of the
RTP technique. An automatic device usfng the RTP method fdr.coﬁ-
tinuous analysis was previously deve]dped for clinical applications
(Fig. 4) (4). This.instrument demonstrated thal. IheiRTP technique
could possibly be Gti]ized oﬁ a routine basis. Such an automated
sy§tem could be developed for field mondforing‘of PNA compounds, -
'offerjng, therefore, various advantages including rapidity and lower

cost of analysis. v
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Table 1

Limits of optical detection (L.0.D.)
of several PNA compounds by RTP3

Quinoline

Compound Aex? S Aemb L.0.D.
[nm] [nm] {ng]
Acridine 360 638 0.4
BaP 395 . 688 0.5
BeP’ 335 543 0.01
2,3-Benzofluorene 343 ° 505 0.03
Carbazole 296 415 0.005
Chrysene 330 518 0.03
1,2,3,4-DBA 295 567 0.08
1,2,5,6-DBA 305 555 0.005
Dibenzocarbazole.. . - 295 475 .0.002
Fluoranthene 365 545 0.05
Fluorene . 270 428 1 0.2
a-Naphthol 310 530" - 0.03
Phenanthrene 295 474 0.007
Pyrene 343 595 0.1
305 505 ,0'04

~ ?Source: Vo-Dinh T.; Hooyman J.R

b

Aox = excitation wavelength, Aom

.3.1978, submitted for

= ‘emission wavelength,
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SCREENING'TECHNIQUES‘FOR BIOLOGICAL ACTIVITY
Joan M. Daiséy and Frank Mukai
Institute of Environmental Medicine
New York University Medical Center
550 First Avenue
..New York, New York 10016
INTRODUCTION
Increasing demands for energy and a desire for domestic
self-sufficiency are anticipated to lead to a much greater
utilization of our coal and sha?e oil reSOnrnps.hefore the
end of this centufy.. To minimize the harmful effects which
often accompany new technbiogy,'aﬁ effort is being made to
anticipate health.haiards which may arise. Studies of
. materials from coal processing pilotAplants (1,2) Have
indicated that the organic méterials to which workers may be
exposed are similar in kind to those found in crude oil and
coal tar, although their relative amounts differ.

‘_The compound classes in these materials which are of
concern include the polycyclic a:dmatic hydrocarbons, heteo-
cyclic compounds, aromatic amines and phenols and naphthols
(1,2). Routine and complete chemical analysis for those
compounds which are: biologically aqtive.is not practiéal
at présént. »Thuéj the recommended standards (3) for 6ccu-
pational exposures in coal tar industries are based on the ’
measurement of‘tqtal dyelohegane extfactablé mass in a sample
of suspended particﬁlate'ma£ter. .éhénqéévin the levels of
-biologicaily activé mate}i@is”méyAnqt‘bé'reflected by such

. measurements and such standards may not adequately protect

workers.
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Short-term bioassay could provide a pracﬁicél method of
monitoring industrial environments for the presence of
biologically active and potentially hazardous materials.

Such tests can reédily détect changes .in the levels of these
materials and some can be completed within a few days.

This paper will discuss some of the in vitro bioassays
‘which are presently available, and .consider their éppli—
cabiliﬁy to the evaluation of occupational exposures in the
coal conversion and shale o0il industries. As no direct
assessment of the degree of human hazard can be made from
the results of such tests, the choice of appropriétevstandards
for comparison will be discussed. The advantages and limitations
of such systems will be considered and research needs for:
the application of industrial monitqring will be suggested.

SHORT TERM BIOASSAYS

Although this paper will focus on work which has been
done with the Ames mutation assay (4,5), many other short-
term bioassays have been developed as shown in Table 1.

The tests, in general, detecﬁ agents which cause damage
to DNA. Both prokaryotic and eukaryotic organisms have been
used, énd the damage to the DNA has been detected by a wide
Qariety of methods. The bioassays presently available, as
well as some of those being devglopedL have,béen reviewed
(6-8) and are currently being evaluated (9,10). Some of
those in XEEEQ_bioassays which may have application to

industrial hygiene will be described.:
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Repair Deficiency. Assays

Damage to DNA in prokaryotic systems, such as Escherischia

coli and Salmonella typhimurium, has beén detectedAby several

methods. In repair deficiency assays (4,6-8), the killing'
effects of the test material on normal and/or repair deficient
strains of bacteria'are_determined} The tésﬁ is frequently
performed as a plate test wifhlthe chemical deposited in the
center of a Petri dish containing a "lawn", i.e., a small
background growth of the téster strain. Killing effects are
measured as .zones of inhibition'bf bacterial growth.

Mutation Assays

Mutation assays, such as the Ames test (4) have been
widely used for screening purposes. The Ames assay employs

mutant strains of S. typhimurium which cannot biosynthesize

histidine. Upon exposure to a chemical which causes a
mutation, -these strains revert back to a histidine independence,
i.e., they grow in media with little or no histidine. The

original mutant strains of S. typhimurium bacteria have been

modified to increase sensitivity to mutagens, making this
assay one of the most  sensitive.

Metabolic Activatibn"

Many mutagens and carcinogens ‘are the metabolitéé of
inactive chemicals and, because ot-ditterences in metabolism
.between bacteria and mammals, may hot be detected in bacferial
tests. For example, the 7,8-diol-9,10-epoxides of benzo (a) -
_pyrene which are derived metabolically from.mic;osomal mixed

function oxidases in mammals appear to be the major mutagenic
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and carcinogenic metabolites of benzo(afpyrene,(ll,lZ). Ames
and co-workers (4), thefefore, ipéorporate microsomal-
enzymes derived from livers of rats treated with Aroclor 1254
in order to’érovide a metabolic activation system in tﬁeir
bacterial assays. |

SOME PRIOR CONSIDERATIONS

There are a number of considerations in selecting a
short-term bicassay for application to.personnei sampling ip
an industrial setting. The tests should be relatiQély easy
to use, require only modest investments in eguipment and
personnel, énd preferably need but a fe& days for completion.
A high level of sensitivity is desirable as the samples
collected will be of a limited mass. The £est system should
be capable of detecting thé élasses of compounds which are
anticipated in the coal and shale oil processing plants.
Further,'it must be able to detect biologically active
compounds in a complex'mi;ture.

_.Although more appropriate bioassays may be available %n
the future, the bioasséy Which best meets these criteria at
present is the Ames test (4). It is highly sensitive,
typically showing response to materials tested in the micro-
gram to milligram range. It is an in vitro fest whiéh can
be completed within a few déys and thus is very inexpensive
in comparison Lo mostfbioassays. It has been used succcssfully
to indicate the presence and aid in the separation and
identification of biologically active compounds in a number

of complex mixtures such as cigarette smoke (13), particulate
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matter in the ambient air (14-17),. coal derived fuels from
pilot plants. (18), and urine (19).

APPROPRIATE STANDARDS FOR BIOASSAYS IN INDUSTRIAL HYGIENE.

No direct assessment of the degree of human heaith
hazard can be made from the results of biocassays of samples
collected in industrial environments. Thﬁs; standards or
reference points are needed for the practical purpose of
deterﬁining ranges. of response which .might be of concern.

The ambient aeroscl provides -a very praétical reference.

Thé classes of organic cbmpounds whiqh are anticipated in

the atmosphere of the coal and oil shale .processing plants,
i.e., polycyclic aroﬁatic hydrocarbons, aza-arenes, phenols
and naphthols (1,2), are fdund.in ambient particulate matter
(20). They are present iﬁ urban-air at Levels which probably
do not pose a long-term health hazard to non-smokers (21).
ievels at rural sites are even lower than for urban areas (20).
In addition, sample collection and handling are very .similar.

AMBIENT AEROSOL MEASUREMENTS

Organic fractions Qf suspended particulate matter
céllected in New York City and in Tuxedo, New York; a rural'
;;ite about 50 miles northwest of the eiﬁy, have been tested
for the présence of biologically aétive‘materiél-usiﬁg the

‘Ames assay (4).

