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FOREWORD 

Under the auspices of the Department of Energy, Brookhaven National 

Laboratory undertook the task of ass~ssing the industrial hygiene monitoring 

'· 
needs for the coal conversion and· oil shale industries. To assis·t in 

accomplishing this task, the following authoritative working group was 

organized: 

Otto White, Jr.,. Co-chairman 

Samuel Morris, Co-chairman 

Thomas R. Cessario, Secretary 

Edward Baier* 

Richard Brief 

Mort Ce>rn 

Harry Ettinger 

David Fraser 

Morton Lippmann 

Andrew Sharkey 

Affiliation 

Brookhaven National Laboratory 

Brookhav,en National Laboratory 

Brookhaven National Laboratory 

National Institute of Occupational 
Safety and Health 

Exxon Corporation 

University of Pittsburgh 

Los Alamos Scientific Laboratory 

University of North Carolina 

New York University 

Pittsbrugh Energy Research Center 

This group met for the first ·time during the annual American Industrtal 

Hygiene· Association Conference in Los Angeles, California on May 9, '1978. 

The second meeting took place during a two ~ay visit- to the Pittsburgh Energy. 

Technology Center where the group sharpened its focus on industrial hygiene 

problems in coal conversion by inspecting specific processes·and work practices. 

The third meeting of the authoritative group was held at Brookhaven N~tional 

Laboratory in conjunction with. a two day syritposium on Assessing the Industrial 

**Present affiliation is Diamond Shamrock Chemical Company. 
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Hygiene Monit,orirtg Needs for the Coal Conversion and Oil Shale Industries. 

The sympo.sium program (Appendix I) included presentations c;:entering around the 

themes: "Recognition of Occupational Health Monitoring Requirements for the 

Coa'i Conversion and Oil Shale Industries" (November 6, 1978) and "Status of 

Dosimetry Technology for Occupational Health Monitoring f·or the Coal Conversion 
. . 

and Oil Shale Industries" (November 7, 1978). These proceedings represent the 

contributions of the. symposium participants (Appendix II). This information 

proved. to be. invaluab'le when· ·the wo:rkin~ ~roup met. fnll owing .rh.e li!l)rmpo~iuin for 

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 pla('.e of )'ossi1 Ehergy Tedtuulogy, in r@lution to 
overall options for energy available to u.s; 

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 addr.essed. The first two 
are discussed only briefly ~n order to put the latter in proper perspective 
and to set the stage for the theme of thi~ Symposium. 

An important reason why Fossil Energy technologies are receiving major 
attention is such that they offer posslbilities to develop and utilize re­
sources which are av<'!ilable without fear o.f 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 sysrems aml !JOSsible extrapbl.:1tion of bas:ir knowledge to im­
proved or new and mur·e effic:ie11.t proccooce. 

Some understanding of the.magnitude 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 J:he 1960 tn 1 q70 time period (in the former Department of 
Interior Office of Coal Re!:;earc:h), 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 

. . . ~ 
e.mphasis is a sharp focus of attention on our need to meet any future chal-
lenges to our energy supply, as typified by the uil embargo. 

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 cleaR, safe, non-imported energy. 
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OFFICE OF COAL RESEARCH ERDA (COAL ONLY) 

DEPARTMENT OF THE INTERIOR 1974 $ 123,400,. 
1975 261,2?8. 
197G 312,763, 

1964 $ 5,075, 1977 325.000, 
1965 6,836, 
1966 . 7,220, DOE (COAL ONLY) 
1967 8,220, 
1968 10.980, 1978 $385,400, 

1969 13,700, 1979 382,500, 

1970 15,300, 
DOE (TOTAL FE BUDGET) 1971 17,160, 

1972 30.650, 1978 $ 743,000, 
1973 44,280, 1979 801,800; 

Figure 1. ·Appropriations for coal RD&D in 
thousand of dollars. 
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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 ~ 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 
P¥i.c:;tine ni.l ·and gas SUPPlY accounts for only about 11 percent of known U.S. 
recoverable reserves, they are.currently ITI!::!t!Llng auuut: 75 ·percent: of the nation's 
energy demands. On the o'ther. hand, these coal' and solid fuel reserves make up 
over 77 percent of the nation's known reserves, yet contribut·e less than 20 
percent to the nation's energy consumption. · 

How to make maximum use of these en~rgy 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 c4rrent 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 ce~tury, 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 
resource rtow; we have t:he uasie methodology, and with prudence can movfil 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 t:hesc. 
risks. FE Programs and the Assistant Secretary of Environment (EV) have identi­
fied that basic issues and requirements for such programs, and much of the needed 
research to fill the gaps. A comprehensive occupational safety and health plan 
for FE Programs is now being formulated for the guidance of FE Programs facili­
ties, including those. of our cost share partners. This "guidance'; takes into 
account curre"Qt safety, industrial hygiene, medical, and research programs and 
regulatory requirement. We are working closely With EV in t:his overt: effort. 

how 
and 

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

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 Proeessing 
- The Division of Fossil Fuel Utilization 

The Division of Magnetohydrodynamics 
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DIVISION OF 
SYSTEMS ENGINEERING 

I 
DIVISION OF 

·FOSSIL FUEL 
EXTRACTION 

I f 

' . 

ASSISTANT SECRETARY FOR ENERGY TECHNOLOGY 
U.S. DEPr. OF ENERGY 

DIRECTOR 
FOSSIL ENERGY PROGRAMS 

I 
DIVISION OF .. DIVISION OF 
FOSSIL FUELS FOSSIL FUEL 
PROCESSI-NG UTILIZATION 

' 

J I 
CARBONDALE BARTLESVILLE GRAND ~ORKS lARAMIE 
MINING ENERGY ENERGY ~ERGY · 
TECHNOLOGY TECHNOLOGY TECHNOLOGY TECHNOLbGY 
CENTER CENTER CENTER CENTER ·- -"·~···· 

DIVISION OF 
PROGRAM CONTROL 
. AND SUPPORT 

I 
DIVISION OF 
MAGNETo"-
HYDRODYNAMICS 

.. 
.. 

I I 
MORGANTOWN PITTSBURGH 
ENERGY ENERGY 
TECHNOLOGY TECHNOLOGY 
CEN"£ER CENTER. 

' 

Figure 2. Organization of the Office of Fossil Energy 
Programs, Energy Technology, ·Dept; of Ent;!rgy. 
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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 saf.ety view­
point. Within the Division of Fossil Fuel Processing, as an example, there 
are four major Coal Liquefaction processes unde~ 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 
sulphur-free, 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 fuL use in ves3clo and ~ircr•ft. As 
the Demonstration Pl~nts come on strea!ll in. the next ·several' years, there will 
begin to exist a modest but increasing contribut'ion to meeting our energy needs. 

Numerous pilot projects also are underway for the underground gasifica­
tion program. Other FE Programs include: Enhanced Oil Recovery~ Enhanced Gas 
Recovery, Advanced Power Systems, Fuel Cells, and Direct Combustion. One·point 
should be.made clear, ho~ever, pilot plants are not miniature demonstration 
of commercial scale plants. Pilot plants are strictly for research. and develop­
m~nt 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 
potential. Some of ,the ,new developments in combustion systems, such as the 
fluidized bed process,.are already being ~nstalled or will.be in the near future 
in.commercial plant applications. These latter technologies appeRr to present 
relatively small safety and health risks. Local environmental and site-specific 
safety requireme·nts must be met, of course. ·· 

. The principal· FE. programs for near- and mid-term utility should be viewed 
as assisting. in fill~ng needs for ~nergy duri~g the extended interim period 
when .research goes forward on other alternative so~rces such as so·lar energy·, 
geothermal applications, and biomass conver'sion. These latter, with uuclear · 
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 liquefaction 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 oil, solids, 
or gases, will be reasonably free of "environmental pollutants." FE Programs 
has the sole responsibility for fossil fuels process development and th~ 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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ASSISTANT SECRETARY FOR ENERGY TECHNOLOGY 

- RESPONSIBLE FOR: 

• ENVIRON, SAFETY AND. HEALTH.PROGRAMS AT FIELD ORGANIZATIONS 

AND WITH CONTRACTORS 
. . 

• ASSURANCE OF COMPLIANCE THERIN Of DOE, FEDERAL, STATE, AND 

LOCAL EHOS REQUIREMENTS 

• CLEAR ASSIGNMENT OF RESPONSIBILITY AND ISSUANCE OF APP.ROPRIATE 

GUIDANCE 

ASSISTANT SECRETARY FOR ENVIRONMENT 

RESPONSIBLE FOR: 

• OVERVIEW OF LINE MANAGERS FUNCTIONS 

• INDEPENDENT REVIEWS 

• RESEARCH 

. • DEVELOPMENT OF DOE STANDARDS 

•Interim Management Document No. 5001 

Figure 3. Current DOE policy requirements, 

I 
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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 

o Be b·ased 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 commerciali~ation, protection can be achieved by. measures to: 

1) Avoid inhalation of gas~ous 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 hydrocarbons. 
A total of some 3,900,000 workers are esti.mated to be expose<.!, 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 
(NIQSH) 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 expose<.! 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 li.d on economic feasi­
bility at the same time. Interagency coordinating committees have been 
est-ablished to that end and are beginning to function. 
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We can't afford a time backlog between the development of a. process or 
substance and the time that process or substance i.s allowed on the.market. 
OSHA and TSCA must be in a position to act quickly once a carcinogenic or 
toxic substance or process is ideittified. 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 
understoo~. · . 

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 pers_onnel are not being exp.osed 
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 progress. 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 i.n the U.S •. werkplaces; 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 indee.d 
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 r~dequate surveillance ove:r: medical records and 
participr~tion 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. 
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Provision of adequate perponal 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 p~oduct. 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 
tP.,sting protocols, they are not being made mandatory at this time. However, 
EPA has made it clear that the basle 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 dis~ussions of the confuYiurr UiliL exists within the scientific 
community itself over cancer ~esearch 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 industry ts in­
vesting substantial sums in this area~ But much remains to be dune. The FE 
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 tlnuugh 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 currently 
recognized. There must be active and parallel p-rograms 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 

Increasing interest in the chemical composi ti_on of U.S. coals has prompted 

studies resulting in an extensive compilation of trace element data representing 

the major coal-producing areas. The u.·s. Geological Survey (USGS) has a large 

ongoing program which will eventually characterize over 5000 coal samples for 

30-40 elements. A report (l) convering the analyses .of the first 799 samples 

is available. Table l summarizes the averages obtained for 36 elements in that 

iQitial study. 

Less recent, but extremely comprehensive, work done by Zubovic and his 

co-workers at the USGS during the 1960s' (2) characterizes the va~ious coal basins. 

Their resu'lts indicate that the accumulation and distribution· of inorganic 

elements in coal result from the .interactions of various geological, physico-

chemical, and biochemical factors. Geological factors include the rate of' 

subsidence of a depositional basin, rate of uplift of the drainage area, the 

type of rocks being eroded and deposited, and the ratio of the size of drainage 

area to the are·a of organic· accumulation .. 

'J.'he Illinul::; Sldle Geological ~urvcy (ISGS) has bPPn involved with a smaller, 

bu~ similar program, concentrating upon the Illinois basin (3). Table 2 lists \ 

the mean values for some 114 coals from the various Illinois coal seams. Some 

general observations from this study are that elemental concentrations 'L~wJ t-u 

be highest in the eastern United States, lowest in coals from the western fields, 

and intermediate in the Illinois pasin.coals. It was observed that only a few 

elements were significantly enriched in coals reldliv~ to the eurth'o ocu~t. 

Selenium is generally enriched whereas boron.was found to be enriched in coals 

from the Illinois basin. Chlorine.was found to be enriched in the Illinois and 

eastern coals. Many elements are depleted in coals, relative to the earth's crust. 

In the· Illinois basin these include Mn, ·F, Ta, Tl, C:r,, N_a,, , .. Al, Ca, among others. 

Elements which have the largest relative ranges in concentrations include those 
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associated with sulfate and sulfide minerals. Sometimes these high conqmtration!J· 

. are related to mineral deposits. Elements which· have the more narrow. relative 

ranges are usually associated wi'th silicate minerals or the organic (coaly) .. 

ma.trix. Some representative histograms of distribution are shown in Figure 1. 

' A comprehensive review of the literature pertaining to distribution and 

nature of trace elements. in coal has been compiled by Gluskoter et al. (4). 

This review lists the many smaller regional studies that have been done for various 

elements .• 

Variations in the vertical distributions which in any coal seam are also 

quite pronounced. Figure 2 exemplifies the extreme ranges found.in bench· samples 

for Br,, U, Mo, and V. in typical Illinois coal seams. These data reflect the 

influ~nce 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 the 

mode of occurrence or 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 sphalerite (ZnS). Elements such as Br, B and others are identified 
. t 

·preferentially with the organic coal matrix. Still other elements such as Hg 

show Both preferences. Table 3 from Gluskoter et al. · ( 4) lists some minerals 

identified from various coals. 

Washability (float-sink) data have been useful in determining the mode of 

occurrence.of elements in coal. This is a ·process in which a ground whole coal 

sample is separated into various density fractions-and analyzed for elements 

concerned. Elements which are preferentially concentrated in the lighter fractions 

are considered to be "organically" associated. Conversely those elements 

associated with the heavier mineral phases are considered to be inorganically bound. 

Figure 3 exemplifies some typical washability curves for Br, Cr, As, ash, and S. 
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By· a -normalization process the .area under th'ese curves are integrated and the 

relative magnitudes may be related tn "organic" or ''inorganic" association 

trend. Table:4 summarizes some observations for four Illinois coals {sets 1, 

6, 8 and 9), an Alabama coal {set 2), two West Virginia coals {set 3 and 4), and 

an Arizona coal {set 4). It_is apparent that an element does not generally 

exhibit the same float-sink {washability) behavior for coa-ls in all geographical 

areas, however results from the four coals s·tudied from the Illinois basin are 

quite similar reflecting the geological environment. Some genera-iizations from 

the Illinois. basin are that Ge, Be; B, Sb were generally classified as organic 

whereas Zn, Cd, Mn, :As, Mo, and Fe were gen.erally _,classified in -the "inorganic" 

group. The other areas studied generally indicate '(;e, B, iii'id l::ll" 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 studies. Although it is quite probablP. 

some of the oerganic materials are altered with the acid treatment {HCl, dilute 

HNOa • HF. etc.) qenerally the organic sulfur. content was unal eered aud 1uus t 

elemental concentrations basically agreed with those values expect~d [Luill 

washability curves. The ion exchange behavior of coals as exhibited from analysis 

of before and after ammonium acetate ext1·acted coals confirmed, in cases such 

as Ca, the different a$SOciations for eastern and western coals, in that •vSS% 

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

Tl1~:::.e Llola Cll11 po!l!libly omphalii:Z'il t-hf:. pnrF>nt.inl clep,ninq of coal for these 

elements concerned, however the particle. size of the minerals also play a large 

role in the-ease of cleaning. In an eastern Pitt~burgh seam coal 95% of the 

pyrite occurs with an average size of 8 microns, finely divided within the 

coaly matrix. Hence organic affinity is only an ·indicator of cleaning potential. 
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Mobilities of T~ace Elements During Coal.Conversion 

When heat, pz:;essurc, and chemical l:;timuli are imposed upon coal, as during. 

combustion or conversion there will be a tendency for mobility and volatilization 

by many elements regardless of their association. The various processes of coal 

preheating, coking, combustion, gasification, and liquefaction each pose particular 

problems as far as evolution of pot~"ntially toxic materials is concerned. 

During coal conversion trace elements may be "lost" or accounted for in 

various product and waste phases of the particular process. These "inventory" 

studies are best made by.analyzing all phases of the process, if possible. This 

is a very difficult if not impossible procedure to carry out quantitatively. 

Material balances of from SO to 150% are considered quite acceptable since 

sampling problems can be severe. 

Several liquefaction,processes have been studied for possible losses of 

trace elements. Some 34 elements were studied for their distribution and fate 

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 found to a significant degree in the process·· 

water streams. The Synthoil process has been surveyed by Schultz et al. (7) and 

Lett et al. (8) with most elements studied being accounted for within the system. 

It was noted Cl was concentrated in the scrubbers. Analysis of effluent systems 

of the COED process (9) indicated the filtered aqueous effluent streams contained 

>l ppm of B, Fe, Mg, Al, Cu, Mg, Mn, Ni,. Pb, an<;l Zn. 

Several gasification processes have trace element data available. Gasior 

et al._ (10) reported that most elements studied (including As, Be, Cd, Ni, Pb, 

Se, and v)·in the SYNTHANE process were recovered in the char, however spme Hg 

was unaccounted for. Attari (ll) determined some 38 elements in_ feed coal and 

ash samples from the HYGAS process and predicted that Cl, Hg, Se, As, Pb, _Cd, V, 

Sb, Be, Ni and possibly others would be significantly volatilized during the 
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process however ·the quencl:Jing, acid'-gas·remoyal, :and methanation styes would 

effectiv~ly ·trap them~· Sather's et al. · ( 12) work on feed coal and ash from 

'the "LURGI process .indicated that significant amounts of As, B'e, F, Pb~ and V 

can possibly be subjected to the air or water streams during a da:y•s: run if 

not effectively trapped.· · 
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Table 1. 

Average Amounts of 36 Elements in All Coal Samples and in Different Ranks 
of Coai; Presented on Whole-Coal Basis 

All coal 
Percent (799 samples) 

Si 2.6 

Al 1.4 

Ca .54 

Mg. .12 

Na .06 

K .18 

Fe 1.6 

Mn .01 

Ti .. o8 

~ 

As 

Cd 

cu 
F 

Hg, 

Li 

Pb 

Sb 

Se 

Tb 

u 

Zn 

B 

Ba 

Be 

Co· 

cr 
Ga 

Mo 
Nb 

Ni 

Sc 

Sr 

v 
y 

Yb 

zr 

15 

1.3 

19 

74 

.18 

20 

16 

1.1 

4.1 

4.7 

1.8 

39 

50 

lSO 

2 

7 

15 

7 

3 

15 

3 

100 

20 

10 

1 

30 

·(from reference 1, P.· 19) 

Anthracite 
(53 samples) 

2.7 

2.0 

.07 

.06 

.05 

.24• 

.44 

.002 

.15 

6 

27 
61 

33 

10 

• 3 

.15 

.9 

3.5 

5.4 

l.S 

16 

10 

100 

1.5 

7 

20 

7 

2 

3 

20 

5· 

100 

20 

10 

1 

50 

Bituminous 
(509 ·samples) 

2.6 

1.4 

.33 

.08 

.04 

.21 

:..!.:..! 

.01 

.08· 

25 

1.6 

22 

77 

. 20 

23 

22 

1.4 

4.6 

5.0 

.. 1 . 9' 

53 

50 

100 

2 

7 

15 

7 

3 

3 

20 

3 

100 

20 

10 

1 

30 
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Subbitwiiinous 
(183 samples) 

2.0 

1.0 

.78 

.18 

.. 10 

3 

10 

63 

7 

5 

.06 

• 5.2 

.006 

.05 . 

.2 

·.12 

.7 

1.3 

3.3 

1.~ 

.. 19 

70 

·300 

2 

7 

3 

.7 

1.5 

5 

5 

2 

100 

15 

5 

.5 

20 

Lignite 
(54·. samples) 

4.9 

1.6 

1.2 

.31 

.21 

.20 

2.0 . 

.015 

.12 

6 

1.0 

20. 

94 

19 

14 

.16 · . 

.7 

5.3 

6.3 

~.~ 

30 

100 

300 

5 

:m 
7 

2 

5 

15 

5 

300 

30 

15 

1.5 

50 

Average 
shale 

7.3 

8.0 

2.21 

1.55 

.96 

2.66 

4.72 

.085 

.46 

13 

45 

740 

• 3 

.4 

66 

20 

1.5 

.6 

12 

3.7 

95 

100 

580. 

3.0 

19 

90 

19 

2.6 

11 

68 

13 

300 

130 

26 

2.6 

160 



Table 2 

MEAN ANALYTICAL VALUES FOR ll4 WHOLE COAL SAMPLES 
FROM THE ILLINOIS BASIN COAL FIELD 

---------------------------------------------------------------------------------------------------------- -· 

£le~:~ent Arithmetic Geometric Hinimum Maximum Standard t.umber Number 
Mean He an Deviation Samples Less Than 

Values 

-------------------------------------------------------------------------------------------------------------
AG 0'.03 ppm 0.03 ppo 0.02 O.OH 0.02 . 37 
AS 14 ppm 7.4 ppm 1.0 120 20 113 
.b 110 ppm ~b ppm ·12 230 50 99 
bA 100 ppm 75 ppm 5.0 750 110 56 
B~ 1.7 ppm l.b ppm 0.5 4.0 0.!12 113 
bR 13 ppm 10 PPI:I 0.6 52 7. 4 113 
CD 2.2 ppm 0.59 ppm 0.1 65 7.4 93 43 
cr: 14 ppm 12 ppm 4.4 46 7.5 56 
cu 7. 3 ppm 6.0 ppm 2.0 34 5.3 113 
CR lti ppm lb ppm 4.0 60 9.7 113 
cs 1.4 ppm 1.2 ppm 0.5 3.6 0. 73 56 
cu 14 ppm 13 ppm 5.0 44 6.6 113 
VY 1.1 ppm 1.0 ppm 0.5 3.3 0.42 56 
EU 0.26 ppm 0.25 ppm 0.1 0.87 0.12 56 
f 67 ppm 63 ppm 29 140 26 113 
GA 3.2 ppm 3.0 pp!D 0.8 10 1.2 113 
GE 6.9 ppm 4.8 ppm 1.0 43 6.4 113 11 
Hf 0.54 ppm 0.49 ppm 0.13 1.5 0.25 56 
HG 0.2 ppm 0.16 ppm 0.03 1.6 0.19 113 
I 1.7 ppm 1.2 ppm 0.24 14 2.0 56 13 
lh 0.16 ppm 0.13 ppm 0.01 0.63 0.11 56 6 
u. 6. 8 ppm 6.4 ppm 2.7 20 .2.b 56 
LL 0.09 ppm 0 .. 00 ppm 0.02 0.44 0.06 56 
HN 53 ppm 40 ppm 6.0 210 41 113 
~.o H.l ppm 6.2 ppm 0.3 29 5.4 111 6 

'· Nl 21 ppm 19 ppm 7.6 6b 10 113 
p 64 ppm 45 ppm 10 340 60 113 7 
PB 32 ppm 15 ppm 0.6 220 42 113 6 
Rb 1~ ppm 17 ppm 2.0 46 ~-9 5b 
So 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 
sr: 2.2 ppm 2.0 ppm 0.4 7.7 1.0 113 
so, 1.2 ppm 1.1 ppm 0.4 3.1! 0.55 56 
SN 3.1! ppm 0.94 ppm 0.2 51 H.b 60 32 
SR 35 ppm 30 ppm 10 130 23 56 2 
TA 0.15 ppm 0.14 ppm 0.01 0.3 0.06 56 
Til 0.22 ppm 0. Hi ppm 0.04 0.65 0.14 41 
TH 2.1 ppm 1 ~ 9 ppm 0. 71 5.1 0.!17 56 
TL O.b6 ppm 0.59 ppm 0.12 1.3 0.31 25 
u L5 ppm 1.3 ppm 0.31 11.6 0.93 5b 

32 ppm 29 ppm 11 90 13 113 
w 0.1!2 ppm 0.63 ppm 0.04 4.2 0.69 56 
Yb 0.56 ppm 0.53 ppm 0.27 1.5 0.21 56 
ZN 250 ppm 87 ppm 10 5300 650 113 
ZR 47 ppm 41 ppm 12 130 27 8& 
AL 1.2 J 1.2 J 0.43 3.0 0.39 113 
CA 0.67 J 0.51 J 0.01 2.7 0.48 113 
CL 0.14 J 0.00 J 0.01 0.54 U.1j 113 
FE 2.0 J 1.9 J 0.45 4.1 0.63 113 

0.17 J 0.16 J 0.04 0.56 0.07 113 
HG 0.05 J 0.05 ~ 0.01 0.17 0.02 113 
NA 0.05 J 0.03 J 0.2 0.04 113 
Sl 2.4 J 2.3 J 0.58 4. 7 0.7 113 
Tl 0.06 J 0.06 J 0.02 0.15 0.02 113 
ADL 7.3 J 6.4 J 1.4 17 3.4 911 
hOIS 9.4 J 8.1 J 0.5 18 4.3 112 
VOL 40 J 4\l J . 27 46 3.1 111 
f!XC 49 s 49 J 41 61 3.6 111 
ASh 11 J 11 J 4.6 20 2.3 112 
BTU/LB 12712 12702 11562 14362 470 107 
c 70 ) 70 J 62 80, l.O 110 
H 5.0 J 5.0 J q_2 6.0 0.31 110 
N 1.3 J 1.3 J 0.93 1.8 0.19 110 
0 b.2 J !1,0 ' 4.2 14 1.8 109 
nTA 11. J 11 s 3.3 20 2.5 112 
LTA 15 J 15 s 3.8 24 3.3 112 
ORS 1.6 J 1.4 J 0.37 3-2 0.6 112 
PYS 2.0 . s 1.8 J 0.29 4.6 . 0.78 111 
sus 0.1 J 0.05 J 0.01 1.1 0.16 109 
TOS 3.6 s 3.4 J 0.56 6.4 1.1 113 
SXRF 3.4 J 3.2 s 0.79 6.5 1.1 112 

(from reference 3, 1_:>. 44) 
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CLAY MINERALS 

·Montmorillonite 

Illite-sericite 

Kaolinite 

Halloysite 

Chlorite 

Table 3 

MINERALS IDENTIFIED WITH COALS 

(Prochlorite, Penninite) 

Mixed-layer clay minerals 

SULF·IDE MINERALS 

Pyrite 

Marcasite 

Sphalerite 

Galena 

Chalcopyrite 

Pyrrhotite 

Arsenopyrite 

Millerite 

CARBONATE MINEHALS 

Calcite 

Dolomite 

Siderite 

Ankerite (Ferroan dolomite) 

Witherite 

SULFATE MINERALS 

Barite 

Gypsum 

Anhydrite· 

Bassanite 

Jarosite 

Szomolnokite 

Rozenite 

Mel an tez· i te 

Coquimbite 

Roemerite 

. Mirabilite 

Kieserite 

Sideronatrite 

_(from reference 4) 

- 2'2' '-

Al 2 Si~010 (0H} 2 •x H2 0 

KA1'2 (A1Si 30 1 0) (OH) 2 

. Al~Si~01 o (OH) e 

Al~Si~010 (0H)s 

Mg 5Al (A1Si 30 1 o) (OH) s 

PbS 

CUFeS 2 

Fe}-xS 

FeAsS 

NiS 

caco 3 

(Ca,Mg)C03 

FeC0 3 

(Ca,Fe, Mg) co·3 

BaC03 

Baso., 

caso~ •2H20 

caSo4 

caso4 •l:!H 2 0 

(Na,K)Fe 3 (SO~)~(OH)~ 

FeS04 ·H 20 

FeS0~·4H2 0 

Feso4 •7H 2 0 

Fe2 (S0) 3 •~H 20 

Feso;. ·Fe2 (so ... ) 3 • :t2Hz0 

Na2S04·.··10H20: 

MgS04 •'Hi6" 

2Na'2.o.·F.e 2 0 3 .-..rs·0'3·.·1H2 o' 



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 

Hemati.te. 

Magnetite 

Rutile 

Limonit:e 

Goethite 

Lepidocrocite 

Diaspore 

PHOSPHATE MINERALS 

Apatite (Fluor-apatite) 

Table 3--Continued 
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N·acl 

KCl 

MgCl2•6H20 

Si02 

K(Mg,Fe) 3 (AlSi301 o) (OH) 2 

zrsio., 
1-la (Mg, Fe) 3A16 (B03) 1 (Si&OlB) (OH) 1t 

(Fe,Ca,Mg) 3.(Al,Fe) 2 (SiO.,) 3 

Al2SiOs 

Al~tF~Si201o(OH)2 

Ca2(Al,Fe)3Si3012(0H) 

"NaAlSi30e 

KAISi30e 

KAlSi30e 

Ca(Mg,Fe,Al) (Al,Si)20& 

NaCat(Mg,Fe,Al)·s (SiAl) e022 (OH} 2 

AhSiO., (OH,F) 2 

:Fe:zo3 

Fe304 

Ti02 

FeO•OH•nH20 

FeO•OH 

FeO•OH 

AlO•OH 



i 
a.. 
a.. 
w 
z 
:::E 
0 
0: 
m 

:li ... 
Q. 

::2 
~ 
:E 
0 
0: 
:z: 
(.) 

74 
- . • I 

59 

44 

81 n ' 

7j ~ r: I 
:::E 6i ___., 
a.. 

sl a.. 
w 
z I 

30 ::i 41 0 
<r. 

3 m 

15 2 

i. 
00~--------------------~~~ 

. 0 £0 . 40 1\0 80 . 100 1.2i 1,32 1.40 15q >1.59 
SPECIFIC GRAVITY FRACTION 

PITTSBURGH N0.8 SEAM,WESTVIRGINIA 
PERCENT RECOVERY 

.PITTSBURGH N0.8 SEAM,WEST VIRGINIA 

18:4 

1'1.1 

11,0 

741 

3.7 

no 
0 

Bromine in specific gravity fractions of a sample 
from the Pittsburgh No. 8 coal from \.lest Virgi.nia. 
Left: washability curve. Right: distribution of 
bro)lline· in individual fractions. 

.-/ 
·~ i 
-~-- .· Q. 

<>. 

'S 
::> 

..... ~ 
0: 

.:z: 
(.) 

70 

60 

50 

40 

10 

20 

10 ..., 
; I 
; I 

1-
:l . i' 

i i : i 

I \ 

20 40 60 
PI:HC:I:.NI HI:.\AlVti<'! 

BLUE CREEK SEAM, Al:ADAMA 

80 • IUU 1.:50 1.32 1.40 !.GO II.CU 
~rCCiriC GRAVITY FRACTION 

BLUE CREEK SEAM, AI.ABAMA 

Chromium in specific gravity fractions of a sample 
from the Blue Creek coal. from Ala,bama. Left: wash­
ability curve. Right: distribution of chromium in 
ind1vfrluA1 frArttnnA. 

Figure 3. From reference J, p. 107-108. 

- 24 -



~ 
!!... 

16 .,.-, -------

i 
10; 

' 
:::E ' Q. 

Q. 071/ 
~ 

• ~ f 
~ 03j--

i 
oo.~! ----------'------l 

0 10 20 30 40 50 60 70 80 90 100 
PERCENT RECOVERY. 

BLUE CREEK·S,EAM, ALABAMA 

:::E :J Q. 
Q. J 0 

z 
"' 1/) 6 a: ... 

4 

2 

I 

Arse~ic in specific gravity fractions of a sample 
from the Blue Creek coal from Alabama. Left: wash­
ability curve. Right: distribution of arsenic in 
individual fractions. 

- 132~----------------9 ... 
z 
~ i 
e:i.I06j 
a.. ! 
... 
~ 79: 

a: 

"' :: 53 ... 
:::;: 
..J 

: 26· 

"' z 
:i 

oo-·----­
o 10 20 30 40 50 60 70 80 90 100 

PERCENT RECOVERY 
POCOHONTOS N0.4 SEAM,WEST VIRGINIA 

..J. 20 ... 
a: 
~ 10 

:::E 

n 
i 

n1 

n 
! i 
I : 

I 
i 
I 
I 

1.30 1.33 1.40 1.59 )1.59 
SPECIFIC GRAVITY FRACTION 

POCOHONTOS NO.4 SEAM, WEST VIRGINIA 

Low-temperature ash in specific gravity fractions. of 
a sample from th~ Pocahontas No. 4 coal from West 
Virginia. Left~ washability curve. Right: distri­
bution of low-temperature ash in individual fractions. 

49r---------------------~ 

39 SULFUR (total) 

29_. __ 

I 191 

101 

Washability curve of sulfur in specific gravity 
fractions of a sample from the Herrin (No. 6) 
Coal Member. 

00~----~-------~ 
0 20 40 60 80 100 

P£RCENT RECOVERY 
HERRIN (N0.6) COOL 

Figure 3. (Continued) 

- 25 -



Table 4 

ORGANIC AFFINITY OF ELEMEHTS.IN LABORATORY­
PREPARED WASHED COAL SAMPLES 

-------------------------------------~--------------------------------------------------~----------------

Float-Sink Set 1 Float-Sink Set 2 Float-Sink Set 3 Float-Sink Set ij 

Ge ·Br Co Sr 
u Ge Br Br 
Br Co Ni 6 
v s Sr u 
:;b Ni Be· Ba 
Be w s p .Organic 
Dy Cu II s 

fly Du P:l 
M' 0, Ooo 
Be p 

v Fe 
La 

.85 u .72 .66 .62 

Cr .bo Pb .67 Oy .60 Pb .61 
B Sm Ib Eu 
Ni Tb F.n Na 
cO Eu Cu Be 
Cu Sb v Co 
Na Ce Sb Ga Intermedi-ate-Organic 
Lu Ba Tb Ca 
Eu Ga Ca v 
K p Zn 
Sc Lu 

.55 .65 Ga .so .ij7 

Tn .ij~ Ct· .GO Co .•!9 rn 
Zr Zr Se Hg 
Hf Se Na La 
Rb Yb B Sm 
Ti Tl. Sm N~ 
Ta Sc Se Zo lntermediate-ll'lorganlc 
s LU La &b 

I: a Fe Hn Sn 
Yb kt u Hu 
Sm Th Cr Cr 

Al Pb Ce 
Hi! Se 

Se 
.Jij .. 39 .37 Tb -35 

Pb .2b Ta ·33 Hg .32 Yb . 33 
Se B Ti Al 
Al Ca ta Fe 
Si Zn Th Hf 
Hg Na Hf Lu 
LTA LTA Al Zr Inorganic 
Sn Si Zr As 
6~ K LTA Ta 
Ga Hg Cs n. 
Cd Cs Rb LTA .. .. r Rb . $j Rb 
Ce Hn K K 
Fe· As As Si 
Hn cs 
As Ti 
La 
p 
Zn 
Ca 

(from reference 3, p. 118-119) 
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Table 4--Continued 

float-Sink Set 5 float-Sink Set 6 float-Sink Set 8 float-Sink Set 9 · 

---------~--------------------------------------------------------------~---------------------------·----

B 
Na 
p 

Hg 
· Ba 
Fe 
s 
Ni 
Co 
J;r 
Sr 
Ca 
Be 
Dy 
Yb 
Cu 
v 
Lu 
Sb. .66 

s" .63 
Ce 
Se 
La 
Eu 
Cr 
Tb 
u 
Hn 
II .51 

Ge 
B 
Be 
p 

se·. 
Sb 
Cr 

Co 
Ga 
Ca 
Ni 
K 
v 

Ge Ge 
p 5 
Be Be 
B Sb 
Ga 

Organic 

.68 .81 .69 

.66 Sb .68 v .• 56 
Co s 
Se Ga 
Na Ho 
v Intermediate-Organic 
K 
Ni 

.60 .51 .49 

-~--------------------------------------------------------------------~----------------------------------

K .49 Al .511 Pb .42 Na .44 
Sm Cu Cu Se 
hf 51 Si Hi 
Zr Hn Al Cr lnteraediate-lnorganic 
Ta Zr Co 
Al s Hg 
Th Hg Cu 
Ga .35 .36 .29 .24 

------------------------------------------~--------------------------------------------------------------

Rb .34 Zr .26 Fe .22 p .18 
·Ti LTA LTA T1 
sn· s As Fe 
Hg As Ho Zr 
LTA· Cd Cd K 
As Hg Cr LTA Inorganic 
Si Ho Hn AI 
Pb Pb Zn 51 
Cs Zn Ca Ail 
Ge Fe Pb 

Cd 
Hn 
Zn 
Ca 

------~~ea•••·------- _,_ · --- ----...:---------..-•---------------------~•••••••-------- .. • ._ _______________ . __ 
NOTE: Grouped.in 4 catagories: organic, intermediate-organic, intermediate­

inorganic, inorganic. Va·lues :for the· indices of organic affinity sep­
arating classes. are ind·ioated. 
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Coal Liquefaction - Process Description and Effluent Character~zation 

By 

F .• K. Sc.hweighardt 

u. s. Department of Energy, Pittsburgh Energy Technology Cent_er 
4800 Forbes Avenue, Pittsburgh, Pennsylvania 15213 

The production of coal-derived liquids based on by-product coking beg.an 
in both Germany and England- in the 1840's. Such p_roducts 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 eJllerging nation~ Qf ~h~ ''lorld.. Exall)ples of these. products 
are solvent naphthas, benzene, tolu~ne, xylenes, phenols, pyridine and must 
of the anilines. Such materials found their way into most all of our 
industrial growth products and provided the basis {or the petru-cllemical 
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 II to produce a host of oils and a solid. The recovered extract 
wa,s similar to our present day Solvent Refined Coal, SRC-I, product. 
During the early 30's hy~rogen was added into the process and the resulting 
Uhdepfirrmann process bears a ·close resemblance to the SRC-ll process. 
Finally the Bergius process introduced a catalyst to aid in the rapid 
production of aviation fuel and diesel oils.