Experimental
The particulate samples were sequentially extracted
with increasingly polar solvents--cyclohexane, dichloromethane

and acetone--in a Soxhlet apparatus, for eight hours with
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. . . L
each solvent. Extracts were filtered.and then reduced to a .

1O‘mlAvolume using a rotary.evaporator (35-40°C) and sfored
in a‘freezér at -20°C until use. - The cycloheXaneland dichloro- .
methane extracts Were evaporated just to dryness under argon
on a slide warmer.kept at 35-40°C. and redissdlved_in-atetOnei
for testing. . The acetone extracts were reduced in volume.
Final sample concentratiéns were determined by weighing
duplicate 100 pl aliquots (which were taken to dryness) on a
Cahn Electrobalance. Test solutions were generally in -the
range of about 1-5 mg/ml. Tesfing was carried out at levels:
fanging:from 50;500 ug per plate fO.l ml) ..

‘ lThe organic fractions were generally screened for the
presence of direct-acting (no. microsomal activation) mutagens

using the Ames Salmonélla typhimuriam plate assay system.

As preliminary investigationé indicated thatvs;raiﬁs:TA-98'
and TA—lOO:were'theAmdst sensitive, these were used ;n al%
subsequent tests; Aroclé; 1254-induced rat.liver,=microsomal~
"fraction $-9, and'ccrfactgrs were used in testS»empléying.
microsomal activation. Bac£erial mutagenicity was'caléulaﬁedi
in terms of net (control subtracted) revertant colonies ber-u
microgram of organic material using the linear"portion of
the dose-response curve.. |
REsultS

Several aspects of the results of our tests of organic
fractions of particulate matter are.péftinent-to the possible.;
application of bioassays to,industfiai hygiene. '“Typical

results are shown in Tables 2 -and 3. The non-polaf<(containing

- 279 -



the polycyclic aromatic hydrocérbéns)‘andzpolar‘f£actions
éll.exhibit mutagenic activity'with,no microsomal activation.
This indicates the presenceVOf actiQé,compounds other than

' pblycyclié aromatic hydrocarbons .as these require activation.
. As mdderately'polar and polar organicAcomeundS'of interest
may also'bg_present in sémples collected in an industrial
setting, it may be appropriate to use.a sequential solvent
extraction or a binary (non-polar .and polar) solvent System.
to separafe'gil biologically active oréanic comeund§ for-
testing. | |

Microsdmal activation reduced -the activity of all three
fractions by 30-100%. Although microsomal enzymes do.pefmit
the detection of mﬁtagens such‘as'bénzo(a)pyrene which must
be metébolically activatéd, they can élso deaqtivatewoﬁher
materials (22). Enzymes can also be-aeaCtivated by other-
~.-compoundézwhichﬂmay'be pfeéent.in a.mixture;4AThusy the

" use of'miquSOmaI enzyme pfeparations iﬁ fhis assay may
present: complications. | .

The}Ames”assay dpesgpermit thé~dete¢£ioh»bf differences
in the.biological'activity of samples"coilected in different 
areas, as shown in' Table 2, and inrsamples céllected on
differenﬁ daysLAshown.ianable 3.

.The‘biological‘aqtivrty of*érganic ffaqﬁioﬁs of ambienp
"particulate matter cannot be directly éomparedfwith that of
particulate samples collected in a coal or shale-o0il processing
- plant at this time. However, Epler ;nd go-workers (18) have

tested various fractions of crude oils and synthetic oils
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derived from coal for'mutagenicity’usiﬁg the Ames test. The
mutagenic activity of crude oil and synthetic o0il, deter- -
.mined as a ﬁass weighted activity of the fractiors tested,
is qompared to that of organic fractions of respirable
particulate‘mafter in Table 4. Valués‘for the neutral-
fractions of the 6ils, which are probably similar in com-
position to the ﬁon—polar fraction of particulate matter,
are also included. The levels of activity of the synthetié
fﬁéls'ape within -an order of maghituae-of fhose of‘phe
particulate matter, indica£ing fhat approximately tHe same
.

amounts of material must be collected for biocassay. This
~assumes, of course, as a first apﬁroximationy that derosol
samples coilected in the<wofkplacé will bevsimilar'in-
compositioh to the fuel oils. -

The protocol used in our laboratory forjtesting the
cyclohexane-soluble fraction of particulateAmafter requires

the use of two strains of S. typhimurium,-a determination of

the response at four different doses and the uée of dupliqate
plates fo; eéCh dose tested. The mass requifements for av
significant response abévé background is about 2-3 milligrams{
Assuming that coal and shale-o0il processing plants will be
required to meet. occupational exposure standards gimiiar to
fhoSe'proposed for coal tar prodiucts (3), personnel saﬁélers‘
presently available ti.6 1/min. sgmplingjrate) would collect
less than 0.1 mg total mass. If this is all organic Material,
the amount available is probabiy sufficient for testing with

only one strain of bacteria at only one dose with the most
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sénsitive bioassay presently available. Thus, personnel
samplers capable of sampling-a much largér volume of air
would be required for monitoring personnel exposure.

ADVANTAGES_AND LIMITATIONS OF IN.VITRO BIOASSAYS

In Vitro bioassajs(are more sensitive than ahimqi
Eests,"They-afe also faster and cheaper Fhan either animaL
_tests or chemical analyses. . They can dg?ect the-presenée of
biologically aétiye materials in mixtures‘aﬁdﬁindicate{ |
differences in.the levels of~the$e:m§terials which may
originate. from changes in raw mafefialé,of.in:proccsses;

Biogssays, su;h as the Ames‘test; cannot be directly
and quantitatively extrapolated'to predict human health 
effects. Comparisons ‘of the bioldgical actiyity and the
chémical composition of samples collected in pilot plaﬁts,
in peﬁroleum~fefineries and in fhe ambient -atmosphere,
_%owever, can‘provide.referenée(points for‘jﬁdging levels
"of activity which may .pose a.heaith'hazard;' The .microsomal
activation system which is presently-in use may not be
adequate. . As there are variations in thenactivity of:these
enzymes from laboratqry to léboratdry,'éome standardization
éf method would be required. -Livef microsomes are presently
used .in the Aﬁes test System.v Some_mutageﬁic=and.carcin;genic
compounds may be réductively activated or.mayibé metabolized
by organS<o£her>than liver or by other cell components in
- humans and woﬁld,not.ﬁé detected by this bioassay. Furthér,~‘
none of the éfesently avéilable:short—ﬁerm bioassaYs can

indicate co-carcinogens or promoters which are present 'in . -

. particulate matter and may poteﬁtiate the action of a carcinogen.
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RESEARCH NEEDS

A beftef uqderstanding of relationships between the
cﬁémical cdmposition of mixtures, lqng;term'iﬁ vivo bioassgys
and the response of short~térm bioassays to variations in,chemi-
‘cal compoéi;ion'is needed for the application of éﬁch teéts SO
industrial hygieqe monitoring. Bioassays.df ofganic fractions
of aerosols in coal and §héle oil5pilotjﬁlaﬁ£s and in clasely
related indistries should als&'ﬁe.compgred. .

Improved sampling teqhniQﬁes are needed as 1arger samples
afe‘réquired for the most sensitive bioassay ﬁfésentiy available
.than can:be collected by personnei samplers qurrent1y in use.
More efficient :sampling sub;trates are needed for organic com-
pounds with 1§wer molecglar weights; whichvmay Bg wholly or

partially-in the vapor state.
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STABLE 1. SOME IN VITRO SHORT-TERM BIOASSAYS ‘2)

BIOASSAY . - - | - BronocicaL system

PROKARYOTIC ORGANISMS - o
Repair deficiency '. R S. typhimurium, E. Coli, B: Subtilis
Point mutations : K S. typhimurium, E.'Coli,;B.-SubtiLis

EUKARYOTIC ORGANISMS . ’
Mitotic recombination , : Saccharomyces céreviéiae
Reversions ' ‘ ' - Saccharomyces cerevisiae
Forward mutations Schizosaccharomyces pdmbe'
Unscheduled DNA synthesié . Human fibroblasts. f
Sister¥Chromatid.exéhange Chinese héms;er'cells, bone marrow celis
Chromosome aberratiqns‘ . ~Hamster-énd rat cells
Cell transformation. ' - -Hamstermkidney fibroblasts,-, .

» human diploid " lung . fibroblasts .-

(a) References.6—8

" TABLE 2. COMPARISON,OF .BACTERTAL MUTAGENICITY
OF ORGANIC FRACTIONS (a)
OF URBAN AND RURAL PARTICULATE MATTER

Fraction .+ New York City .  Tuxedo Park,'N,X.f )

‘Net Revertaht’Cdlonies/Microgram

Non—poiaf - . -0;87¢0.15 S 057¢O.i

"Moderately polar . 4.5%0.2 ’ ©1.2£0.4

Polar . . : . 0,7t0,1 . 0.2+0.4 .

(a) Quarterly éomposifes!of_weekly*féépirable'suspended, _
particulate matter, winter, 1978; Salmonella typhimurium
TA-98 used with no microsomal activation. ‘

(5) " Sampling site is located in a heavily wooded area
- about 50 miles northwest of New York City.
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TABLE 3. DAILY VARIABILITY OF BACTERIAL MUTAGENICITY
OF MODERATELY POLAR ORGANIC FRACTIONS (a)
OF SUSPENDED PARTICULATE SAMPLES COLLECTED IN NEW YORK CITY

. i Net Revertant Colonies per Miqrogram(b)
Date B _ TA-98 - TA-100
8/11-8/12/76 1.0:0.1 , 1.1:0.
"8/27-8/28/76 . ,2.9%0.2 h 3.00.
8/28-8/29/76 1.320.2 . 2.340.2
(a) Dichloromethane éxtracﬁable fraction Qf 24-hr.
total suspended particulate samples.
(b) Tested with S. typﬁimurium bacterial strains with
no microsomal activation.
TABLE 4. A COMPARISON OF THE MUTAGENICITY(a) OF SOME SYNTHET;C
AND NATURAL FUEL OILS(b) WITH ORGANIC FRACTIONS
URBAN PARTICULATE MATTER ()
Sample - _ Net Revertant Colonies per Microgram(ax
_Respirable Particulate Matter ¢ . '
Non-polar fraction ) " 0.23%0.06 (0:78)(6)
Moderately polar fraction . 0.5#0.1 | (0.21)‘e)~
. Crudeée 0il Composite - : ‘
Total activity(d) 0.24
Neutral fraction : . 0.35
. Synfuél A - Total activity(d) . 4.11 -
Neutral fraction o - 0.60
Synfuel B - Total activity'd) 0.50
‘Neutral fraction : . 0.51

(a) Determined with S. typhimurium TA-98 using Aroclor 1254- 1nduced
rat liver §-9 preparatlon and co-factors.

(b) Epler et al.,.Mut. Res. 57:265 (1978).
(c) Quarterly composité of samples collected in NYC fromfoét.—Dec., 1977.
(d) Weighted activity of all fractions.

(e) Net revertant colonies per cubic meter of air.
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PORTABLE OPTICAL PARTICLE COUNTERS
by

. Virgil A. Marple, Ph.D.
Mechanical Engineering Depattment
University of Minnesota
Minneapolis, MN ‘55455

'Introduction

Uﬂder contract with the ﬁureéu of Mihes,‘we have in the past several yeafs
begn investigating the feasibility of usihg opticgl pgrticle.coun#e;s.(OFCs) to.
mégsure dust size distfibqtions‘ahd cqﬁéentratioqé Fhat.may be.found in mining
operatiqhs. As a result of this research, two OPC systems'have béen developea
énd:calibrated specificallj.for ﬁeasufing this type 6f duét, and ‘a third s&sﬁeﬁ
is cﬁrrently under dgvélopmenf.A |

The first system to be develpped uéeq_a‘Bauééh and Lomb 40—lA OPC as the
Senéof and a Hewlett-Packard mgltichannel-analyzer (MCA) data acquisition
: system. This systeﬁ is currently being used by Bureau of Mines personnel to
study the particié.size distributions of agrosols,géneraped'in coal fragﬁenta—
tion studies under laboratory conditions. Since both the Bausch and Loﬁb‘AO—lA-
~OPC and the data acquisitionlsystem are rather large and require a 110 volt
power supply, the system is not'por;éble aﬁd‘nqt easily moved>f;omtohe prbject
to.another;

The second systém wasidesignedbspécifically for field use, and has thus -
beén designed with portability in mind. The égnsér for this system is a
Qattery-péﬁered Royco 218 portable(QPC, andlthe da;a acquisition>5ystem con-
sists of a specially-built battefy—powered eight—channél analyéer. ;Since both

the OPC and MCA of this system can be powered by,Batteries as well as 110 volt
~ : ; . . :
AC power, the system is as suitable for use in remote locations as it is in

the laboratory. This system, weighing approximately 60 pounds and being housed
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in three separate units, was essentially é'two-man operation, evén though
the system was portéblg. In addition,‘the OPC uses an incandescent light bulb
as a light source, which has two disadvantages when used in coal- mines. First,
;,it is difficult to design a system to be intrinsically safe with_the'incandesf
cent- bulb being present, and second, the incandescent light bulb draws suffi-
cient current to require a sizable batte;y if long-term ope;ation is desired.
To . bypass the shortcomings of the incandescent light bulb.source in the-
OPC, a third OPC system using a laser diode light source was designed, and
‘is currently under development. In this system, thé receiving optics of tﬁe
Royco 218 OPC are to be used with the laser diode 1ight soufée. ‘The electFonics
are also being fedesigned so that less power will be réquiréd than the present
systeﬁ.‘ It is expected that ﬁhis OPC can be packaged into a volume of'about
30 cm'g 20 cm x 10 cﬁ. | |
It can be seen from these three systems’that the direction of'odf OPC
system development has been to go from a large stationar?vsystem to a very por-
tableflight-wéight system. It may bg possible, by ﬁsing the laser diode light
.';ource and by completely redegigning and miniaturizing the optical system, ‘to’
develop: a personél éampler based on the OPC ﬁrinciﬁalf. ’

In this papef, the portable system using thg Royco 218 OPC will Ee de-
scribgd, sincejthis.ié a system which is currently in use. Also described will
be the method.by which impactors have been used to calibrate thé OPC fo'give
a calibration based on-the aerodynamic diameper of the particle.. :Next, the
system which“uses: the laser diode light source will- be desc¢ribed, andthe prog-

ress of the current research.-on this system presented.

The Portable OPC/MCA System Using the Royco 218 ‘OPC Sensor
The poftable optical particle counter/multichannel énalyzer (OPC/MCA)

system is shown in Figure 1, and has been described in detail in Reference 1.
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This system consists of an OPC, -an MCA, énd a battery pack, separated iqto
threeAunits.to aid in the portability of the,system; The OPC isba Royco Model
218 portable particle mqnitdr (Royco Iﬁstruments, Inc., 141 Jefferson Drive,
Menlo Park, CA 94025). The MCA and the bat;ery.péck are units which have been
aesigned'and.built in our léboratory.‘ .

In operation, the OPC/MCA system functions in the-usu5l manﬁer of an opti-
cal particie counting system (2). Aerosol’flows_through the eluminating vglume
withintthe,OPc;.and the light scattered by a singlé particle is collééted éhd
focused by an optical syste@ oﬁto a photo diode, where an electrical{pulse is
.generated. The amount of light scattered, and. thus, the magnitude bf the eleé-'
.trical pulse from the photo diode is a function of .the pafticle size, with“

. larger particleé generating pulses‘of_larger magnitude. Thesé pulses are clas-
sified'according ?o their magnitude in the MCA, which stores the déta in the

. ‘appropriate channeis. ;Aftgr a preset time,-thg number of pul;es that have been:
recorded in_eaéh channel of the MCA are read. Then, by use of a calibration,
cu:ve; relating the particle size to thé'pulse‘mégnitudé,.a particle siée dis-
tribution can.ﬁe obtained.