6 
At its height the Bergius 

process had 18 plants which produced 30 x 10 barrels of oil per year. Out 
modern H-Coal and SYNTHOIL processes were derived from the Bergius approach. 

Again in Germany during the 1920's Fischer and Tropsch developeq 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 pr~ssure. 
Uuring World War II this proces~ produced most of Germany's raw chemicals, 
includirig.alcohols, oils and waxes. The Union of South Afric~ has a Fischer­
Tropsch plant in operation today. 

The United States began iti interest.in c~al 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 1Y50'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 c.onversion 
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 liquefaction technology can be idtmtified; 

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 (350-450°C), ·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· (l!RI) is still in operation. The process is an 
extension of the H-Oil 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 l 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 Oil Corporation and run by Pittsburg 
and Midway Coal Mining Company, part of Gulf Oil. 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 \-{ide 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 l75°C. In the.SRC-II process 
the product is partially recycled and distillation fractions represent 
the final li_quid. products. Figures 2 and 3 give schemcitic representations 
of SRC-I and.SRC-II, respectively. 

3. Pyrolysis and Hydrocarbonization 

Pyrolysis of coal involves a mixture of combustion and recycled gases 
which fluidizes arid 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 540°C, 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 H2S and co2 . Oil and water condensed 
from the. pyrolysis stream are separated into lighter than water, heav~er 
than water and aqueous fractions .. The aqueous stream is ultimately discharged 
from a fluidized bed cooling step used to generate high pressure steam. 
The oil fractions are combined and sent for hydrotreating to remove residual 
sulfur, nitrogen and oxygen impurities. The resulting oil is the final product. 
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Typical output streams from the conversion of coal to liquid produ~ts 
summarized in table 1. 

Table 1. Output streams of coal liquefaction. 

Product oil 
Sulfur 
H

2
so

4 Ash 
Carbonaceous residue 
Water-coal drying 
Hater-w·aste 
Spent catalyst 
Tar 
Fuel ~as (Low BTU) 

Sludge 
Ammonia 
Spent solvent 
Coal dust 
Filter cake 
Char 
Light distillates 
Middle distillates 
Vacuum distillates 
Vacuum bottoms 

Five major areas of concern involve: 1. sulfur-containing constitu~nts; 
2. concentrations of polynuclear aromatic hydrocarbons (PAH); 3. concentrations 
of w~akly 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. solids;and 4. particulates or aerosols. 

Pr6duct Characterization 

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

Let us consider a catalytic liquefaction process and view the produ~t RR 

Lh~ sum of ash, carbonaceous residue, and all distillate streams. A classical 
approach has been to solvent separate the product, figure 4. From the early 
l~JJO' s Lutal benzene solubi:l ity lu1~ been considorcd a mc(lsure of l:ual ~.:ull'" 

version to a liquid product. The morP. rPcent fractionation of benzene iusuluLl~~ 
to preasphaltenes and ash/residue reflects the nP.wPr rnn~~rt~ of thQ ctru~tur~ 
ot c~al and its conversion to a liquid. Presently coal is considered a complex 
uetwork 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. fhese free radicals can either 
accept hydrogen from other coal subunits or from the vehicle solvP.nt, If 
v~hicle solvent cannot donate hydrogen, the large coal-derived subunits may 
recombine to form~~ intractible solid. If hydrogen is av~ilable there ~s 
conversion of large units into smaller units with greater benzene 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. Th~ oil~ have 
been column chromatographed into saturate, aromatic, acid and base sub­
fractions. The distribution of these subfractions will vary greatly 
~ith process conditions, an example is given in table 2. The asphaltenes 

- 34 



Table 2. Typical distribution of solvent separated fractions 
and functional groups in a coal liquefaction product. 

Weight 2crcent 

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, o1and S), 
~~s chromatography, mass spectrometry, nuclear m~gnetic 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; oxyge~ 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 tlH~ir low volatility. The number average molecular weight ranges 
from 400-700, with complex polynuclear aromatic clusters. A distribution· can 
be m~de of acid, neutral and basic material, 35, 30 and 35, res~ectively. 
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 very cl.osely to the process conditions and, to an unknown 
exteno, to the coal. 

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

Process stream Mass of element present (mg) 
(Total Mass in Kg) Be As Se Co .Zn 

Feed Coal 16 62 64 38 490 
(;1.5. 9 Kg) 

Recycle Oil 4 50 30 50 500 
(29.5 Kg) 

Feed Paste 21 145 130 100 540 
(45.4 Kg) 

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

Centrifuged Liquid Product 11 55 38 48 450 
(34.6 Kg) 

Centrifu&e Residue 
( 4. 9 t\.g) 12 49, 49 64 510 
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OIL SHALE - PROCESS DESCRIPTION AND 
EFFLUENT CHARACTERIZATION 

R. Herril Coomes 

Tosco Corporation 
10100 Santa Monica Blvd. · 

Los Angeles, California 90067 

Thank you Jack Sharkey for the int~oduction and n~tn Whit~ for 
inv~ting 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. 1 Colony began biological 
testing of oil shale materials as early as 1965, and is now com­
pleting an extensive te$t program which is mAnaged by Tosoo. Many 
o~ 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 oil shale processing and the 
chemical characterization of.products, byproducts, and prdcess 
effluents. Figure 1 shows geographically the location and dis­
tribution of oil shale in the Green River Formation throughout 
Colorado, Utah, and Wyoming. The analytical results in this dis­
cussion will be limited to oil shale frnm the Picgance Basin where 
Colony owns land in Parachute Creek Canyon.· The two Colorado 
Federal Lease Sites, Ca and Cb which ar.A being developed by Gulf 
Oil and Standard Oil of Indiana, and by Ashland and Occidental 
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 be 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 Oil Company. This retort 
produced oil in "commercial" quantities and also utilized a batch 
proocos. 

RETORTING OIL SHALE 

The objective of oil shale retorting is to convert the Kerogen in 
oil shale into oil and isolate the oil from the retorted solid. 
Kerogen is a three-dimensional, high molecular

2
weight polymer that 

is insoluble in conventional organic solvents. To convert Kerogen 
into oil, it must be heated to 800-900°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. I~direct 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 showri in Figure 2. In ·Type 1 re­
torts, he·at passes through the retort walls t:o reach the oil shale. 
In· Type· 2 retorts, which would include insi tu,·· a combustion zone 
created in the bed of-oil shale, provides the iequire~ heat. Type 3 
retorts receive their heat from contact with circulated externally 
heate4 gases.· Type'4 retorts receive heat from contact with ex-
te~nally 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 oil yield of oil shale. In 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 oil mist and dust are removed from the retort. A 
separator removes the oil and a high Btu gas a~ products, and re­
circulates some gas to the recycle ga~ hr:d.te.c.:·. 

A schematic of the Type 4 retort, indirect heating with a solid 
heat carrier, is showfi 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 ~ethod allows the oil shale fines to be retorted. 
The solid heat carrier is recovered from the retort and recirculated 
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to the solid heate·r. The processed shale and oil mists are removed 
from the retort. A separator produces oil and· a high Btu gas .as 
products. 

POTENTIAL WORKER EXPOSURE 

The areas in which workers can be exposed to oil. shale materials 
can be explained best by considering. a compl~te oil shale· processing 
complex as shown sch~matically :j.n Figure .. 8. The. exposures would be 
similar for modified insitu retorting,· except for. the processed 
shale disposal. Workers would .be exposed to raw oil shale dust 
during ~ining and crushing operations. The equipment. for oil. shale 
mine use· is huge, al)d has.been demonstrated inprototype 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: so feet, and are left in place 
to support the roof. A second stage in oil shale mining is the 
removal of an additional 30 foot horizon from the mine floor, which 
gives. 60 fe.et 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 o-rder 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 compaction equipment, the surface is prepared for revegetation. 
The surface is loosened and the salts ar~ 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 oil shale materials that would be 
present at such a complex. 

Raw oil shale exposure is common to all retorting processes. 
Table 1 gives the mineral content of oil sh~le. 3 There is nothing 
unusual about the mineral composition, which is·typical of many 
soils and rocks. The amo.unt 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 oil shale slowly oxidizes 
at ambient conditions, changing the character of the retorted 
products.4 
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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 oil shale.may be converted to a liquid fuel ·without requiring 
hydrogenati6n, as coal liquifaction does .. Hydrogen is present at 
10%, an amount similar to fuel oils, while 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 lbs. water, and 
1648 lb's •· of processed shale while recovering 35 gallons· of oil. 
The organic carbon balance is included to show carbon distribution 
in the products. 

The product" gas analysis in Table 4 was formed by re-torting oil 
shale in an indirect heatin.g/solid heat carrier retorting process 
(TOSCO II) .1 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 C02, resulting from thermal decomposition of the.carbonate 
minerals present-in oil shale. 

Table 5 gives elemental balances for carbon, hydrogen,. sulfur, and 
nitrogen around the TOSCO I.I retorting process .,1 These data show 
the distribution of ·these elements in all products. 

The properties of raw, bottomless and hydrotreated shale oil are 
listed in Table 6. Raw or crude shale oil is the oil as it comes 
from the retort. Bottomless shale oil is the shale oil fraction 
that di.stills lower than 9500F, 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 hydrocarbong by thermal 
decomposition, and forming sol·id coke. Hydrotreated shale oil is 
formed by catalytically hydrotreating the bottomless shale oil 
un.de~ 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 po~ential 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 

·oil shale.5 Analyses are given for trace metals that have re­
pol;'tedly. adverse health .effects,· except for· mercury. 'l'he .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 materia~ balances. 
These data show that volatile elements were found in the oil, 
water and gas,· wh~ile nonvolatile elements remained in the processed 
shale. No unusual concentrations of elements were found in the 
products. 
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Of equal concern for industrial hygiene programs is the p6tential 
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 oil.shale and products from the 
TOSCO II retorting process. Tables 8 and 9 give the results of 
SaP analysis of ·raw sha·le, processed shale, crude shale oil, hydro­
treated shale ·oilt. TOSCO II atmospheric effluent, and shale oil 
coke. These datab show that mined raw oil shale contains· half as 
much BaP as TOSCO II processed shale, and that hydrotreating shale 
oil 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 m~terials do not con-

.tain unusual or large amounts of BaP when·compared to materials 
commonly utilized in present-day oil 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 ahale ·materials has 
shown that they contain not only PAH, but also monomethyl and 
dimethyl PAH homologs. Tal;>le 10 qives the c.:onc1ntrations of all 
FAH and methyl substituted PAH compounds found. 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 identica·l to the spectrum of the corresponding parent. PAR'. 
These analyses demonstrate how difficult it would be to identify 
7,12-dimethylbenz(a)anthracene, a potent animal earcinogen, from 
the mixture of 60-plus dimethylbenz(a)anthracene isomers .present. 
The similar properties of these isomers does not allow separation 
utilizing presently available techniques. 

Exposure.of workers to BaP contained in TOSCO II processed shale 
would be very low, as .is shown in Table 11. 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 pro6essed shale. As 
shown in Table 11, this BaP level is considerably lower than BaP 
exposures experienced from everyday environments and common sources. 8 
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INDUSTRIAL HYGIENE 

While this paper was to addr~ss only the characterization of oil 
shale materials, i must briefly mention some aspects of industrial 
hygiene, which is the overall topic of this me~ting. 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 biological availability of carcinogens was effectively 
demonstrated in an extensive series of experiments9,10,11,12 which 
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. In 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, ··saP, 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 data6 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 concerned 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 oil shale materials. We have tested raw oil shale, TOSCO II 
processed shale, crude shale oil, hydrotreated shale oil, and TOSCO II 
atmospheric eff-luent for their toxicity and carcinogenicity. It is· 
conc~uded 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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Tabl.e 1. MINERALS ANALYSIS OF RAW SHALE 

Component 

Dolomite 
Calcite 
Quartz 
Illite 
Albite 
Microcline 
Pyrite 
Analcite 

Weight Percent 

32 
16 
15 
19 
10 

6 
1 
1 

Table 2. CHEMICAL ANALYSIS OF KEROGEN 

Orginic Component, 
Component Weight Percent 

Carbon 
Hydroget;l 
Nitrogen 
Sulfur 
Oxygen 
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80.5 
10.3 

:.!.4 
1.0 
5.8 



V1 
V1 

Weight of Distrihu-
component tic.m of 
(pounds) component 

11ater i ai · twt. %) 

Fe eel 

Raw shale 2, 0.00 

Produt:t Slate 

Processed Shale 1,652 82.4 
0 i l 250 12.6 
Ga!i 70 3.5 
iv.-.t tcr :n 1..2 

'l'Oti1.1. 

Recovery Perce-nt .99. 7 

Table 3 

Product and Elemental Balances 

Weight 
of 

organic 
carbon 

(pounds) 

330.6 

81.4 
212.2 

35.4 
nil 

.329.6 

99.7 

Tosco r"r Process* 

Distribu..:. 
tion of 
organic 
carbon 

(%) 

24.6 
64.6 
10.5 

99.7 

Weight 
of 

sulfur 
(pounds) 

15 

10.2 
2.1 
3.1 
0.1 

15.5 

103.4 

Distribu-
tion of 
sulfur 

(%) 

68.0 
14.0 
20.7 
0.7 

-103.4 

· *Basis: 2, 000 pounds of raw s-hale · (35 gallon per ton). 

Weight 
of 

nitrogen 
(pounds) 

9.2 

4.6 
4.6 
nil 
0.3 

9.5 

103.3 

Distribu-
tion of 

nitrogen. 
(%) 

50.0 
50.0 

3.3 

103~3 

Weight 
of 

hydrogen 
"(pounds) 

43.0 

4.4 
28.4 

7.0 
2.6 

42.4 

!18.6 

Distribu-
tion of 
hydrogen 

(%) 

10.2 
66.0 
16.3 
6.0 

98.5 



Table 4. PRODUCT GAS ANALYSES - TOSCO II PROCESS 

Component 

H2 
co 
CH4 
C2H6 
,C2H4 
c3H8 
C3H6 
i-C4Hlo 
n-C4~10 
Butenes· 
c5 •s 
Cfi'S c.,. i + 
C02 
H2S 

Table 5. Elemental Analy.ses 
TOSCO II retorting 

·Organic 
carbon 

Feeq 

Raw shale 16.5 

:Products 
Proce&ied s;haloa 3.3 

'Oil 1;14! 7 
Gas 48.9 
Water nil 

Weight E?ercent 

of Oil 
process 

Sulfur 

0.8 

O.fi 
0.8 
4.4 
0.4 

l. 34 
3.14 

10~66 
7.53 
7. 7'5 
4.87 
9.90 
0. 37 
3 ~ 5.7 · 
6.07 
6.14 
3.60 
II. H~ · 

29.56 
4.61 

100.00 

Shale Materials around 
(weight percent) • . ' .. 

Nitrogen H:z:drogen 

0.5 2.12 

0.3 0.3 
·1.8 ll. 3 
nil 9.9 
1.3 11. 3Q-

T?ble fi •. . SHALE OIL PROPERTIES 

the 

Raw · Bottomless · H:z:drot·reated 

Gravity, oAPI 
Sulfur, Wt.% 
Nitrogen, Wt.% 

composition, wt.% 
IBP - 4000F 
4000F - 6S00F 
6S00F - 9S00F 
950°F - EP 

Pour Point, oF 

Viscosity, 
SUS at lOOOF. 

21 
. 0. 7. 
1.9 

17 
25 
35 
23 

·so 

96 

56 -

25 
0.7 
1.8 

23 
30 
47 

55 

48 

40 
0.01 
0.06 

43 
34 
23 

so 

35 



Table 7 
Oil Shale 

Elemental Analysis 
. ' • • ' I 

(ppm) 

Raw Spent 
Element·· Shale Shale Oil Water. 

Arsenic 61.7 62.3 21.2. 0.0 

Beryllium 0.87 1.05 0.0 0.0 

Boron 74.0 78.6 0.60 0.55 

Cadmium 1. 35 1. 67 0.0 0.0 

Chromium 43.3 52.6 0.71 (). 004 

Cobalt 5.9 7.4 0 ~ 22 .. 0. 004· 

Copper 42.8 49.7 0.15 0.16 

Fluoride 1018. 1282. 1.0 3.0 

Lead 29.1 35.3 0.17' 0.0 

. Magnanese 213.7 263.7 0.05 0.02 

Molybdenum 33.3 40.7 0.63 6.006" 

Nickel 23.3 27.8 .· . 1-.63 '0;034 

Selenium 12.2 '13.8 0.0 0.1 . 

Vanadium 49.8 62.1 0.38 0. 0. 

Zinc . 54.2 78'. 7 1.8 0.045 
~. ~ 
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Table 8 

BaP ·CONTENT OF OIL SHALE SOLIDS AND NATURAL MATERIALS 

Material 

Raw Oil Shale 
TOSCO II Processed Shale 
TOSCO II Effluent 
Shale O.il Coke 

Farm Field Near Moscow 
Oak Leaves 
Rural-Mixed Forest Soil - Eastern U~S. 
Garden Soil - Eastern U.S. 
Plowed Field -·Eastern U.S. 
Sandy Soil - USSR 
Soil Near Streets - USSR 
Sediment . 

Table 9 

Ri'IP ContP.nt . (ppbJ 

14 
28 

140 
129 

79 
300 

1,300 
90 

. 900 
0.8 - 40 

1,ooo - 1,soo' 
75 - 370 

BaP CONTEN'r OF PETROLEUM PRODUCTS 

Petroleum Products 

Libyan crude oil 
Cracked residuum (API 59) 
Cracked sidestream (API 2) 
West Texas paraffin distillate 
Asphalt · · 
Coal 

Raw shale oil (Colorado) 
Rydrotreated shale oil (0.25% N) 
Hydrotreated shale oil (0.05% N) 

- 58 -

BaP (ppb) 

1,320 
50,000 

2,000 
3,000 

10,000 to 100,000 
4,000 

3,200 
800 
Q90 



Table 10 

PAH Analyses of Oil Shale Materials 
(concentrations in ppb) 

Tosco II Hydrotreated 
Raw Oil Shale Processed Shale Effluent Crude Shale Oil Shale-Oil (O.OS%H) Shale Oil Coke 

Alkil Crou!!s 0 I li 0 I II 0 I II 0 I II 0 I II 0 l II 

_Pyrene 64 16 61 102 58 331 344 435 14,500 21,500 20,000 17,500 109,000 71,500 23 43 u 

Flunranthene 33 + 23 21 + 171 100 + 6,900 3,700 ~ 980 "16,200 s 6 

nenz(a}anthraceue 13 13 10 27 43 45 83 89 145 2,700 4,550 2,050 1,800 1,435 53 54 34 

Chtys.;,ne 36 25 26 30 52 ss 105 105 447 5,600 6,850 5,350 915 5,600 3,450 21 so 50 

T:::-iphenylene 22 8 17 13 15 34 37 44 68 1,250 2,050 1,850 1,700 2,450 3 3 3 
l.n 

. Benzo(a)pyrene \0 14 5 1 28 ss ,36 140 83 123 3,100 7,250 4,550 690 2,250 460 129 189 105 

Benzo(e)pyrene 16 s 4 18 29 18 102 80 93 1,350 2,250 2,000 3,150 6,950 875 46 82 52 

Perylene 3 6 9 3 35 + 980 720 6 20 

.\nthanthrene 3 s s 3 77 47 525 .,. 310 16 29 

Benzo(ghi)pery1eue 15 11 12 19 24 267 63 '21 1,400 13,900 8,450 2,700 294 164 109 

Corocene 4 s 78 515 20 

+ trace, not quantified 
- not detected 



~. 

' , --

Table li . 

. ATMOSPHERIC CONCENTRATIONS OF BaP 

Atmosphere or Effluent 

Processed Shale (2.3 mgjMl) (1) 

Los Angeles (1971/72) 

BaP Concentration 
nanograms/M3 

0.06 

0.03 - 3.5 
4,000 Auto Exhausts · 

Gas-Fired Heat Generators 
Beer Hall in Prag~e 

20 - 350 
.28-- 144 

'l't"uck Exhaust 
Open Burning 

1,500 36,000 
2,BOO - 173,000-

(l)The amount of processed shale is based on the current 
nuisance dust standard:: 30 mg/M3 __ . , . 

Test Method 

Skin Painting 

Inha.lotion 

Feeding 

Injection 

%· Quartz + 3 

: Table. 12 

BIOLOGICAL AVAILABILITY 
OF CARCINOGENS FROM-CARBON BLACK 

Results 

Whole Benzene Extract 
Carbon Black of Carbon Black 

.Negative 

1-legative 

~egative 

Negative 

Table 13 

RETARDATION,.OF TtJMOR FORMATION 
BY WASHING THE SKIN OF MICE 

WITH A SOAP SOLUTION 

Pu~.iL.ivt:t 

Pn~itivP. 

Positive 

Positive 

Period of Contact Before 
Washing ·skin · 

Wa9hing Maximum Incidence 
Agent of Tumors (% weeks) 

Control - np washing None 100/26 

10 minutes Soap Solution 0/80 

1 hour _Soap Solution 20/80 

4 hours Soap Solution 100/70 
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Relative Chemical Composit~on of Seleded Synthetic Crudes* H 
W. H. Griest, M. R. Guerin, p. 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 composition of synthetic crude's can provide an 

important input into the assessment of occupational exposure monitoring 

requirements fa~ the coal conversion and oil shale industries. This 

paper summarizes comparative c'ompositional studiesof coai- and shale­

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

*Resea,r:ch ·sponsored by th~· U. S .. Environmental Protection Agency under· 
Interagency Agreement IAD-D6-0129 under Union Carbide Corporation contract 
W-7405-3ng-26. with the U.S .. Department of Energy. 
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Chemical Class Fractionation and Analysis 

Many chemi·cal class fractionation procedures exist. Several have been 

specifically applied to synthetic crudes derived from coal and oil shale 

versus·natural petroleum as a point of ref~ren~e. The results of each pro­

cedure can contribute to our understanding of the chemistry of synthetic 

crudes. 

The most extensive comparison of coal-derived crudes with petroleum 

has been .conducted by Dooley et al. (I) at the ~artlesvi lie l:.nergy R~s~ar.ch 

Center. Six selected petroleum crude oils and five coal-derived crudes have 

been subjected to both ro~tine crude oil physical property tests and an API 

separation procedure consisting of distillation, ion exchange, adsorption 

and gel permeatiqn column chromatographies, followed by gravimetric and mass 

spectral analys.is. Few di.fferences were obtained in the physical property 

tests. The major differences between the coal liquids and the petroleum as 

~distinguished by the simple compositional tests were the greater nitrogen 
/ 

content but lesser sulfur content of the former. Even greater nitrogen 

content (1 .5 to 2 percent) has been reported for shale oil by Mor~ndi and 

Poul~on (2), suggesting a relative ranking by nitrogen content of shale 

oil > coal-derJved crude > petroleum. 

More revealing differences.were found when the 370°-535°C distillates 

of the crudes .were separated by chromatographic procedur~s into saturate, 

monoaromatic, diaromatic, and polyaromatic plus polar fractions, The data 

summarized in Tdble 1 indicate that the coal-.derived crudes are characterized 

by a lesser saturate content than the petroleums, but a much greater aromatic 

content extending across the range of ring sizes from mono- to polyaromatic. 

In some of the extreme cases, the differences 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 +polar fraction. The· 

results indicated that the greater aromatic content of the coal-derived 

crudes is due in part to polycyclic aromatic hydrocarbons and their alkyl­

ated derivatjves, ranging from at least acenaphthalene to benzo(ghi)perylene.· 

The sum of the generically identified PAHs ranged 5-14 percent. in the coal­

derived crudes as compared tti 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 

some of the larger five and six ring ·PAHs. Most known carcinogenic PAHs 

fall in this range of ring sizes, such as benzo(a)pyrene and dibenz(a,h)-

anthracene. However, the mass spectrometer cannot easily distinguish among 

isomers. 

These results are in ~eneral agreement with data from the gravimetric 

analysis of polyaromatic isolates prepared in several laboratories from 
r"· 
\ 

petroleum, shale oil, and .coal-derived crudes, as shown in Table 2 (3). The 

data indicate the.greater polyaromatic content of the coal-derived crudes, 

and suggest that the polyaromati c content of the shale oi 1 may fall between 

that.of coal-derived crudes and petroleum. However, this is hardly a statis­

tically significant comparison,. and thus only a suggestion of a trend is 

made. The 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 crud~s. the percentage of polyaromatics will depend 

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

some may include nitrogen- or sulfur-heterocyclics. 

63 -

___.-· -·-
·-



Compositional studies at Oak Ridge National Laboratory of synthetic and 

natural crudes have concentrated on chemical class ·separation via Swain-Stedman­

type acid-base-neutral fractionation (4). The procedure is diagrammed in 

Figure 1. Successive partitioning of the crudes with aqueous base/ether 

and aqueous acid/ether remove acidic and basic constituents, respectively, 

leaving the neutrals for further separation by adsor.ption column chromato­

graphy.· 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. 

Except for Coal Synthoil C, the bulk of the. neutrals appear to be hydrocarbons 

(hexane eluate of adsorption column). PAHs and other neutral, relatively 

non-polar polynuclear aromatics (hexane/benzene eluate) are a minor portion 

of the neutral constituents. No significant differences ·among the latter · 

in the crudes ·were detected by this procedure. The remainder of the material 

in the crudes is spread among ·the other chemical classes~ with a few percent 

appearing in each class. Coal Synthoil C seems to stand out with elevated 

amounts of sodium hydroxide-insolubles (NaOH 1). These constituents appear 

to corre·spond to the unidentified material which defys solution in most 

organic ·sol-vents. The coal-_ and shale-derived crudes are higher in-ether­

soluble weak acids (WAE)· and· also. water-soluble strong acids (SAW) than are 

the petroleum crudes, with the Coal Synthoil C far exceeding the other in 

WAE. The WAE class most likely is composed of phenolic compounds, some of 

which- like phenol- may be toxic. ·In this regard, ·direct aqueous analysis 

methods have shown (6) considerab.le phenolic content in by-product waters 
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from coal gasifi~ation an~ liquefaction, and enhanced carboxylic acid and 

amide concentrations in by-product waters from oi'l shale retorting. 

Considering n~xt the basic constituents in this fracti'onation procedure, 

the Shale Oil B is seen to contain by far the highest percentage of ether:.. 

soluble bases (BE). This observation is supported by a separate analysis 

of another shale oil, where the BE accounted for 6.7 percent of the crude 

oil. The coal liquids fall between the two extremes represented by shale 

oil and petroleum and the relat~ve ranking· thus parallels the nitrogen 

content of such crudes .. Th~se compositional differences may be impo~tant 

in light of recent research {7) demonstrating that polycyclic amines or 

bas·ic azaarenes are a·mong the most bioactive of .the BE constituents. The 

BE contribute almost 40 perce~t of the mutage·nicity of Shale Oil 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 percen.t of the mutagenicity o_f Coal Synthoil C resides in the precipitate 

Bia· The composition of the Bia of Coal Synthoil C is not kno\'tn, but the 

mutagenicity result does emphasize the potential variability in coal-derived 

products. Overall re~overies are good, indicating little material was lost 

in the fractionation. 

Swain-Stedman fractionation has been criticized because of the. strong 

acids and.bas~s contacting the sample. In recognition of this drawback, 

anoiher approach to fractionation of crudes at ORNL has been through the 

"gentle" gel filtration on Sephadex LH-20 {8):\ Depending on the solv.ent~ 

a remarkable range of separation mechanisms can be brought into effect. As 

shown in Figure 2, swelling the gel with methanol/water and passing the 

sample through in hexane affords a hydrophilic/lipophilic separation of 

constituents. The lipophilic compounds ca~ be separated further _into 

polymeric, hydrogen-bonding, and sieved classes by employing tetrahydrofuran 
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as the solvent and gel swelling agent. A final "sorting" by molecular size 

and aromaticity into aliphatic and various aromatic 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 

in Table 4. The predominantly aliphatic character of the crudes as determined 

by gel filtration is in good agreement with results from other procedures. No 

significant differe~ces were detected among the aromatic fractions, with the 

pos~ible 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), PAHs have 

received particular attention in specific class isolation and analysis. PAH 

isolates have been generated from the same four crudes treated in the class 

fractionation studies, by a combination of solvent partitioning and adsorption 

column chromatography (10). Gas chromatographic profiles (3) of PAH isolates 

are shown in Figure 3 for (A) Petroleum Mix A, (B) Shale.Oil B, (C) Coal Syn­

thu"il C, and (D) Coal Syncrude D. The major feature of these isolates is 

their complexity, particularly for the coal-derived crudes, but apparently 

less so for the shale oil. It may be important to note that recent studies 

(11) have indicated that multialkylated PAHs are responsible for the complex 

nature of the coal-derived PAH isolates and that the multialkylated PAHs can 

contribute twice the total mutagenicity of the ·parent plus simple alkylated 

PAHs by virtue of their greater quantity and only slightly lower specific 
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activity. The parent plus simple alkylated PAHs would. include most presently 

known carcinogenic PAHs. 

Specific analyses were conducted in separate studies employing carbon-14 

labeled PAH tracer for recovery corrections. Diaromatics were isolated and 

analyzed (3) using carbon-14 labeled naphthalene for recovery corrections. 

Results are shown in Table 5 for the four crude oils. Diaromatic concentra-

ti ons are seen to be· high, exceeding one percent by weight of the crude oil 

in the case of the coal-derived crudes. The shale oil and petroleum contain 

one-third to one-half the total diaromatics. The 2-methyl-naphthalene pre-

dominates in the coa 1-deri ved crudes, while 1 ,3- and/or 1 ,6:-dimethyl naphtha­

lene is the most concentrated diaromatic in shale oil and petroleum. Thus, 

the coal-derived crudes stand out in diaromatic content. 

Polyaromatics also have been measured (12) by similar procedures. 

using carbon-14 labeled benzo{a)pyrene for recovery corrections. The data 

in Table ·6 show concentrations of representative PAHs in the crude oils. 

Again, as with the diaromatics, the coal-derived crudes contain the greatest 
I 

amounts of PAHs. The shale oil appears to contain higher PAH concentratjons 

than do the petroleum crudes but less than the coal-deri~ed crudes. The latter 

are more enriched in the larger, potentially bioactive PAH ring systems than 

the othei crudes, in agreement with other studies (1). 

Orie particularly interesting type of coal-derived liquid is the heavy 

oil derived from the rapid-flash hydropyrolysis or other similar processes. 

We have examined three such products and have found them to contain higher 

levels of PAHs than any other material we have examined thus far. Total 

PAH concentrations have ranged from 18 to 36 percent by weight, allowing 

the PAHs to be analyzed directly by gas chromatography and mass spectroscopy. 

The results of one such analysis are 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 di aromatics, the parent, unsubstituted PAHs.· predominate in marked con-

trast to other synthetic or natural crudes. Concentra~ions drop with· in­

creasing ring size, but even benzo(a)pyrene constitutes nearly 0.4 percent 

of the oil. Of particu)ar interest here is the tentative identification by 

·gas chromatographic retention time and mass spectrum of the very carcinogenic 

3- methylcholanthrene. It is to be emphasized· that·such critical identifi­

cations (both here and elsewhere) must be subject to. confirmation··by other,·· 

independent methoos before acceptance. However, .indications of its presence 

have been detected in only a .few mater·ials. 

CONCLUSIONS 
.. 

The overall conclusion of this review is that compar~tive compositional 

studies of the synthetic crudes are still on a preli'minary level. Much fur­

ther work needs to be conducted,. particuiarly on the isomeric level so 

crucially determinant to bioactivity. However, ·the results of these 

studies suggest that the coal-derived crudes are characterized by their 

qreater aromatic content_, and the ·shale oils, by their greater nitrogen 

compound content. Potentia'l'ly significant coiiipos1t1onal d1f.ferences 111cty 

exist among these crudes, and occupational exposure monitoring requirements 

c0uld differ for·their respective industries.· 
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I 

Table 1 

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

~· 
Saturate 

Monoaromatic 

Diaromatic 

Po 1 y.aroma tic + 
Polar 

Tota 1 Aromatic + Polar 

aFrom Dooley et al. (1) 
b Range of values reported 

Table 2 

Wgt. Pet. of Crude Oilb 

Coal-Derived · Petro 1 eum 

3-10 9-16 

2-20 2-5 

5-11 1-3 

6-33 2-8 

18-50 5-16 

Polyaromatic Content of Crudes• (Weight Percent)a · 

r~etho.d Method 
Petroleum Crudes 

Petro 1 eum ~1i x 

Gach Sach, Iran 

Swan Hills, Canada 

Wilmington, California 

Recluse, Wyoming 

Prudhoe Bay, Alaska 

I I I 

2.6 

3.5 

2.0 

4.3 

1.1 

3.6 

Synthetic Crudes 

·shale Oil 

· Syncrude D 

Syncrude K 

Syncrude U 

Synthoi 1 C 

Synthoi 1 W 

a 
From data col·letted in Guerin et al. (3) 
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II 

2.0 5.0 

6.0 5.0 

5.1 

III 

7.7 

13.3 

14.6 



Constituent Class 

NaOH 1 
WA1 
WAE 
.sA1 . 

SAE. 

SAW. 

Bla 
Bib 
BE 
Bw 

NP.utral (Total) 
HcllJnc 
Hexane/Benzene 
Benzene/Ether 
Methanol 

TOTAL 

aFigure 1 

Table 3 

Fractionation df Coal- and Shale~Derived Crudas 
and Petroleum by ·Acid-Base-Neutral Extraction · 

Wgt. Pet. of Crude Oil 
Coal Coal ·lv!ixed 

Shale Oil B S,Z'ncrude D S,Z'nthoi 1 c Petroleum A 

1. 0 0.9· 14.1' 1.3 
o. 1 0.2. 2.0 0.1 

1.3 1.9 6.5 O.J 
0.1 0.2 0.1 0.2 
0.4 ·l. 1 1.9 0.4 
0.6 1.6 . 1'.7 0.1 
o. 1 0.2 3.6 1.3 
0.2 0.2 0.3 0.3 
7.o· 2.2 1.6 0.2 
0.4 7.3 0.6 0.5 

{88.5) (86.2) (67.8) {78.0) 

!i~,R 74.2 (,7 ,f) 59.9 

6.6 4.9 7.4 6.6 
13.8 4.7 21.7 7.5 

14. 3. 2.4 11. l 4.0 

99.6 ,.01.7 l00,2 82.7 

- 72 -

LMS 
Petroleum 

2.9 
0.2 
0.8 
0.2 
0.5 
0.1 
0.4 
O.l 
0.2 
0.1 

(80. 7) 

70.8 
4.0 
3.4 
2.5 

86.2 



Table 4 

Gel Filtration of Coal- and Shale-Derived Crudes and Petrol~um 

Wgt. Pet. of Crude Oi 1 
Coal Coal r•lixed 

Fraction St.la 1 ~ _ _Q_i 1 B Syricrude D Synt~.i!_-~_ Petro_leum A 

Volatile 1.1 7.0 10.7 
~exane Insoluble 1.3 0.2 51.2 2.5 

I 

Hydrophilic 7.0 3.4 11.0 0.8 
Polymeric 2.3 7.4 .Q.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 Oils 

Shale 
Concentrationa, mg/g 

.Coal Coal f1i xed Li~S 
PAH Oi.l B Syncrude D Synthoi 1 C Pet A Crude 

Naphthalene 1.39 1.68 1.64 0.87 0.90 
' 

2-Methylnaphthalene 0.91 3.47 2.92 1.04 0.87 
1-Methylnaphth~lene 0.68 . 1.11 0.92 o. 75 . 0.72 
Biphenyl 0.06 0.44 0.22 T T 

2,6-Dimethylnaphthalene o. 10 0.81 . 0.44 0.08 0.08 

1,3/1,6-Dimethylnaphthalene 1.63 3.01 1.80 1.48 l. 31 

2,3-Dimethy1~aphtha1ene 0.28 l. 53 1 • 01 0.51 0.24 

1,5-Dimethy1naphtha1ene 0.03 0.67 0.20 0.08 ' 0.09 

1,2~Dimethy1naphthalene 0.19 0.23 0.26 0.31 0.35 

'Acenaphtha 1 ene 0.26 2.19 1.33 0.30 0.26 

Acenaphthene T 0.30 0.4fi Nn T 

TOTAL 5.23 15.4 11.2 5.42 4.82 

aT = trace, ND = not detected 
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Table 6 

Estimation of Polycyclic Aromatic Hydrocarbon Content of Crude Oils 

Concentrationa 2 ~qjq· 
ShalP. Gonl Coal f.lixcd LMS 

PAH Oil B Syncrude .D Synthoi ., c Pet~. Crude 

Fl UOrf'!nP. 940 . 485. 345 108 220 

9-Methylfluorene 410 IR 90 IR IR ' 

1-Methylfluorene 980 229 1,900 110 140 

'Phenanthrene + Anthracene 620 ~54 1,400 207 209 

Fluoranthene 400 .150 380 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·. 22 IR ND IR 31 

Picene NO IR 380 ND ND 

Benzo(ghi)perylene ND 263 1,500 ND ND 

aND not detected, IR = incomplete chromatographic resolution 
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Table 7 

Quantitative Analysis of PAHs 
Tentatively Identified in Heavy Oil from Rapid Flash Hydropyrolysis Process 

PAH 

Naphthalene 
2-Methyl Naphthalene 
1-Methyl Naphthalene 
Biphenyl . 
2,6-Dimethyl ·Naphthalene 
1,3 and/or 1,6-Dimethyl Naphthalene 
1,5 and/or 2,3-Dimethyl Naphthalene 
1 ,2-Dimethyl Naphthalene 
Acenaphthene 
Fluorene . 
9,10-Dihydroanthracene 
9-Methyl Fluorene 
1-Methyl Fluorene 
Phenanthrene 
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)fluoranthene 
Benzo(a)pyrene 
Perylene 
3-Methyl Cholanthrene 
o-Phenylene pyrene 
Picene 
Benzo( ghi) peryl ene 
Anthanthrene 

Total Tentatively Identified 
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Concentration, 
mg/g 

172.6 
20.2 
7.7 

18.0 
0.58 
1. 51 
0.56 
0~ 51 
3.98 

10.4 
0.6 
2.70 
1.83 

46.7 
3.53 
0.50 
1.34 
7.16 

16.0 . 
3.28 
3.69 
0.29 
L93 
3.67 
).37 
3.56 
1.30 
0.17 
1.99 
0.13 
2.83 
0.99 

363· 60 mg/g 
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. CLASSIC AciD-BAsE SoLvENT PARTITION SEPARATIO~ METHOD 

ORGANIC 

ORG 

FLORISIL 

ETHER (OR MeCiz) 

.1 N ·NoOH 

·AQUEOUS 

.. 

pH 

AO 

1.0 
COLUMN 

AO 
ETH,F;:R 

HEXANE/BENZENE 
8/1 

Figure 1. Swain-Stedman fractionation procedure. 
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' I HEXANE SOLUBLE NONVOLATILE ~ 
,. 

j PORTION OF SHALE OIL . 

85 VOL.% Me0H-H20/HEXANE 

.. 

-

I LIPOPHILIC I 
. FRACTION 

I HYDROPHILIC J 
FRACTION 

FRACTION 2 
TETRAHY[lf,: FURAN 

; I POLYMERIC I· 
FRACTION . 

"SIEVED" I 
FRACTION 

r HYOROGEN·BONOINO I-
FRACTION · 

FRACTIONJ 
ISOPROPYL ALCOHOL 

FRACTION4 

ACETONE 

' ' '. 

·-

ALIPHATIC ONE RING TWO AND THREE POLYNUCLEAR 
-HYOHOCARBON AROMATIC RING AROMATIC AROMATIC 

FRACTION FRACTION F.RACTION FRACTION .. . . 
FRACTION 5 FRACTION 6 .. FRACTION 7 FRACTION 8 

Figure 2 .. Sephadex LH--20 gel.filtration procedure. 
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~ 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 

Studies of workers involved in the production and use of shale oil strongly 

suggest that the major health concern of this indJ,lstry l.s ttte.carcinogenicity of 

shale oil. It is well known from the reports of Bell1 
(1876) and Scott2

. (1923), 

that prolonged exposures to shale oil ca~ produce skin cancer in humans. These 

reports, as well as reports of otheL·s, dictate that. an assessment of the potential 

·health e~fects of shale oil and shale oil products should be made as new technologies 

are develop~d for the expanding industry. 

As great emphasis is being placed on developing domestic energy sources, it is 

most likely that oil shale will soon be commerc1ally developed. The feasibility of ex-

tracting and processing oil shale has been known for some time and this industry 

~ould have devel~ped sooner had_ it not been impeded by economic. and political problems. 

The development of the oil shale'industry in Estonia and Brazil gives added impetus 

that oil shale· industry will soon be in full operation. 

There are additional health and environmental concerns a:ssociu.ted with oil . : . . 

shale extraction and processing. Workers may be exposed to dust, particulate 

organic matter (POM), CO, NOx' so2 , hydrocarbons, .silica and metal salts from 

blasting, mininq and crushing the ore. In auuilion to the ~bove compounds, retort 

operations can produce polycyclic organic compounds, H
2
s, NH

3
, and volatiles. Some 

of these compounds, as well as metals,including arsenic, are produced in the up-

grading process and disposing·of the solid waste products, a major environmental 

concern. Many of these_compounds may contaminate not only the atmosphere but water 

as well. Since water is a necessary commodity_ in the 'oil 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 potentially hazardpus chemicals present in the work 

area and the·· surrounding environment, the major health concern appears to be the 

' 
carcinqgenic.j.ty associated with shale oil use and production. 

ACUTE AtiD CHRONIC TOXICITY 

Weaver a~d Gibson
3 

(1978) reported on the acute and chronic studies of four 

crude shale oils, three raw shales and four spent shales (Table 1). The results 

do not·show that the materials are acutely toxic. 

Table 1 

Acute Studies of Sha:).e Oil and Shale Oil Products* 

SamEle Test Results 

Crude Shale Oils {~) Oral LDSO {Rat) 8-10 g/kg 

Crude Shale Oils {4) Dermal LDSO {Rabbit) 5 ml/kg 

Crude Shale oits {4) Eye irritation {Rabbit) minimal/reversible 

Raw Shales { 3) ~ye· Irritation {Rabbit) negative 

,Spent phales {4) Eye Irritation {Rabbit) irritating/reversible 

Crude Shale Oils {4) Der.mal Irritation {Rabbit) 0.5 g/72 hrs 
abraided/unabraided 

Crude Shale Oils {4) Sensitization {G. Pig) negative 

Raw Shales {3) Sensitization {G: Pig) .·negative 

Spent Shales {4) Sensitization {G. Pig) negative. 

*Reported Weaver & Gibson {1978). 

Weaver and Gibso.n 3also reported on chronic inhalation studies of two raw 

shales and .two spent shales. In the study rats and monkeys were subjected to 
3 

the inhalation of the.r.espirable dusts at concentrations of 10 and 30 mg,/!11. 

After more than one year of exposure no adverse ·effect was seen in the animals. 
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HUTAGENICITY. 

Two .raw shale oils were 'tested for mutagenicity in two strains of· Salmonella 

typhimurium, TA98 and TAlOO, using techniques developed by Ames4 {1973). One drop of 

oil was used per plate as a spot test. When activated, both samples induced mutations 

in strain TA98 {Table 2) as indicated by the number of revertant colonies which were 

more than two times spontaneous revisions. The oils were not mutagenic to strain 

TAlOO even when activated. 

Raw or upqraded shale oil was injected intraperitoneally into hybird {101 x C3H) 

* male mice to te~t the ·induction of dominant lethal mutations in gametes · Mating 

intervals, related t.o administration of oils, served to separate the effects on SIJeL'flla-

toza .of the vas and epididymus {1st .week), tes'ticular sperm (~nd -week) and S.[Jt::L·mctl.i.u::; 

{3rd week) {Oakberg·, 1956) 5 . Following a single injection of 200 mg/kg body weight 

of a test oil {in mineral oil) or an.equal volume of mineral oil, males·were bred 

sequentially to virgin females for three weeks. After detection of a vaginal plug, 

females were replaced with new females. The bred animals were sacrifice.d on day 13 

of gestation and scored for pregnancy and to.tal implants, including live implants 

and early and late fetal deaths. 

These preliminary experiments do not indicate that dominant lethal mutations 

were induced because the percent of dead implants per female bred to shale oil treated 

males was not greater than the percent observed in control females {Table 3). There 

was, however, a decrease in the total number of implants·per female in each breeding 

period. This decrease was most pronounced in females bred the third week of injection 

of males with shale oil. These results suggest that both shale oils induce pre-im-

plantation losses and the greatest effect was on spermatids. Future experiments, in 

which corpus 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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Raw Shale Oil 

Sample 1 

Sample 2 

Spontaneous 
Revisions 

Table 2 

Mutagenicity of Raw Shale Oil 

Salmonella typhimurium 

·Number of Revertant Colonies 
Strain TA98 ·strain TAlOO 

Activation 
a 

Activation 
a 

None + None + 

26 161 110 155 

( 8) (123) (-4) (0) 

20 178 126 229 

(2) (140) (12) (74) 

18 38 114 155 

aActivated with 9000 x g supernatant from livers of Aroclor 
1254 induced rats; 

> • I 
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Table 3 

Effects of Shale Oil on Gametes of Male Mice 

·Time of Mating Number Fertile Implants per Live·Embr?OS 
Males-One .(days after: of Mating Female Per Female Dead Decrease in 

Treatment (i.)2.) treatment) Females (%) (Mean + S.E.) (Mean + S.E.) Imj2lants Imj2lants (%) 

Mineral Oil 1-7 B B7.5 + :J_0.0-0.3 + 9. 4-0.:1 5.7 

B-14 6 66.7 +· . 10.0-1.1 ·+ B. B-1. 4 12.5 

CXl 
15-21 9 100.0 + 10.7-0.3 B.9~0.2 16 .. 7 

.p. ' 

Upgraded Shale 1-7 16 6B.B 9.6!0.4 
. + . 

B;9-0.4 9.4 4.0 
Oil (200 mg/kg) 

B-14 14 64.3 
+ . + 

9.6-0.5 !3. 3-0.5 12.B 4.0 

15-21 15. BO.O B.4~0.3 B.l:!-0.4 11.9 21.5 

Raw Shal!e Oil 1-7 13 76.9 9.3~0.5 
. + . 

B.9-0,7 4.3 7.0 
(200 mg/kg) 

B-14 14 57.1 + B.9~0.4 9.4-0.6 5.3 6.0 

15-21 12 100.0 + 9.1-0.3 + B. 3-0 .• 2 9.2 15.0 



TERATOGENICITY 

Disposal of solid wastes produced in oil shale processing presents an environ-

mental problem. Because compounds leached from spent shale may create a teratogenic 

6 
hazard, Bingham et al. (1975) ·evaluate the embryotoxic and/or teratogenic effects 

of spent shale in 'rabbits. 

Pregnant New zealand white rabbit~, 3-5 kg, were adm~nistered spent shale or 

carbon as a suspension in distilled water by oral intubation.in doses of 250 or 

500 mg/kg on the 8th ahd 12th days of gestation. Does were sacrificed on day 28 

of gestation. Every_ third fetus was cleared and examined for skeletal defects; 

the remaining fetuses were placed in Bouin's for at least two weeks prior to eval-

uation of sections for soft tissue anomalies. 

In co~parison to the effects of carbon, spent shale induced a slight 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 resulting from the administration of spent shale were 

seve~e: myelomeningocele, hydrocephaly, acephaly, folds in the retina, enlarged 

jagged foramen, overlapping frontals, and deformities iri the supraoccipitals and 

occipitals. Anomalies .result.ing from the administration of carbon included: exence-

phaly, umbilical hernia, fused lumbars and overlapping parieta~s and interparietals. 

Results not reported here indicated that.the embryos were most susceptible on the 

8th day of gestation. 

A dose re.sponse relationship was observed for both carbon _and spen~- shale re-

lated to the number of live fetuses with one or more malforniat.ions. Dose response 

was not observed in relation to the total· number of dead or ·resorbed embryos. 

Dosages used in this s~udy were in excess of amounts which might be injested 

by wild life, suggesting that spent shale would not present a teratogenic hazard. 

Considering the large volume of processed shale returned to the land, it would be 

prudent to investigate the leachates of spent shale.in order to 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 Distilled Carbon 
a 

Spent Shale 
a 

Dose (mg/kg) Water 250 500 250 500 

Number of Litters Examined 4 8 4 10 15 

N1.1mher of Implants 41 U7 ~0 04 131) 

Number of Dead or Resorbed 4 10 6 9 9 

Percent 9.8 14.9 lL.U lU. 7 ti.9 

Number of Survivors Malformed 
b 

0 1 3 4. 14 

Percent 0 1.5 7.5 5.4 10.9 

.Gross Skeletal Anomaliesc 

Ribs 4 8 3 7 

Skull 0 - 1 1 2 

Vertebra 0 0 4 8 

Limbs 0 0 1 1. 

Other 0 2 1 3 

aAdministered by gavage as a suspension in.distille4 water on days 
8 and 12 of gestation. 

bRib anomalies not includ.ed. Mor.e than one skeletal or. soft tissue 
anomaly per animal. 

cOne third of the fetuses examined. Frequently more than one defect 
per animal. 
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CARCINOGENIC STUDIES 

In our carcinogen:lc animal studies we have r·eported the benzo(a)pyrene (BaP) 

content of test materials. This practice was predicated on the early belief 

that. BaP was the carcinogen present in coal tar and therefore might be alsa present 

in shale oil. The isolation and identificat:lon of BaP from coal tar by Hieger 7 

8 
(1930) and Cook (1933) led m·any invest.igator·s to study the carcinogen-ic constitu-

ents of shale oil.· The search for the carcinogen in Scottish shale eluded many 

investigators until 1943 when· Berenblllin and Schoental 9 identified BaP in shale 

oil, but they also observed a fraction of shale oil to be carcinogenic that did. 

not contain detectable quantfties of BaP. Later Bueper and Cahrunan
10 

(1958) arid 

Bogovsky 1 1(1962) reported BaP free Amer·ican and E'ston:lan shale· oil, respectively, 

to be carcinogenic in animal mouse skin painting s·tudies-. 

Method 

You'ng adult· C 3H/HeJ male mice were treated twice weekly with· 50 nig of the 

test material.· The material wa~r applied to the in·tet:scapular area .of the shaven 

backs with a. microliter pipette or a. calinra.ted dropper. In the case of solid 

·material-s, such as raw and spent shale', the mate.ria:Is.were suspended in white 

mineral oil in 1:2 ratio (by weight). Mice were treated for so· weeks oi until. 

the appearance of a·papilloma. If a papilloma progressed and was diagnosed grossly 

as a carc.lnoma the mouse was killed and autops'ied. However, if the papilloma re-

gres·sed the- treatments were· reswne·d. 

Results 

In Table 5 you can see the reS·ul ts of skin painting with two crude shale 

oils from two· dif'ferent pr·ocesses. . The two oils· produced very little cHft'erence 

iii tumor incidences and average· latent period. 
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Table 5 
Carcinogenic Potency of Two Raw Shale Oils 

Strain Nonber Final* 
Average Time 

Sample of of Effect BaP 
Number of Mice of ·Appearance 

Mice Dosage t-:ice Number \ 
Develo,ein!;l Twnors of Papillomas 
Malignant Ben ion (Weeks) 

Sha.le Oil #1 C3H 50 mg 2x/.,.k 15 12 <0.00001 8 3 43 . 
Heat Transfer 
Proce::;s 

Shale Oil i2 C3H 50 mg 2x/uk 15 12 "<0.00001 8 2 43 

Retort Combustion 
Process -

*Final Effe.ct:iive Number is the nwuber of mice alive at the time of appearance of the median twnor plus those . 
mice that rna~· have died wit.h twnors. 



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 Table 6 BaP found in ali samples was considered low. The results 

of topical applications of raw shale oil and upgraded oil 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 an average time for appearance of abo_ut 30 weeks, 

whereas the upgraded oil induced tumors in 13% of the effective number with an 

average latent period of 49weeks. 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 tumors were observed in the mice treated with toluene alone after 

eighty weeks of topical application. 

Four shale oils and raw and spent shales that Weaver and Gibson
3 

studied 

are current+y on test at Ketter.ing Laborato·ry for their carcinogenic potential. 

After 67 weeks of topical applications of the materials to the backs of mice, 

all the animals treated with the shale oils have developed tumors or have died. 

The inc:omplete results of this study are presented in Table 8 · No tumors have 

been observed in the ·mice-receiving raw and spent shale suspended in white mineral 

oil. 

Discussion 

Animal stud.ies using shale .oil and shale oil products have shown that they are 

relatively low in acute toxicity. However, 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 demonstrated that raw shale oils, produced 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 carci~o­

genic ac.tiyity •. It_.-is likely that other. carcinog_~ns_ and perhaps .cocarcino~ens are 
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Table 6 

Benzo(a)pyrene Content of Shale Oil Products 

Sample . BaP 

Raw Shale Oil < 0. 00005\ 

Dpqraded Oil 0.0006t. 

Processed Shale < o. 000005\ 

Processed-Water <1 ppb 

Bative Grass· 0.000065\ 

IA!ached Water <l ppb 

~w Shale 4: .0. 000005\ 

btive Soil < O.OOOOOS\ 

Table 7 

Carcinogenic Potency of Raw and Upgraded Shaie •Jil 

- Strain Number Final* Average Time 

.. Sample' of of Effect BaP 
Ntnl::i'er of Mic~ of Appearance 

Mice Dosage Mice Number "' 
De\leloping Tumors of Papillomas 
Malignant c Benion (Weeks) 

Raw Shale Oil C3H 50 mg 2x/wk 50 45 <O. 00005 21 18 30 

Ungraded Shale C3H 5o·mg 2x/wk 50 ·39 0.0006 3 2 49 

Oil 

Positive Control C3H 50 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 ' 

*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. 

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



Table 8 

CarcinO<Jenic Potency of Shale Oils and Shale Oil Products* 

Average Time 
~ Strain Number Final Number of Mice of Appearance 

of of Effect ' Develop in Tumors of Papillomas 
Sample Mice Dosage Mice Number BaP Malignant Benign (Weeks) 

Raw Oil 11 C3H 50 mg 2x/wk 50 42 0.00_018 15 19 31.9 

Raw Oil 12 C3H 50 mg 2x/wk 50 43 o. 00018 29 6 21.6 
-

Raw Oil 13 C3H 50 mg 2x/wk 50 46 0.00023 30 10 28.5 

Raw Oil 114 . , . C3H 50 mg 2x/wk 50 .48 0.00042 28. 11 25.7 . 
Raw Shale 101 C3H 50 mg 2x/wk 50 <0.00001 0 0 -

Raw Shale 102 C3H 50 mg 2x/wk· 50 <0.00001 0 0 -
, 

Raw Shale 103 C3H 50.mg 2x/wk 50 <0.00001 0 0 -

Spent Shale 201 C3H 50 mg 2x/wk 50 <0.00001 0 0 -

Spent Shale 202 C3H 50 mg 2x/wk 50 <0.00001. 0 0 -
Spent Shale 203 C3H 50 mg 2x/wk 50 <0.00001 0 0 -
Spent Shale 204 C3H 50 mg 2x/wk 50 <0.00001 0 0 -
Control - No Treatment C3H 50 mg 2x/wk 50 -- 0 0 -
Control - Mineral Oil Only C3H 50 mg 2x/wk 50 - 0 0 -
0.05\ BaP in Mineral Oil C3H 50 mg 2x/wk 50 .05 43 4 37.8 

0.15\ BaP .in Mineral Oil C3H 50 mg 2x/wk 30 .15 29 1 27.4 

*Incomplete - 67 weeks duration. 



Analytical* 

The raw and spent shale samples contain only a few ppb of BaP"( 1 ppb to 24 ppb). 

The shale oi~retort samples, on the other hand, contain 1000 to 5000 ppb of BaP and 

3000 to 20,000 ppb of mono- and.dirnethylated ~aP. The mono- and dimethylated BaP 

were analyzed together and repqrted as. one va;Lue. The biological activities of the 

oil samples do not correlate with the 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 R0-2 

and R0-4 ~~~ 3.·0 and 0.3 respectivel~ while t):le ratio of inethyla~ed compounds are 

Q. 6 to 1. 4 in samples R0-2 and RP-~ respectively (Table 11) . 

In addition to benzo(a)pyrene and ben~(a)anthracene, 10 other polycyclic aro-
. . . : ' 

matic hydrocarbons are identified (Table 10). One of. these, acri.dine, is found only 

in sample R0-1. It should be noted that pyrene, fluoranthene, benzo(e)pyrene, and 

benzo(ghi)perylene have cocarcinoge~ic activities (Van Duuren, 1976)
13 

in ~ddition to 

14 
aliphatic co~pounds (Bingham, 1969) that are found in these complex 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-

~enz(c,q)carbazole. 

From these resuits it is important to look at the m~xtures ~s a whole and ~o 

consider cocarcinogens and inhibitors that are present in the samples. Lastly, it 

has to be noted that BaP may not be a good indicator for carcinogenicity of shale 

oil. 

*These data were supplied by the API. 
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Table 9 

Benzo(a)pyrene Content of Shale Retort· Oils 

+ (ug/kg - S.D;) 

Sample Parent Methyl Substituted 

1800 + + - 141 4150 - 1202 RD-1 

1800 + 21500 + 707 - 00 -Ro-2 

+ + 1cn 2300 - 00 11500 R0-3 

4250 + + 
- 71 8350 - 212 Ro-4 

'I"able 10 

Relative Amounts of PAHs to BaP Standard · 

Shale Oil Samples 

R0-1 R0-2 R0-3 R0-4 
ComPounds Parent Meth;tlation* Parent Meth;tlation* Parent Meth;tlation* Parent Meth;tlation* 

Benz(a)anthracene 1.0 0.6 3.1 0.6. 1.6 1.9 0.3 1.4 

Chrysene 0.9 0.8 3.1 0.7 1.7 2.2 0.7 2.8 

Benzo(a)pyrene 0.4 0.3 o. 3 . 0.1 0.5 0.3 0.5 3.2 

Fluoranthene 1.3 0.3 1.3 0.1 1.0 0.2 1.3 1.0 

Pyrene 1.9 2.2 4.6 1.4 2.3 2.1 4.1 6.0 

*Mono and di methyl substitution. 



Table 11 

Polycyclic Aromatics Present in Shale Oil 

carcinogen 

benzo(a)pyrene (strorig) 
benz(a)arithracene (weak) 

Borderline Carcinogen 

chrysene 

*Cocarcinogenic Activity 

- .94 -

Noncarcinogen· 

pyrene'* 
fluoranthene'* 
triphenylene 
benzo(e)pyrene'* 
perylene 
anthanthrene 
benzo(ghi)pei::yl"ene'* 
coronene . 
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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 oil shale as part of a research program to 
study the long-term health effects of exposure to oil shale and 
its products. 

LASL had the opportunity to. study the PARAHO process of oil 
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 
produ6t utilization could be studied. Also, bedause, as some 
said it's "the only game in town.". 

At that time it was the only surfac~ retort ~reducing 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 first study, which involved .three trips to 
to obtain samples and site-specific industrial 
from the major points in the process stream. 

The objective of 
Anvil Points was 
hygiene data 

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

The second study of the PARAHO process was to be more of an 
industrial hygiene survey of the entire 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 visiee~ tl1e o~~identol Mining Comp~ny's 
modified in-situ,proces·s at Debeque, Colorado, only the PARAHO 
process will be covered in this talk. 
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Experiences in the Oil Shale Industry 

I. TECHNOLOGY 

The PARAHO oil shale process is a surface retorting process 
with the capab}lity of using either direct gas combustion or 
externally heated recycled gas to achieve the retorting 
temperatures of 900 op, · 

Coarseley crushed and sized oil 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 oil and residual gases are drawn off from 
the top of the retort and passed through an oil and gas 
separation consisting of an electrostatic precipitator and 
coalescer (demlster). The remainder of the off~gas is recycled 
for combustion. 
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Experiences in the Oil Shale Industry 

III. MINING 

The oil shale is mined by underground room and pillar 
techniques using large diesel powered drllling, 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 tra~sport the ore ap~roximately.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 m~terial (like gravel) for 
the mine road. 

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 dust 
collec.tor. 

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 
total of 20 such retorts will produce 100,000 barrels per day 
of oil. 

VI. DISPOSAL OF RETORTED SHALE 

The retorted shale is presently conveyed to a ~isposal 
pile atune side of the retort. Some trucking of retorted 
shale has been done for revegetation studies by Colorado State 
University. The retorted shale is moved occassionally to . 1 

permit better disposal. 
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Experiences in the .Oil.Shale 'Indnstr·y 

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 alorig with larger air sampling 
equipment. 

The joint API/LASL industrial hygiene surv.ey 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 quality and 
quantity 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 
ope~ations. 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 
semi-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 sampl~ 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 Oil Shale Industry 

One major iecommendation 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 th~ laboratory. 
Transport of samples was very del~terious to our results. 

Personal sampling equipment, was useful- in that no 
external power was required. In some. cases, power available 
was so low we co6ld not get the Andersen Impactor Pumps to turn 
over. 

On our last survey, we provided our own diesel and 
gasoline power in ancitipation of 10~ or lack of powar at the 
facility. 

More passive dosi~eter samplers would be an asset to 
surveys where technologies are in- development. •rhi s 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 ~ampling equipment we used addresses only the 
respiratory system as a route·of entry. 

Sample techniques are needed which can quantify skin 
exposures, from PNAH in oils and in water:. 

Biological sampling·rnay bea technique useful for this 
type of evaluation. Also, we should arrive at a singular 
reference substance a~ an indicator of toxicity for polycycli~ 
aromatic hydrocarbons. 

IX. OTHER LASL RELATED STUDIES 

LASL is currently acquiring a repository of oil shale 
materials for use in animal exposure and characterizati6n 
studies. These materials are: 

Oils 

1. Paraho Crude Shale Oil - not upgraded. 

2:...,:[\iodified in situ shale oil- upgraded- limited supply. 

3. Gulf coast crude oil - reference petroleum. 

4. Middle eastern crude oil - reference petroleum. 
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Experiences in the Oil Shale Industry 

Process Waters 

1. Paraho - by sep~ration .from storage tank oil. 

Raw Shale 

1. Large Rock - Laramie Energy Technology Center (LETC). 

2. Paraho crusher product. 

3. Paraho bag house fines. 

4. Estonian ·shale - limited supply. 
Spent Shale 

1. Paraho spent shale. 

•.' 

-' 

2. TOSCO II spent shale (restricted use). 

3. Fischer assay spent shale. 

4. Estonian spent shale (combustio!1 ash?). 

Also, LASL's Biology group is conducting animal 
toxicology exposure ~xperiments on the PARAHO TOSCO II spent 
shales. Intratracheal exposures to the same mat~rials plus 
silica~ dermal toxiciity and carcinogenicit~ studi~s to PARAHO 
crude oil, modified-in-situ cr~de oil, Gulf Coast·erude oil and 
middle Eastern Crude oil are being conducted. 

x. CONCLUSION .• 

Industrial hygiene sampling studies and surveys of oil 
shale processes will require well formulated objectiv.es 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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Table 1 

Dust Sampling Summary 

LOCATION TOTAL DUST "RESPIRABLE MMAD 

MINE 3.8-31.9 60% 2J.1m 

CRUSHER 2.3-47.2 ·50% 3 J.lm 

BIN STORAGE 42-1179 45% 4JJ~ 

RETORT :i.!l-90.8 22-{1,% 6 7pm 

RETORTED' 
·sHALE PILE 5.3-84.6 30% 6J.Im 

Table 2 

Gas and Vapor Sampling Suuunary 

.Retort Area (ppm) 

co THC H2S HCN HCHO NH3 N02 

Top Seal 25 400 20 8 2 r)d nd 

Bottom Seal 5 net trace nd · nd nd nd 

Recycle 
Ga& B!~;~wP.r 

600 <1000 10 15 15 35 nd 

Working 
Face 
After . 
Blasting 

Mine Art! a 

2-20 <10 nd nd trace nd <1 

100 100 . nd nd 5 20 

Table 3 .' 

Sampling Needs 

I Use direct r~ucling instrum~ntotion whenever pnssible 

• nn nil •omple analyses on site that i< prnctical 

•use passive samplers lor short and long term sampling 

•Develnr a personal PNAH sampler 

• Develop an HC N spe<i lie sampler 

e Need Diesel Fume criteria and sampler 

• Need skin exposure eval'uation techniques 

• Need persOnal Total Hydrocarbon sampler 

• Need lor a Field microbalance lor large filters 

• Need periodic samplers lor dusts 
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Retort 
Retorting 

Zone 

Fines 

Oil 

Combustion 1----.--, 
Zone 

' \(Yfl 
(Q~o:::~.:.:£:J ...__________, 

Storage · \0,0 
Bins 

Figure 1. Navy crushing unit. 

Row Shole 

Gas/ Air 
Mixture Oistributers 

Apron Rotating 
Spreader 

Oi I Vapor and 
~111""'--- Gos Collection 

Figure 2. Paraho direct mode retort. 

Bottom Rotary Seal 

Figure 3 .. Paraho surface retort. 
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.. Brookhaven National Laboratory 
Novembe,r 6-7, 1978 

INDUSTRIAL HYGIENE EXPERIENCE IN COAL LIQUIFICATION 
(AN OVERVIEW) 

H. E. Runion 
Gulf Science & Technology Company 

I. SOLVENT REFINED COAL (SRC) PLANT - FORT" LEWIS, WASHINGTON 

o Department of Energy 50 ton. per day research facility for de­
ashing and desulfurization Qf raw coal. 

o End products include solid (SRC-I.Process) and liquid fuels 
(SRC-II Process) and solvents. 

o Waste. byproducts inc 1 ude sulfur compounds, mi nera 1 residual and 
phenols. 

II. GUlF INDUSTRIAL HYGIENE AND ENVIRONMENTAL MONITORING PROPOSAL -
OBJECTIVES: 

o Eliminate or control health hazards to employees. 

o Prevent or minimize job related illnesses. 

o Assess health impact of all plant operations. 

o Apply findings and solutions to large second generation 6000 ton 
per day demonstration plant. 

III. SCOPE OF STUDY 

o Define quantitative and qualitative character of contaminants in 
the work environment. · 

o Assess.points of fugitive emission and their control. 
< ' 

o Characterize contamination levels and circumstances of exposure 
on an area and work or task ;basis. --
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III. SCOPE OF STUDY (cont.) 

o Principal contaminants of concern include: 

o Particulates 

Total particulates 
Respirable fraction 
Benzene s6luble fraction 
PNA composition 
Free silica and mineral residual dust 
Asbestos 
Welding fumes 

o Hydrocarbons 

SRC light naphtha, SRC heavy naphtha, SRC recycle oil 
Phenols 

o Others 

. . H2S 

. so2 . co 
Noise 

o Skin contamination 

.Qualitative/quantitative analysis 

IV. IMPLEMENTATION - FIELD STUDIES - DOE CONTRACT JANUARY 1976 

o Gulf Industrial Hygiene per~onhel - organiz~ and manage study. 

o Gulf Physician - to organjze and manage medical surveillance program. 

o Gulf Health Educator - d~signed an in-plant personnel training program. 

o Outside contractor - perform off-site air and water samP,ling functions. 

V. IMPLEMENTATION LABO~ATORY SUPPORT 

o Equipment and personnel assigned January 1976. · 

o Special analytical tools 

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

o Benzene solubl~ fraction analyses conducted in accordance with NIOSH 
procedures. PNA analyses to be performed by HPLC with UV and 
fluoresence detection. 

o Deve 1 op improved method for PNA air samp.l.i ng· ana lys,i s. 

VI. METHODS AND PROCEDURES 

o Personnel air sampling 

Pumps @ 0.2 and 2.0 lpm 
Tubes -
37 mm s i 'I ver membrane f11 ters w I Lll Clll'ornaso1~b bnckup - rNA'~ 
Millipore filters.- total and respirable _fraction with 10 mm 
cyclon~@ 1.7 lpm · · · 
Oeployment on personnel and in strategic locations-within work 
place. 

o Area air sampling 

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

o Mi see 11 aneous 

Detector tubes· 
Fritted bubbler with Wes~-Gaeke analytical procedure 

Phenols 

cO' 

Fritted bubbler with 0.1 .N Na0!-1 
Silica gel adsorbant tubes 

Direct reading Ecolyser 

o Skin contaminants 

Commercial alcohol prep skin wipe pads . . . _ . 
Spiked samples and actual employee skin·wipe ~xperiments conducted 
Prescribed sites on subject for wipe testing 

.. UV lamp for p~riodic skin examination for evidence of lesions or 
other skin disorders 
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VII. . SRC~I VS. SRC-II ·PROCESSES 

o SRC-1 Process (Fig.l) 

Coal preparation and slurry mix 

Coal pulverized, sized and mixed with anthracene oil type ~olvent 
to form a 25-40% coal slurry. 

Preheater and Dissolver 

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

. Sulfur Recovery, H2 recycle and fuel gas · · 

Sulfur compounds extracted by sulfur recovery unit.producing 
elemental sulfur with remaining H2 recycled and gases used as plant 
fuel. 