For this'gystem, two modifications were méde'to the OPC- as purchased from
the.ﬁénufacturef. .First,,an electrical output jéck was installed, soAthat,sig-’
nals from the OPC electronics would_be available for analysis- by the MCA.
Secondly, a new %nlet was‘instélled in the OPC which providéd a shéath of-é1éan
ai; grouhd the ﬁérticles passing thrbugh»the optical view volume. The purpose
of this quificatign was to eli@inate the.recirculaéion of particles in the
view'volume; whiéh Qas noticeable in the unmodified unit;v Also, b?fproviding‘
a sheath pf clean ai:laround the aerosoi s;rgaﬁ,.the,flow,rgte‘of the-QPC was
increased.from,.QB ;pm to 2 lpm, which dictated'the use of a larégrépump“and
a different flow system. The details of these modifications are described in

Reference 1.
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One of-the major,task; inAdeveloping‘an“OPC system férimeasuring.miniﬁg-
related dust particle size_distfibutions is‘obtaining,a calibration. curve .
relating-the signal pulse height to the particle diametér'of that particular
dust. ’

As_received‘from the manﬁfacturers, the OPCs are calibrated on trénsparent )
séhetés (ideélﬂaerésols),=which’areAa good‘appfoximation to many atmospheric.
aerosols. However, the aerosols generated by ﬁinigg-related activities consist
'qf irregular particles of varying indices of .refraction aﬁd shapes (non-ideal
aerosols), which may act entirely different in an OPC than an ideal aerosﬁlu
For the systems which have been mentioned in this'paper, we Have used a cali-.
bration method employing én inertial impactor, which provides a relationship be-
tween the OPC éignal’optpﬁt and the aerodyﬁamic‘diameter_of the dust particles.

Tﬁe impactor calibration procedureJhas been described in‘generalfin Ref~
eréncé 3, and its application to the portable QPC/MCA system has segn described
in Reference 1. Briefly, tﬁis célibration'technidue consiSts of making two size
distribution run§'with the OPC. ’For the first run, thé OPC sampleé ﬁhrough an
impactor on its inlet, while in.the second run, the impactor is removed. A
ratib, R, for each channel is' then found by dividing the number of particles
in each chﬁnnel of the MCA for the first run by the number of particles in the
corresponding.channel of the second run. ,The'channellnumber; or-corresponding.
OPC voltage, where R = 0,5 cofrespondé~toAtﬂe 50% cut-off point of the'impactor;
Not only.does.the curve of{R vs.ﬂthé OPC voltage yield a calibration point, but
it also provides aﬁ iﬁdicatioﬁ as to whethgr'or ndt‘thé OPC can resoive the
sizé_&istribution of. that ﬁarticular gerosol. ‘Foruexample,‘the impacfor'has
been designed to have a4sharp.cﬁt—off characteristic. Thus, if the résolution
of the OPC is good, there will be a.sharp drop from 1 to 0 in the value of R as

a function of the OPC voltage. If the resolution is poor, the decrease from 1

to 0 will be gradual.
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Some typical graphs of the ratio R vs. the OPC voltage are présented in
Figure 2 for the particles of approximately the same physical size (Stokes
diameter). In this figure, the OPC voltage has been normalized by dividing by

the OPC voltage at R = 0.5 for each curve, V It can be seen from Figure 2

50°
that ‘the decrease of. R from 1 to some value less than 0.5 iS'fairly sharp for
.éll of. the dusts tested.l»

Calibration curveS'QBtained<by using'thg impaétor calibration technique-
for-éoal;'silica, potash, rock, and Arizbna‘foad‘dust éerosols are shown in
Figure 3 fd; the portable.OPC/MCA-systeﬁs}»-The individual points shown on thé-
calibration'cu;vesrcorfespond to impaétors with different cut—off sizes which -
-were obtained by using nozzles 5f different diameters on the ‘impactor.

It should belnoted‘thag'the data points in Figufe 3 were calibfations made 4
in' the laboratory With dust genérated in a fluidized bed type of dust éenerator
(4).. However, three data points are shown. for silica which was obtained in the
field,yand\tﬁis'data agreeé well ' with the silica daﬁa obtained- in ;he'laboraa
tory. Also sho&ﬁ in Figure 3 is the calibration curve for oleic -acid particles,
which arefsphericél‘oil droplets and arexcbnsidefed to be ideal'aerosois. The'
"ayerage' calibration cufve.in‘Figurei3 is the-a&erage of all -of the dust data
présenﬁed; | |

‘This method ofttalibratihg OPC sensors has fwo~a§vahtages; First, impact-
- ors classify pérticles by their aefédynamic aiameters,-which is the diameter.

" considered to befiﬁpoftant in goverping the motion of respirable dust. particles.
Secondly, -the OPC systéem canibe calibrated inkthe-fﬁeld‘bn any unkhown'aerosal,
whith is important if the chemical .compound or'physicél shapé of\the particles
are of such-a nature as to be difficult, if not impéssible;-to dhplicaté in

the laboratory.

=
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The OPC System Using the.Laser Diode Light Source

[

Since it is difficult to make an OPC with an incandescent- light bulb light

source safe for use in a gaseous atmosphere, which may exist.in a coal ‘mine, it

‘was ‘decided to investigate the feasibility of using a laser diode for the light

source. Although the development of the OPC is currently in the feasibility

study stage, the small -size of the laser diode may make it possible to develop

-an OPC small enough to be a personal sampler and it is, thus, described in this

paper.

The laser diode, as shown in Figure 4, is about one-half.the size of a -

‘dime. The source of light is a slit .25 um x113 um in size and thus is effec-

tively a line source.

To test.the feasibility of using this light*éourcé,~an~adapter for the

. Royco 218 OPC optical tube was made, as shown in:Eiguré 5. 'This adapter is

designed to comnect directly to the receiving optics of the Royco 218 OPC and

" has access holes for the aerosol.iniet'and outlet tubes: Thus, with.this adap-

ter; it is possible to test the feasibility of using the laser diode while
using the rest of the electronics of the Royco 218 OPC.

Since the laser diode-is a line iight source, thé/light intensiﬁy will be
different at the view leumeAparal$el to and transverse to the slit, as shown
in Figure 6. This shows that the light beam width is much-gfeater parallel:‘to.
the slit than transverse to it. 'Thus, the partiéles can pass through a fairly
wide view volume and still experience essentially the same light intensity.

In addition, the resulting electrical pulse will be short, gllowing-for rela-

tively high particle concentrations to be sized without coincidence losses.

Conclusions

It has been shown that OPCs can be a'useful tool in determining the size

_distribution and concentration of dust aerosols. Two systems have been built
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and are currently being used.fﬁr séuéyinéftﬂ;éeitypqs,of dust."LIt.has.also
been‘shown that by:gsinguinétfialfimpacgﬁrsAf;rLcaIibration; it is'possible
to'obtgin a calibration of the OPC based upon the aerodynamic diametgr of the
particles, whichvis'an impprténf:parameter'in detérﬁining fhe'duantify“df féé—a
pir;ble-dusg.A -

. “Although the_feasibility'study4of‘usingfthé'laser diode ‘as a iight source
in.an'O?CAis currently in érdgressg it - appears as_though this lightfsoufce.may
be an ;1térnatiye to the incandesceﬁt bulb. Since the laser‘diodé is vef&
'4small; and .the photo diode sensor .is also small, it should be possiblé to~méke

;hé ;ﬁgire optical tube,'including'the.light soﬁrce;.éﬁtics, and detéct§f, into
a package small enough to be used as'é'pgrsonél‘sampler. Considerable eiec-
tronics are aléo_requifédfforuan OPé. - However, with the miniaturizatioﬁ of
electronic_circuits,(they’shéuld-also Be émali enough to Se compatible with a -
personal sampler. In addition; the electronics and laser diode.require little
apower'ahd:shouldfbe cqmpatible with thertype'df power that is'cufrentlyuused
by persohal‘samplers}
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Figure 1. Portable optical particle counter/multi-

channel analyzer system.