So 1 vent 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. ·Molten SRC product with undissolved solids are filtered. 
Following filtration, undissolved solid (mineral residual) is ·washed, 
then dried in a rotary kiln for waste disposal. 

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. 

o SRC-II Process (Fig. 2) 

Primary difference with SRC-1 is the transfer of hydrogenated molten 
SRC liquid to the fractionation tower where the light and heavy 
naphthas, fuel oil and heavy SRC-11 distillate are produced. The 
vacuum bottoms containing mineral residual are directed to the 
~andvick belt for cooling and·ultimale dispusal1. The SRC-II process 
eliminates mechanical filtration a·nd produces only liquid products 
the prime fuel of which .contains only = 0.4% sulfur. 
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o SRC-1 - Industrial Hygiene monitoring findings January 1974 - July 1977 

Airborne organic vapors in plant. Concentrations of organic vapors 
and hydrocaruon gases were fqund to be generally 1 ess than 0.1 ppm~ 

Benzene survey - heavy and light SRC naphthas contained less than 1% 
by volume benzene. Occupational expos.ures were less than 1 ppm TWA. 

. i 
Suspended particulates·- plant air and personnel exposure 

Large mass of data now being processed 
Emphasis of moment - SRC-1 vs. SRC-II processes, e~g. 

Coal ·recovery and preparation areas 
Solvent recovery 
Product solidification 

Stati~tical findings to date 

Welding fumes 

. Welding can be exposed to airborne c~ncentrations 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 si.lica were used as a filter· aid in the SRC 
process fi 1 ter. Hence the mi nera 1 . r~s idua 1 averaged 4. 5% fre·e s i 1 i ca 
as alpha.quartz. Short term3levels when loading on truck for disposal 
Qccasionally reached 10 mg/m . 

Hydrogen Sulfide 

H2s levels found to be ~onsisteritly low (>.1 ppm) 

SOz 

. 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 liquid streams; however, sampling 
indicated that airborne levelswere all below 0.5 ppm. 
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Noise.· 

Noise levels in this part1cular 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 bccurred. stemming from the plant inert gas {nitrogen) 
generation.unit, which, due to incomplete combustion, can develop 
CO levels up to 1.5% CO in the inert gas stream;. Correct.ive action: 
Repair and periodfc replacement of rotary air lock in the coal 
pulverizer unit. 

Settleable particulates - ambient air 
,}. I 

Monthly dustfall samples collected in fixed sampling·sites showed. 
ambient dustfall concentrations considerably lower than those r~ported 
from a neighboring urban community. 

Skin contaminati6n 

Preliminary efforts using .. "alcohol prep," gauze.pads soaked in 70% 
isopropyl alcohol, showed demonstrable differences in ter~s of 
benzene soluble fractions between "contaminated" samples (taken 
before bathing or washing) and "cle.an" samples taken afterwards. 
Quantitative analysis was not successful due to need for more 
sensitive analytical methods not available at that time. 

o SRC.:.II - Industrial Hyg.iene monitoring findings January 1974 -(July 1978 

Airborne organic vapors. in plant. No increase in benzene exposure levels. 
·The majority of samples taken were 0.01 ppm of n-hexane, benzene, 
toluene ~nd xylenes. 

Benzene 

No increase in benzene exposure levels. 

Suspended particulates - ambi.ent air 

Results indicated a significant lowering of contamination in 
conjunction with SRC-11 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:,.:ictice or use of local existing control, not 
manufacturing methodology (i.e., SRC-11 vs. SRC-1). 

Asbestos 

No asbestos sampling was conducted during SRC-11 operation because 
neither asbestos nor asbestos containing filter aid materials are 
required with SRC-II·processing. 

Mineral residual 

No sampling. The high alpha quartz.eontaining.substancesusedas 
part of the SRC-1 mineral residual filter are not involved with 
SRC-11 processing. ,:· 

l:!2i \I 

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. 
h~avy distillate. and fu~l oil contained very little dissolved H2S 
w1th less than 2UO ppm 1n·the vapor space.· 

~ 

SRC-II.results showed virt~ally zero occupational exposure to S02 
in the various process areas .. 

Pheno.l s · 

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

Noise 

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

co 
SRC-11 processing did not increase 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 "sp.iked" samples as well as actual. wipes from 
employee's skin at various levels of contamination produced results 
which suggest that a reproducible skin wipe_test procedure can be 
developed. · 

Settleable particulates - ambient air 

Monthly dustfall samples d~ring SRC-II pro~essing were found to be 
less than levels associated with the SRC-I 'process. 

VIII. HEALTH EDUCATION.FOR EMPLOYEES 

o All new employees regardless 6f ass~gnment ~eceive a health education 
indoctrination emphasizing: 

. . 

Hazardous circumstances and recommendation for control 
Measures for personnel protectiori 
Use of protective app~rel on equipment 
Cause and-prevention of occupational diseases including dermatitis 
and skin cancers 

·Personal cleanliness during work and at shift change 

.o Health Information Booklet for each employee 

- 115 -



FACTORS :FOR SRC DATA EVALUATION 

.. DISTRtBUTIO~ OF .DATA BEING TESTED 
SKEWNESS (SYMMETRY) 

. -KURTOS]S·(sHAPE) 

PRELIMINARY FINDINGS SUGGESi DATA ARE LOG-NORMALLY DiSTRIBUTED 
OR DATA APPROXIMATE LOG-NORMAL DISTRIBUTION 

AGREEMENT-WITH LEIDEL AND BUSCK (NIOSH) AND COMMUNITY AIR 
• I 

POLLUTION ENVIRPNMENTAL DATA 

CONDiTiqN_S FOR LOG:NORMAL DISTRIBUTION (BU.T NOT ALL NECESSARY) 
THE CONCENTRATIONS COVER A WIDE RANGE OF · · 
VALUES, OFTEN SEVERAL ORDERS OF NAGNITUDE 
fHE CONCENTRATIONS LIE CLOSE TO A .PHYSICAL 
Llf~IT (ZERO CONCENTRATION) 
THERE IS A FINITE PROBABILITY OF VERY 
LARGE VALUES (OR DATA "SPIKES") OCCURRING 
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TABLE I 

HIGH VOLUME AREA SAf~PLING IN VARIOUS 
PLANT LOCATIONS DURING SRC I AND SRC II 

Total ·Particulates 
mg;m3 

Plant Area Operating Mode GM GSD N 

Coal Receiving SRC I 0.67 5.3 71 
and 

Preparation SRC I I 0.56 5.8 21 

Solvent SRC I 0.14* 2.6 34 
Recovery 

SRC. II 0.08 2.3 24 

Product SRC I 0.73** 3.2 81 
Solidification 

SRC. I I 0.10 2.2 36 

GM - = ·Geometric Mean 
GSD Geometric· Standard Deviation 

* Significant difference at p<0.05 with 2 tailed t-Test 
** Significant difference at p<O.Ol with 2 tailed t-Test 
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Beniene Solubles 
m9/m3 

GM GSD N 

0.06* 3.6 69 

0.03 2.2 20 

0.06** 2.3 34 

0.03 1.8 24 

0.32** 5.0 81 

0.03 2.0 36 



TABLE II 

PERSONAL SMIPLING 1tJ VARIOUS 'PLA!IT 
LOCATIONS DURING SRC I AND SRC II .. 

Total Particulates 
mg/m3 

Plant Area Operating Mode G~1 GSD -·-N-

Coal Receiving SRC I 0.86 7.0 8 
· and 

Preparation SRC II 1.3 3.7 30 

Solvent SRC 0;56 2.3 9 
Recovery 

7 ·. SRC ll o.zo 5.0 

Product SRC 2.3 3.0 8 
Solidification 

SRC I I 0.91 3.5 29 

GM Geometric Mean 

GSD Geometric Standard Deviation 

** Significant difference at p<O.Ol with 2 tailed t'-Test 
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Benzene Solubles 
-mg1_1!13. 

GM GSD N 

0.04 4.& 8 

0.03 4.1 30 

0.06 6.5 9 

0.04 5.1 7 

0.96** 3.7 8 

0.12 7. 1 29 
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OCCUPATIOtlAL SJI.FETY AND HEALTH HI COAL GASIFICATION 

GASIFICATION PILOT PLANTS, 1976 

Horker health and safety has always been a concern in the Departnent o.f 

Energy (DOE) Fossil Ener9Y Pilot Plant program. However, in mid-1976, 

when NIOSH and Enviro Control, Inc. (ECI) first became involved in 

occupational health for coal gasification pilot plants, Fossil Energy 

was somewhat reluctant to pursue the subject. Yet, NIOSH and in turn 

ECI, received full cooperation both from the Fossil Energy project 

officers ln~~tRd in Washinnton and at the pilot pla~ts. 

During the Fall of 1976 and·l977 a NIOSH-ECI team visited all the major 

coal gasification pilot plants and several of the energy research 

facilities and national laboratories which were engaged in coal gasiti~ 

cation. In genera·l, we found a very positive emphasis on personnel 

safety. However, with a few exceptions there was little consideration 

given to.the finer points of octupational health, particularly to the 

ca-rcinogenic nature of the liquid products which. many of the plants 

produced. In some cases management seemed unaware that ·this type of 

problem might exist. ·We seemed to be the first to bring detailed 

information and to ask questions on the subject. 

As aresult of the initial pilot pldnl !:.urvey, the information supplied 

by the nati ona 1 1 aboratori es and energy centers, by the pilot plants, 

and material from epidey.1iolo9ical and toxicolo9ical li·terature was all 

compiled and published fn 1977 as "RecoTJJnended Health and Safety Guide­

lines for Coal Gasification Pilot Pla-nts".· The 9uidelines took i.nto 

cons·ideration that no two coal 9asifica-tion pilot plants are alike in 

process technology or hazards, and also recognized a variable and 

inconsistent nature· of pi let plant· operation.· They w!r.e designed as 
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down-to-earth guides emphasizing worker protection measures such·as safe 

work practices, personnel protective equipment and clothing, industrial 

and personal hygiene, workpl.ace r.Jedical monitoring, labelling and posting, 

hazard information and awareness, and record keeping. He had one major 

stumbling block. There was no real time, reliable r.Jethod for monitoring 

PNA concentration. Consequently, we reco~ended CO or H2S as proxy 

compounds. 

DEVELOPMENT OF A CRITERIA DOCUMENT 

NIOSH next turned to the development of a criteria document for commercial 
coal ga~ification plants. Toxicological and epidemiological evidence on 

which to base such a document was scarce. Information was ayailable 

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 \tlorks and most of today's coking plants leak like sieves, and many 

of the workers were, or are, constan.tly exposed. t1odern coal gasification 
processes, particularly the hi9h 7 pressure proces~es, are closed. Worker 

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 epidemiolo9ical data available was 

that of Sexton, which was obtained at the Union Carbide plant, Institute, 

West Virginia, 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 Binghar.J 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 i nvo 1 ved \'Ji th 

coal g~sification. The enthusiasm which m~t our requests for help and 

infonnation was both startling and flattering. l.Je visited all the 
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commercial coal ~asification plants operatin9 in the United States today; 

Carey Lir.1e and Stone Co., in .. Ohio, \>Jith three stirred, fixed bed Hellman­

Galushas; Glen-Gery Co. operations- 6 \.~ellman-Galushas, firing anthracite, 

were used to produce·a low-Btu 0as for firing brick kilns, and the Holston 

plant in Kingsport, Tenn., which has 12 Willputte gasifiers. (It is 

hard to believe th~t in 1929 th~re were 12,000 gasifiers and 9as works in 

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 little information on their r.1ode of operation and less·on occupa.­

tional health and safety.) 

He next visited the offices of the firms who wer.e actively engaged in the. 

consideration of large high-Ptu 0asification plants. These included El 

Paso Panhandle Eastern Pipeline Co., Ar.1erican Natural Gas· Coal Gasifica­

tion Co., and Wesco at Fluor Engine~rs and Constructors. Here the 

engineering and control technoloqy which was bein~ designed to protect 

the worker was explained to us in detail. In my. opinion concern for 

worker he.alth went hand in hand with fi.rst .class engineering 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 0asification of coal. Synthesis 

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

Gas will be purified for·high-Btu pip~line coal gasificat~on plants. This 
purified gas is then reacted in a Fischer-Tropscih process to produce 

liquid 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 housekeepin9 in the plant, with the 

exception of the ·tar gas-liquor separation area, was very good. The 

SASOL engineerin9 staff includes a nu~ber of very dedicated environ­

mentalists. The plant was and is making a large effort to insure that its 

effluents 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 Si9ma 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 program was in the initial stages 
of implementation. Other medical proble~s. seen at the clinic include 

gassings with carbon monoxide in the coal 9asification plant and further 

downstream, ammonia. Burns are corrrnon, particularly steam burns. Other 
burns include those from catalysts in the gas purification plant, tar 

burns at the Kellogg reactors, and thermal burns during 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 

~hawed that allergies were occasionally seen. These included allergies 

of the hands and other skin allergies assodated with the Lise 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 ar10ng the workers. Hhen the workers were ques­

tioned about skin cancer, they too stated that they had not seen any 
1 

skin cancer among the1 r fellow workmen. One foreman described three 

possible skin cancers, but these cases were not documented a·n any of the 

records that our team saw. 
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In the spring of 1978 one more piece of epide~iological information was 

developed. Under a NIOSH contract Dr. Alan Palmer of Stanford Research 

Institute looked at the medical records of and interviewed 50 w9rkers 

identified by Sexton in the 1950s as havin~ 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 dead 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 REC0~1t1ENDED 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 can increase the risk of cancer to· exposed employees. 
However, it was the consensus that there was insufficient evidence to 

develop new permissible levels of e~posure to toxic substances. It was 

recommended that, where applicable, existin~ Federal occupational ~xpo­

sure limits or NIOSH recommendations be enforced. 

An en9ineering approach separating coal gasification processes ?nd unit 
operations was used to facilitate the orderly development of the criteria. 

Coal gasification was separated into three types·of processes, disting­

uished not only by operating process and technolo.~y but also by the nature 
and extent of potential exposure: 

1) High-Btu product coal gasification (which leaned 

heavily upon·Lurgi technology}, 

2) Coal gasification (low or medium Btu product) 
utilizing bituminous coal or lower ranked feed-. 

stocks, and 

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

utilizing anthracite. feedstock or very high 
' temperatures. 
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Because of th:: 1 a rgP number of toxicants which may be present in a coal 
. . 

gasification plant, the ~uidelines were presented for an.indicator 

monitoring method to allow real time detection of leakaQe in coal gasifi­

cation plants (with the notation that before this indicator method is 

adopted as a procedure fcir compliance with standards, the rr~ethod should 

be compared with other methods for the detection of specific hazardous 

col'lpouncis in terrrs of accuracy and sens i ti vi ty.) The document enphas i zes 

both engineering controls and worke~ protection. In the.~rea of cancer,· 

it 1vas recoimi zed that skin cancer caul d be a corrrnon problem but that 
syster.1ic cancer, v1here it occurred, would be a greater danger to the 

worker. It was also reco~nized that it was necessary to pemit free.and 

innovative design of en~lineering controls to protect.the worker, and 

that any atter.1pt at this point. in time to specify the form that such 

controls would take would rost 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 will 

reduce potential exposure of gasification plant workers . 

. \<!HAT RE1'11\INS TO BE DONE 

In my opin.ion, insuring good occupational health within the coal 

gasification plant will be as important as comunity health outside 

the gasification plant or environmental integrity. My reasoning is. 

that we ar~ 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 1vorker inside the plant fence can 

b~ protected fror:: fugitive emissions and othe·r types of toxic hazards, 

then there should be few·if any problems from these hazards in the 

community. · 
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Frankly, we have a lot to do before .. we can achieve a comfortable position. 

There is a strong need to characterize and to identify the toxic hazards 

to which the worker may be exposed, especially at the commerciar plant 

level. There is a far stronger need to develop engineerina control· 

technology which· will reduce the. potential for worker exposure to these 
c • 

toxic hazards as well as to. safety hazards. . It is obvious that better 
engineering control technology will mean greater available onstreal~·: tim_e 

for the plant and lEss maintenance, and therefore less exposure. ~e 

need more effective,:less expensive real-time monitoring equipr.~ent and 
we especially need· to know what exactly ·are the synergi s·ti c ·effects of 

these.toxic substances, especially the carcinogenic health hazards: 

However, even if an effective epidemiological program were ·initiated 
today, we would not have the answers 1-Je need fo·r tw~nty ·years. 1 n the · 

meantime, we must protect 'the worker and therefore the community as 

best we can·; 

NIOSH has initiated several projects with EPA pass7through funds which 

will begin to answer the problem. These include the industrial hygiene 
characterization of coal gasification and liquefaction.pilot plants and 

an occupational health engineering control assessment of coal 9asifica­

ticin and liquefaction pro~esses. At.:the same time the.Department of 
Energy has.initiated an extensive occupational hea)thand environment.al 

program in the ."Gasifiers .in Industry" progr.am. Th,e NIOSH program 
should begin to define the problem, part.icularly for: th·e coal l.iquefac­
tion or high-Btu coal gasification plants, while the better funded DOE 

pro9ram ~hould prove to be ~xceptionally .useful in defi.nin9 the occup.a­
tional health problems associated with low-Btu coa~ gasification and. 
in defining controls required to prevent occupational expos.ure. For .the 

. . 
larger plants, it wou·ld be exceptionally 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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GASIFTCATION PILOT PLANTS, 1978 

In 1978 I revisited one of the coal gasification pilot plants that I had 

visit~d late in 1976. The increase in awareness of the potential . . 

oc~upa~ional health exposures within the. plant ~as ·almost indescribable. 

Contract maintenance workers who had originally been conside~ed unmanage­

able are being or~ered to follow good work practices. Showers were 

bein9 made mandatory for all workers· within.the plant. Air samplin0 

te~hniques for areas frequente.d by the operators v1ere being i nvesti­

gated and a professional industrial hy9ienist was to be added to the 

staff. 

IN. CONCLUSION. 

The awareness of th.~: need for better occupati ona.l health procedures in. 

coal gasfficatibn have come a long w~y since the sum~e~ of 1976. Now 
. ~ '' 

comes the hard part: to define the extent of the problem, to characterize 

it, and to develop equipment and procedures which will protect the worker. 

He don't have very much time to accomplish all this. If v1e work to­
~ether, the pri~at~ sec~or ahd governm~nt, env1ronmentalists and h~gien­

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

Evans: 

Ettinger: 

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? 

F.vnnR: No. There was not a systematic program to gather data. In effect, what 
they've got is in formation except for the dea tn reconh;. Th~L e just o.re no 
health records kept on the sort of thing that you and I would be interested in. 

Ettinger: Well, we can accept, at least partially, that their information was 

Evans: 

Hull: 

Evans: 

Hull: 

reasonable although perhaps not complete in terms of the truth. The concerns 
are.expressed in that NIOSH document about health effects from coal gaoifioation 
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 
WflY· 

Again, the only 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 coal work--consultants, coal· libraries, PERC, IC~.·, etc. --you hear 
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 a coal couversiuu gas works in tho rolatively 
small town where I lived. 'l'nere must have,.l.Jt::!t::m 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 r~cords 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-Social 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 corning .. 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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Evans: 

Bolton: 

Evans: 

Hull: 

Evans: 

Rather than looking here in the United States, we looked for German di'lta. 
Nothing. Absolutely nothing. We felt that if anybody would have the data, 

.the Germans would. They were very careful in their record keeping, but they 
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 t~whose names I can't remember, knowledgeable 
people 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 
wheretheconcern comes from in the NIOSH Criteria Document and the Recommended 
Health. and Safety Guidelines ..• because of the experiences in other fields. 

Beardsley: I have a question just in general to the panel. I agree with the ~omments 

Evans: 

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 snale (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. 

Beardsley: Yes. That's the whole reason for my question. I mean I can understand 

Runion: 

Beardsley: 

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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Runion: 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. s_amples· 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 th~ 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 fin~ings, 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 somethinq better is better 
than nothing at all. 

Beardsley: I'm ·concerned about the fact that benzo(a)pyrene is used l'lO much. 

Runion: I agree. 

Beardsley: And used as an index.by so many people. 

Runion: Bc;>b 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. 

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

Bolton: 

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, 
doe~n't co~e 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 
benzene-soluble fraction." 'I'he problem is that ther.e are a lot of people 
that really rely on the BAP rather than on the benzene-soluble fraction. 
And whenever you go to a, symppsium, 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 SO's, 
the one thing that was common, and I clean 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 proqrams:. 
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Beardsley: 

Baier: 

Bolton: 

Ganunage: 

Griest: 

Well,. that was the only index that you had at that point in time. 

I think if. you check the criteria document on coke ovens, which address 
that point, NIOSH did not reconunend any kind of an environmental limit in 
that document, The BAP arqument, I thouqht, qot 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 oil, Wayne Griest and Merrill Coomes in particular. BAP was 
obviously not a suitable indicator of the shale oil products. It was pointed 
out that shale oil products are different from coal conversion products in 
that a lot of mutagenic activity is containeq 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 nitrogen 
c9mpound which, would act as an indica to~. 

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

Beardsley: In the toxicological studies that I have done, it is much easier to use 

Evans: 

Coomes: 

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 f~om 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 anothe~ index." 

When I was at Cresap, it was suggested that in coal liquefaction one 
should use sulfur-containing c;:ompounds 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 analys.es 
are very expensive, very time consuming. Each one costs us $5,000 per sample. 
That's way too much time to be.putting into $Omething 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 isome~ 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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Audience: You get a whole mish mash and just look at the benzene solubles. 

Coomes: Unfortunately, if you are· testing oil -shale, benzene solubles inc"! tide 
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'o.2 pe~cent 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. 

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 y6u '!:est· a carcinogonic fr<~.ct-. ion. 'l'he analytical 
capabilities at.the.present time are available to the ·same analysis for all 
other polycycli.cs, 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 1 s time. . I·t is jus·t a li ttlc. bit aiff.i:.cnl t 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. 

Gammage: 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. 

Griest: First of all, sometimes the crude materials are not am~nabl~ fur animul 
testing. As a scientist aren't you interested in what materials are in these 
oils that are· causing a lot·uf activity, how thf;>y differ among each other? 
This information perhaps c..:uulcl go bacl{ to th~ Pngineers. Here, you've got. 
this compound. What: can yuu do? Co.n you plenn for controls? 

Gammage: 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 hazar.d 
the worker is being exposed to. 

Runion: 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 
R&D phase. The technology of converting.coal and shale to some other form 
of P.nerqy is being developed. So, in the laborato~y, in terms of toxicology, 

.I contend that we will continue to charact~Lize with come car.~ t.he 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 oil this select.ive 
basis nnd characterize the PNA profile of this mateiral. And then, in the 
field as we are doing, take your air samples fu.t 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 <:~nalyzed in greater depth. Again, this: is. a sort of 
reservoir o'f 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 plimt 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. 

White: 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- .t:r:eatments 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. 

Coomes: 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 i$ 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. 

Hull: Back to my previous· question about epidemiology. I remember 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. 

Runion: I don't think so. And pursuant to this matter of running s.tudies on a 

·Pallay: 

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 exposur_es· 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 epidemiological study under way in which they're beginning to 
collect data which may be somewhat relevant. NIOS~ has an epidemiological 
study of TVAworkers in TVA coal-fired facilities which. may also be somewhat 
related. 
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Brief: 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 out', 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 wou·ld 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. 

Pallay: There is also a NIOSH effort looking ·at sl"fale workers as well, which I 
think I forgot to·mention. 

Sharkey: Several of us have alluded to the problem of instability· of· many of these 
coal-derived iiquids 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. 

Runion: It is interesting you should brin·g 'this up. I ·was thinking about the 
fact that our· people have warned me repeatedly that the character of samples 
obt·ained from certain phases of ·the process in SECl and SRC2. changes once 
the samples are removed and cooled. And, if you wish, the:chemical half-life 
is very short. In 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 .creat.e that exposure experimentally. 

Evans: At this. point ·in the work tha·t we're doing, I've got more ques.tions. 
than answers. One of the questions I have deals with the many.lesions found 
in the Institute study. There ·was a tremen.dously large number· .fOl.md ·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? 

Runion; In ternis . of clinical experience with SRC, ·We've had two or three cases 
of transient photo·dermalsensitization. No cases of cancer. One·indivldual 
had cancer of.the lip. This was associated with smoking and was so determined 
by u. panl:ll subRequently to the appearance of the problem. The only·. other 
thinq, as I mentioned earlier that we've had some Lrouble with is this matter 
of phenol irritation of the eyes and to some extent transient cermal problems. 

White: I would like to ask Jack Abrahams if he could provide a little more 
detail on Fossil Energy's industrial hyg1ene 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? 

- 134 -



Abrahams: The plans will depend somewhat on w~at will be ca:lled "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 res.earch 
or pilot program which would be cost-shared with. other functions. Fi~st 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 plan or 
a system of its own. They are developing their own programs i~.the fossil 
energy program and not a program ~hat 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 min~mum 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 jus.t that. They 
are pilot programs. They're not necessarily representative of the demonstra­
tion problems. ,Many of the pilot programs are slowly pha~ing out. Some 
within·the last several months. If there are no industrial hygiene programs 
there right now, w~ are tryinq to collect, particularly with NIOSH.involvement 
in some of our facilities·that are phasinq out, as much information as we can. 
I would imaqine that a whole industrial hyqiene proqram may not develop in 
many of these cases. At what point do we develop a full-fledged industrial 
hygien~ program wh~n we have sizes all the way from process development studies 
to demonstration projects. We certainly hope that we have ~nough information 
to help demonstration programs that are underway and that.we can have a 
comprehensive indust~ial 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 be~ore 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 Researc~ 
and there were virtually ~0 funds· s·et aside at . that time for industrial 

. hygiene studies except what may hav.e developed subsequently. . But I since that 
time, we have been looking as closely as we can at. pilot plants. I. think that 
in every case industrial hygiene information is 'being applied or designed in 
the demo plants. We're looking at· two stages. Then again·; I think .we have 
some engineers ~ho 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 us'ing 
a particular process in the demo plant. It is interesting for.the protection 
of the worker· in that plant, but what does it do for workers· ~n a demo plant? 
Why look at that plant as a demo plant if the demo plant·i~ not going 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 also talking about sut:h :tudimenLary 
matters as noise so that when you start looking at big demo plants, you're 
wearine your industrial hygiene hat. You take the information you can from 
SRCl 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 
~he 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 coal liquefaction aml gasification 
facilities, and we are going in wit:h that at:t:it:ude. If wt:! uml~:::.LstanJ the 
process, some of the parts of the unit, our scale calls fur:· usi11g 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 Ho~ard Kunion had to say. 1 am a little confused why apparently identical 
processes 1n 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. I 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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Audience: As far as I know, Paraho has been shut down, hasn't it? 

Garcia: For some time. 

Bolton: 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 peop~e comment on their respirator 
policy or respirator program? Do you permit respirators to be worn over 
beards? 

Evans: Do you find respirators in lockers in the locker rooms? 

Runion: We do not. 

Bolton: This is.a real problem because when you live within the DOE complex, you 
t1::11d 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 the~e. 
You know you're destroying some of my cr~dibility as being in private industry 
at this point. I used to be DOE-inspired. Now I'm private industry. I'm 
fac~d with having to go into an industrial 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. 

Ettinger: Well, I think you as the industrial hygienist for industry have the 

Bolton: 

choice of convincing the management of the plant that they can compare the 
cost of having an e.ffective 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 thai: problem. I'm just 
saying that I lose a certain credibility. Well, I' 11 give you a classic 
e~~ample. NIOSH sent a team of people to look at vinyl chloride, and they 
demand fr.esh air, and tliey have the longest, strangest beards, and the company, 
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Hull: 

Evans: 

Runion: 

Evans: 

Runion: 

rather than take a positive stand allowed this. If I had been there, T 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 .:posit.ion 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 seen w~y 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 
real 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 verv-distant future. 

On the respirator program, I know that SRC and Cresap both have 
a beard respirator program. You'd hava 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 p'eople. The 
only saving grace is that I was an engineer and I was not. taking samples, ~l.ot 
in t_he 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 pan~l 
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 talk,ing about, i.e., carcinogenic products and Workmen's 
Compensation. C~tainly I think that this is something that we are well 
aware of. How are we going to solve the p:r:ohlem? 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, ~oal liquefaction, and o'n shale program 

· I might add .. one thing. too th,at has to do with medical directors. Many 
times .when companies feel that they. nee.d a medical director; they also feel 
it has-to be a physician •. Would you like to comment on that too? Do you 
fe.el. that. a f!ledical director has to be a physician? 

Ettinger: To be .totally,. consis.tent, the director of environmental health or whatever 
euphemism is used for that kind of department might not be a physician, but the 
medical director by definition is a physician. 

Audience: I think the _basic question is whether you. think a'medical director could 
work for an environmental scientist and direct the whole environmental safety 
program?.. . .. 
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Audience: 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. 

Runion: 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 particip,ation of a Gulf physician. 
Dr. Peterson who was based in Los Angeles ha.s 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 p~ogram for all 
of the employees working there. And the same thing applies to pur small pilot 
plant projects back in the Pitt.sburgh .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 eq~atiqn, medical and environmental. 
You've got :to work together. 

Pallay: I'm al~ost afraid to participate. -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 
like to ask about any kind of .record keeping that the companies are involved 
in rtow that are relevant to that. 

Brief: I think that we are drifting so far away from our.objective that we're 
missing the point. 

Ettinger: . ·I 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 np 
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 occupational -and safety things, and they are kin of interesting 
to m:e. 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 · 
l~ke to ask the· panel whether there ·is anything they can toss out in terms 
of things that should be developed, whether it is sampling instrumentation, 
analytical procedures, techniques, etc. 

Bolton: Would you like to take this in order or would you just like to volunteer? 

Evans: I seem to stick my neck out further than most people. I think that·the 
list that was presented was a good start. As a chemical engineer·rather than 
a:n 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 techniques, availability of instruments, analytical 

-techniques, etc. 

1 
Bolton: ·Anybody else on the panel want to cnmment? 
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Runion: This is no different from all the other things that we've been 
concerned with. The need for an ins.trument 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 abs.ence of more definitive 
information that pertains to these mixtures, I don't know that a lot of new 
toollii pec1.1li.ar to this particular industry, this particular problem, are 
called for. They are called for not only in this buainaslii. They are c;alled 
for in oil ref~neries, steel mills, and so on. 

Audience: I didn't have a question. I just wanted to point out that the system 

Bolton: 

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 ynu look at things like 
pulmonary functions, blood stud1.es; ur:i1ie. If you have these base line studies, 
then if the problem does arise, you have data to work wlth. 

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 lt. 

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 qf 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 ~itn mon;it:or and we have the state of the art for the instrumen­
tatio~and in the next five to ten years we can exv~ct to hov~ a monitor. 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 3long thnsP. lines for the next five or ten years. Because after 
five or ten years, we will get epidemiological data Lu corrcloto to thP 
real-time results. 
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Campbell: 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. 

Lippmann: I share Harrv' s apprehensions about I.,Tednesday 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 
t;ogether and came up with this. r'm really frustrated because I don't know 
any more today than I knew when we wrote this a few months ago and I wonde-r 
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 pro.cesses 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 instrumentatio~ at all in this field, and I'm not 
going to vote for recommending millio1,1s on instrument development when I don't 
see that it will be productive at all. 

Bolton: 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. 

Hull: 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 practi.ces 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 arc 
focusing right on one particular nucl:i.de. 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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Bolton: 

Evans: 

If you want to know if you can· do any more, I sort of hear sOmebody saying, 
"We'll, you ought to develop some ins.truments 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. 

If I could take the chairman's · pero·gative 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-HzS 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~ 

Audience: We've been talking about ·a CO monitor for coai gasification. You're not 

Runion: 

going to follow a coal liquefaction facility with a CO monitor and feel 
comfortable. Let's be sur.e 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. 

Ettinger: ·I guess I should come back, reword my question, anc:J direct it to anyone 
on the panel. I think Howard Bas;ically said ·he thought that coal c·C?nversion 
is no different from other industrial hygiene sampling problems, and that 
might' very well be true. 

Runion: It isn't even different when we·'talk about the steel indus~ry. 

Ettinger: 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 technology, low'technology? ·People get carried away 
with high-technology sampling. Maybe we need low te.chnology. 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 needs in a'lr: ~e:uupling rcqu'ircmonts, '•!hether for 
oil shale, coal liquefaction~ coal gasification, or the steel industry? 

Craun: I'm not on the committee. I am an industrial hygienist who has been 
asked to come in and talk about coal gasification. Certainly, '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 to.day 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 offe1 
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 qu~stions, 
develop .methods on ·samples which are perhaps not exactly indicative of what you'd 
see conmercially 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 pres·sure 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 effl~ents, 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 tnings 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 you wish, in these 
materials. are the maintenance people: and you 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 the 

coal _conversion and oil shale industries are many and varied. They range 

from gaseous compounds,H~S and CO, to heavier poly~uclear aromatic 

~ydrocarbons (PNA) and intermediate or lighter weight organics 

such as pyridine, benzene and naphthal~.ne. The sampling techniques and 

instrumentation for measuring these chemical .stresses are also of a wide 

variety. This presentation w.ill 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 eyaluate the effectiveness of engineering 

and other control measures. A third reason for evaluating the individual 

\~orkers exposure is to comply \vi th regulations . 

Since the individual's personal exposuTe i.s of pr-Jrnary concern 1n the · 

evaluation of the PNA hazard, it is pertinent. that any sampling technique 

used for this purpose be capable of determining time-weighted average 

concentrations at the worker's breathing zone. The sampling device must 

be light and compact. One of the main hazards of the-polynuclear 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 extent o_f exposure 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-appruveu method for determining breathing zone 

exposures to coal tars and reflect on some ideas relate.d to longwave til tra'-· 

violet light. surveillance of exposed skin. 

NIOSH has recommended the use of the cyclohexane soluble fraction total 

particulate mat.ter (CSFTPM) method for evaluating the breathing zone 

atmosphere of workers exposed to coal tar products.'(!) Previous'recomffiendations 

suggested the benzene ·soluble fraction,· but'because of the inherent ·nazards 

related to benzene, the less toxic cyclohexane. is now being. recommended. The 

standard has been reduced from 0.2 mg/m 3 for the benzene soluble t~ 0.1 mg/m 3 

for the cyclohexane soluble. The following is the recommended procedure 

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

Full-shift (8-hour') sampl•es should be colleCted with a personal sampling 

pump at a flow rate of 2 liters per minute. Samples should be collected on 

0.8 micron pore size silver membrane filers (37 mm diameter) preceded by 

Gelman glass fiber A-E filters encased in three-piece plastic (polystyrene) 

field monitor cassettes. ·The cassette· face cap should be on and the plug 

removed. The rotameter should be checked every ho~r to ensure that ~roper 

flow rates are maintained. (2) 

Cytlohexane extraction of collected ~aterial using ultrasonic. techniques 

is recomrriended. After the extract h'as been evaporated down to 1 ml, 0. 5 ml 

of it is pipetted into a pre-weighed teflon weighing cap and evaporated to 

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

on an ~lectrobal~nce to the neirest microgram.C 2) 

The CSFTPM method discussed has some disadvant~ges. The sensitivity of 

the analytical method is low, resulting 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 methc;>d. At the TLV an eight-hour sample ju~t 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 there was no breakthrough of particulate matter 

through the glass fiber to the silver membrane. This was determined by 

separate analysis of the two filter media. (3). Another question has been 

raised-about using the silver membrane in areas where H2S is present. The 

silver may react with HzS formin2 AgS ~nrl ~log th9 poro~i makin~ ~he filL~r· 

ineffective.C4) H. J. Seim et al(S)_ believe that the pla~ti~ 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 amou.nts of 10\v molecular PNA' s have been found in 

the backup cellulose support pads. (S)·. Other evidence of breakthrough problems 

have been fou~d by Jackson and Cupps. (6) Solid sorbent materials such a~ 

Tenex GC, Chromosorb 102 anrl XAD-2 havi been suggested as a third stage 

in t:he 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 developed. 

Another significant p~oblem associated with the NIOSH recommended method 

is the variabiiity of the sampling efficiency. The sampling efficiency 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 

adsorb to the particulate. At low loadings it has been found that the 

backup pad will contain more PNA's than the filter. What this means is that 

the filters have a ~ontin~ously variable collection efficiency that is 

dependent on the nature and the quantity of the particulate. (S) 
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Despite th~se_dis~dvaritages, the CSFTPM method is the only. method 

' 
available for breathing zone sampling of coal tars. Before this te,chnique 

can be considered a reliable ~ethod for the evaluation of individual 

worker exposures, many of its problems must be investigated. The inherent 

errors, such as those relating to sampling efficiency, must be defined and 

standardized. The effectiveness of the silver membrane must be investigate~. 

If the silver membrane does not increase the sampling efficiency of the 

system, perhaps it should not be included as part 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 frorri different processes. 

The potential for exposure via the respiratory route is a very real 

problem but suryeying exposed skin areas for contamination by coal tars is 

another importa~t area of personnel monitoring that must be discussed. 

Longwave UV light monitoring of skin is a technique that has been used to 

determine the extent of contamination. This practice has come under consider-

able criticism by some in the field of industrial hygiene. NIOSH does not 

endorse this technique because of the potential co-carcinogenic effects 

between UV and PNA's. Although this technique may have some risks involved, 

it also has some benefits. Primarily, it is a quick and easy technique and 

is reassuring to the worker to go home every day knowing he has. not been 

contaminated by PNA's. Others say that the deleterious effects of the PNA's 

occur so rapidly that any screening mechanism, including UV light, is of little 

benefit at the end of an 8-hour shift. Research ifi this area is necessary 

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 determination of personnel exposure to PNA's 'in the breathing zone 

is essential. At present~ t.he Nr"OSH-recoinmended method may not be completely 

acceptable·, but it is'the be~t method available. Much.work is presently 
. : . 

being conducted'on developing mo~e sensitive analy'tical techniques for 

determination of ·rNA's. . With the large er'r·ors~ that seem to be inherent 

in the sampling technique discussed, these mor,e sensiti,ve analyti'cal methods 

may be of. little value. The primary ar.ea o.f concern is .the. standardization 

and development of a good sampli~g techniqu·~ to determine breathing zone, 

time-weighted ·a~e~age concentrations 'of pot'e'~ti~riy exposed \vorkers in the 

coal conversion and· shal~ oil industries . 

. "'. 
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Criteria for Occupational Health Monitoring in the 
Fossil Fuel Conver;sion Industries* 

:.J 
Otto White, Jr. 

Safety & .Envirorunenta'l Protection Division 
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Upton, New York 11973 

The occupational health profes~;ional is· being .confronted with the· monumental 

problem of identifying and evaluating the. potential health hazards associated with 

the emerging fossil fuel conversion industries. · The p~oblem is enhanced by the 

complex composition of the base materials. Wiser's (1) proposed· ·structure of ·coal 

(Fig. 1) contains many analogs of known hazardous organic compounds (Fig. 2). 

Coal also contains many metals with known health consequences (Table 1). Kerogen, 

the base material for the oil shale industry, also represents a structurally 

complex material as illustrated by the reduced chlorophyllin model propo.sed by 

Jackson and Decora (2) ·(Fig. 3). Kerogen's pyrolysis products are comparable 

with t,heir toxic counterparts derived from coal. 

Treatment of these base materials, which vary widely in carbon to hydrogen 

ratios as well as distribution of trace elements, with heat, pressure and 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 identified a host 

of cherr{icals which are known.or suspected to be hazardous to man (Fig. 4). 

Although the works of Potts (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, represent a very.strong case in demonstrating a.positive 

relationship between increased cancer incidence and exposure to certain fossil-

derived materials, the absence of a strong epidemiological base does not permit the 

traditional assignment of priorities for occupational health prot.ection. · 

*Work performed 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. Health hazard e.valuation 

2. Performance trends in engineering controls 

3. Development of design requirement for new enginee·ring controls 

4. ·Documentation of exposure levels 

·5. Compliance determination 

6. l>1easu!:ement of process ·losses · 

7. Selection of suitable respiratory protection devices 

8. Identification of contamination sources 

9. Assessment of emergency conditions 

10. 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 

2. Hazard classification of contaminants 

3. Identification ·of workforce members at high risk 

4. Total risk assessment involving all occupational safety and health hazards 

5. 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 relief devices, 

components fatigue-and failure histories are required to accurately identify the 

system's hazards. 

Job safety analyses deploying a system's approach will identify ·hazards often 

overlooked. Not only must attention be focussed on process feed material, product 

and waste streams, but also additive streams, catalyst beds and scrubbing solutions. 

Maintenance procedures as.su9gested in the "Recommended Health and Safety Guildiines 

for Coal Gasification Pilot Plants" (17) should be reviewed in detail to determine 

l 
the degree of hazard associated with all stages of the ope_ra:tion. Exposure o_f 

.workers to o2 deficient or contaminated vessels may ~dermine all the efforts put 

into a monitoring program capable of quantification of all isomers of 

dimethylbenz(a)anthracene. 

A Fossil Energy Report-FE-2213-1 (18) entitled, "Carcinogens Related to Coal 

Conversion Processes" summaries two documents which addressed hazards associated 

with coal conversion processes: 

1. Battelle Energy Program Report on Carcinogenic Potential of Coal and Coal 

Conversion Products concludes: 

a. Elimj,nation of spills and leaks should minimize carcinogen~c e){posures· in. 

coal gasification systems. Crude gas containing tar, oil, sulfur compounds, 

etc., may create carcinogenic hazards which may be reduced by appropriate 

health and engineering measures. 

b. Proper engineering in coal liquefaction systems should attenuate tQe 

carcinogenic risk associated with some high molecular weight aromatics 

in distillates, centrifuged-oils and centrifuged cake residues. 

- 156 -:-



c. Precautions should be exercised in solvent-refining operations and 

in avoiding contact with process streams, filter cakes, recycled 

solvents and liquid coal. 

2. Battelle/Radian Document on Potentially Hazardous Emissions from the Extrac­

tion and Processing of Coal and Oil Conversion Products describes the 

results of an examination of the two coal conversion systems in which 25 

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

a. Coal gasification is likely to produce dangerous substances which can 

be contained, thereby minimizing emissions. 

b. Quenching and cooling of gasifer off-gases and tar separation are 

important potential sources of toxic emissions. 

c. Liquefaction products may be dangerous but more containable than gasifi­

cation products. 

d. Potentially significant emission sources in liquefaction are the slurry 

,; preparation and fugitive losses from leaks and equipment failures. 

e. Liquefaction products are potential.ly.more hazardous. than crude oil 

products. Refin,ing. and utilization are likely to be worse offenders 

.than. the corresponding petroleum operations. 

Similarly, FE 2213-1 suggests that hazards associated with coal conversion process 

relate .. (a) to possible exposure of worker and the general public to process and waste 

streams, (b) to occupational exposure during handling and utilization of products; 

and (c) to environmental exposures to combustion emissions and coal derived products. 

It concludes that: adeqfiate protection against exposure can be .. obtained by· proper 

design and operation of coal conversion plants .with emphasis on material handling, 

industrial hygiene practices. and control methods to minimize spills, leaks and emis.,. 

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 logical step is to review the duties of all members of the 

workforce which. interact with the system. From supervisory through maintenance 

personnel, exposures to the pro~esses and operations must be reviewed: to identify 

their specific .duties, expo~ure ·time, associated equipment/material utilized to 

accomplish required tasks and specific work environments. Sampling and testing proce­

dures may result in the release of significnnt quantities of toxic materials into the 

work environments of an ordinarily enclosed system. Certain maintenance operations 

may require a different workplace to accomplish the required task such as degreasing 

tanks and sand blasting booths. Improper· emphasis to these. situat:ions may expose workers 

to· unnecessary concurrent hazards. 

Identification of the employees at highest risk takes on another connotation other 

than ~he employee who received the highest exposure, who is in contact with the system 

for the longest period and who is least knowledgable of the.·potential hazard. Employees 

who are predisposed to increased risks due to physical conditions,. medication requ.tre­

ments, cosmetic and grooming preferences, ·poor hygienic·practices and heriditary factors 

must be identified, informed and educated to the enhanced risk. To complement this 

task, a po~i.tive medical surveillance program which includes pre-employment physicals 

as well as periodic follow.ups is required. 

Hazard Classification of Contaminants 

Hazard classification o.f contaminants in the work environment is essential to the 

establishment .of .occupational health moni·toring programs. Knowledge of the pollutant 

species, acute and chronic toxicological properties, potential quantities.,, mode of· 

dispersion·, _mode of. exposure, physical and chemical properties, metabolic fates, thres­

hold levels, environmental fate, synergistic and antagonistic properties are all ideal 

parameters that would assist in the development of a hazard classification scheme. 

Obviously, with such formidable lists of potential pollutants as have been demonstrated 
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through the various process and effluent characterization studies,· ·much of this 

preferred information is not available and may even hamper the· decision process if 

·relative wei~hts are not assigned to each parameter. 

A simpie ·scheme such as the workplace selection standard utilized. at Brookhaven 

Laboratory could be used with an acceptible degree of confidence (19). A typical 

.approach would be .the following four category scheme: 

A. Immediately Hazardous to Life and Health 

This-category would include those materials which are present in sufficient 

quantities that acute exposure could occur and that the health and/or safety 

effects associated with this·exposure could result in immediate and/or serious 

impairment to life and health. Examples of this category include the following 

materials: 

1. H2s - acute poison >400 ppm, affects central· nervous system ·and induces 

respiratory failure 

2. CO - acute chemical asphyxiant 

3. NOx-No2 - delayed pulmonary edema 

4. 0 2 deficiency 

5. Coal and shale dust -explosion hazard 

6. H2 - explosion· hazard 

Phenols; hydrogen cyanide, metal carbonyls and carbon disulfide would also be 

placed in this category if present in significant quanties. 

B. 'High Risk, But Not Immediately Hazardous to Life 

This category is reserved for substances which cause delayed irreversible 

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

toxic~logical effects. Examples in this category include the following: 
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l. Aromatic Amines.- anili~e, S-naphthylamine,benzidine, etc. . . 

2. Aromatic Hydrocarbons - benzene, xylene, toluene, etc. 

3. Heterocyclic Aromatics- pyridine, acridine,.dibenzofuran and dibenzo-

thiophene 

4. Nitrosamines - dimethylnitrosamine, diethylnitrosamine, etc. 

· S·. Polycyclic Aromatic Hydrocarbons - 3-methylcholoanthrene, benzo(a)pyrene, 

etc. 

6. Certain Metals - arsenic, beryllium, cadmium, chromium, nickel; etc. 

7. Certain Fibers and Dust- asbestos and silica 

C. M9derate Ris.k and Not Imme~Hately Hazardous· 

This category could include, in addition to some of the above substances/classes 

which are not present· in th.e work. environment in significant quanti ties, those 

compounds which cause reversible toxicological effects. .Examples in this .. category 

would include the following: 

l. 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. Carbon Dioxide 

2. Nitrogen 

3. Steam 
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Risk Assessment Involving All Occupational Health Hazards 

Very little discussion has been focussed toward the fact that the processes and 

operations in the fossil conversion industries will represent sources of high noise 

generation and of high temperature emitters, that maintenance activities will 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 signific·ant as inhala­

tion. Using the methodology of risk evaluation as proposed by Herbert Inhaber (20) of 

the Canadian 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 syndrome is a real potential in this instance where·an overwhelming accumulation 

of 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 

dictates that emphasis be placed on the major contributors to the overall workplace 

risk and that stripping this risk of its comp·onents should identify areas for implement­

in~ engineering controls. Those areas which engineering control cannot adequately 

reduce risk warrants monitoring. When the· risks are associat'ed with health effects, 

key areas for occupational heaith monitoring have been identified. 

Monitoring Strategy 

If one starts with the premise that the major purposes- for occupational health 

monitoring for these emerging industries are (1) to ensure that the employees are 

provided a safe and healthful work environment, (2) to identify and evaluate health 

hazard, (3) to document exposure levels, and (4) to determine compliance status, 

immediate considerations must be given to the following factors when establishing 

the monitoring strategy: 
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A. Selection of Parameters 

B. Monitoring Frequency 

C. Types and Numbers of Samples 

D. Anaiytiqal Treatmept 

E. Value and.Qse of Analytical 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.issue. 

Monitoring tools which· measure .. several parameters may prpvide a more accurate descrip­

tion of the workplace conditions than single index devices. Minimal programs must 

monitor those substances in the work environment for which.safe level, compliance 

limits and.human heal~h effects are known. For those parameters for which no lim~ts 

exist nor safe level identified, .the use of a tiered program as suggested by,Bora {21) 

and Dean {22) could ass~st in the decision process. 

Monitoring·frequency should be a factor of the haz?rd classification, the 

variability of the- environmental conditions, the economy {time and dollars)· associated 

in.obtaining aresult, and the potential for workplace conditions degrading int:o 

serious adverse levels/situations. . The availability of real time, cont·inuous monitoring 

devices as opposed to time consuming grab samples with subsequent lengthy analytical 

procedures will often assist in the decision process. 

Determination of the types and th~ numbers of samples to collect will he dict.ated 

by many of th~ above factors in addition to.the mobility of tne workforce and the 

constraints of the workplace. Ar~a sampling could be used advantageously in area,s 

where th~ variability of the .contaminant is low but could be impra.ctical for most outside 

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

a representative number of the workforce must be sampled and the collection limitation 

of the sampling tool may inhibit the application of several analytical techniques to 

a given sample. Often overlooked in monitoring strategy is the usefulness of bioassays 

and surface contamination mon'itors; 

Hi-volume area sampling should be an initial choice in characterization of the 

workplace atmosphere followed by detailed and specialized analytical procedures. This 

initial effort should c9ver not only normal conditions, but also maintenance and 

downtime situations. A relatively few of these samples will permit the health profes­

sional a greater insight into potential problem areas. Consequently, the analytical 

treatment will depend upon the value and use of the results. Characterization studies 

requiring sophisticated· treatment cannot be equated to 'real time, continuous and/or 

direct reading devices. 

Occupational health monitoring for the coal conversion and oil shale industries 

·will represent the greatest challenge to date for the occupational health.professional. 

The requirement to use all the tools, knowledge and experiences. o~tained in the past 

and apply them to this frontier dictates that initial broad criteria be used to minimize 

the chance th~t.some unturned leaf does not conceal future compensation liabilities 

equal in magnitude to the black lung and the asbestos problems. 
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~ 
~N} 

NITROGEN HETEROCYCLICS 
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ACIDS OXYGEN HETEROCYCLICS 

Figure 2. Potential organic contaminants from coal. 



f'igure 3. Decarboxylated hexahydrochlorophyllin. 
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Compound Class Representative Compound Structure 

Polynuclear Aromatic Hydrocarbons 

Anthracenes 9-,10-dimethylanthracene 

Chrysenes chrysene 

Benzathracenes benzo(a)anthracene 

Fluoranthenes benzo(j)fluoranthene 

Cholanthrenes 20-methylcholanthrene ~ 
cH,~ 

Benzopyrenes benzo (a) pyrene· 

Debenzpyrenes dihenzo(a,h)pyrene 

Nitrogen-,Sulfur-, and Oxygen-Containing Polycyclic Compounds 

mono- an9 dibenzacridines dibenz(a,h)acridine 

benzocarbazoles 7H-benzo(c)carbazole 

dibenzocarbazoles 7H-benz(~,g)carbazole 

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

Aromatic Amines· 

Aminoazobenzenes. 4-dimethyla.minoazul:u:!nl!.ell~ 

N;;tphthylamines a-napht)'lylamine 

Figure 4. Classes of known or suspected carcinogenic 
or cocarcinogenic compouncls associated with processin~ 
and utiliza_tion of coal.· 
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TABLE 1 

lAAcE METALS 

, ·. ri'JEAN ANALYTICAL VALUES FOR 101 BITLMINOUS CoALS 

CoNSTITUENTS 

ANTIMONY 
ARSENIC 
.BERYLLIUM 
f.Arr.1IUM 
CoBALT- · 
~OMILM. 
IYERCURY 
NICKEL 
SELENILM 
VANADIUM 

1.26 PPM 
14~02 PPM 
1.61 PPM 

2~~ PPM 

~
I PPM 
I PPM 
I S PPr~ 

0;20 PPM 
21~07 PPM 
2~08 PPM 
32~71 PPM 

Adapted fro~ Ruck et al. (1974) 

STANDARD 
DEVIATION 

JJa 
0182 

. ~:~. 
4~:69 
. 0120 
12135 
1.10 

12103 
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MINIMLM 

~:~ 
£:1~ 
LJ:ffi 
4100 
01(}2. 
3100 
0145 

ll~OO 

. 81~ 

931~ 
· 6M:I:Xl 
~:ffi 

218100 
. 1160 
80100 
. 7~70 
78100 



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 

C H . 
n 2n+x 

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

-10 Dinaphthene benzenes 

Di aromatics 
-12 Naphthalenes 
-14 Acenaphthenes 1 biphenyls 
-16 Fluorenes 

Poly aromatics 
-18 Phenenthrenes 

· -20 Naphthenephenanthrenes. 
-22 Pyrenes 

C H -n 2n 

+ NH 
X 

x = N-Containing aromatics 
-6 Pyridines 
-8 Naphthenopyridines 

-10 Indoles 
-12 Quinolines 
-14 Naphthenoquinolines 
-16 Carbazoles 

Other N 1 0 1 S types. 
%N (from the analysis)." 
%N (elemental analysisl 
Est. mol. wt 

Tosco 

Untreated 

36.9 
10.4 
9.6 

16.9 

27.3 
9.4 

10.4 
7.5 

3.3 
2.0 
1.3 
---

26.7 
9.4 
4.4 
6.3 
2.8 
2.1 
1.7 

8.3 
1.7 
2.2 

250 

Adapted from Peters and Bendoraitus (1976) 

,... 171 .-

Shale Oil 

Hydro treated 

61.8 
18.3 
20.4 
23.1 

24.1 
12.4 

5.4 
6.3 

.3.4 
2.2 
0.9 
0.3 

10.2 
2.4 
2.3 
3.5 
1.4 
0.2 
0.4 

0.4 
0.6 
0.9 

250 
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PRELIMINARY THOUGHTS ON PROXY PNA CGr·1POUNDS 

iN·THE'VAPOR AND SOLID PHASE*· 

R. B. Gammage 
Health and Safety Research Division 

Oak Ridge National Laboratory 
Oak Rid~e~~t~n~~ssee 37830 

INTRODUCTION 

In recent years there has been increasing awareness of the possihlP 

adverse health and environmentai impacts of polynuclear aromatic (PNA) 

compounds. Many of these compounds·have been shown to be Cdrcinogenic 

and/or cocarcinogenic. A new, potentially lar~e source of PNA ex­

posure is the coal conversion _(gasification and liquefaction) and oil 

shale technologies. 

Given the potential long term health effects of PNA compounds and 

the potE~nti;:~l for exposure to tars, respirable particles, and vapors, a 

9ood industrial hygiene program must be committed to protecting workers 

from these PtiA compounds. Economic considcriltions, inadequacies of 

analytical techniques, and incomplete understanding of the complex 

synergistic effects prohibit the routine monitoring of all PNA com­

pounds suspected of being carcinogenic. On the other hand, a fairly 

simple, rapid indication is required to ·provide near real-time warn­

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

*Research sponsored by the Office of Health and Environ~ental 
Research, U.S. Department of Energy under contract W-740~-eng-26 
with the Union Carbide Corporation. 
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number of ind.icutor compounds that can characterize the worker's chroni~ 

exposure to PNA compounds. This paper attempts to stimulate some 

thinking about this problem,_recognizing fully that much initial re­

search and development work wiil be required to establjsh reliable 

correlations, if pos~ible,.between su~gested proxy or indicator com­

pounds and the more complete PNA exposure distribution. 

PROXY COMPOUND CONCEPT 

. . 

The indicator substance concept suggested for coal-gasification 

pilot plants is in· res'ponse to the· need for a simple, easily measured 

index for real-time deteciion 6f lea~s. A single substance, ~sually 

carbon inonoxide (CO); acts as a proxy'for all the components of a given 

process stream (1). ·The concept of using' a ~a~ compound (CO) for indi-

eating concentrations of fugitive airborne particulate m~tter is ·not 

wholly satisfictory because the{r rates of dispersion will differ. The 

indicator ·co.mpound·is a proxy for 'substances that cannot·be analyzed in 

real ti1ne, or that are difficult or imp·ossible to analyze at prevailing 

concentr·ations. The neecl to estimate the toxicity of t'ar's in an industrial 

hygiene setting offers ~ossibilities for expansion of the indicator substance 

concept to nonroutine operating situations, wh~re simple gases are ~ot 

related directly to the arriounts of PNA-containing ta1·s that are present: 

One should first address the critical question: is there sufficient 

merit to measuring one or more specific PNA compounds in coal derived 

samples as opposed to measuring only the cycloh~xane sOluble fraction 

of partitulate matter (CSFTPM)1 There is no regulation regarding ex-, 

posure limits for spetific PNA compounds, except for some of the li~htest, 

more volatile members. such as naphthalene with a time weighted average 

(THA) 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, especiaJly when taking into account the promotional and syn­

ergistic effects of coexisting species. For these reasons, Occupational 

Safety and Health Administration (OSHA) concentration limits have not 

been set. The time for regulato'ry standards concernit:~g the majority 

of single PNA compounds has not yet arrived. 

There is still, however, a need for characterization work that 

will involve the selection and monitoring of a handful of indicator PNA 

substances. A need exists to find out what is occurring in contaminated 

occupat.ional zones. Information needed includes determination of parent 

PNA profiles 6f fugitive emission, how these profiles change with. time 

and exposure to light, what are the products of photochemical oxidation, 

and what is the nature of contaminants that build up on surfaces. Coal 

tar products from various conversion technologies, or f~om different 

parts of a single plant, can differ appreciably in mutagenic and car­

cinogenic activity. f'leasurement of CSFTP~1 does n<?t by itself reveal 

d1ffereflces ·in bio.log·Jcal activity~ A measurement of the small number 

of proxy PNA .compounds, each an indic<ttor for a particular chemical 

group exhibiting biolo~ical a~tivity, would be an i~provement. This 

group would be. even more useful if their measurement could be made in 

r~al or near real time. 

PROXY COMPOUND SELECTION 

If v·apor phase detection of PNA compounds is the aim, the com­

pounds present \oJith highest volatility will produce the largest concen­

tractions under equilibriumconditions. Since work areas are normally 

/ 

- 176 -



ventilated or open~ on~,will not ir1 general be monitoring vapors at 

saturation vapor pressure. The abundance·of the PNA·compounds tn tbe 

liquid or solid contaminant from which tbe vapors are emanating will 

then have a bearing on th~ measured vapor phase concentration. Naoh­

thalene and its methyl derivatives are attractive compoundY in both 

respects (Fig. 1). They are quite volatile, and they are ubiquitous . 

and abundant in coal conversion oils and tars. Naphthalenes 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 II processes show that 

naphthalene and both of its mono-methyl derivatives are dominant spe­

cies. These are vapors that can be measured quantitatively in real time. 

Quinoline vapor should also be considered for some special reasons. 

It can be a fairly abundant nitrogen base component .of coal. liquefaction 

products, 1•1% by weight· in one particular instance (3). Being a liquid 

at ambient tetnperatures, it is c.crtainly volntile, and in addition it is 

a car·cinogen CHI'.I a r111Ji:ar!en (4) .. For IO!aclt of thes~ rcrtsons its presence 

should be sought, either in its own right or as a proxy compound for 

nitrogen containing PNA vapors. Human exposure to quinoline shbuld be 

carefully monitored and reduced wherever possible. 

Tar compounds· in th.e solid phase present a more compJ ex and 

analytically taxing situation. Quick response can be obtained only by 

observation of gross fluorescence with the naked eye. The information 

obt~incd simply tells one whethP.r or not a surface is contaminated. 

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

respect to cyclohexane soluble matter, and no information is obtained 
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with regard to-any specific PNA compound ~r groups of compourids. 

Furthermore, the recommended National Institute of Occupatiorial 

Safety ~nd Health (NIOSH) procedure for conducting the ~nalysis con­

sumes about 4 hours (5)~ This stretches erie's conception of a near 

real-time analysts. 

If- th~re is a proxy having ~idespread acceptanc~ among the high 

boiling, nonvolatile PNA compounds, it is benzo[a]pyrene (BaP). ·This 

is because it is the most intensively-studied PNA in the environment 

and its metabolites,- especially 7,8-diol-9,10 epoxtdes· (6). are being 

investi~ated i·ntensively because of their mutagenic and carcinogenic 

potency. The rather common practice of -meas-uring the BaP content of a 

complex PNA mixture has 'come about more for reasons of familiarity 

than sound reasoning. It is inappropriate to use BaP as the proxy, or 

to use any single proxy, for a 11 situations.- ·Some reasons are:· 

(l) it may be a nrinot~ constituent compan~d to other PNA compounds, 

(2) · the biological activity of a particular· sa1i1ple may be associa~ed 

prin~rily with oth6r types of PNA compounds, (3) as a fugitive emission 

it might· be che111ically less stable than other PNA compounds and therefore 

less suitable .as an indicator. 

The pat·ent PNA pt·ofiles (7) shown in Fig. 2 serve to il'lustrate b-10 

important points~ ·In one envit·onrnent (the aluminum plant). benzopyrenes 

- are abundant, while in another (the Soderberg paste plant) they are 
I 

reduced-by nearly two orders of magnitude compared to other PNA 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 profi 1 es differ considerably from .one ty"pe· of· sample to·· another, 
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Genera 1 i zed statements cannot be made about which PNA compour1d or 

compounds are the best indicators. 

l~ithin both parent PNA profiles sh.own in Fig. 2, fluoranthene 

and pyr.ene are abundant constituents and for this reason might be 

considered as candidates for proxy. Phenanthrene and anthracene, 

although abun~ant, are probably .too volatile td be good proxy compounds 

for liquid and solid samples. 

Another important factor to consider is the constancy of the parent 

PNA profil~ 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· \'Jorkplace, 

close to the source of the emission, and before the esca~ed PNA ma­

terial has had a chance to evolve.photochemically.· A need is seen, 

therefore, for examination of PNA parent profiles ih plant fugitiv~ 

emissions to establish their degree of variab·ility. Small variability 

would enhance the value of monitoring PNA proxy compounds. 

Fugitive emissions are, hmvever~ not always caught soon after 

their escape~ One will be exposed in such an instance to an ~valved 

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 degradctLion products to assess the state of evolution. 

For example, the halflife of BaP deposited orr a surface and expos~d 

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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Hith the exception of quinoline, the discussion of proxy PNA compounds 

has so far excluded heterocyclics. Chemical ·fractionation and testing 

for biological acti.vity of synthetic crudes from coal and shale oil, 

however, reve.aled the active mutagenic character of basic nitrogen con­

stituents such as the aza-arenes (9); ·since crude synfuels are com-

posed of from l to 10% by weight alkaline constituents and this fraction 

carried 50-80% of the mutagenic activity, one should seek a nitrogen 

heterocyc 1 i c: PNA rro.~y compound. 1\t . thi 3 time ·1 it L 1 e yu I dance cali be 

given in sug~esting suitabl~ heterocyclic PNA proxy compounds. Few 

coal conversion products have been analyzed quantitatively for their 

nitrogen base components. One recent analysis of a coal liquefaction 

product (3) showed it to contain about 10% by weight of such material 

with azafl uorenes, acridi.nes, benzoaza fl uorenes, and azapyrenes each 

constituting of the order 1% by weight. One might suggest acridine 

as a surrogate; methylated benzacridines and diberizacridines have long 

been recognized as turnm· in it i a tor·s. 

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 tliat 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 ch~mical fractionation procedures su~h that results 

are forthcoming in near real time, The room te~perature 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 Synthoil is subjected to ~ separation into acid, base, 

and neutral fractions and much of the coloration removed by passage 

through a Florisil column. The RTP analysis is conducted on 3 pl of 

solution spotted onto a substrate of filter paper. The RTP spectrum of 

pyrene in the neutral fraction ·of Synthoil is shm-1n in Fig. 3.· 

Pyrene is the most abundant PNA compound in this coal liquefaction 

product (4300 p[)m 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 pure pyrene together with the 

quantHa ti ve result of 5800 ppm ± 30%. The high abundance of pyrene in 

this type of product and the means for fairly rapid and accurate analysis 

allm-1 one to recommend pyrene as the best PNA indicator compound for 

this particular coal liquefaction product. 

In this same neutral fraction, BaP is a minor constituent (41 ppm 

by GLC pr-ofiling). This concentration of BaP is about at the lower 

limit of detectability by RTP. By resorting to standard additions of 

BaP.(Fig~ 4), the con~entration of BaP was estimated to be 50 ppm. 

Because BaP is a'relatively minor constituent in this sample and is 

difficult to analyze using a r~pid scre~ni'ng technique such as RTP, 

it is not the ideal PNA proxy compound for this particular sample. 
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It is worth mentioning that heterocyclic PNA compounds are .suit-

able for ~nalysis by RTP. Compounds such as acridine (Fig. 5) can be 

detected wit~ nanogram sensitivity. 

Other techniques for the rapid determination.of workplace and 

environme~tal samples--select compounds .and especially BaP~-are being 

actively developed. A rapid.thin l~yer chromatographic separation and 

in situ fluorescent analysis. is being integrated witn an automatic iso­

lation procedure {12). Because application of up to ~8 samples on a 

thin layer chromatography plate is accomplished semiautomatical)y by 

a multispotter, and· the fluores~ence a~alysis is.c~rried out directly on 

the plate with a rnotorized scanner, the method has good potential for a 

high degree of automation .. There also seems a good.possibility. for 

replacing the fluorescent analysis step with a RiP step to enhance·the 

multicompopent analytical capability through added compound s~lectivity. 

So the outlook for reasonably rapid analysi~ of select compounds is not. 

bleak and the next year or two should see some significant a4vances, 

which ·is an the more.reason.for early considerati.on of proxy PNA 

compounds. 

SUM~1ARY 

Better monitor·ing d(lta for PNA compounds ar.e.needed to establish. 

the level of worker exposure. Thh need, together with the inaccuracy 
. 

of the method for tSFTPM, and.because the latter does not ~lways corre~ 

late well w~th t~e PNA content, are the 6est reasons one ca~ advance 

for measuring.PNA proxy compounds .. Proxy PNA compounds would .be used, 

for the time being at least, to characterize rather than regulate the 

PNA compouods in fugitive emissi9ns. 
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The concept proposed by Bjorseth ( 7) is, recommended as .the first 

step in the selection of proxy compounds~ A PNA parent profile is d~-· 

termi ned., and one or two of the more abundant PNA compounds are. ·chosen. 

Pyrene and fluoranthene are generally prominent and thus·are attractive· 

candidates for proxy. Benzo[a]pyrene, when it is abundant, is 1 i kewi se 

·a suitable indicator compound. The common practice~ however, of measuring 

BaP -as the single 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 misleading. In cer­

tain cases, a basic nitrogen-containing PNA would be a more valu~ble 

. proxy than BaP. It is recognized, however, that because the concentra­

tion of heterocyc 1 i c nitrogen compounds is one or t\oto orders of magnitude 

lower than the homocyclic PNA compounds~ their detection will be 

difficult. Nevertheless, species such as quinoline and acridine may be 

suitable proxy compounds. In vapor phase monit0ring, naphthalene and 

its 1nethyl derivatives .are the most attracttve indicato1~ compounds due 

to their high volatility and high Concentration in most synthetic fuel 

products. 

Hhile it may be a bit premature to identify specific compounds to 

serve as indiclltors for the presence of complex, multicomponent mix­

tures,. the need for such proxy compounds has clearly been established. 

These proxy compounds not only must be readily measured and indicative 

of their parent sample in the work environment, but should themselves be 

of biblogical interest. Conside~able research and development is required 

in each of these areas to understand more· fully the behavior, both 
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che~ical and biological, 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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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 
Oak Ridge, Tennessee 37830 

INTRODUCTION 

The potentially hazardous environment at coal conversion facilities 

places significant responsibility on the industrial hygienist in that 

many of the process chemicals either are acutely toxic or are carcinogenic, 

thus requiring exposures to be kept to a minimum. Exposure to potential 

carcinogens requires a special com~itment to worker protestion, since 

there are oft~n 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 immediate warning signs and yet may cause cancer years later, a 

real-time, continuous, portable moni~or is needed to warn of elevated 

concentrations in work areas. This monitor is needed in addition to 

measurements of integrated exposures obtained by perso.nnel monitors re­

quiring subsequent laboratory analysis. Portable, real-time mqnitors 

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 Corporation. 
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Results. are. somewhat preliminary, as the prototype .i-nstrument has only 

recently been completed and further optimi zat.ion wi 11 ·be .required be­

fore field testing. 

PROTOTYPE INSTRUMENT 

Ultraviolet(UV)-absorption spectrometry provides good sensitivity 
. . 

for the detection of most· PNA compotmds . However, se 1 ecti vi ty between 

various PNA compounds in a mixture poses a problem since these compounds 

often exhibit c6nsiderable spectral overlap. Derivative UV-absorption 
' spectrometry is a technique that p'ermits improved selectivity between 

overlapping ~pectral bands· (1-3). In particular, this procedure tends to 

enhance the signals from compounds that exhibit narrow-band absorption 

while diminishing the signals from compounds·with broad band absorption. 

Work is in progress at Oak Ridge National Laboratory (ORNL) to · 

develop a prototype second-derivativ~ UV-~bso~piion spectrometer (DUVAS} 

for ~nalyzing 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 particular emphasis is being placed on the 

detection of volatile PNA compounds. This instrument is designed to be 

considerably ~edticed in size and substanti~lly faster in spectrum s~an­

ing speed re'Jatfve to a commercially available spectrometer, the Lear­

Seigler, Inc., Model SM-400 secbnd-derivative spectrometer (4). It is 

alsb microcomputer-controlled whereas the SM-400 is not. 

Theory 

Detailed treatment ·of' the theory of wavelength-modulated 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 th"e concentration 

of the compound being meastired. Since a second-derivative spectru~ is 

a measure of_the curvatufe of the absorption spectrum and not of the 

transmitted light, the technique of second-derivative absorption has the 

important advantage. of being -independent of samp 1 e opacity, 1 i ght in­

tensity fluctuations, and. source-energy variations. This advantage is 

particularly useful when no sample preparation to remove particulate 

mattec is performed prior to analysis.· 

Optics 

The optical system of the prototype DUVAS consists of a deuterium 

lamp light source, monochromator, sample compartment, and photomul­

tiplier tube (Ptt!T)." The small monochromator is a .10-cm holographic'. 

grating monochromator having a resolution of 8 nm/mm. Havelength 

modulation is achieved by replacing .one of the mirro.rs in the mono­

chromator \·tith a commercially available taut b'and Vibrator that os­

cillates with· a frequency of 400 Hz. The second harmonic signal at 800 

Hz is sufficiently removed from the 120-Hz line voltage noise to allow 

good filtering,_ thus improving the moise level. 