1) Modified Royco 218

portable optical particle counter.
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Figure 4. Laser diode light source.
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Figure 5. Modified Royco 218 optical tube (light-
colored portion of tube is adaptor to hold the laser
diode light source).
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Figure 6. Light intensity along and across light
beam at viewing volume using laser diode.
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Surface Analysis.Tecnniques and Their Use’
in - Pollution Detection and Measurement¥

M. N. Varma and J. W. Baum
Brookhaven National Laboratory
Upton, New York 11973

ABSTRACT

Surface analysis technimﬁssuch as Auger electron spectroscopy (AES) ,

electron spectroscopy for chem1ca1 analys15 (ESCA), secondary ion mass spectro-

metry (SIMS) and ion scattering spectrometry (ISS) are ‘reviewed. The advan-
tages and limitations of .these methods are compared with bulk analysis tech-
niques such as x—ray-fluorescence spectroscopy, atomic absorption and emission
spectroscopy, gas chromatography, and neutron activation analysis. Results
obtained using ESCA, AES, SIMS, ISS and x-ray fluorescence analysis from auto
exhaust, laboratory prepared,; clean air and biological samples are discussed.
Possible future areas of research using surface‘techniquescare discussed.
Introduction Lo

In recent years the energy crisis has'focused attention on using coal in
vast quantities for liquification-and gasification. Also,.alternate energy
sources such as solar, fosion, fission and other exotic fuels are being preposed.:.
All these forms of energy generation will require characterization and detection
of environmental pollution for regulatory purposes as well as for understanding
the sources, environmental pathways, reservoirs, distribution and biological
effects of these pollutants "

The usual bulk analy51s techniques employed for detection and measurement
of enyironmental pollutants are atomic emlss1on'spectroscopy, x- ray fluorescence
spectroscopy, chemical analysis, gas‘chromatography and neutron activation anal-
ysis. Properties of these techniques are compared in Table 1 with those of
recently developed techniques employed in areas of "surface'" science, namely
Auger spectroscopy, ESCA, ISS and SIMS. The minimum quantity detectable is

generally less for the surface.tecﬁniques since only a single layer'of atoms

'is needed for analysis. On the other' hand, when the contaminant is dispersed

*Work performed at Brookhaven National Laboratory under contract with the
U. S. Energy Research and Development Administration. '
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throughout a thicker sample; bulk techniques are more sensitive since a larger
sample volume can be examined. The surface techniques :can detect a broader range
of elements; however, molecular species.can be detected-wusing gas chroﬁatography.

A principal advantage of the surface techniques'is the capability they pro-
vide for studies of spatial distributions of pollutants. For example; concen-
trations can be studied as.a function of nanometer depths in environmental or
biologipéi samples. '

In:the present study, surface techniques were examined to demonstrate the
feasibility and usefulness of using these techniques in-the area of pollution
detection, meaéurement and characterization.

We have analyzed samples from auto exhéust, a laboratory prepared'sample-
and a clean air sample by surface techniques. An auto exhaust sample was also
analyzed by x-ray fluorescence spectroscopy; The differences observed by these
two techniques are discussed. The ﬁiqlogic@} samples; (i) fish scale and
(ii) fi%h otolith from commercial fish,.were also.analyzed to demonstrate the
possibility of using surface techniques to study biological samples. . Since our

_group -did not have the analytical instrumentation, samples were analyzed by 3M
Company, VarianlAssociates and Physical Electronics, Inc. X-ray fluorescence
analysis was provided by the :Instrumentation Division-of Brookhaven National
_Laboratory. Principles and-details of bulk éﬁalysis are not discussed here and-
can be found in- (1,2,3). .Basic principles of surface techniques-are included
.and references are providedifor detailed description of instrumentation.

'

" Basic Principles .in Surface. Anaglysis

A.- Auger Electron Spectroscopy (AES); Auger Spectroscopy is an-analytical

technique used to identify the elemental composition of a sample surface. The
electron.beém incident on the .surface -of the material has:a fixed energy,
eg..1.5 keV., Theseelectrons have sufficient -energy to knock out an ‘electron
from an inner shell of an atom, and resultant vacancy is immediately. filled by
an electron from an outer shell. . The difference in energy can.be feleased in’
the form of a photon or by knocking out another electron from an outer shell
.called the Auger electron. _These electrons are then. analyzed using a.standard
Auger speqtrbmeter (4).- Auger electron energies are characteristic of the ele-

ment from which .they originate. Thus,.the Auger -spectrum gives a qualitative

~
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analysis of elements present on the surface. The number of Auger electrons
emitted is proportional to the number of atoms of the element present on the
surface, thus, the intensity. of Auger peaks provides quantitative measure-
ments (5). The energy of Auger electrons: are low so that only those electrons
produced in the first few 'layers (5 - 20 A) of sample can -leave the surface.
Thus, the method is sensitive only for the elements present on the surface.
More recently, Varma, et al. (6) have modified the standard Auger spectrometer
" to improve the sensitivity of this technique. 'Figure 1 (a) shows schematically
the process of Auger electron production.  The Standard Auger spectroﬁeter can
detect elements in concentration of the order of 0.1 atomic percent; and can
detect all elements above helium. No Auger transitions exist for' hydrogen or
hellum.

B. Electron Spectroscopy for Chemical Analysis (ESCA): In this method, a

monoenergetic beam of x-rays is used to bombard the sample surface. Absorption
of thesé x-ray phofons‘by the atoms of the samplé'resﬁlts in the emission of
electrons which ofiginate'from the inner or cbre shells, The energy of fﬁe inci-
dent x-ray photon is shared between the energy of'the emitted electron and the
binding energy of this electron in its orbital. The energy spectrum of emitted
electrons is measured by a spectrometer (7). Since the atomic structure of each
" element is unique, the measurement of energy of the ‘emitted.electrons from one
or two orbitals of each element is sufficient to identify the‘eleméhtal cOmpdsi-
tion of the sémpie. All the elements have electrons that can be detected in
this manner except for hydrogen. Chemical bond information :can also be ‘obtained
'from analyéis of peak shapes; multiline structure and: shifts in energy of the
ejected electrons in an ESCA spectrum. ) '

Free electrons produced in a‘solid“are scattered by bound electrons in the
solid. and thus lose.part of their energy before leaving the solid. 'These°e1ectrons,
although théy reach the spectfometer,,are counted as background. Only those
'photoeléctronS'generated in the first few monolayeré of gample have sufficient
probability to escape the sample with negligible loss of energy. Thus, this is.
also a.surface technique which samplés-depths of ‘the order of 5-204 of the speci-
men. Exact sampling depth depends on ‘the sample being analyzed. Detection. sen-
31t1v1ty of this method. is. about the same as-that for AES., ‘A schematic of the

ESCA process is given in Figure 1(b).
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C.. Secondary Ion Mass Spectrometry (SIMS): 1In this technique, a sample

surface is bombarded by a monoenergetic ion beam. .Thé.iOQ beam has sufficient
energy and intensity to sputter ions from thé sample surface. These sputtered
ions are also called secondary ions. These:secondary ions are mass analyzed.
using a standard mass spectrometer. By choice: of appropriate.electronics,: both
- positive and negative secondary ions can be mass dnalyzed. The sampling depth
in this techniqué is of the.order of a momolayer,:-however, the sampling depth
depends. on other parameters such as:-sputtering rate, etc. (8). . A schematic:
representation of SIMS is shown in Figure 1(c). A11Ae1ement§ and isotopes in .
the periodic table can be analyzed ﬁsing this technique. The sensitivity of .
SIMS depends)on-the-scan rate and sputtering rate and. can vary by about three
orders of magnitude showing a general decrease in sensitivity -for heavy -elements.,

o. om m s itivi o iilion or s v achieved.
For some elements, sensit t f parts per biii less have been ach d

.D.. Ion Scattering Spectrometry (ISS): In this method, the sample surfacé

is bombarded by monenergetic noble- gas ions as was the case for SIMs; (As a"
matter of convenience, the same ion beam cén be used for simultaneous analysis
of SIMS and. ISS). ‘Somie of.the incident ions 'undergo binary e.astic collision
" with atoms in the first monolayer-ofAéhe sample and will be scattered from the
surface. For a scattering angle of 90° classical collision theory givesja rela-
tionship- between the: mass M; of the atom-on the surface; and energy E, of the’
scattered ion.in terms of the incident ion mass M, and its initial energy E_,-

M - M : - .
= —— E 4 o
M+ M, 7O

In nofmal,ISS spectroscopy. the: ions scattered at 90° are energy analyzed
and thus a spectrum -of -intensity. versus energy of scattered ion is obtained. °
The spectrum can then be analyzed for various elements present on the surface.
The sampling depth for ISS is a-single monolayer, because incident:ions that
penetrate the monolayer have a high probability of being neutralized by the
matrix. - Thus, even. though these ions may be scattered at 909, they will not'bé
detected by ISS since- they -are neutral ions. A schematic répresentétionﬁof the

ISS process is-given in Figure 1(d). "Details-about the method can be found :in (9).
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Experimental

. SamplerPreparetion: Nickel substrates.6mm x 12mm and 0.8 mm thick were

prepared from ultrapure nickel sheet. - These substrates Qere cléeaned first.using
Alconox -and then rinsed in ordinary -tap water. Final rinse was done using
Adeioﬂized distilled water. - The nickel substrate was then attached near the tail-
pipe of a 1971 automobile. The exhaust was collected by direct impact of exhaust
.gasesJento the substrate, The automobile was driven-for approximately 20 miles.
Regular leaded gasoline ‘was used in the automobile. After exposure to exhaust
fumes;athe'substrate was carefully,removed>$rom the tailpipe and the sample
'analyzed. This sample will ‘be referred to a§ auto-exhaust in further diecdssions.
For x-ray fluorescence analysis a 35 'second sample bfAthaust gasses from a 1969
- Volkswagen was collected by impingment: on filter paper to avoie interference which
would be- contributed by the thick Ni substrate employed in.the surface analysis
techniques., '

To check the effect.of the presence of several -elenients in the semple on
analysis, known quantities of variouefsalts_were’deposited onto a clean nickel
substrate. This'éemﬁle,is referred to as Laboratory prepared sample. ‘Reagent: -
grade LiCl (1.5 g), Lip SO,+H;0 (1.66 g) 'and Pb (No3), (3.22 g) were first
dissolved in 100 ml of distilled water. From this assay, 5 microliters of solu-
‘tion was evaporated on the nickel substrate ueing an infrared lamp. ' The amounts
of various materials preseﬁt onfthe:substratewere cdlculated ‘to be Cl (.063 mg),
SO, (.062 mg), NO3‘( 060 mg), ‘Li (.021 mg) .and Pb :(.101 mg).  Other impurities
in this sample were Ca (100 ppm), Fe (15 ppm), Cu (2 ppm) and Na (10 ppm)

' Clean nickel substrates were also exposed to outdoor env1ronmenta1 air at
Brookhaven NatlonalALaboratory. This sample is referred to as clean air in further
discussion. ThiS'éample was exposed at location P-9 (approximately 2.5 km from
"the. central. complex of research buildings in ‘the northeasterly direction) where
.routlne .environmental monltorlng samples are obtained. ‘The exposure was for

--approximately: 5% houre;from:9:00 a.m. to 2:30 p.m. on March 26, 1976. - L

_Biological Samples: Two biological.samples (i) fish scales from a dead fish

(presumed to have died from copper contaminatien), and (ii) fish otolith from a

- commercial fish, were prepared by the-Biology'Department of Brbokhaven’Natiohal
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Laboratory. No cleaning,'except for rinsingAWith tap water, was done on these:
samples,

Auto éxhaust, laboratory prepared and clean air gamples were.analy;ed.by
SIMS (both positive and negative), ISS, AES and x-ray fluorescence spectroscopy.
SIMS and ISS were done by 3M Company, AQS by Varian Associates using commercially
available equipment. X-ray fluorescence spectroscopy was done by the Instrumen-
tation Division of Brookhaven National Laboratory using a low power, high sensi-
tivity 1aboratory-developed system. The biological samples were analyzed by’ AES,
ESCA and x-ray fluorescence. AES and ‘ESCA were performed by Physical Electronics
Industries, 'Inc., and Varian Associates using commercially available systems. No

SIMS or ISS was performed on ‘these samples.

Results and Discussion

A. " Auto Exhaust: 'Figures 2 and 3 show spectrum obtained by positive SIMS
and negative SIMS, respectively. Mass-range -scanned was from 1-100 atomic mass
units. Figure 4'and_5'shOWAISS spectra. ' For figure 4, the incident beam was

2 keV neon'ions and for figure 5 it was 1 keV 3

He+. Figure 6 shows an Auger
épectrum for this sample.- X-ray fluoréscence analyses results for the Volkswagon
auto exhaust sample. and'a blank filter paper are shown in figures 7vand 8 respect-
ively. From figure 2, which shows positive SIMS Tesults, one can clearly see the
variety of elements present in.auto exhaust fumes (e.g., Li, B, Na, Ag, Al, Si,
Cl, K, Ca, Ti, Fe, Ni, Cu,'Zn, etc.). From the negative SIMS analysis shown on
figure 3, other elements such as O,F,S and Br can be identified. Note that in this
speétrum (fig. 3) two isotopes of chlorine and brbmine were clearly identified.
Some of the elemenfs, such as Ti, may have been present due to impurities present
in the nickel substrate, - ' A

ISS results are shown on figures 4 and 5. Here héav&'elements such as Br
énd Pb are apparent. Figure 4 shows variation in.concentration of bromine and
lead in this sample as a function of depth. One can clearly see that concentra-
tion of bromine and lead reach a constant level after the first few. angstroms of
the surface has been removed by sputtering. In the ISS analysis with low mass
3He+i6ns,‘as.shown in figure 5, other elements such as ClL, S, O, C, etc., can be
identified. The AES spectrum from the sample (figure 6) shows the presence of

elements like S, Ci1, C, O, etc., but surprisingly does not show any lead or
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- bromine. This could have been &ue tolmishandling»of,the sample during shipment
" or sample preparation. The x-ray fluorescence spectrum of the_Vblkswagon exhaust
sample (Figure 7). reveals the presence of Pb, Br,.Cu, Zn, Fe and probably Se. Of
these, Fe, Cu and;Zn-afe also present on the blank filter paperb(Figure 8) though
-probably.in smaller quantities, especially for Fe. Thus,‘this teehnique readily
.detected: Br,- Pb and'Fe,vbht‘not.some,oé the lighter elements (Li, B, Na, Al;iK,
Ci, C,‘O‘and3S)‘getecte§ﬂby-surface techniques. (Some of these latter elements
may be.contributed by the.Ni substrate used for the surface technique. samples).

‘B... Laboratory Prepared Sample:-: Flgune 9 shows.a positive SIMS -spectrum of

the laboratory prepared sample at 10w.ahd5highvsensitivity. In ;his spectrum,
Li, B, Li,, Ne, Na, Mg, Al, Li,O, Lizoﬁ, K, Ca, Fe, Ni, Cu were detected. The
mass scan was from 1-100 atpmic'mass units, tHus'heavy elements 1ike.1ead;-etc:,
are -not seen in the spectrum.., Figure:10 shows negative SIMS for_the same. sample,
in this case elements C, CH, O, OH, F, C2 H2 S-and Cl were observed. Figure 11
is a, depth prof11e of this sample over approximately 1000A and shows concentration
veriation.of,three_elements 0, :Cl and C. : Figure 12 shows an ISS-spectfum with
the incident ion being 3He+. . In this spectrum elements C, O, S,.Cl, Ni, and Pb

_ were_observed. Figure 13 shows an AES spectrum of this'sample and shows the.
ﬁresence:of Ni; Pb, S, Cl, and O, A comparison of SIMS, ISS, and AES-suggests
that SIMS identifiedxall the.elementshthat.were present'onvthe sample inclﬁding'
the'impurlties,‘ISS.aﬁd AES detected some of the-elememts, Thus, SIMS appears to

be a more sensitive technique than ISS or AES.