Another distin·ct: advantage of the higher modulation frequency 

.relative to the commercial SM-400 second-derivative spectrometer is 

that, when coupled wit~ an integrating ·technique (di~cussed in the next 

section), much faster scan~ing speeds-tan be-obtained. Whereas· t~e SM~ 

400 has scanning speeds of 2.5 or 10.0 nm/min, the DUVAS scanning.speed 

can be varied bet\'leen 30 and 240 nminrin, thus allowing ·a sample scan to 

be completed in considerably less time. 
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Monochromator positioning··and scann\ng are accomplished with a ·four 

phase bid.irectional stepping motor. ~lhen used ·\'lith a 2:1 gear reduc­

tion, this motor gives a stepping resolution of 0.25 nm/step. 

Electronics. · 

Figure 2. ·is a block diagram of the DUVAS showing the relationships 

of the major electronic components of the prototype .instrument. In 

addition to the previously mentione.d deuterium lamp, PMT and preamp, 

stepping motor, ~nd mirror coils, the e1ectro~ic components consist of. 

three printed circuit (PC) boards. 

One PC board contains an F8 microcomputer that provides the control 

logic for scarining a spectrum. It positions the stepping motor to a 

beginning wavelength, scans. to the stopping.\'lavelength 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 point. The data 

points are obtained by counting the pulses from a voltage-to-frequency 

(V/F) converter. for a time interval determined by the scanning speed 

(e.g., a scanning speed of 120 nm/min gives an integration time.of 0.125 

seconds/point). This integration of the·second-derivative signal helps 

to improve signal-to-noise· (S/N) ·ratios without requiring the much 

slower scanning speeds that would be required by a low-pass electronic 

filter having the same·S/N ratio. The F8 microcomputer also provides a . 

parallel interface to external computer~ that can transfer stanning 

parameters to the F8 and receive a spettrum scan fro~ the F8. A tele­

type interface _is also provided, permitting the use of a teletype as an 

input/output device when desired .. 

The second PC board.is a commercially available voltage programmable 

high voltage (HV) supply for the photomultiplier tube. A control 
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voltage input of 0 to -5 V 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 Pr1T by varying the app·lied voltage. Tlie second­

derivative signal is not affected if the time constant of the AGC is 

slow relative to the 40Q-Hz modulation frequency because varying the 

gain is equivalent to changing the light intensity; and the second­

derivative signal is insensitive to light intensity changes. The AGC 

feature acts as an automatic iris to ensure that de signals from the PMT 

are neither too small nor too large, thus ensuring that signals 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 de signal from the PMT. This AGC circuit then 

acts as a servo control to adjust the PMT voltage to give the desired 

output. Also, on this PC board is the mirror-driving.and sensing 

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 pulse from 

the F8 microcomputer and provides the proper sequence of pulses to the 

four-phase stepping motor. 

The signal from the PMT, which has an 800-Hz ac ~omponent 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). Followin~ the log circuit is a 

bandpass filter/amplifier with ·a central frequency-of 800Hz; 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

derivative signal. A ~ynchronous detector circuit then selects only 

signals \'lith an 800-Hz frequency and, with a subsequent filter/amplifier 

circuit, converts·this ac signal into a de signal proportional to the. 

second derivative of the absorption curve of the measured compound at 

the measured wavelength. This analog signal is avaiJable at the rear 

panel of the instrument for use with a chart recorder. ·The final circuit· 

on the board is a V/F converter, which provides a frequency signal .. ' . -

proportional to the-second-derivative signal for the F8 microcomputer to 

record·as digital. data. 

Computer Interface 

As stated, the FS microcomputer has a parallel int~rface for 

communication with an external computer. The DUVAS has been operated 

with a Digital E,quipment Corporation (DEC) DECLAB 11/03 minicomputer and· 

a Commodore PET 2001 microcomputer. Figure 4·shows a spectrum as .. 

displayed on the 11/03 system .. For laboratory use the PDP ll/03 pro­

vides much flexibility, with dual· floppy discs for mass data storage and 

program storage plus a video display for plotti~g spectra and displaying 

analyses. 

For field use the PET 2001 is an inexpensive microcomputer,_which 

provides a 9-iri. video. display. a. communication keyboard, a magnetic. 

tape cassette data recorder,.and'a microcomputer programmable in.BASIC 

for data analysis (Fig. 5). Using the PET keyboard, the user may define 

the spectral region he wish~s 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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. s.aved on ·.magneti.c ·tape. The PET mk·r-ocomputer can be located remotely · 

from the-DUVAS, with only an interface cable connecting the two. Soft­

ware development is currently in ~rogress on a series of programs for 

controlling .the spectrometer, plotting spectra in a variety of modes, 

and analyzing the data by comparison \'Ji th a cassette of 1 i brary spectra. 

Modes·of Operation 

The DUVAS can be used to analyze both liquid and gaseous samples. 

·As a trace gas analjzer, a 1-m multipass sampling cell is attached to 

the spectrometer. The total. pa~hlength of light'through the sample is 

adjustable, with a 12-m pathlength typically ·used. An air-sampling pump 

pulls air through the cell with a flow rate of approximately 4 1/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 background ~ignals. 

The DUVAS can also be.operated in a liquid analysis mode. A 1-cm 

quartz cuvette is used to hold a 1-ml sampl.e~ 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 through a flowthrough. , 
cell. 

CONCLUSIONS 

Although further evaluation· and optimization are needed to assess 

the full potential of the DUVAS, the inc;t.rument c:;hnulcf prnVf~ to be a 

useful tool for industrial hygiene monitoring and location of point 

source exposures. Analytical data are somewhat limited from the 
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prototype.DUVAS as optical and electronic component optimizations are 

still in progress. Some data areavailable, however, on an earlier 

second-ded vat;.ve spectrometer (8). Figure 6 i·ll ustrat·es both the · 

sensitivity and selectivity for Vapor phase PNA compounds. Naphth~lerie 

and 2-methylnaphthalene are each measured separately at p~rts~per~billion 

concentrations and in a mixture of the t\-10 compounds. Separation of these 

two similar compounds is clear even without the aid of a comp·uter pro­

gram. Figure 7 sho~t/s a typical calibration curve for a PNA vapor . 

. The abi 1 i ty to measure naphtha 1 ene and its methyl derfva ti ves in 

real time should prove us~ful· for indicating potential exposures to 

other PNA compounds.· Naphthalene and its methyl derivatives are often 

a major component within the synthetic ~rud~ product. In addition, these 

volatile PNA compounds should prove·suitable indica.tors even for spills 

and contaminated equipment encountered in maintainence operations where· 

other indicators such as c~rbon monoxide would ndt be present. 

Field evaluation of a prototype version of <i DUVAS is scheduled 

at the University of 1·1innesota-Duluth .low-Btu gasifier during the follow­

ing year .. The·instrument ~ill b~ used to characterize V~por emissibn~ 

from the gasifier and to evaluate'its usefulness as part of·an 'industrial 

hygiene program.· The result~ of thi~ evaluation should prove··this · · 

instrument to be a useful addition to the monitoring tools available to 

the industrial hygienist. 
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Figure 1. Photograph of DUVAS with 1-m multipass 
air-sampling cell attached. 

SIGNAL PROCESSING 
PC BOARD 

ST[P 

FB MICROCOMPUTER 
PC BOARD 

Figure 2. Block diagram of DUVAS major 
electronic components. 
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Figure 3. Block diagram of DUVAS signal processing 
and control circuits. 

Figure 4. DUVAS spectrum displayed on a 
DECLAB 11/03 system . 

Figure 5. DUVAS with liquid sampling compartment 
attached and PET-2001 microcomputer used for data 
analysis. 
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Figure 6. Second-derivative spectra of naphthalene 
and 2-methylnaphthalene and a mixture of the two 
illustrating the selectivity of the technique. 
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PASSIVE DOSIMETERS FOR GASES 

. by 

E.D. Palmes 

Institute of Environmental Medicine 
New York University Medicai Center 

550 First Avenue 
New York, New York 10016 

I would like to begin by distinguishing between an active 

and a passive sampler. The active' sampler 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 sampler, 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 measuring peak 

concentrations over extended periods. ~he passive sampler, on 

the other hand, is designed primarily to measure time weighted 

average exposures to gases for relatively long per~ods.~ 

For explaining the principles of the diffusion sampler (the 

simplest type of passive dosimeter) , I would like to use as an 

exarnpie the N02 sampler repor~ed by Pal me~, et. al ~ ( 1976) . This 

sampler is small~ light-weight 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 during s·torage and with one cap 

removed when samp.ling so that the ope·n end is· exposed to the 
. 

environment to be measured. At the closed end of the tube the 
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other cap contains thrP.P. screens.coate~ with triethanolamine 

(TEA), a very efficient absorbent for N0
2

. A steady state con­

dition is established in a very short time and during this 

steady state there is a transfer from the open to the closed 

end of the tube by molecular diffusion. I would 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. ambie.nt concentration. This sets 

up a concentration gradient down the tube and the .transfer· of 

N0 2 by diffusion can be predicted from Fick's First Law. In 

its simplest form this can be stated as follows: 

J 

where: 

_
0 

de 
dx 

J = diffusion. flux (moles/cm2 /sec) 

D coefficient,of diffusion (cm2;sec) 

c = N0 2 concentration (moles/cm3 ) 

and x length of diffusion path (em) 

We then multiply both sides of. the equation by cross sectional area 

(A) of the tube in cm2 . The equation then takes the ·fo~m·: 

JA = D ~ c 

You will note that there are three constants,. the. coefficient of 

diffusion of.N0 2 in air, cross-sectional area of the tube, and· the 
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length of· .the tube. These along with the one variable, conce·ri-

tTation, determine the sampling rate in moles per. second.· To 

estimate the quantity of N0
2 
·collected in moles,· one mul ti,plie's 

both sides by the time in seconds; to give the equation: 

Q JAt 

where 

t .. time .(seconds) 

Q = quantity of N02 trapped during exposure (moles) 

th 
0

) d h f 11 For e N0
2 

sampler descr1be , t e constants . are as o ows: · 

2' . 
D = .154 em /sec 

A 0.71 cm2 

L = 7.1 em 

Changing the units to more conventional ones for industrial 

hygiene, the equatio~ becomea: 

Q (nanomoles N02 ) = 2.3 (ppm N0 2 x.·hrs) 

·Samplers were calibrated by exposing them for definite times. 

to N0 2 atmospheres created by diluting the N0 2 .from a permeation 

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 

d.l,.mensions as me.asured and a coefficient of diffusion obtained 

fr9n:t· values .in the l,i terature. 
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I would_next like to discuss a slightly different type of 

sampler which depends on permeation rather than diffusion. In 

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 firs't, 

reported by Reiszner a .. nd West (1973), the sampler was designed 

to collect· so2 from the ambient air by having i.t permeate 

through a thin silicone membrane on the other side of which, 

contained in a tube~ was ~est-Gaeke so2 collecting reagent. 

This group showed that individual samplers of this type gave 

very reproducible results but .tha,t the thickness of the· mem-

brane was not sufficiently constan.t so that, a single value 

could be usec;J.-for individual samplers and each had to be 

individually. calibr.at.ed· .. Nelms·,. et .. al., ·1977, reported a .. 

similar sampler for vinyl chloride; charcoal was used as ,the 

solid adsorbent. :tn this case, also.-, the constant for the 

permeation rate of each sampler-.was· de-termined individuaLly·. 

A very similar sampler was reported by Bailey·· and Hollingdale . .:_ 

Smith, 1977, who used membrane's of the order of 0.001 ·inch 

thick as the diffusion barrier ·for organic gases. For the SO· 
2 

sampler a· colorimetric, pr.ocedure was used for the final deter-·· 

mination; all the -organic gas samplers used gas chromatography· 

to determine the material after elution from the charcoal~ 

It should be pointed out ·that the coefficients of diffusion 

for gases in·air can be estimated· by· a number of techniques· and 

it is possible for ·the coefficients to be determined independently 
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so that all of the constants for the solution of the diffusion 

equation can be obtained wi-thout resorting to empirical mea-

suremen1ts. In the samplers which depend on permeation 

through membranes, it appears that the coefficients of 

diffusion are not :nearly as 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 e·xample·s given in these publications, 

the coefficient of diffusion of the gas ·through the membrane 

would appear to be on the order of 10- 6 to 10- 7 cm 2;sec as 

opposed_ to the approximately 10-l cm2;sec for similar gases 

in air. We believe that there are and will be many applications 

and needs for both types of samplers in the measurement of 

aiz::borne gases. 

I would now like to review very briefly -the history of 

pass.i ve samplers other than those described above. At the 

annual-meeting of the American Industrial Hygiene Association 

in 1972, · Palmes and Gunnison (1972) presented the first paper 

on this type of sampler; it described the quantitative applica-

tion ·of the. method to measurement of so·2 and to water vapor 

in air. At the same meeting, Braun (1972) reported a mercury 

vapor sampler which was empirically calibrated and depended 

on diffusion of mercury vapor through a series of small·holes 

where. i.t was captured by a strip o.f gold ·foil and changed the 

resistance of the foil. 
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Goldsmith (~977) reported a proprietary dosimeter; this 

device was described in much greater detail, however, by 

Bamberger, et.al. (1978) and Mazur, et.al. (1978) for use 

in sampling organic vapors and.arnrnonia.respectively. ·Finally, 

at the 1978 meeting of AIHA., ther.e were three samplt?rs pre-

s.ented: Campbell (1978) described a dosimeter for aniline, 

Gosselink, et.al. (1978) reported a personal organic vapor 

sampler with an i~,si tu sample eluti.on feature. Finally, 

Palmes and Tomczyk (1978) presented a personal sampler.for NO. 
X 

It is se~n, therefore, that the history of use. of these 

devices for the quantitative estimation of airborne gases has 

been very short. We believe, however, ·that there .is a definite 

increase in interest in devices of this type. We also believe 

that such devices mqy obviate some of the problems of both 

weight and expense as well'as improve accuracy and precision 

in determination of airborne gases in industry and the•cornrnunity. 

In other words, we feel that passive.samplers have a very short 

past, but a very,bright f~ture. 
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A PORTABLE FLUOROMETRIC MONITOR TO DETECT PNA . 
CONTAMINATION OF WORK AREA SURFACES 

D. D. SchureskG and G. Jones, Jr. 
Chemical Technology Division 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37830: 

INTRODUCTION: 

Survey monitoring in coal conversion workarea.s for surface contamination 

caused by spill, leakage, or contact transfer of material containing carcino-
.' 

genic polynuclear aromatic hydrocarbon (PNA) co·mpounds .or mutagenic acridenes 

is essential for the health and safety of personnel. A portable direct-

reading instrument, ·simi.lar in function to the. familiar ~adiological survey 

devices, is required for this type of survey monitoring. The instrument 

must be capable of (1) functioning during actual plant operation in variable 

working environments; (2) detecting material spilled on varioUs work surfaces, 

including machinery, plumbing, construction inateria'is, and on personnel and 

clothing; and (~) being easily and r~liably operated by all plant personnel 

(laborers, technicians; and staff). 

The. pQrtable fluorescence spotter curr~nt)y:under development at ORNL· . 
. ·. . .. . 

has the desired capabilities ... This .jnstrument, whicb jn final form wi.ll: consist 

of an optical .unit that contains fluorescence excitation.and detection systems 

and is connected by a·n umbiiital_cable to a battery-powered electronics unit 

(see Figure 1), will enable remote mon1toring of work area surfaces at 

di~tances of 0 to 2 meters. 

PRINCIPLES OF OPERATION 

The spotter tnduces and· detects . the ·n uorescence of ·PNAs ·such· as peryl ene, 

whose structure and optical properties are sho~m in Figure 2. Like most PNAs, 
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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 light 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 light 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 fluorescence 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 

12U-Hz fundamental and its harmonics superimposed upon whitP nni~e, 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 l/2-msec pulse, enables detection of very 

low-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 longer-wavelength fluorescence to the photomultiplier tube. The filters 
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Figure 3. Principle of spotter's operation. 

Figure 4. Schematic of the prototype spotter. 
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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 em from the spotter (the 

cross-sectional area of the beam at focus is approximately 1 cm2). This 

results in roughly distance-independent fluorescence measurements for distances 

ranging from 0 to 80 em. 

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 construe-

tion materials. Table 1 lists the sensitivity of the prototype spotter to 

various coal process liquids. The samples used in these measurements were 

1- to 20-~-thick films of the materials prepared on microscope slides with 

cover slips. The variation in sensitivity to the different coal liquefaction 

or oil shale products generally reflects the different PNA content of each; 

for some substances (e.g., ORNL hydrocarbonization oil), the sensitivity also 

apparently depends on the relative asphaltene-vs-light oil content of the 
\ 

material as will be discussed later. These figures are actually upper limits 

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-level 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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Table 1 

~Sensitivity of ~he Spotter to Various 
Coal Conversion Oils and Solvents 

. SAMPLE. SENSITIVITY 
(MICROGRAM$) 

SRC- I RECYCLE SOLVENT · 27 
SRC-1 WASH SOLVENT 129 
SRC-I PROCESS SOLVENT 34 

SRC-I LIGHT ORGANIC ·884 
LIQUID (RAW) 
SRC-II FUEL OIL BLEND 17 
CENTRIFUGED SHALE OIL 26 
(PROCESS I) 

HYDROTREATED COAL 38 
DISTILLATE 
PRODUCT DISTILLATE 11 
(ZnC1 2) 
COED SYNCRUDE 20 
ORNL HYDROCARBONIZATION 790 
OIL (HC-12) 

Table 2 

Sensitiyity of the Spptter to Solutions 
and Aqueous Coal Conversion Liquids 

SENSITIVITY TO VARIOUS SUBSTANCES 
' 

(EXCITATiON = 350 nm, EMISSION CUT-ON = 420 nm} 

SAMPLE SENSITIVITY DISTANCE 
(MILLIGRAMS} (em}. 

HC~10 SCRUBBER H2o l.O 22 

HC-B.BIOREACTOR FEED 10.0 22 
W-41 BIOREACTOR 250.0 22 
EFFLUENT 

. UNH (U02(N03-} 2• 6H2o} 1.0 27 . 

PERYLENE .. . 001 . 82 
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Coal liquefaction pr-oducts may contain certain compounds which, in 

s~fficient amounts, quench the fluorescence. of PNAs and thus interfere with 

fluorometric monitoring te~hniques. Two classes of aromatic compounds that 

are abundant in coal conversion products are phenols·and acridenes. We have 

tested for phenolic interference by add'ing large excesses of phenol to 
-

solutions containing perylene. As one might expec~ frcim the fact that 

there is no overlap between the optical absorption of phenol and the 

fluorescence emission of PNAs, phenol did not interfere with our fluorometric 

PNA determinations. ·However, heteroatom aromatic compounds such as acridenes, 

which are abundant in oils having a high asphaltene content, do apparently 

affect PNA fluorescence. The optical absorption.of many acridenes overlaps_ 

the emission from PNAs, resulting in a shift of the fluorescence to longer 

wavelengths and a decrease in its intensity; Normal PNA fluorescence of 

materials such as ORNL hydrocarbonization oil is obs~rved, however, upon 

fivefold dilution of the oil with aliphatic solvents or oils. We are 

examining the possibility of taking_smear samp.les of potentially contaminated 

~urfates using porous materials such as plastics in situations where ultra-. . . . . 

low-level monitoring of contamination by these heavy oils ~s required. 

The pro.totype spotter provides the capabi 1 ity for crude discrimination 

among classes 9f·organic contaminants, such as PNAs ~nd RTXs (hPn7~ne) tol~ene, 

xylene), by selection of optimal excitation and .emission wavelengths with 

optical filters. The spotter can also discriminate the f1U6rescence of 

uranyl nitrate (UNH) from the fluorescence of o~ganic compounds, even though 

both have similar optical properties, because the luminestence lifetime of 

uranyl nitrate is comparable to the 1-msec beam modulated ·period. This 

results in a nonzero phase shift in the fluorescence iignal from 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 conce.ivably be used in nuclear fuel and waste handling faciliti_es 

to locate spills or leakage of UNH-containing liquids. 

FUTURE DEVELOPMENTS AND ACTIVITIES 

The characteristics of the prototype spotter which are important to 

its function·as a survey device are: 

1. Its high sensitivity, due to the strong native fluorescence of PNAs. 

2. Its ability to .operate in either illuminated or d~rkened work areas. 

3. Its ability to yield a semiquantitative measurement of the amount of 

spilled material at variable spotter-to-surface distances. 

4. -Its ability to detect spills remotely at distances from 0 to 2 meters. 

Portability is being incorporated into the design of an advanced version 

spotter (Figure 5) which is to be field tested in DOE coal conversion faci­

lities .. This versi6n is apprciximately 25 em long x 15 em high x 5 em wide 

(neglecting telephoto lens), a size comparable to that of many commercial 
-. 

home movie cameras. A portable, belt-pack-size, battery-powered electronics 

unit to be use~ with the adv~nced version spotter is also under development 

at ORNL in collaboration with the ORNL Instrumentation and Controls Division. 

The most desirable ~haracteristic of such an instrument is, of course, 

its utility. Toward this end, we have recently operated the prototype spotter 

in the ORNL hydrocarbonization facility, where we were able to locate PNA 

contamination-in the experimental area. Our DOE-s·ponsored programmatic 

effects includ~ fabrication of two advancerl v~rsion spotters for comprehensive 

field testing in other DOE coal conversion facilities. 
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Figure 5. Advanced spotter assembly. 
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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 computer 

. system. The instrument wil~ .be capable of automaticallysampling 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 

ave.rage and peak concentrations of those gases, and sounding an alarm 

if potentially dangerous environ~ental condition{ ar~ detected. The 

miniature size of t~e package is due mainly to the use of integrated 

circuit processing techniques utilized in the fabrication of the major 

components of the chromatograph. This instrument, which is· currently 

in ·the early prototype development phase, will allow the on-site monitor-
. . . 

ing of.a mobile work~r's exposure to. multiple gaseous contaminant, which 

shpuld have a significant impact on the field of ind~sirial hygiene. 
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. INTRODUCTION 

Gas chromato9raphy is a widely used technique to analyze~air samples 

for contar;1inant 9ases. Gas chromatographs have been too massive, however, 

to be unobtrusively carried by a work~r. for the purpose of environmental 

monitoring~ Recently the techniques of integrated circuit processing have 

been utilized 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 -kilogram 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 v1ill.be capable of samp.ling the 

air at one-minute intervals during an eight-hour shift, analyzing the sample 

for up to ten sel~cted contaminant gases, calculating and storing desired 

average exposur~s for each gas, and be capable of warning the wear~r ~f 

dangerous environments by sounding an alarm when any concentration exceeds a· 

preset maximum exposure 1 imi.t . 

. The completely self-contained gas chromatograph system, as shown· in Fig. 1, 
., . 

consists of ·a gas chromatograph for doing the actual separation of gaseous 

impurities from the ~ir and a microcomputer s~stem for both analyzing the 

separated components and_controlling the operation of the complete il")strument. 

The-chromatograph separates gaseous contaminants from .air by injecting a brief 

pulse of sample at the head of a long separating column. ~ carrier gas, which 

is continually flowing through the colu~n. transports the sample past a column 
" ' 

lining which is capable of absorbing and desofbing the constituents of the 

sample mixture. Different impurities are retained in the lining for different 

total amounts of time, so they will exit the column at characteristically .dif­
fe~ent times. A detector pi~ced at the column output measures the concentration 

of the nmv separated impurity peaks. and the computer system determines the 

identity of the peaks using stored retention time data, calculates the present 
concentrations, updates the average concentrations, sounds an alar~ if any con­

centration exceeds a stored maximum, and will display any concentration on demand. 
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DEVICE FABRICATION 

The he~rt Of th~ complete system is the iritegrated GC which consists of 

a·sample injection valve,.separating capillary column, and output detector. 

These elements are fabricated on a single 5-c~ diameter silicon wafer using· 

a sequence of photolithography and silicon etching steps. The etches were 

developed from integrated circuit processing techniques which allow very 

~ight control over the locations and geometries of the etched features. The 

separating column is formed by etching a spiral groove in the top surface of 

the silicon wafer arid then hermetically sealing the wafer to a piece of Pyrex 

gluss. A photograph of such a wafer and glass asse1111Jly is shown in Fig. 2. 

The column is 1.5 ~eters long with a cross section of 150 x 30~m. Etched 

holes through the wafer lead to the sa1~1ple injection value and output detector 

which are located on the bottom surface of the silicon waf~r.· The ~~mple 
injection valve is an extremely small solenoid operated diaphragm vilve which 

is capable of reproducibly injecting samples of less than lQ;.nl volulile. The 

detector is an integrated thermal conductivity ·detector which. is batch fabri­

cated using integrated circuit processing techniques and is capable of detect-. 

i ng impurity concentrations of about 500 ppb at the detector. The capillary 

column is lined with a thin layer of liquid stationary phase by passing a pluy 

o'( fhe lining through the capillary and then blowing 'the column dry. 

The complete chromatography system utilizes support comronents which have· 

been miniaturized to roughly match the size of the integrated GC. Since the 

column cross sectional area js so small, the colurnn operates on extremely small 
gas flows·, ~vhich allows ·a sign.ificant reduct'ion in the currier gas supp"h,y. A 

·locc high-pressure gas cartridge, for example, is capable of supplying the 

nominal 0.2 nl/min carrier gas flow rate for about 100 hours of oper~tion. A 

pressure regulator prototype has been built ·using another miniature diaf.Jhragm 

valve and a lOcc surue tank' 1to supply carrier gas at constant pressure to the 

chromatograph. Since the one valve injection scheme fequires sample gas to be 

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. \•Jithout 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, hctndles 

the adjustment and sequencing-of the pressure regulator~ sample pump, 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 fo.r an eight-hour shift on a small rechargeable battery. 

A preliminary drawing.·of the ~inal configuration of the instrument is 

shown in Fig. 3, The package size, 4cm x Scm x 15cm, and the expected weight 

of 0.6 kg should allow for relatively convenient and unobtrusive use of the 
instrument. 

SYSTEM PERFORMANCE 

The performance 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 lining is limit~d by the available column surface area, 

the injected samples must be limited to about lOnl in order not to overload 

the lining. An injection of lOnl of lOppm hexane, which is now at the limit 

of detection, represents only 0~4pg of impurity. 

The work on colu~n linings to this point has been somewhat 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 ~uch separation, with a rather thin column 

lining is shown in the oscilloscope photograph of Fig. 4. The air peak is· 

mostly off screen, and hexane, heptane~ and octane impurity peaks cah be seen. 

The peak on the far right, octane, was injected at a concentration of about 

4000ppm. 

1he height equivalent ~o a theoretical plate (HETP) of this column is 
less than O.lmm. A thicker lining tends to increase the HETP but also increases 

the SP.fMration factor. A thicker Squalane lin·iny 1-11th a.HI:.Tfl ot about l.Omm 
was able to clearly separate air, acetone, pentane, hexane, and heptane. 

- 227 -



It is not completely clear at this point what performance will be 

obtainable fr.om the miniature colur.ms. ~1any techniques which have b'een 

developed.for increasing the surface area of standard GC colu~ns should be 

applicable in the miniature columns and would substantially increase per­

formance. The columns 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 linings can be developed ~hich will have the 

required performance to separate about ten different gases, but probably 

different column linings will be required for different classes of compounds, 

for example polar vs nonpolar substances. 

Although the detector is capable ot detecting impurities at about the 

500ppb level, there is 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 'IUppm. It is hoped that i111proved 

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 majur· 

components built and tested. Some development work is still necessary to 

improve the performance ·Of the column .11n1ngs anu Lu rully i11teg1·otc u.l'l system 

components before the·prototype phase w·111 lle cunlf.Jlt=LeJ. The final pockct-~izad 

instrument will be capable of sepa~ating and measuring up to ten sample gases 

and calculating and storing their time weighted average concentrations. It 

will be fully self-coritained and capable· of unattended operation for an entire 

eight-hour shift. In addition, with minor software change~, the same instrument 

could be used as an initial s~rvey device to quickly assess the concentrations 

of the programmed ir.1pu·rity gasses at many locations in a plant. As a personal 

'monitor, the instrument shoul.d 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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Several materials systems have shown promise as thin films for solid 

state gas detection when incorporated in :i.nt:eg.r.at.ed devices using standard 

. . l 
planar process1ng techn1ques Among the sev:eral active <'lreas of pursuit, 

impressive recent advanced in thin film. metal-oxide semiconductors, metals, 

and certain o~ganic materials suggest a bright future for the development 

9f highly intergradable solid state gas sensing devices. Recent developments 

in thin film metal-oxide semiconductors (ZnO) sensitive to CO and 0
2

, 

hydrogen and H2s sensitive metal-gate MOS structures,· and. an organic 

thin film (phthalocyamine) sensitive to N0
2 

are.discussed in this, the 

first part of a two part presentation entitled "Recent Advances - Solid 

fitate Gas Detectors" 
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Introduction: 7.n0 as a Material for c;as Detection 

; r 
i ./ 

Materials systems whose electrical properties are influenced 

directly by reactions with the gas ambient and which lend themselves to 

standard planer processing have received·considerable attention recently. 

As a specific case ZnO.~as .a li~ely candidate for study because of its 

long service record as an industrial catalyst. Electrical properties 

of ZnO surfaces are very sensitive to .ambient conditions and high purity 

single crystal specimens are valu~ble for studying such processes. Gas-

solid interactions by chemisorption processes involve charge transfer of 

electrons to or from surface layers. Figure l illustrates a specific 

example of oxygen chemisorption on n-type ZnO. Oxygen acts as an acceptor 

introducing surface acceptor 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, L
0 

int9 the solid, 

·e:kT/ 2N 
. q D 

Conductivity measurements on single crystal specimens,however,will not 

reflect this surface sensitivity if its spatial extent is small compared 

to the sample thickness. In polycrystalline films the surface charge 

transfer process is still at play and with crystallite size small, the 

surface layers dominate the measured conductance. Figure 2 is an illustration 

of possible processes in polycrystalline films where individual grains 

are connected to form a conductirig medium. 

For the first situation we show adsorption of oxygen at free surfaces 

which establishes a depletion region accompanied by a large rec'luction 

in free charge. The depletion ·region can extend through the. intergramilar 

contact as shown pinching off the conduction path between grains. In 

the second Eigure oxygen is adsorbed along qrain contacts as well rnsulting 
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in a potential barrier tu 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 
me as 

where neff is the effective carrier concentration in the individual grain, 

q is the electronic charge,'~ is the effective 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 be· separated from 

its neighbors by a second high resistance phase that effectively determines 

the measured resistance. Such an oversimplification does not deal with the 

.electronic processes directly ~nd 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 sensitivity of polycrystall.i.ne 

metal-oxide semiconductors. 

A chemisorption charge transfer model would be expected to depend 

critically on grain size and the corresponding number of free carriers 

which take part in conduction a:nd surface ·reac.tions. For the ca·se of small 

crystallites the volume concentration of surface acceptors can be comparable 

to or. even greater than the volw11e density of free cart·iers inside. Such 

a situation requires simultaneous solution of·Poisson's equation and the 

charge neutrality equation fo.r each grain~ We apply this approach to determine 

crystallite surface potential and from this the effective carrier concentration 

as a function of the density of ionized surface acceptor states for a 

parti~ular set of materials parameters (e.g., grain size and geometry, 

do~ant concentrations, donor and acceptor energy levels distributed in the 
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bandgap, capture cross section for surface .acceptor states, etc.). For· 

the case of ZnO the effective carrier concentration versus grain size is 

plotted in Figure 3 for a given surface acceptor density; N ss The results 

of the computer solution suggest the existence of a sharp transition in 

the effec.tive carrier concentration between 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 or surrace acceptor 

states. The result suggests·that material parameters might be adjusted 

such that small changes in surface acceptor density could give rise to 

large change$ in neff and the measun;d resistance of the film. The effe_ct 

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 neff is plotted from 

the computer solution versus N , the surface acceptor concentration for ss 

ZnO material parameters as listed in the figure. For the parameters used, 

an optimum sensitivity of n ff.to N is de~ermined for a discrete 
. e SG 

grain size of 35nm at room temperature. 

We have to some extend experimental confirmation using Hall and 

conductivity measurements tha~ a.high sensitivity region may indeed exist. 

We have-been successful in fabri'cating .and studying films that have a 

distribution in gra~n 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 region. Fortunately, the RF Sputtering process 

employed for fil.m deposition affords good control of doping and grain 

size. 

;_ 238 -



ZnO 

1018 

loil:6 

Computer Simulation 

/ 
/. 

15 

I 
/ 

Grain Si~~ R (nm) 

Figure·3,. 

239. -

---

. .... 

55 



ZnO 

Cqmputer Simulation 

N = 1o18cm- 3 
D 

T = 600°K 

R 

Figure 4. 

- 240 -



Gas Sensitivity: ZnO 

Figure 5 illustrates the sensitivity of ZnO to CO in air. Plotted 

is the change in resistance of a ZnO thin film resistor operated,at elevated 

temperatures versus CO concentration in parts per thousand. The response 

of the film is due to interaction of gaseous CO with ionized adsor~ed oxygen 

in the oxidation reaction of CO of co
2

. The net process donates an electron 

to the conduction band at the surface and the film resistance decreases. 

If an isobar from this figure for 5ppt CO is plotted with temperature 

as a parameter the curve of Figure 6 results. The bell shape in the 

response versus temperature suggests a temperature distribution for the form 

of ionized oxygen on the surface,where in the region of highest sensitivity 

the predominant adsorbed form is 0 . It is we}l known that cert~in catalytically 

active metals such as Pd and Pt are used in oxidation and hydrogenation 

reactions
3

. Incorporation of such a metal in.small q~antities a~ a dopant 

in ZnO is observed to increase the sensivitity.of thin films to chemisorption 

' and catalytic charge transfer processes. Additionally, the response 

curve for these films in Figure ,6 is. shifted to, ~ower temperatures·. This 

is a qesirable feature in integrated devices on silicon where thermal 

isolation of adjacent devices is a significant developmental problem. 

H MOS Structures 

Thin metal films which dissociativcly dissolve H
2 

such as Pd and Pt 

have been incorporated in integrated diodes and capacitors on passivated 

. 4,5 
silicon substrates . Changes in work function at the metal-Si0

2 
inter~ace 

induced by ionized H
2 

and gases such as ~2s·and NH
3 

can give rise to large 

changes in the reverse leakage current of a Schottky diode or changes 

in the1 flat band voltage.of.MOS capacitors. H
2 

sensitivity is shown 

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 cl)anges in capacitor flat band voltage versus hydrogen 

concentration. l to 10 ppms H2 in air are detected with the upper limit 

on sensitivity being near 1% H
2

. 

MOS capacitors can be operated at elevated temperatures improving 

response times and the sensitivity to H
2 

is perverved. Both structures 

are sensitive to H2S,hut 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 reversible at elevated 

temperatur~s above l60°c in air. Diode structures can not be used at 

elevated temperatures whereas MOS capacitors retain their. characteristics 

substantially in this temperature range. As an alternative to measurements 

of changes in flat band voltage with H
2 

or H
2
s, the actual change in capacitance 

can be measured at a given gate voltage. Figure 8 illustrates the result 

of such a measurement plotting changes in differential capacitanc~ versus 

H
2

S concentration at elevated temperature in air. 1 to 10 pprri H
2
s 

can be determined. Device sensitivity can be improved by minimizing the Si0
2 

dielectric thickness. 

Detection of N0
2 

with Organic Semiconductor 

Recent interest in organic semiconducting thin films sensitive to 

various gas species has produced some impressive results
6 

. As a specific 

example, a thin film polymeric material, phthalocyamine, has been shown 

extremely sensitive to NO~ and Cl.operated at elevated temperatures. A 
"-

change in film resistance is measured with detection. in the parts per billion 

range for N0
2

. A sensitivity curve of measured resistance versus N0 2 

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 aspect of _selectivity has been approached from several angles. 

Figure 6 was one specific illustration where the addition of a catalyst as 

~ dopant impurity shiften the ZnO temperature distribution for the 

response of the film in the case of ·CO. In general, the sensitivity of 

a metal-oxide is temperatu+e dependent and conceivably an array of devices 

operating at different temperatures with the associated signal processing 
... 

could be used to discriminate several gas constituents. Alternatively, 

pre-processing of the gas ambient by filtering of the gas component.s, analogous 

to pre-processing o'f communications waveforms before detecti~n, can prov.ide 

selectivity as well. We have been working to incorporate Zeolite molecular 

sieves with commercially available devices and with our own integrated 

versions. Figure 10 demonstrates the results of the use of a 3 angstrom 

pore siz!= Zeolite deposited on ZnO as a filter for CO. H
2
S, which is a poison 

to· ZnO, is screened out because its molecular size is too large to pass 

·through the Zeolite. Responses to H
2

s without the Zeolite are shown. With 

the filter, H
2

s is effectively screened from the sensor. The currently 

employed deposition process for the Zeolite is not fully compatible with 

standard planar process~ng techniques and before this technology ·can be 

fully implemented, thin film deposition of molecular sieve mater.ial must 

be developed. 

Figure 11 illustrates the utility of 3A Zeolite for separation of 

H
2 

and. H2s. The results·shown here are .for a commercially available sno
2 

based detector. Two identical· detec.tors ,with one incorporating tlie Zeolite, 

can ef-fectively descriminate the response to H2S. from that of H2 . This· 

is also of interest for the diode and capacitor structures referred to 

earlier. 

Finally, separation in time with the chromatography column described 

in this symposium 
7 

incorporating our sensors at the end of· the 'column is 
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possible. The high degree of integrability and success of implemen.:.ing 

standard processinq to these materials have given some results that 

so far appear promising. 

We have concerned. ourselves in the first sec.tion of the presentation 

with recent developments of materials and devices around which some solid 

state detectors are based. Part II discusses developments with the associated 

signal processing·and development of algorithms making· the best· use of 

already existing sensor technology. 
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· PORTABLE GAS DETECTION: 
ENHANCEMENT OF SEMICONDUCTOR SENSOR 

CAPABILITIES BY MICROCOMPUTER CONTROL AND 
SIGNAL PROCESSING 

D. T. Tuma . 

Department of Electrical Engineering 
Carnegie-Mellon University 

Pittsburgh, Pa. 15213 

INTRODUCTION 

P. K. Clifford 

A primary goal of our-research is the eventual development 

of a portable pollution monitor. The ideal monitor 'WOuld be 

small, light weight, safe, rugged, inexpensive and capable of 

continuous operation throughout the workday. As a gas detection 

system it would need to respond reliably to combustible and 

polluting gases over a dynamic range of several orders of 

magnitude, with a time· resolution of a few minutes and a 

typical accuracy of 10-20%. A ~as detection technology th~t 

seems suited to the eventual fulfillment of these goals is 

that of semiconductor detectors. However, to date, semiconductor 

detectors have l?een characterized by low r~;mroducibility. c'lri ft) 

and very poor·gas selectivity. These limitations cannot be 

overcome until much more is known. about the nature of the 

detection mechanism in the semiconductor material. Some of 

these limitations though appear to be inher.ently.tied to the 

nature of the materials used in such a way that it is unlikely 

that they will be completely overcome by materials research in 

the near future. If the computational power wh.ich is now becoming 

available at low cost in microcomputers can be used to compensate 
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for the imperfections of present solid state d~t~<..:L:ors then 

the development of a portable gas detection in~trument may 

be possible. This is made possible only by the significant 

decrease in both size and cost of computer systems.over 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 gases under various conditions. An experimental 

effort satisfying such ·needs should be able to accomplish · 

the following tasks. 

1) Investigate the basic response mechanism of the .detectors.· 

(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 performance detectors. 

3) Determine the extent to which a synergistic cooperation 

between semiconductor and microcomputers is able, by 

using innovative signal processing techniques, to overcome 

the inherent limitations of existing detectors, and, 

therefo~e, make the genesis 9f a truly personal, portable 

gas detection system feasible. 

In our preliminary efforts to meet the above goals, we 

have designed and constructed' a microcomputer-based data acquisition 

and analysis system. To determine the necessary functional attr~butes 

of the system, we have studied a detector which typifies the state 

- 255 -



of the art in solid state gas detection. That detector is· 

the Taguchi Gas Sensor (TGS), which is manufactured·by Figaro 

Manufacturing Company of Japan. The TGS is constructed of a 

highly porous n-type, tin oxide semiconductor whose conduct~vity 

is greatly affected by the gases present at its surf~ce. The 

surface reactions which determine the sensor's detection properties 

are strongly temperature dependent. To control the sensor temperature, 

a heating coil is imbeuued within the sensor. A power of 600 mw 

dissipated in this.co:;.l is capable of h~atingthe TGS to about 400 C. 

Heating in order·to achieve reasonable sensitivities to gases is a 

method likely to be ~sed by most detectors we plan to test. 

Preliminary study of the TGS yielded the.following characteristics 

which we expect to be· in common with those of other semicondu.ctor 

gas detectors: 

1. Concentration Response: 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 has been developed to measure 

conductivities over a six decade range ·in magnitude. 

2. Resistance Drift and Stabilization·Times: When th~ 

detectors are.heated up after a long period of inactivity 

they may take up to a week before stable resistances are 

obtained. Even then the.re are changes 1n resistance with 

time that are not correlated with changes in environment. 

The data collection system has the· capability to take 

data over long time periods so that drift and detector 

lifetimes can be·analyzed. 
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3. Temprature Variation: The resistances' of the detectors 

and their sensitivities to gas concentrations change 

dramatically with temperature in a very complex way., 

If the. temperature is changed the response depends on 

the previous history of the detector. 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. temperature plot. The data acquisition 

system changes, in real time, detector temperature and 

gas concentration so that the detectors' response to 

the three variables ·temperature, concentration, and· time 

can be determined. 

RESULTS 

A. Steady State Response 

When TGS sensors operating at SV heater v'oltage are placed 

in pure N
2 

their resistances drop from "air"·values of approximately 

10-20 Kn to very low values ~(.5-2 Kn). In addition, 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 temperature 

over long time periods does not seem to be related to ambient 

gas concentrations. If o2 .is added, the resistances increase, 

nearly following a power law relationship, until in pure 02 

they are the greatest observed (500 Kn to l mn). Fig. 1 shows 

this power law response 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 st-arts with a high 02 concentration (for instance 

pure o
2 

or Air) and adds either· CH4 , CO or H20, very~ similar 

curves .are produced. The resistance vs. concentration is again 

described by essentially a power-.law,. but now the resistance 

decreases. The remarkable feature of these curbes is that their 

slope is the negative of the slope for increasing resistance in 

02 concentrations. 

An equation which fits these curves very .w~l'l i R fnnnr1 

to have the .following form 

R = (K + K[C] ).-S 
0 

for CH4, co, H20; .and for.o
2 replace-S by.+s .. 

where R resistance of sensor 

K0 a detector dependent constant 

which describes the finite 

resistance at zero gas 

concentration 

K a con·stant which is specific to a 

sensor and the t'ype of gas 

ref concentration of gas. (ppm) 

.B power-law slope. 

In,the above equati,on the B is very similar from sensor to 

sensor or gas to gas; but changes slgn for concentrations.of 02 . 

Values of K, the gas sensitivity coefficient, change from sensor 

to sensor, gas to gas, _and temperature to temperature. It' is this. 

variation that will need to be exgloited if.these sensors are to 

. be used to sele.ctively identify a gas. 

·are the drift effects, 
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For a singl,e sensor, operating at constant temperature, 

there is ~ day to day variation in resistance even in a very 

"clean" atmosphere. If the dependence of sensor resistance on 

CH
4 

concentration in air is measured on different such days a 

family of curves is obtained, each with a different starting 

point but with other essential features much the same as can 

be seen in Fig. 2. If these curves are optimally fit to 

R = (K + K[C])-S 
0 . 

S is found to be constant to+ 25% and·K constant to+ 10%. 

Almost all variation is found in the K term. 
0 

Based on preliminary results, we feel that the dependence 

of a sensor resistan~e on the simultaneous presence of concentrations 

of several reducing gases can be expressed by 

R = (Ko + L Ki [Ci]}-s 
i 

. th where [C.] is the concentration of the 1 reducing gas, and 
1 

K. is a st~ongly temperature dependent gas sensitivity coefficient 
1 

for the ith gas . 

. This expression suggests that if there is enough temperature 

variation among.the sensitivity coefficients K. then it may be 
1 

possible to produce gas specificity by varying the temperature. 

Long stabilization times and hysteresis effects greatly complicate 

data collection when the temperature is varied. If, however, 

at di.ffP-r.ent temperatures, the resistance vs. concentration 

characteristic is ·measured, and then the corresponding.relationsh:i.p 

between resistance and temperature at constant concentrations 

j_s obtained, then a graph similar to that shown in Fig. 3. would 

be obtained. Here we can see that temperature dramatically 

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 ~rea that a coupling 

of the control and computational power of microcomputers 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 oxygen 

rich ambient, the TGS resistance, R, varies with reducing gas 

[C] -S concentration as R"-' K[C] , where K is a sensitivity 

coefficient peculj_ar to the reducing gas and the ·operating 

temperature, and B is a power law exponent. It seems possible 

that the dependence of the sensitivity constants K for various 

gases on detector temperature can be utilized to enhance the 

TGS selectivity in gas detection; The m.<ljor complication to· 

this scheme would be the long stabilization times involved 

when temperature is changed. Nevertheless, a synergistic 

combination of semir.nnrh1ctor sensorc .:~nd microcomputer""ua!:a~d 

signal .proce~sing is expected to help overcome the mO!:lt significant 

limitation of present sensors: their lack of selectivity. 
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RAPID ANALYSIS OF PNA COMPOUNDS IN tOMPLEX 

SAMPLES BY ROOM TEMPERATURE PHOSPHORIMETRY* 

Tuan Vo-Dinh 
Health and Safety Research Division 

Oak Ridge Na.tional Laboratory 
Oak Ridge, Tennessee 37830 

The characterization and detection of polynuclear aromatic (PNA) 

compounds is an extremely important problem involving numerous fields 

or r·esedr·ch ranging from petroleum and ~oal' technology to carcinogenisis 

research and health hazards assessment studies. Room Temperature Phos-

phorimetry (RTP) is a relatively new.technique that has recently gained 

considerable interest among analytical spectroscopists (1-6). This 

technique is based on the phosphorescence at room temperature of organic 

compounds adsorbed on various solid s~bstrates including asbestos, silica 

gel, sodium acetate, and filter paper and provides a simple and sensitive 

tool for monitoring PNA compounds in fossil fuel~ and coal conversion 

products. 

Methodology of the RTP technique. 

A RTP assay consists generally of four steps: 

1. substrate preparation (optional pretreatment), 

2. samp'le delivery, 

3. drying process, and. 

4. spectroscopic meas.urement: · 

Filter paper was cut into 0.25-in. ch"cles using ·a standard office 

.hole punch. Three microliters of sample solution were theri spotted 

*Research sponsored by the Division:of Biomedical and Environmental 
Rese~rch, U.S. Department of Energy under contract W-7405-eng~26 
with the.Union Carbide Corporation. 
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on the ~upport using syringes with a volume of 3 microliters. Pre­

drying \-las 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 performed with a commercial Perkin-Elmer spectra­

fluorimeter equipped with a rotating phosphoroscope. 

Concerning sampling procedures, the RTP technique is characterized 

by the simplicity and versatility of its methodology. The use·of fil­

ter paper as direct sample support offers an ext~emely large choice 

of the types of samples which can be monitored, such as liquid or 

. gas samples collected on filter membranes. 

The external heavy atom effect. 

Since the fi~st.report of the solvent heavy atom effect was given 

by Kasha (7}, it has been confirmed that the presence of heavy atoms, 

either as substituents (internal heavy atom effect) or in the environ­

ment (external heavy atom effect), can enhance significantly the 

process of intersystem~crossing and, therefore, the phosphbrescence 

emission. Signifi~ant 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 Csl, Nal and Pb(oAc) (lead acetate) 

have been found to be very efficient in enhancing the phosphorescence 

quantum yields. The presence nf heavy atom salts offers considerable 

advantage in quantitative analysis ~ince the limits of detecti6n can 

be decreased, in some 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 heav~ atoms to the 

- 265 -



solvent but also by incorporating these perturbers direCtly in the 

adsorbent material prior to sample delivery. The use of commercially 

available, pretreated adsorbents is also possible. 

Recent studiei have shown that the iechnique based on selective 

triplet emission enhancement could extend considerably the specific.ity 

of.ihe RTP technique in multicomponent analysis. It was possible to 

selectively enhance the phosphorescence emission of a gJven compound 

(or group of compounds) in a complex mixture (8). 

Analysis of hazardous PNA compounds~ 

The RTP technique has a gr~at potential as a rapi~ and simple tool 

for monitoring P~A compounds. lt will have useful applicatib~ in many 

cases of analysis of environmental 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 

semiquanti~ative ·determination of PNA r:-ompo~mds in a Synthoi,l 5umple 

that has been coar·sely fraction~ ted,. For c:nmpounrlc; that are abundant 

in the Synthoil, such as pyrene, direct identification by RTP could 

even be pe~fo~med ~ith the crude sample (9). Figure 2 ill4strates 

an example of rapid identification of pyrene in Synthoil by RTP 

analysis using the synchronous scanning technique by which both 

excitation and emission wavelengths were scanned simultaneously 

with a constant wavelength interval AA between them (10,11). 

The RTP technique can offer a rapid and simple method for differ­

entiating isomeric PNA compounds .. Precise identification of PNA 

isomers is extremely important in·environmental studie~ and health 

hazards assessment because 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 ex~mples; whereas BeP is relatively innocuous,.BaP is 

a hazardous compound ( 12 r.. I somer.i c benzopyrene can be easily and · 

unambiguously differentiated in RTP analysis by exploiting the difference 

of their singlet-triplet energy splitting (10). 

It is believed that RTP can provide a rapid and practical method 

for monitoring BaP because its phosphorescence occurs at about 690 nm 

and is not i nterferred with· by its isomer BeP or by a large number 

of other multiring PNA cqmpounds (8). Another example of· interest 

1nvolves 1,2,5,6-DBA (dibenzanthracene) and 1,2,3,4-DBA. These are 

two isomers that exhibit strikingly different carcinogenic activities 

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 analytic~l monitoring tool. The 

technique should provide a simple, ra~id 1 and sensitive method for 

i dent ifyi ng major PNA components in samp 1 e·s from co a 1 conversion and 

oil shale industries. 

Since RTP is essentially a. surface <:fetection technique, it can 

be applied to monitoring·organic compounds on contaminated surfaces 

in coal procession locafions (working areas, spills, clothing 1 etc,,;). 

The versatility of its sampling procedures is one of the main 

advantages of the method. Various sample collection methods are 

possible: spotting,.l~aching. swipe techniques, li~uid and gas fil~. 

tration. The ·us~ of filter paper or filter membranes as direct sample 
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support greatly broadens the type ~f samples ihat can be monitored: 

For example~ the use of RTP to monitor·PNA vapors and particulates has 

the obvious advantages in many applications, especially with regard to 

field sampling and real-time or nearly real-time organic trace analysis. 

The possib.il ity of automation is another main advantage of the 

RTP technique. An automatic device using the RTP method for .con-

tinuous analysis was previously developed for clinical applications 

{Fig. 4) (4), This .in~+r~ment demonstr~ted th~l. lh~iRTP tbchniqtie 

could possibly be utilized on a routine basis. Such an automated 

system could ·be developed for field n10nitoring.of PNA compounds,· 

offering, therefore, various advantages including rapidity and lower 

cost of analysis_. 
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Tiible 

Compound 

Acridi.ne 
BaP 
BeP· 

2,3-Benzofluorene 

Carbazole 
Chrysene 
1,2,3,4-DBA 
1,2,5,6-DBA 
Di benzocarbazo le ... 

Fl uoranthene 
Fluorene 
a-Naphtha 1 
Phenanthrene 

Pyrene 
Quinoline 

Limits of optical ·detection (l.O.D.) 
of several ~NA compounds by RTPa · 

b 
"ex·. "em 

b L.O.D. 

[nm] [nm] [ng] 

360 638 0.4 

395 688 0.5 

335 543 ·0.01 

343 505 0.03 

296 415 0.005 

330 518 0.03 

295 567 0.08 

305 555 0.005 

295 475 . 0.002 
365' 545 0.05 

. 270 428 0.2 
310 530· 0.03 

295 474 0.007 
343' 595 . 0.1 

305 505 0.04 

asource: Vo-Di nh T. ; Hooyman J .J3.; , 1978, submitted for pubiication. 

b>. 
ex = excitation wavelength, "em ='emission wavelength. 
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SCREENING TECHNIQUES. FOR BIOLOGICAL ACTIVITY 

Joan M. Daisey and Frank Mukai 
Inst~tute of Environmental Medicine 
New York Univ~rsity Medical Center 

550 First Avenue 
.New Yorkh 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 om; coal and shale oil resourr.Ps hF;>fore tha 

end of this century. To minimize the harmful effects which 

often accompany new techn6logy, ari effort is b~ing made to 

anticipate health hazards which may arise. Studies of 

. materials from coal processing pilot plants (1,2) have 

indicated that the organic materials 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 thise materials which are of 

concern include the polycyclic aromatic hydrocarbons, heteo-

cyclic compounds, aromatic amines and phenols and naphthols 

(1,2). Routine and complete chemical analysis for those 

compounds which are· biologically active. is not practical 

I 
at present. Thus, the recommended standards (3) for: occu-

pational exposures in coal tar industries are based on the 

measurement of total c·yc-lohexane e.xtractable mass .in a sample 

of suspended particulate matter. Chan~es in the levels of 

biologically active mate~i~ls.may riot be reflected by such 

measurements and such standards may riot adequately protect 

workers. 
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Short-term bioassay could provide a practical method of 

monitoring industrial environments for the presence of 

biologically activ~ and potentially hazardous materials. 

Such tests can readily detect 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 appli­

cability to the evaluation of occupational exposures in the 

coal conversion and shale oil industries. As no direct 

assessment of the degree of human hazard can be made from 

the results of such tests, the choice of appropriate standa~ds 

for comparison will be discussed.. The advantages and limitations 

of such systems will be considered and research needs for 

the application of industrial monit~r~ng 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, petect agents which 9ause damage 

to DNA. Both prokar~otic and eukaryotic organisms have been 

used, and the damage to the DNA has been detected by a wide 

variety of methods. The bioassays presently available, as 

well as some of those being developed~ have.been reviewed 

(6-8) and are currently being evaluate4 (9,10). Some of 

those in vitro bioassays which may have applica·tiori to 

industrial hygiene will b~ described.· 
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Repair Deficiency.Assays 

Damage to DNA in prokaryotic systems, such as Escherischia 

coli and Salmonella typhimurium, has be~n detected by several 

methodS. In r~pair ~eficiency assays (4,6-8), the killing 

effects of the test material on normal and/or repair deficient 

strains of bacteria are. determined. The test is f~equently 

performed as· a plate test with the chemical deposited in the 

center of a Petri dish containing a "lawn", i.e., a small 

background growth of the tester strain. Killing ef£ects are 

meaaured as.zones of inhibition of bacterial growth. 

Mutation Assays 

Mutation assay·s, such as the Afnes test ( 4) have been 

widely used for screening purposes. The Ames ass<iy employs 

mutant strains of ~· typhimurium which cannot biosynthesize 

histidine. Upon exposure to a chemical which causes a 

mutatio~, ·these ~trains revert back to a histidine independence, 

i.e., they grow 1n media with little or no histidine. The 

original mutant ~trains 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 ·ar~ ~he metabolites of 

inactive chemicals and, because ot·ditterences in metabolism 

.between bacteria and mammals, may not be detected in bacterial 

tests. F6r example, 'the 7,8-diol-9,10-epoxides of benzo(a)­

pyrene which are derived metabolically from. microsomal mixed 

function oxidases in mammals appear to be the major mutagenic 
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and carcinogenic metabolites of benzo(a)pyrene (11,12). Ames 

and co-workers (4), therefore, incorporate microsomal 

enzymes derived from livers of rats treated with Aroclor 1254 

in order to.provide a metabolic activation system in their 

bacterial assays. 

SOME PRIOR CONSIDERATIONS 

There are a number of considerations in selecting a 

short-term bioassay for application to personae! sampling in 
\ 

an industrial setting. The tests should be relatively easy 
J 

to use, require.only modest investments in equipment and 

peisonnel, and preferably need but a few days for completion. 

A high level of sensitivity is desirable as the samples 

collected will be of a limited mass. The test system should 

be capable of detecting the classes of compounds which are 

anticipated in the coal aQd shale oil processing plants. 

Further, it must be able to detect biologically active 

compounds in a complex mixture. 

, Although more appropriate bioassays may be available in 

the future, the bioassay 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 test which can 

be completed within~ few days and thus is very·inexpensive 

It has been used ~~ccccc~ully 

to indicate the presence and aid in the separation and 

identificati6n of biologically active compounds in a number 

of complex mixtures such· as cigarette smoke (13), particulate 
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matte~ 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 health 

hazard can be made from the results of bioassays of samples 

collected in industrial environments. Thus, standards or 

reference points are n~eded for the practical purpose of 

determining ranges. of response which might be of concern. 

The ambi~nt aeros61 provides ·a very practical referente. 

The classes of organic compounds which are anticipate9 in 

the atmosphere of the coal and oil shale.processing·plants, 

i.e., polycyclic aromatic hydrocarbons., aza-arenes, phenols 

and naphthols (1,2), are found .in ambient particulate matter· 

(20): They are present in urban air at levels which probabl~ 

do not pose a long-term health-hazard to non-smokers (21). 

Levels at rural sttes are even lower than for urban areas (20) 

In addition, sample collecti"on and handling are very-similar~ 

AMBIENT AEROSOL MEASU~EMENTS 

Organic fr~ction~ of sus~en:ded particulate matter 

collected in New York City and in ~ugedo, ~ew ~ork~ a rur~l 

site about 50 miles northwest of "t:he city, ha;ve bee:rt tested 

for the pre'sence of biologically active matetia·l :usin:g the 

Ames assay (4). 

Experimental 

The particulate samples were sequentially extrac~ed 

with increasingly polar solvents--cyclo_hexane, dichloro.methane 

and acetone--in a Soxhlet apparatus, for eight hours with 
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each solvent. Extracts were filtered. and .then reduced to a 

10 ml volume using a rotary evaporator (35-40°C0 and stored 

in a freeier at -20°C until use. The cyclohe~ane and dichloro-

methane extracts were evaporated just t"o dryness under argon 

bn a slide warmer.kept at·35-40°C and redissolved in ateto~e 

fot testing. The acetone extracts were reduced in volume. 

Final sample concentrations we~e determined by weighing 

duplicat~ 100 ~1 aliquots ·(which were taken to dryness) on a 

Cahn Electrobalance. Test solutions were geherall¥ in ·the 

range of about 1~5 mg/ml. T~sting wa~ carried out at levels· 

ranging from 50-500 ~g per plate (0.1 ml) .. 

The organic fractions were gehera~ly screened for the 

presence of direct-acting (no. microsomal activati6n) ~utagens 

using the Ames Salmonella typhimuriam plate assay system. 

As preliminary investigatiotis indicated that strai~s·T~-98 

and TA-lOO:were ·t:he most sensitive, .these were used in all 

subsequent tests. Aroclor 1254-induced rat liver,: roicroso~al 

· fraction S-9, and cp.-factprs were used in tests employing . 

micro:somal activation. Bacterial mutagenicity .was calcqlated . 

. in terms o.f net (control subtracted) revertant colon·ies per· 

micro.gram .of organic material using the ~inear ··portion of 

the dose=response curve .. 

Results 

Several a~pects of the.results of pur tests of organic 

fractio_ns .of p:a):ticul,_ate matter are. pertinent ·to the possible. 

application .of bioassays to. indust:rial hygiene.. ··Typical 

results· :p..re shown in ·Tables 2 ·and 3.. :rhe non-polar ·(.containing 
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the polycyclic aromatic hydrocarbons) and polar ·fractions 

all exhibit mutagenit activity·with no ~icrosomal activation. 

This indicates th~ presence Of active compounds other than 

p6lycyclic atomatic hydrocarbons .. as these require act~vation. 

As moderat~ly polar and polar organic compounds of intereit 

may also be present in samples collected in an industrial 

setting, it may be appropriate to use.a sequential solvent 

extraction or a binary (non-polar .and polar) solvent ~ystem 

to separate all biologically active organic compound~ for 

testing.· 

Micros6mal activation reducedcthe activity of all ·three 

fractions by_ 30-100%. Al~hough·microsomal enzymes do permit 
' ' 

the detection of mutagens sqch as penzo(a)pyrene which mu~t 

be metaboli~ally activated, they can also de~Gtivate other 

materials (22). Enzymes can also be· deactivated by other· 

-compounds which··.rriay· be present . in a. mixture ... Thus, the 

use of microsomal enzyme preparations in this assay may 

present: complications. 

The Ames ·assay does. permit the ·detec.tion 6f differences 

in the biological activity of samples· collected in different. 

areas; as shown in Table 2, and in sampl~s collected on 

diff·erent days, shown in. Table 3 . 

. Tl)e biological· activ_:i:ty of organic fractions of arnbien_!:: 

·particulate matter cannot be directlY compared-with that of 

particulate samples collected in a· coal or shale-oil-processing 

pl~nt at this tim~. However~ Epler. and co-workets (18) hav~ 

tested various fractions of crude oiis and synthetic oils 
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deriv:ed from coill for·mutage11.icity using the Ames test. The 

mutagenic activity of crude oil and synthetic oil, defer- · 

mined as a mass wei~hted ~cti~ity of the fractioris tested, 

is compared to that df organic fractions of re&~irable 

particul~te ~atter in T~ble 4. Value~·for the neutral· 

fractions of the oils, which are pr6bably similar·in com­

position to the non-polar fraction of particulate matter, 

are also included. The levels.o£ activity of the synthetic 

fu.els are within· an order of magnitude. of those of the 

particulate matter, indicating that approximately the same 

amounts of material must be collected· for bioassay. · 1his 

.assumes, of course, as a first approximation·, that ~e~osol 

samples collected .in the wo~kplac~ will be similar· in 

composition to the fuel oils. 

The protbcol.used in our laboratory for.·testing the 

cyclohexane"'""soluble fraction o·f pa.rticula t~ matter requires 

the use of two strains of~- ·typhimtirium,· a determination of 

the response at four different doses and the u~e of duplicate 

plates for each dose tested. The ma·s·s requ1remen.ts for· a 

significant response above back~round is about 2-3 millig~ams. 

Assuming that coal and shale-oil processing plants wil~ be 

required t.o meet. occupational exposure· standards similiu to 

thOSe ·prOpOSed for c"oal tar prOdUCtS ( 3) 1 • p'ersonnel SamplerS. 

presently available (1.6 1/min. samplin~:rate) would collect 

less than 0.1 mg total mass. If this is all organic material, 

the amount available is probably s~fficient fdr'testing w~th 

only one strain of bacteria a·t only ·one dbs~ with the ··most 
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sensitive bioassay presentl~ available. Thus, personnel 

samplers capable 6f sampling a much larger volume of air 

would be required for ~onitoring personDel exposure. 
. . . . . ' 

ADVANTAGES. AN.D LIMITATIONS . OF IN. VITRO B:j:OASSAYS 

In vitro bioassa~s are more sen~itive than animal 

test~~ They .are also faster and cheaper than either ~nimal 

. tests o~ chemical analyses .. They can de~ect the ·P~~~encie of 

biologically active materials in mixtures and indicate: 

differences in the levels of these mat~rials which may 

originate fro~ changes in raw materials_or in,proccsses~ 

Bioassays, such as the Ames test, cannot· be directly 

and quantitatively extrapolated to predict human health 

effects. Comparisons of ·the biological activity arid the 

chemical composition of samples collec~~d in pilot ~lants, 

in pe~roleum refineries and in the ambient atmosphere, 

however, can provi4e referen6e points for judging levels 

of activity which may pose a health hazard.· The .microsomal 

activation system which is presently-in use may not be 

adequate. As the~e are variations iri the-activity of these 

enzymes fro~ laboratory to laborat6ry, some standardization 

of method would be required. tiver microso~es are presehtly 

used .in the Ames test system. · Some mutagenic· and carcinogenic 

compounds may be reductively activated or may.be metabolized 

by organs othei. than liver or by other cell components in 

humans and would not be detected by this bioassay; Further, 

none of the presently available.short-term bioassays can 

indicate co-carcinogens or promoters ~hich are present ·in 

particulate matter and may potentiate the action of a carcinogen.· 

282 



RESEARCH. NEEDS 

A better under~tand.ing of relationships betw~en the 

chemica+ composition of mixtures, long-term in vivo bioassays 

and -the res·ponse of s.hort-term bioassays to variations in chemi-

cal composition is ne~ded.for th~ application of s~ch tests to 
' f 

' . 
industrial hyiiene mori~toring. Rioassays of organic fractions 

of aerosols in coal a~d ~hale oil'pilot 'plants and in closely 

related· iridistries s·hould also be compared. 

Improved sampling techni4~es ar~ needed as larger samples 

aie required for the most s~nsitive bioassay pi~sently avail~ble 

than can be collected Ii.y pe.r.sonnel samplers. cuq:-ently in use. 

More efficient .sampling subitrates are needed for orga~ic com-

pounds with lower molecular weights, wh~ch may be whol~y or 

partiall~·in the vapor state. 
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~TABLE 1. SOME IN VITRO SHORT-TERM BIOASSAYS(a) 

BIOASSAY · BIOLOGICAL SYSTEM 

PROKARYOTIC ORGANISMS 

Repair deficiency S. typhimurium, E. Coli, B. Subtilis 

S. typhimurium, E. Coli, B.· Subti.l.is 

EUKARYOTIC ORGANISMS 

Point mutations 

Mitotic recomb~nation 

Reversions 

Forward mutations 

Unscheduled DNA synthesis 

Sister~Chromatid exchange 

Chromosome aberrations 

Cell transformation 

(a) References 6-8 

':. 

Saccharomyces cerevisiae 

Sacdharomyces cerevi~iae 

Schizosaccharomyces )?Ombe · 

Human fibroblasts 

Chinese hamst,er: cells, bone marrow cells 

-Hamster-and rat cells 

·Hamste~ kidney fibroblasts, 
human diploid~l~rig. fibroblasts 

TABLE 2. COMPARISQN.,OF.BACTERIAL MUTAGENICITY 
.. OF ORG.ANIC FRACTI.ONS 

OF URBAN AND RURAL PARTICULATE MATTER (a) . 

Fraction _New York City Tuxedo Park, N~Y. (b) 

Net Revertaht Coionies/Microgra~ 

Non-polar 0 .. 87±0 .15 

. 4.5±0.2 

0.7±0!1 

0.~7±.0 .1 

1. 2±0 .·4 

0 .• 2±0. 4 

· Moderately polar 

Polar 

(B) 

(b) 

Quarterty composites' of weekly· 'respirable. suspended 
particqlate matter, winter, 1978; Salmonella typhimurium 
TA-98 used with no microsomal activation. 

·Sampling site ·is located in a heavily wooded area 
abopi 50 .miles northw~st of New York City. 

- 286 -



TABLE 3. DAILY VARIABILITY OF BACTERIAL MUTAGENICITY 
OF MODERATELY POLAR ORGANIC F~CTIONS ( 

OF SUSPENDED PARTICULATE SAMPLES COLLECTED IN NEW YORK CITY a) 

Net Revertant. Colonies per Microgram(b) 

Date TA-98 . TA-100 

8/11-8/12/76 

8/27-8/28/76 

8/28-8/29/76 

1.0±0.1 

,2 .. 9±0.2 

1.3±0.2 

(a) Dichloromethane extractable fraction of 24-hr. 
total suspended particulate samples. 

(b) Tested with S. typhimurium bacterial stra~ns with 
no microsomal activation. 

1.1±0.1 

3.0±0.3 

2.3±0 .. 2 

TABLE 4. A COMPARISON OF THE MUTAGENICITY(a) OF SOME SYNTHETIC 

AND NATURAL FUEL OILS (b·) WITH ORGANIC FRACTIONS 

URBAN PARTICULATE MATTER(c) 

sample Ne~ Revertant Colonies per Microgram(a)_ 

·Respirable Particulate Matter(ri): 

No~-polar fraction 

t1oderately po1ar fraction 

Crude Oil Composite -

Total activity(d) 

Neutral fraction 

Synfu~l A - Total activity(d) 

Neutral fraction 

Synfuel B - Total activity(d) 

Neutral fraction 

0.23±0.06 

0.5±0.1 

0. 24. 

0.35 

4.11. 

0.60 

0.50 

0.51 

·( 0 ~ 7 8) ( e 1 

(0.21) (e) 

(a) Determined with S. typhimurium TA-98· using Aroclor 1254-induced 
rat liver S-9 preparation and ~a-factors. 

(b) Epler .et ai., Mut. Res. 57:265 (1978) .. 

(c) Quarterly composite of samples collected in NYC from Oct.-Dec., 1977. 

(d) Weighted activity of an fractions. 

(e) Net revertant colonies per cubic met.er of air. 
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Introduction 

PORTABLE OPTICAL PARTICLE COUNTERS 

by 

. Virgil A. Marple, Ph .• D. 
Mec::hanical Engineering Department 

University of. Minnesota 
Min~eapolis, MN '55455 

Under contract with the Bureku of Mines, we have in the past several years 

been investigating the feasibility of us'ing optical particle counters. (OPCs) to 

measure dust size distributions and concentratio~s ~hat may be found in mining 

operations. As a result of this research, two OPC systeins have been developed 

and cali.brated specifically for measuring this type of dust, and ·a third system 

is currently under development. 

The first system to be developed used a Bausch and Lomb 40-lA OPC as the 

·sens.or and a Hewlett-Packard multicha.nnel analyzer (MCA) data acquisition 

system. This system is currently being used by Bureau of Mines personnel to 

study the particle size distributions of a~rosols generated in coal fragmenta-

tion studies under laboratory conditions. Since both the Bausch and Lomb 40-lA 

OPC and the ·data acquisition system are rather large and require a 110 volt 

power supply, the system .is not portable and n~t easily moved from one project 

to another. 

The second syst~ was designed specifically for field use, and has thus · 

been designed with portability in mind. The sensor for this system is a 

battery-powered Royco 218 portable OPC, and the da~a acquisition system con­

sists of a specially-built battery-powered eight-channel analyzer. 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 ih 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 a two-man operation, even though 

the system was portable'. 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' incandes­

cent· bulb being present, and second, the incandescent light bulb draws suffi­

cient current to require a sizable battery if long-term operation is desired. 