;C.A Clean Air Sample: Flgure 14 and ‘15 show ISS spectra from the clean air

sample when Ne and 3He incident ions were used, respectlvely. One surprising -
finding was the;presenceuof bromine <in this sample. Figure 16 -shows the AES

spectrum for this sample. No bromine was detected in this spectrum.

D.. Biological Samgles: The fish scale and otollth samples were analyzed

5 by AES, ESCA, and x-ray fleorescence, AES was d1ff1cu1t to perform due to. charg-
ing‘of'the'sample“surface by.the incident electron beam, especially for fish
scales. ..The .qualitative results obtained using AES and ESCA showed the presence

of calcium and oxygen in otolith.and mostly silicon in fish‘scheSu An in-depth
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analysis of the otolith samplé showed & calcium to oxygen ratio, which generally
increased with depth. No other:heavy elements were detected. X-ray fluorescence

detected only Ca in otolith and Si in fish scales,

Conclusions
It thus appears from these analyses that, for the environmental samples;
SIMS has higher sensitivity than AES or IS3S. But SIMS does not identify chemical
composition, thus AES or ESCA in tandem with SIM: ﬁLOht be .an excellent analytlcal
technique. However, with AES, charging of the sample surface can be a problem
since eiectrqns are used as the excitation .source. Also, the electron -beam is
somewhat damaging to biological surfaces.  Thus, for biological samples, we feai

ESCA which uses low energy x-rays as the excitation source is preferable to AES.

Applications of Surface Analysis Techniques

v The basic difference between surface and bulk techniques is the ability to
analyze, with the surface techniques, elemental composition present on the sur-
face, i.e., the first few monolayers of the sample; By suitable sputtering tech-
niques, known amounts of sample surface can be removed, thus depth profiling is
possible., This depth profiling has an advantage in that pollution deposited as
a function of time can be studied. If the pollutants have a‘'tendency to segregate
to the surface, or surface concentration is. higher than bulk, then surface anal-
ysis is apt to give results more closely related to biological hazard for low
solubility particles. It has been shown by Linton, et al. (10j~that, for small
particles (such as fly ash from coal burning), the surface concentration of toxic
tface elements can be much greater than the concentration determined by bulk anal-
ysis. 4 |

Sensitivities as high as one part per trillion can be achieved by surface

techniques if the impurities can be concentrated on the surface. For example
there are about 1015 atoms ‘par squar° centxmeter on a surface, Analyzing one
square centlmeter of - the surface at sen51t1v1ty of 100 parts per million, one
can detect 10 12 atoms. If we can scavenge these 10t 12 atoms from 100 ml of solu-
tion, we can achieve a bulk sensitivity of about one part per trillion for most
metals. The problem of scavenging and depositing,lO12 atoms on ﬁhe surface is

not an easy one, however, Hercules' (11) recent technique employing chelating
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agents'shows great potential in this.regard. This procedure is not required
for those samples in which impurities are already present oﬁ‘the surface.

Identification of chemical forms of these elements in pollution -samples
can shed some light on the concentration of those compounds which are more
biologically reactive. This, for example, will include identification of *

“various oxides, nitrides or carbides. The chemical composition information is
lost when wet chemical analysis or bulk analysis is performed on these samples,

Surface chemical reaction rates can also be studied with these techniques,
to'dete;mine production or decrease-in various chemical compoundsvas a function
of concentration of environmmental insults.

I'hese techniques are also capéble of providing Vaiuable information on-
marine samples. For ekample, transfer of pollutants from fly ash -or other
objects to.the marine waters and sediments.:

The measurement of trace glemenﬁ conecentrations in biological . samples
(like ‘hair, nails, teeth, etc.) as a function of distance aloné the growth ‘
direction can provide a measure of the body's uptake of heavy metals.or other
chemical constituents as a fupctipn.of time. Historical‘and baseline data can
'be obtained from museum pieces, stones and other antiqués and can be correlated
.to enVirQnmental_insults, epidemiological‘data and medical data, for appiicapion

- in health effects studies.
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. A

Techniques

Atomic Absorbtion

Atomic Emission:

- X-ray Fluorescence

Auger Spectroscopy

ESCA -
1SS
SIMS

Chemical

Gaé Chromatography

Neutron Activation

TABLE - 1

Comgarison of Various Properties of Surface and Bulk Analysis Techniques

t

Minimum : “Chemical ~  Depth Elements Destructive (D) Surface (S) Temperature

Detection (gm) Information Analysis Detected Nondestructive(ND)  Bulk: (B) Dependence
10-8 - 10-,],'O "None - No All, except - D B Small
i ’ ' rate gases, : : NN
C,H,0,N,S;P

and Halogéns

10°° - 10 o None - ‘_ No Same as above g D - - » B Extreme
-7 -12’ ' < . s
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Baum:

Morris:

- Daisey:

Morris:

" Daisey:

Baum:

Daisey:

Runion:

OPEN DISCUSSION
(Samuel Morris — Chairman)

Well, I'd just like to comment in light of the complexity of the
biological responses and possible synergistic effects that it may be very
fruitful to do more of the biological Ames types of analyses in the near
future. I think that's probably as close as we can come to evaluating hazards
and perhaps the combination of how to concentrate the samples so that they
can be presented to the Ames test suitably may be 1mportant in the short
term.

I had.a couple of questions on biological testing.. My impression was
that you were talking about this as a possible routine monitor in an industrial
situation. Even the original purpose of the Ames test wasn't for that. It

seemed to me that obviously you're going to have to do a lot of pretesting in order

to know what you're working with before you can do routine testing. Once you
are in a phase where you're doing your routine sampling, I wonder if you really
need such a big sample? One of the problems was that the sample size you were
collecting wasn't enough, and it seemed to me that once you know the kind of
thing you're looking for, all you will be checking perhaps is, "Are you going
above normal level or something like that?" Maybe just one dose is enough.

I would never do the testing for one dose. Certainly you need to do
duplicate plates. It's to some extent like -radiation, a random process. The
other thing is that when you start testing these materials, you can have toxic
effects. And you can see those pretty readily with the dose response curve
because when you start seeing tox1c1ty, the response tends to be lower. The
curve flattens out and you can't really see that with one dose.

Even in a routine situation where you know what you're working with, you
still want to get a couple of points on the dose response curve?

Yes, I think so.
Would it make sense to develop the control of the system such that, in
general, a person could wear a personnel monitoring device for a month, let's
say, and you would extract a sample.and do a simple spot test and

hopefully ‘you would get a negative response if the control procedures"

were adequate? - Is that true and enough? '

You can take longer samples and have enough material to do the testing.
The spot test is useful because you would determine whether or not there is
any activity, but you really don't know what the level of activity is. Where
if you do a dose response curve, you can make comparisons to measurements that
were done previously. '

There is one thing that I think this committee might consider doing and
that is in this matter of sampling for a PNA particulate material and operating
within the framework of current cecriteria for coke oven emissions. I think it

"is generally recognized that the silver membrane and glass fibers do not catch

all the material of interest. Somebody else mentioned that it is very"
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Campbell:

Daisey:

Campbell:

Brief: -

White:

Campbell:

White:

likely that the silver membrane which is an expensive little gizmo is
unnecessary. So if there is a little project that this group might want to
consider, it might be an extra extension of the'work that has already been
done, keeping.in mind the terms of a research project so that we.can finally -
zero in on the comblnatlon of glass.fiber and a backup. medlum which seems to
be satlsfactory - There may be some questions regarding .brea through problems
of this sort that the projects might embrace, but with the end-point objective
of making this system generally acceptable to everyone. and maybe a little less
expensive. :

Another thing that I forgot to mention this morning is shelf life. The
problems associated with those samples which have never really been quantified
should be looked.at in the: program.

o1 have;another-comment on the shelf life of samples. There is a good deal
of information on polycyclic aromatic hydrocarbons collected in thée air. The
data suggest that you lose these materials from the filter when you store it,
and a very good practice is to take’ them .from the filter and extract them as
soon as possible. Ome questlon I have is: What is the purpose of the silver
membrand backup filter? . ' '

I think the way it started is that silver membrane originally was chosen
because there was a little problem in weight gain from water vapor. Since a
gravimetric technique was used, that problem was eliminated. Then when filter

- study.was begun in the coke oven industry, the silver membrane clogged up and

someone slapped a glass fiber filter on top of. it "and all of a.sudden it became
standard technique. That--is my opinion. I don't know if that is really how
it happened. . . ' i

There is another factor that had to do with the fact.that the 311ver
membrane is free of any benzene-soluble materlal and when they did the first
extraction, they got a section zero where, if you took other filtering
material, you tended to get something.