To bypass the shortcomings of the incandescent light bulb.source in the· 

OPC, a third OPC systeni using a laser diode light source was· designed,_ and 

·is currently under development. In this system, the receiving·optics of the 

Royco 218 OPC are to be used with the laser diode light source. The electronics 

are also being redesigned so that less power will be required than the present 

system.. It is expected that this OPC can be packaged into a volume of about 

30 em x 20 em x 10 em. 

It can be seen from these three systems that the -direction of our OPC 

system development has been to go from a large stationary system to a very por;... 

table light-weight system. It·. may be possible, by using the· laser diode light 

·source and by completely redesigning and miniaturizing the optical system~ to · 

d.evelop a personal sampler based on the OPC principal •. 

. In this paper, the portable ·system using ·tpe Royco 218 OPC will be de­

scribed, since this.is a system which is currently in use. Also described will 

be the method by which impactors have been used to calibrate the OPC to give 

a calibration based on the aerodynamic diame):er of the particle •. ·.Next, the 

system whic.h ·uses the laser diode light source. will· be described; and f the prog­

ress of the current research·. on this system presented.· 

The Portable OPC/HCA System Using the Royco 218 OPC Sensor 

The portable optical particle counter/multichannel analyzer (OPC/MCA) 

system is showrr in Figure 1, and has been described in detail in Reference 1. 
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This system consists of an OPC,·an MCA, and a battery pa~k, separated into 

three units. to aid in the portabi~ity of the_system. The OPC is a Royco Model 

218 portable.particle mqnitor (Royco J:nstruments, Inc., 141 Jefferson Drive, 

Nenlo Park, CA 94025). The MCA and the battery pack are units which have· been 

designed and .built in our laboratory. 

In operation, the OJ:>C/HCA system functions in the 1,1sual manner of an opti­

cal particle counting system (2). Aerosol flows through the eluminating volume 

within the ,OPC, and .the light scattered by a single particle is collected and 

focused by an optical system onto a photo diode, where an electrical puls.e is 

_generated. The amount of ligh_t scattered, and. thus, the magnitude Of the elec­

trical pulse from. the photo. diode is a function of .the particle size, with 

large_r particles gener.ating pulses of larger magnitude.. These pulses are clas­

sified according to their magnitude in the MCA, which stores the .data in the 

appropriate channels •. After a.preset ti.J:ne,·the nUmber of pulses that have been· 

recorded in each channel of the MCA are read. Then, by use of. a calibration 

curve, relating the particle size to th~ pulse·magnitude, a particle size dis­

tribution Gan be obtained. 

Fo·r this ~ystem, two .modifications were made· to the OPC· as purchased from 

the manufacturer. ·. F;i.rst,. an elect-ricai output jack was .installed, so that sig­

nals from.the OPC electronics would. be available fer analysis· by the MCA. 

Secondly, a new ~nlet was .:installed in the OPe whicl). providec;l. a sheath of clean 

air around the particles passing through the optical view volume. The purpose 

of this modification was to eliminate the recirculation of ,particle's in the 

view volume, which was noticeable in th~ unmodified unit. Also, by.provid;i.ng 

a sheath of clean air around the aerosol stream, .the. flow .rate of the· OPC was 

increased. from .28 lpm to 2 lpm, which dicta·ted the use of a larger .. pump .. and 

a different flow system. The ·details-of these modifications are described in 

Reference 1. 
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One of" the major, ta~:;ks in .developing· art OJ:'C sys'tem for- measur.ing .minir1g-

relat·ed dust particle size distributions is obtaining .a calibration,, curve . 

re;Lating ·the signal pulse height to the particle diameter of that particular 

dust. 

As received. from the manufacturers, the OPCs are calibrated on transparent 

spheres (ideal aerosols), which are a good approximation to many atmospheric. 

aeroso;l.s. However,·the aerosols g~nerated by minir:tg-related activities consist 

of irregular particles of varying indices of.refraction and shapes (non-ideal 

aerosols); \ihich. may act entirely' different in an OPC than an ideal aerosoL 

For the systems which have been mentioned in this paper, we have used a cali-_ 

bration method employing an inertial impactor, which provides a-relationship be-

tween the OPC signal outp~t and the aerody~amic diameter of the dust particles. 

The impactor calibration procedure .has been d_escribed in ·general·: in Ref-

erence 3, and its application to the portable OPC/MCA system has been described 

in Referepce 1. Briefly, this calibrationtechnique consists of making-two size 

distribution runs with the OPC. For the first run, the OPC samples through an 

impactor on its inlet, while in .. the second run, the irnpactor is removed. A 

ratio, R, for each channel-is· then found bydividing the number of particles 

in each channel of the MCA for the first run by the numbe-r of particles- in the 

corresponding.channel of the second run •. The channel number~ or· corresponding 

OPC voltage, where R = 0, 5 corresponds· to _the 50% cut-off. point of the_ impactor. 

Not only.does the curve of R vs. the OPC. voltage yield a calibra"tion point, but 

it also provides an indication as to whether'or not the OPC can resolve the 

size _distribution of. that particular aeroso.l. ·For· ,example, the impac·tor has 

been. designed to have a. sharp cut-off characteristic. Thus,. if the resolution 

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 <:>f the· ratio R-vs. the OPC voltage are presented 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 oy. 

the OPC voltage at R 0.5 for each curve, v
50

. It can be seen from Figure 2 

that .the decrease of. R from 1 to some v~lue less than 0.5 is·fairly sharp for 

.all of. the dusts tested. 

CaLj.bration curves o.btained by us-ing 'the impac.tor calibration technique. 

for coal", silica, potash,. rock, a·nd Ariz9na road 4ust aerosols are shown :in 

Figu'['e 3 for the portab-le. OPC/HCA systems,. ·The individual points shown on . the · 

calibration curves correspond 'to impactors with different cut-off· sizes which 

were .obtained by· using nozzles of different diameters on the ·impactor 0 

It should be noted that the data poi'nts in Figure 3 were· ca·libi:'ations made 

in the laborat·ory with dust generated in a fluidized bed. type of dust generator 

(4) .. However, t·hree data points a·re shown. for silica which was obtained in t'\le 

field,· :and this data agrees well with the· silica data obtained. in the ·labora­

tory. Also shown iri Figure 3 is the calibration curve for oleic ·acid parti_cles, 

which are!spherical.oil droplets and are· considered to be ideal ·aerosols. The 

"average" calibration curve in Figure 3 is the· averag·e of all of the dust data 

presented. 

This method of ·'calibrating OPC sensors has two advantages; First, impact-

. ors ·.classify particles by their aerodynamic diameters, ·which is· the diameter. 

considered ·to be 'important in governing the motion of· respirable dust. particles. 

Secondly, ·the OPe· system can ·be calibrated in the field• on any unknown. aerosol, 

which is impor'tant:· if the chemical compound or 'physical shape of\ the partfcles 

are of. such a nature as to be difficult, if not impossible·,. to duplicate in 

the labora·tory ,' 
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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 srnall·size of the laser diode may make it possible to develop 

an OPC small enough to be a personal sampler a:nd it is, thus, describ.ed in this 

paper. 

The laser d.iode, as shown in Figure 4, is about one-half. the size of a · 

·dime. The source of light is a slit .25 ~m x·l3 ~rri in size and 'thus is effec-

tively a line source. 

To test. the feasibility of using this light·source, an ·adapter for the 

Royco 218 OPC optical tube was made, as· shown in Eigure 5. 'This adapter is 

designed to connect directly to the receiving optics of the Royco 218 OPC and 

ha·s access holes for the aerosol inlet ·and outlet tubes; Thus, with.·this adap-

ter, it i's possible to test the feasibility of using the laser diode while 

using the rest of the electronics of th~ Royco 218 OPC. 

Since the laser diode· is a line lig.ht source, the .light intensity will be 

different at the view volume parallel to and transverse to the slit, as shown· 
. \;1 

in Figure 6. This shows that the light beam width is much greater parallel' :to. 

the slit than transverse to it. Thus, the particles can pass through a fairly 

wide view volume and still experience essential~y the same light intensity. 

In addition, the resulting electrical pulse will be short, allowing 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 for s~udying:these typ~s of dust. 'It .has also 

been. shown· that QY. ~sing. inertial impac~ors for· calibration, it is possible 

to obtain a calibration of ·the OPC based upon the.aerodynamic diameter of the 

particles; which is an important·. parameter in determining 'the q'uantity. of r'es-

pir:able dust. 

Alt;hough the.feasibility study of·.using ,the· laser diode as a ·light source 

in an ·OPC. -is currently in progress.; it· appears as though thi's light source may 

be an aite'rnative to the incandescent bulb. Since the laser diode is very 

srqalT, and the photo diode s·emsor .is also small, it should be possible to -make 

the entire optical tube, including· t.he. light source;· opt;ics, and detector, into 

a package small enqugh to be used as a p~rsonal·sampler. Consi.der.able elec-

tronics are also required-for. an OPC. However., with the miniaturization of 

electronic. circuits, they should also be small enough to be compatible. with a · 

personal sampler. In addition;· the electronics arid laser 'diode require little 

·power ·and· :should: be compatible with the type ·of p·ower that is currently--used 

by ,p~rsonal·samplers. 
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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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Surface Analysis Techniques and Their Use· 
in·Pollution·Detection af1d Measurement* 

M. N. Varma and J. W. Baum 
Brookhaven National Laboratory 

Upton, New York ll973 

Surface analysis teehniqu=s such as Auger electron spectroscopy (AES), 

electron spectroscopy for chemical a~alysis (ESCA), secondary ion mass spectro­

metry (SIMS) and ion scattering spectrometry (ISS) are ·reviewed. The advan­

tages and 1 imitations of .these methods are compared with bulk analysis tech­

niques such as }\:-ray. fluoniscence spectroscopy, atomic absorption and emission: 

s~ectroscopy, gas chromatography, and neutron activation analysis. Result~ 

obtained using ESCA, AES, SIMS, ISS and x-ray fluore~cence anatysis from auto 

exhaust, laboratory prepared; clean air and biological samples are discussed. 

P6ssible future areas of research using surfaca techniques-are discus~ed. 

Introduction ·'. 

In recent years the energy crisis has focused attention on using coal in 

va·st quantities for liquification and gasification. Also,. alternate energy j 

sources such as .solar, fusion, fission and other exotic fuels are being prp:posed.:··. 

All these forms of energy generation will require characterization and dete•c,ti:oil 

of environmental pollution for regulatory purposes as well as for understanding 

the sources, environmental pathways, reservoirs, distriqution and biological 

effects of these pollutants: 

The usual bulk analysis. techniques employed for detection and measurement 

of environmental poilutants are atomic emission_ spectroscopy, x-r~y fluorescence 

spectroscopy, chemical analysis, gas.chromatography and neutron activation anal­

ysis. Propertie.s of these techniques are compared in Table 1 with those of 

recently developed techniques emp1oyed in areas of "surface" science, namely 

Auger spectroscopy, ESCA, ISS and. SIMS. The minimum quantity detectable is 

generally. less for ·the surface techniques 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 con.tract with the 
U. S. Energy Research and Development Administration. 
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throughout a thicker sampl.e, bulk techniques are more sensitive since a larger. 

sample volume can be examined. The surface techniques 'can detect a b.roader ·range 

of elements; howeve-r, molecular species .can be detected ·1using gas chromatography. 

A princip.al advantage of the surface techniques' is. the capability they pro­

vide for studies of spatial distributiohs of pollutants. For example; concen­

trations can be studie.q. as. a function of nanometer depths in environmental or 

biolog~cal samples. 

· .. In ·the present study, surface techniques were examined to demonstrate the 

feasibility and usefulness of using these techniques in·the area of pollution 

dete.ction, m.easureinent .and characterization. 

We have analyzed samples from auto exhaust, 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 biologic;~l samples, (i) f~sh scale and 

(ii) fislh otolith from commercial fish, .. were also. analyzed to demonstrate the 

possibility of ustng sur~ace techniques to study biological samples .•. Since our 

.group did not have the analytical instrumentation, samples were analyzed by 3M 

CompaQ.y, Varian Associates and Physical Electronics, Inc. X-ray fluorescence 

an~lysis was provided by the Instrumentation Division··of Brookhaven .National 

.Laboratory. Principles and·details of bulk analysis are not discussed here and· 

c,n be found in· (1,2,3) •. Basic principles. of surface techniques·are included 

and referenc~~ .are ~rovided·for detailed description of instrumentation .. 

Basic Principles .in .Surface. Analysis 

A.· Auger.Electron Spectroscopy (AES): Auger Spectroscopy is an analytical 

technique used to identify the elemental composition of a sample surface. The 

electron. beam incident on the ·Surface ,of. the matetial has .a fixed energy, 

eg., 1.5 keV. These electrons 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 released in·. 

the for~ of a photon or by knocking out another electron from an outer shell 

. called the Auger el~ctron. . These electr:ons ·are· then. arialyzed using· a .. standard 

Auger speGtrometer (4).· Auger electron energies are char~cteristic 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 Aug-er electrons 

emitted is proportional to the•number of atoms of the element present on the 

surface, thus, the intensity.of Auger peaks providesquantitative measure~ 

merits (5). The energy' of Auger electrons~ are. low s·o that only those elec.trons 

produced in the. first few ·layers .(5 - 20 A) of sample can leave the surfa·ce. 

Thus, the-method is sensitive only for the elements.present on the surface. 

More recently, Varma, et. al. (6) have modified the standard Auger spectr.ometer 

to improve the sensitivity of· this technique·. Figure 1 (a) shows schematically 

the process of Auger ~lectron production. The Standard Auger spectrometer can· 

detect elements in concentration of .the order of 0.1 atomfc· percent; and can 

detect all elements above helium. No Auger transitions exist for· hy~rogen ·or 

helium. 

i' 

B. Electron Spectroscopy for Chemical An·alysis (ESCA): In this method·, a 

monoenergetic beam of x-rays .is used to bombard the sample surface. Absorption 

of these x-ray photons by the atoms of the sample· results in the emission of 

electrons which originat~· from the inner· or core shells. The energy of the inci­

dent x-ray photon is shared between the energy of· the emitted ele'ctroii arid the 

binding energy of .this electron in its orbital. The energy spe.ctrum of emitted 

electrons is measured by a spectrometer (7) •· Since the atomic structure of each 

element is unique·, the· measurement of en:ergy of the ·emitted- electrons· h·om· one 

or two orbit~ls of each element is sufficie!lt to identify the·elemental composi­

tion of the sample. All the elements have electrons that can be detected in 

this manner except for hydrogen. Chemical b.ond information :can also be ·.obtained 

from analysis of peak shapes, multiliue s'tructur~ and: shifts in. energy of the 

ejected electrons :in an ESCA spectrum. · 

Free electrons produced in a· solid are scattered by bound electr6ns in the 

solid and thus lose.part'of their energy· b'efore leaving the solid. These· electrons, 

although they reach the spectrometer,-are counted ·a.s background. Only those_ 

photoelectrons·generated in the first few monolayers of s·ample ~ave sufficient 

probability to escai>e the sample with negligible loss of energy~ Thus, this is 

also. a. surface technique which samples ·depths of the order of 5;..20.A.' of the spe'ci­

men •. Exat·t sampling depth depends on ·the sample being analyzed. Detection- ·sen­

sitivity of this method. is. about the same as-that for AES. ·A schematic of the 

ESCA process is given in Figure l(b). 
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C •. Secondary Ion Mass Spectrometry (SIMS): In this technique, a sample 

surface is bombard.ed by a monoenergetic ion beam. .The ion beall) has suf~icient 

ene .. rgy a.nd intensity to sput·ter ions fr..om the sample surface. These sput-tered 

ions a~e also called secondary ions. These·secondary ions are·mass analyzed 

using a standard m.ass spectro~eter. By choice: of appropriate. elecfronics;· bo.th 

. positive and .negative secondary ions can be mass analyzed. The sampling depth 

in .this technique is of the ,_order of a. monolayer,: ·however' the sampling depth 

depends. on other parameters such as.·-sput.tering rate,· etc .. (8). A s.chematic 
I 

representation of ~I;MS is shown in 'Figur.e l(c). All. elements and isotopes in 

the period.ic table can be analyzed using this technique. The sensitivity of. 

SIMS depends on tqe ·sc·an rate and sputtering rate and. can vary by about three 

orders pf magnitude .sho~ing a general dec1rease in sensitivity for heavy ·elemen·ts. 

For some elements,· sensitivity of _parts per bii.lion .or less have been achieved; 

. D. Ion Sc9-_tterin_g_ Spe~~rome~IS~: In this method, the sample surface 

is bombarded by .monenergetic noble· gas ions as 'vas the case for SIMS. (As a· 

matter of convenience, the, same ion beam can be used for simultaTl.eous analysis 

of SIMS· and. ISS). ·Some of the incident ions undergo binary e.~..astic c'ollision 

with atoms in -the f:i:rs,t monolayer of· the sample and will be scattered from the 

surface. For a scattering angle of 90° classical collision theory gives a rela­

.t"ionship- between the· mass .M1 of the atom,·on the surface; and_ energy E1 of ·.the· 

scattered -ion. in te.rms of the incident ion mass M0 and its initial energy E
0

,: 

E . 
1 

Ip normal ISS spectroscopy. the· ions scattered at 90°· are enc.rgy analyzed 

and thus a· spec·trum ·Of· intensity, VC'fSUS energy of sc·attered ion ·is obtained,- ' 

The spectrum can then be analyzed for various elements present on the surface. 

The sampling. qept_h for .ISS is a···single monolayer, because incident· .ions· that 

penetrate the monolayer have a high probability of being neutralized by the 
0 . . 

matrix. · Thus;, eyen. thou·gh these ions may be .scattered at 90- , they· :wi;I) not be 

det~c-ted by ISS since· they are neutral ions. A, .s~hematic r·epresentatio·n. .. of the 

ISS process is·given in Figure l(d). ·Details-about the method can be found in (9). 
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Exper,imental 

.§._ample_Prep~ti.£~: Nickel substrates.6mm x 12rinn and 0.8 mm thick were 

prepared from ultrapure nickel sheet. These subst·rates were c:leaned first. using 

Alconox·and then rinsed in ordinary tap water. Final rinse was done using ,. 

deionized distilled wa-ter. The nickel substrate was: then attached near ·the ·tail­

pipe ·of a 1971 automob·ile. The exhaust·.was· collected by direct. impact·of exhaust 

.gases. onto the substrate. The automobile was driven·for approximately 20 miles. 

Regula-r. leaded gas·ot.ine ·was· used in the automobile. Af·ter exposure to exhaust 

fumes, :the ·substrate was carefully .removed :from the tailpipe and· the sample' 

analyzed. This sample wi~l .'~e referred to as auto exhaust in further discus-sions. 

For. x-ray fluorescence analysis a 35. ·second· sample 'of .exhaust g·asses from a· 1969 

Volkswagen was c·ollected. by impingment· on ·filter paper to avoid interference· ·which 

would be'· contributed by the thick Ni subs·trate employed in. the surface analysis 

techniques. 

·, To·check the effect·of the presence of.. severa1 elements ih.t:he sample on 

analysis, known quantiti.es of variou.s= salts were deposited onto a clean nickel 

sub~trate. This ·sample .is referred to ·as Laboratory prepared sample.·· •Reag·ent · 

grade LiCl 0.5 g), Li2 S04 •H20 (1..66 g) and Pb (No3 ). 2 (3. 22 g) w~re· first 

dissolved in 100 ml of distilled water. From this· ·a·ssay,- 5 microliters· of solu­

tion was evapor.ated on the nickel substrate using an infrared lamp. 'The amounts 

of- various materi·als present on the substrate wer:e calculated ·to be· Cl ('.'063 mg), 

S04 (. 062 mg), N03 ·(. 060 mg), Li. (. 021 mg} arid Pb ,( .101 mg) .' Other impuritie.s 

in this sample were Ca (100 ppm), Fe (15 ppm), Cu (2 ppm) and Na (10 ppm). 

Clean nickel substrates were also e,xpqsed to outdoor env.ironmental air at 

Brookhaven Nat.ional Laboratory. This sample is referred to as clean ·air in further 

discus·sion. This sample was exp·osed at location P-9 (approximately 2-.5 kin from 

'the central complex of research·buildings in the northeasterly direction) where 

routine .environmental' monitoring s~mples are· obtained. ·The e·xposure. was for 

··approximately, 5~ hours_:· from.·9:00 a.m. to 2':;30 .p.m. on March 2·6, 1976 . 

. BiologicaL Samples: Two biologic~!. samples (i) fish scales from a dead fish 

(presumed· to )lav.e died from copper contamination), and (if) fish otolith from a 
coinr!lerci.al •fish, were ·prepared ·by the Biology· Department of Brookhaven· Natio·nal 
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Laboratory. No cleaning, except for rinsing with tap water,.was done on these· 

samples. 

Auto e~haust, laboratory.prepared and clean air samples were analyzed by 

SIMS (both positive and negative), ISS, AES and x-ray fluorescence spectroscopy.· 

SIMS and ISS were done by 3M Co_mpany, AES by Variart Associates using commer·cially 

available equipment. X-ray fluorescence spec'troscopy was done· by the Instrumen­

tation Division of Brookhaven National Laboratory using ·a low power, high sensi­

tivity laboratory-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 anq j show spectrum obtained by p·ositive SIMS 

and negative SIMS, respectively; Mass-range ·scanned· was from 1-100 atomic mass 

units. Figure 4 and _5 show· ISS spectra. ·For figure 4; the incident beam was 

2 keV neon'ions and for figure 5 it was 1 k.eV 3He+. Figure 6 shows an Auger 

spectrum for this sample,· x.:.ray fluorescence analyses results for the Volkswagon 

auto exhaust sample and· a blank filter pape·r :are shown in figures 7 and 8 respect­

ively. From figure 2, which shows positive SIMS 'results, one can ·clearly see· the 

variety of element's present in. auto exhaust fumes (e.g., Li, B·, Na, Ag, Al, Si, 

Cl, K, Ca, Ti, Fe, Ni, Cu, Zn, e~c.). 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 

spectrum (fig. 3) two isotopes of chlorine and bromine were clearly identified. 

Some of the elements, such as Ti, may have been present due to impurities present 

in the nickel sub.str'ate. · 

ISS ·results are shown on figures .4 and 5. Here heavy ·element-s such as Br· 

and 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 qf 

the surface has been reinoved by ·sputtering. In the ISS analysis with low mass 

3He+ions, .as .shown in figure 5, other elements such as Cl, s, 0, c, etc., can be 

identified. The AES spectrum· from the ·sample (figure 6) shows the pr~sence of 

elements iike S, c:, C, 0, etc., but surprisingly does not show any lead· ·or 
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bromine. This could have b.een due to mishandling of the sample during shipment 

or sample preparation. The .x-ray fluorescence spectrum of the.Volkswagon exhaust 

sample (Figure 7) rev!'!als the. presence of Pb,. Br,. Cu, Zn, Fe and probably. Se; Of 

these, Fe, .Cu and,Zn· are also present on the blank filter paper (Figure 8) though 

·probably ~n smaJler quantities, especiaUy for Fe. Thus, ,t-his technique readily 

.detected: Br,··Pb andF~, .. but.not.some.of the· lighter elements ~Li, ·B, Na, Al," K, 

Cl, C, 0 ·and, S) .detected· by· surface techniques. (So)Ile of these latter elements 
. ·' I . . 

may be.cont·rtbuted.by the .. Ni substrate 1,1sed for the surface technique. samples). 

·B .. Laborator,y Prepared Sample:: Figur.e 9shows.a positive SIMS··spectrum of 

the laboratory prepared sample at low and :high s~_nsitivity. In this spectrum, 

Li,.B, Liz, Ne, Na, Mg, Al, LizO, LizOH, K, Ca, Fe, Ni, Cu were detected. The 

mass scan was from 1-100 atomi.c mass unit~, thus heavy elements like .lead, ·etc., 

are·not seen in the spectrum •. Figure•lO shows negative SIMS for_the ·Same. sample, 

i:n this case .elements C, CH, .0, OH, :f, CZ HZ. s. and. Cl were observed. F.i'gure 11 

is a_ depth profile of this sarnpl.e over approximately lOOOA and sho.ws concentration 

varL~tion of .three. elepients 0, .cl and C. Figure. lZ s):lows an ISS ·spectrum with 

the incident ion being 3He+ •. In this spectrum elements·C, 0, s,.Cl, Ni; and Pb 

were .. observed •. Figure.l3 show:s ·an A~S spectrum of this· ·sample and show~ the·. 

presenc!= of Ni, ;I'b, s; Cl, and o; A comparis'On of SIMS·, ISS, and AES suggests 

that SIMS identified· :all the elements that. were. pr~sent ·on the sample ipcluding 

the· impurities,· ISS and A~S detected some of the .elements. Thus, SIMS appears 'to 

be a more sensitive technique than ISS. or AES. 

'C.. Clean Air Sample: Figure 14 and 15 show ISS spectra. from the cle.an air 

sample when Ne and' 3l{e+ incident ions were used, respectiyely. One surprising· 

f·inding was the presence. of bromine .in this sample.. Figure 16 ·shows the. AES 

spectrum for this samp;Le. No bromine was detected in this spec.trum. 

D •. B,iolo.s_ical Samples: The fish scale and .otol;i.th Sali!ples were analyz;ed 

by AES, ESCA-, and· x:-.ray fluorescence.. AES was d,;i.fficul t to perform due to. charg­

ing of 'the sample ·sur.face by the incident .electrpn beam, esp~~;i.ally for fish 

scales •.. The .qualita,t--iv~ resul.ts·_ obtained using AES and ESCA showed th.e pr,esence 

of calcium and oxygen in otolith.and mos~ly silicon in fish scaJes. An.in-depth 
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anaJ.ysis of the otolith sample showed a 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 ISS. But SIMS does not identify chemical 

composition, thus AES or ESCA in tandem with SU13 night be an excellent analytical 

tecl:mique. However, with A~S, charging of the sample surface can be a problem 

since electrons are used as the excitation .source. Also, the electron·bean:i is 

s-:~mewhat damaging to biological surfaces. Thus, for biological sam~)les, we fe.:·.~l 

ESCA which uses low energy x-rays at; the excitation source is preferable to AES. 

AE.E._l_~£_e_t_~Q!!LQ.L~.urfe_£_c::__AnalysiL'J;.~£.h~!qti,~~. 

The basic· differenc.e between surface and bulk techniques is the ability to 

analy~e, with the surface techniques, elemental composition present on the sur­

face, i.e., the first few monolayers of the sample. By suitable sputtering tech­

n~ques, 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 func,tion of time can be studied. If the pollutants have a· tendency to segregate 

to the surface, or surface ~oncentratioQ is higher than bulk, then surface anal­

ysis is apt t6'give re~1lts more closely related to biol~gical hazard for low 

solubility particles. It has been shown by Linton, et al. (10) that, for small 

part~cles (such as fly ash from coal burning)) the surface concentration of toxic 

trace elements can be much greater than the concentration determined by bulk anal­

ysis. 

Sensitivities as high as ~-me part per trillion can be achieved by surfac~ 

techniques if the impurities can be concentrated on the surface. For example, 

there are about 101.'5 atoms p-:;-x square centimeter on a surface. Analyzing one 

square centime.ter of the surface at sensitivity of 100 p.:lrts per million, one 
12 12 . 

can detect 10 atoms. If we can scavenge these 10 · atoms fro1it 100 ral of solu·-

tion, we can achieve a bulk sensitivity of ~bout one. part per trillLJn for most 
12 

metals. The problem of scavenging and depositing.lO atoms on the surface is 

not an easy one, however, Hercules' (11) recent technique empl-Jying chelating 
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agents shows great poten~ia\ in thi~regard. This procedure is not required 

~or .those saTJples in which imp•.1rities are already. present on the s•.1rface. 

Identification of. chemical forms. of: these elements in pollution· ·samples 

can shed some light on the concentration of those compounds ~1hich are more 

biologically reactive. This, for_example, will fnclude identification of 

variou~ oxides, nitrides or carbides.· The chemical composition i?formation is 

l:ost when wet ·chemical analysis or bulk analysis i.s performed on these samp_les. 

Surface chemical react-ion ·ra.tes can also be studied with these techniques, 

to dete,rmine production or decrease in various chemical compounds as a function 

of concer:>.tration of. environmental insults • 

. These techniques -are also c-apable of provid;i.r'!g valuable information on· 

marine samples. For example, transfer of pollutants from f.ly ash ·or other 

objects to.the marine waters and sediments.· 

The measurement of trace ~lement concentrations in b.iological.samples 

.(like ·hair, .. nails, teeth, etc.) as a function of .dis-tance along the.growth 

direction can provide a measure of the body's uptake of heavy metals-or other 

chemical constituents as a func-ti~n of time. Historical and basel-ine data can 

be obtained from museum pieces, stones and.other antiques and can pe correlated 

. to enviro.nmental. insults, epidemiological data and medical data, for application 

in he_alth effe_c·.t.s studies. 
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TABLE - 1 

Comparison of Various Properties of Surface and Bulk Analysis Techniques 
-.~:---

Minimum ·Chemical Depth Elements Destructive (D) Surface (S) Temperature 
~:i,_que·s Detection .. (gm) Information Analysis .Oetected Nonde's true t i ve ( No_l· .~uik,· (B) De12eridence 

Atomic Absorbtion 10-8 - 10-lO None No All, excep7 D B Small 
ra~e gases, 
C,H,O,N,S;P 
and Halogens 

Atomic Emission· 10-8 10·-10 Non.e No Same as above D B Extreme 

· X-ray Fluorescence 10- 7 - 10-:12_ None No z > 12 NO B None 

w Auger -Spectroscopy 10-12 - -10.-n . Some. 
t-' 

Yes z > 2 _ND-maybe s None 
N 

ESCA · 10-12 10.:.13 . Moderate Yes z > 1 NO s' None 

ISS . 10-12 10'" 13 ' Some Yes Exc.ept H 
' 

He NO s None 

SIMS 10-9 -· 10-14' None Yes All D s ·Norte 

Chemical 
. -9 

10 None No All D B None 

-9 10-12 Gas Chromatography 10 - None No Organic .D B Extreme 
Compounds 

Neutron Activation 10- 6 - lo-·13 None No Many ND. B None 
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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 synergi~tic 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 important in ~he short 
term. 

I had.a couple of questions on biological testing .. My impression was 
that y~u 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 sampiing, I wonder if you really 
need such a big sample? Oae 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·radiatibn, 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 toxicity, 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 t·est 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 criteria 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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likely that the silver membrane which is lm expensive little gizmo is 
unnecessary. So if there is a little project· that this group might want to 
consider, it might be an extra extens·ion' 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_combination_of glas:s.fiber. and a backup_ medium which seems to 
besatisf~ctory. ·There may be some questions regarding,brEla through problems 
of this.sort that the projects might embrace, but with the erid-point objective 
of making this system generally acceptable to everyone and m~ybe a little less 
expensive. 

Campbell: Another thing that I forgot· to mention this morning is shelf life. The 
problems associated with those s~mpl~s which have never really been quantified 
should be ~ooked.at in the program. 

Daisey: I have .another comment on ~he .shelf life.of samples. There is~ good deal 
of information on polycyclic aromatic hydrocarbons collected in the air. The 
data sugg~st that you .l.ose these materials from the fi),ter when you store it. 
and a very good practice is to take· them.from th~ .filter and extract them as 
s~on as possibie. One question I have is: What is the purpose of. the silver 
membrand backup filter? 

·.·. 
Campbell: I think the way it started is that silver membrane originally was chosen 

because there was a li,ttle. problem in weight gain from w~ter vapor. Since a 
gravimetric .technique was used, that problem was eliminated. Then when filter 
study.was begun.in. the coke ·oven industry, the silve-r: Jl!embrane·clogged up and. 
someone slapped a glass fiber f-ilter .on top- of. it· and all of a. sudden it became 
standard technique. That---is my opinion. I .dori:' t know- if that is really ho"w 
it happened. 

Brief: • There is another factor that had to do with the fact. that the silver. 
membrane is free of a~y benzene-soluble material and when ~hey did the first 
extraction, they got a section zero where, if.you took other filtering 
material, you tended to g~t something. 

White: !would just like to put ~nto perspective that what we are.trying to focus 
on is the.availability of monitoring.tools for the futul;"e as opposed to what 
is ~vailable to :handle. problems today. We're pretty w~ll trapped into using 
what tools are available to loo~ at. current. problems, .and we're talking about 
five and ten years into the future. I .think we need to key in on wha·t are the 
time restraints in terms of needing this technology. We're talking about 
future monitori,ng .equipment and hav~ng ~h~t ?Va.ila_bj.~ sq that we. can do more. 
in-depth analysis in the work place environment ... One of ·the things that I 
thi~k I I d like to hear a ~omment on is the .. advisability of :going ,tq bioassay 
samples. That's an area where. there may be some .. activity. · 

Campbell: It kind of. scares "!lle as an industrial hygienist to see a test like the 
Ames t~st which. ,!:!t_ar:ted out as a screening method ~Ll of a sudden be stuck .in 
a guy's lapel. and _to have it. coll).pared to human _exposure. 

White: In defens~ of biological tes.t systems, .I think 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 provide some "safety 
margin that we may be concerned with in industriai hygiene. 
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Campbell: Well, it might increase the sensitivity, but I think th~ greatest problem 
is that it is still a screening mechanism. The general public may look at it 
oth~rwise and the work person may look at it otherwise and draw their own 
conclusions. 

White: 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. 

Runion: 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. 

Morris: Well, to some extent, I think that there is an interest here in what the 
routine monitoring ten years from now may look· like. What instruments will be 
available ten years from now? Research is clearly needed because everyone 
recognizes ~hat the standards today really have an inadequate basis. 

Brief: But if we use New York City air for comparison, we'll have to ban a lot 

Morris: 

Daisey: 

Brief: 

Daisey: 

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 
nqt. I suspect that we're living in an environment that is biologically. 
active. I think any air pollution sample will. show that kind of act·ivity. 
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 number~ were revertants per·microgram. 

I realize the distinction. 

The other thing is if you're talking about exposures in an industrial 
,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 ra1.s1.ng 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 mor~ 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 ~p 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 educate 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 conclu_sion by now. We have some feeling that we cah' 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 ~elatively simple, relatively 
inexpensive monitor of what people are exposed to .•when we're only interested 
in these materials because-they are mutagens. !·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'hot 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 the 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 recoinmend it. without letting it get into the regulatory situation. · 

Runion: Sounds like the TLV committ"ee 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 .-c·omes down to what do we · 
feel is the best way to pr'event 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? 

Runion: May I respond to· that question? I spoke about it several times this 
week, and I don't: have the answer to all this but I .lio 1;: hi11k that .one 
ap.proach is to use some of the tools we now have and add some of these new 
tools, like the Ames test, some of the mor-e -ser1sitive analytical procedures 
that were discussed this morning in terms of narrowing in on some of the · 

. preferred :PNA ·species that. you thin~ ~ight l?e good :common denom_infitors. . 
Wh~m the toxicologist does a study on the SRCJ, liquid substance· 'in which they·!.re · 
g~1.ng t~ expose t~e mice in an atmosphere _where .. they. wi.l;l: ::t;es~4e·:until "they· 
d1.e, these atmospheres should be tested, using these various means of assess-
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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·: r.eference. 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 
m~ suggestion. It's not predicted. It can't be done in a month .. 

Campbell: 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. 

Morris: That's very interesting. Is there anyone here who's done work from 
chemical tests that relates to that? That is, using other extractions? 

Campbell: I think.Jim Eppler has been looking at the Ames test with different 
fractions. I don't know his results. 

Morris: Otto, do you have any closing comm~nts? 

White: No. If 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 you again. 
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