I would just like to put into perspective that what we are trying to focus
on is the.availability of monltorlng tools for the future as opposed to what
is avallable to handle problems today. We're pretty well trapped into using
what tools are available to look at current problems, and we re talking about
five and ten years into the future. I think we need to key in on what are the
time restraints in terms of needing this technology. We're talking about
future monitoring.equipment and having that available so that we. can do more.
in- depth analysis in the work place environment. One of ‘the things. that I
think I'd like to hear a comment on is the advisability of g01ng to bloassay
samples. That's an area where there may be some. aactivity.

It kind of scares me as an industrial hygienist'to see a test like the
Ames test which started out as a screening method all of a sudden be stuck in
a guy's 1apel and to have it compared to human exposure.- r

In defense of biological test systems, I thlnk Martha Radike made. the
comment .that with these systems you are selecting species which. are extremely
sensitive and the fact that you can do that may indeed prov1de some safety
margin that we may be concerned with in industrial hygiene.
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White:

Runion:

Morris:

Brief:

Morris:

Daisey:

Brief:

Daisey:

Well, it might increase the sensitivity, but I think the greatest problem
is that it is still a screening mechanism. The general public may look at it
otherwise and the work person may look at it otherwise and draw their ownm
conclusions. )

4 .

I would just indicate that bioassays, and not biological test systems,
would not be different from doing urinalysis for people working around tritium,
and that seems to be a useful tool for the health physicist.

You know you have to ask a question in the real world out there, and
we're talking about the real world of coal conversion operations, an industrial
enterprise. Are we going to come up with the tools to measure, assess, and
monitor the environment within the framework of our contemporary views as to
what is too much? . We:-need both. Of course we need both. I view thi con-
ference as one of trying to be satisfied that the tools we have are the tools
in the immediate future, not 10 years from now, are going to be in place, are
in place to satisfy that need. The application of bioassay vehicles like the
Ames test is to me .a research project, not an item for assessment on whether
you are or are not in some sort of compliance. We are mixing a little bit
of science with law and with the practicalities of working and relating with
people as employers and employees. We can't get this all too mixed up.

Well, to some.extent, I think that there is an interest here in what the
routine monitoring ten years from now may look.1like. What instruments will be
available ten years from now? Research is clearly needed because everyone
recognizes that the standards today really have an inadequate basis.

But if we use New York City air for comparison, we'll have to ban a lot
of people, I suspect, from working at all. .This will pose some real hard
problems in making definitions of when the level is. and when it's
not. I suspect that we're living in an environment that is biologically.
active. I think any air pollution sample will.show that kind of activity.

'I was curious about the results because it seemed to me that it might be safer

to be working perhaps in a coal conversion plant than breathing New York City
air, and yet the perception would be just -the opposite. Now what do we do
with the 8 million people in New York City? I think you're opening up a very
huge can of worms unless you have some good basis for a steady standard. So

in terms of a research tool, fine, but in terms of a monitoring scheme at

this point I think it would be very premature.

But you're never going to have a basis for setting standards until you
begin to get some of ‘those data. .

I don't think you can go out and use it to monitor tomorrow. I don't
think there are any questions about that. As far as New York City vs
industrial plants, 'all those numbers were revertants per microgram.

I realize the distinction.
The other thing is if you're talking about exposures in an induétrial

plant, you can usually accept levels that are maybe one hundred times higher
than what people are exposed to in the ambient atmosphere.
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Brief: - .It's like raising the issue of motherhood and the flag. When you talk
about ‘biological activity and cancer, it is a very hysterical type of a
situation. I don't think any worker would accept the principle that he is
working in a more biologically active environment than he has to go home and

live in. :
‘Daisey:. What alternative do you have? ,
Brief: Well, I can see the legal restraints on industry. I can see an awful

lot of additional legislation. I can see an awful lot of extra regulation.
I see opening up a box of additional controls and restraints. It may make it
difficult to: actually operate a.facility, which would be a shame.

Baum: - I think that's a mistake because the. worker -working with radiation
knows it causes cancer. You educaté him to the problem and the relative
. risks and .so on, I think he'll be reasonable about it. -

Lippman: If there was.a better or easier choice, I think we all would ‘have come

’ -to a conclusion by now. We have some feeling that we can't go to a single
indicator specie even if it is a known carcinogen like benzo(a)pyrene and
feel that that is giving us a good index. :Now, we:really don't know what
to look for, and yet we want to have some relatively simple, relatively
inexpensive monitor of what people are exposed to-when we're only interested
in these materials because  they are mutagens. I mean if they weren't
carcinogens/mutagens, we would say forget about them altogether. So; we have
a quick and dirty approach, biological activity. ‘Admittedly, it's 'not any
great thing but perhaps it's the least bad of the alternatives. In my mind
it is probably better than benzene soluble mass. It is better than beno(a)-
pyrene as-an indicator. - So, as crude as it is, it might be thé best thing
to give us information. I recognize that ‘the regulators are liable to screw
it all up. This is something we have to face in our.recommendations perhaps.
How to recommend it.without letting. it get into the regulatory situation.

Runion: - Sounds like the TLV committee 25 years ago, doesn't it?

Lippman: - We all have been subject to deja vu in industrial hygiene. "It seems the
' wheel has been invented many times in the last 20 years, 25 years. "What is
a rational posture to- take at this point? It :comes down to what do we
feel is the best way to prevent unnecessary exposure of .the workers in these
plants, that we can apply not .10 years from.-now, but next year and the year
after. If it.isn't a crude biological .index, well, what should it ‘be?

L3 . “ '
Runion: May I respond to that qﬁestion? I spoke about it several times this

week, and I don't: have the answer to all this but I do thiuk that one

approach is to use some of the tools we now have and add some of these new

tools, like the Ames test, some of the more sensitive analytical procedures

that were discussed this morning in terms of narrowing in on some of the ‘
.p:eferred;PNA-specieS~that‘you think might be good common denominators.

When the toxicologist does a study on the SRCL liquid substancé 'in which they're-
’ going to expose the mice in an atmosphere where .they. will reside wuntil sthey -

die, thése atmospheres should be tested, using these various means of assess-
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Campbell:

~Morris:

Campbell:

Morris:

White:

ment. So, when you finally get the bioassay result in higher forms of life,
which we all one time or another can refer to in making these decisions, we have
that information then as a: reference. I don't think you can come up today
in all fairness to our society and throw on it the potential burden
of the Ames test as the means of saying it is or isn't a good situation.
Maybe five years from now as a result of some concerted effort, say taking
a systems approach, we'll begin to see that these other tools can be introduced
into the criteria-setting mechanism that we now are not happy with. That's
my suggestion. It's not predicted. It can't be done in a month..

One quick comment I have about the Ames test is that perhaps it can show us
whether the cyclohexane or benzene fraction is the right fraction to look at.

. That's very interesting. IS there anyone here who's done work from
chemical tests that relates to that? That is, using other extractions?

‘I think Jim Eppler has been looking at the Ames test with different
fractions. I don't know his results.

Otto, do you have any closing comments?

No. 1If there are no further comments and discussions, I would like to thank
everyone for participating and contributing .to the exchange of information
during this symposium. : :

Thank vou again.
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