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Preface

Health risk assessment is based on access to comprehensive information about potentially hazardous agents in question. Relevant information
is scattered throughout the literature, and often is not readily accessible. 1o be useful in assessment efforts, emerging scientific findings, risk
assessment parameters, and associated data must be compiled and evaluated systematically. The U.S. Environmental Protection Agency
(EPA) and Oak Ridge National Laboratory (ORNL) are among the federal agencies heavily involved in this effort.

The ORNL involvement in this effort is effected primarily through its Biomedical and Environmental Information Analysis Section (BEIA).
This group has evolved in response to the 1961 recommendation of the President’s Science Advisory Committee that information resources
should be developed that would focus on the data and information being generated from research on the interactions of potentially hazardous
agents within biological and environmental systems. BEIA fulfills this mission through the collection of experimental information from many

sources and the development of value-added information products and systems such as documents, databases, expert systems, and literature
collections.

One of EPA's primary responsibilities is to control and regulate chemical release to the environment. Because information is the foundation of
meaningful risk assessments on which to base environmental decisions, ready access to health, environmental, and regulatory information is
central to EPA’s mission. State and local agencies are becoming increasingly involved in risk assessment, particularly site-specific
assessments, making EPA’s information transfer and risk communication burden even heavier: Clearly, in today's environment, accurate,
consistent, and concise information is essential to ensure that all parties involved in risk assessment are appropriately informed.

This symposium was a direct response by EPA and ORNL to the expressed needs of individuals involved in assessing risks from chemical
exposure. In an effort to examine the state of the risk assessment process, the availability of toxicological information, and the future
development and transfer of this information, the symposium provided an excellent cadre of speakers and participants from state and federal
agencies, academia, and research laboratories to address these topics. This stimulating and productive gathering discussed concerns
associated with (1) environmental contamination by chemicals; (2) laws regulating chemicals; (3) information needs and resources;

(4) applications; (5) challenges and priorities; and (6) future issues. Displays and hands-on demonstrations of EPA and ORNL information
resources were highlights of the symposium.

These proceedings consist of 38 papers contributed mostly by platform speakers and panel discussants. The papers are arranged to emulate
the symposium program, with a few editorial insertions, and organized into 9 sections as presented in the Table of Contents. In addition to the
complete text of papers presented during platform sessions, abstracts for the poster and demonstration presentations are included in the
Appendix.

A symposium of this magnitude requires the efforts and talents of many people, and we want to thank all of those who helped. We are
especially grateful to Wilma Barnard and Ida Miller for the many hours they devoted to making the symposium successful and to

Marilyn Langston and Dorla Amwine for their work preparing this volume for publication. We would also like to thank David Reisman for
his contribution in the planning of this symposium, as well as Norma Cardwell of the ORNL Conference Office for her help with arrangements.

Finally, the organizing conunittee would like to thank the more than 230 participants, speakers, and poster and demonstration presenters for
their contributions, which helped make the symposiwmn a worthwhile effort for all. '

Po-Yung Lu and John S. Wassom, Oak Ridge National Laboratory
William H. Farland and Christopher DeRosa*, U.S. Environmental Protection Agency

*Now affiliated with Division of Toxicology, Agency for Toxic Substances and Disease Registry.
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Symposium Introduction

Some time ago, Dr. Bill Farland, Dr. Chris DeRosa, Dave Reisman, John Wassom, and I discussed putting forth the effort to organize this
symposium. We decided to focus on information resources because people evaluating risk from environmental contaminants

must have access to the best information resources available to carry out their regulatory or research missions. To accomplish our purpose,
we provided a list of important topics to be addressed by subject experts during the symposium. We have brought together over 230 registered
participants from 30 states: representatives from federal agencies, academia, industry, and research laboratories throughout the continental
United States. We also have with us a special group of attendees, teachers from several local school systems and some consultants from the
Tennessee Department of Education.

We are indeed very excited about the programwe have planned for the symposium. All of us are aware of the crucial need for reliable and
comprehensive information for use in assessing health risks from chemical exposure. Those who are specifically charged with the task of
making such assessments know that much pertinent information is scattered throughout the literature and is difficult to locate and obtain. New
scientific findings of interest to the risk assessment process must be systematically compiled, evaluated, and made available to those who need
it. This symposium will address this need.

During this 3-day symposium, through hands-on demonstrations, discussions, poster sessions, and formal platform presentations, many
speakers will address the symposium’s basic theme—information resources for health risk assessment. We have developed sessions on
chemical health effects and information needs; toxicology information resources; and application of toxicology information for establishing
priorities for chemical testing, hazard ranking, and assessment. Guidelines used by the U.S. Environmental Protection Agency (EPA) to assess
toxicological hazards will also be discussed. A poster and demonstration session will acquaint participants with some of the information
resources pertinent to health risk assessment that are available from EPA and ORNL. In addition, three different panel sessions will address
ways that federal and state agencies use information resources in health risk assessment applications. Presentation topics include information
Jiles and data resources development, conmunication, and technology transfer. On the last day, a panel will review the issues, challenges, and
concepts discussed during the first two days. Finally, our concluding speaker will address the question, ‘Where do we go from here?"’

We appreciate the support of our symposium cohosts at the EPA Office of Health and Environmental Assessment in Washington, D.C.; the EPA
Environmental Criteria and Assessment Office in Cincinnati, Ohio; and the Biomedical and Environmental Information Analysis Section of
Oak Ridge National Laboratory.

Po-Yung Lu, Oak Ridge National Laboratory
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The Problem of Living in a World Contaminated

With Chemicals

Robert L. Metcalf, University of Illinois

The proliferation of xenobiotic chemicals in the global environment poses living problems for each of us aboard “‘spaceship earth.”
Seven case studies are presented that illustrate the magnitude of the problem that can result from waiting to identify toxic hazards
until there have been decades of *human guinea pig”’ exposure.

Introduction

he past century witnessed
I an exponential growth in

the number of synthetic
chemicals considered essential to
science and technology. The
Merck Index, 1st edition (1889),
listed only 828 chemicals; the
11th edition (1990) lists more
than 10,000. More than 44,000
different chemicals are identified
in the U.S. Environmental Protec-
tion Agency (EPA) Toxic Sub-
stances Control Act Inventory
(1979). During the past 50 years,
the volume of synthetic organic
chemical production in the
United States has increased 20-
fold, from 10 billion pounds -
annually in 1943 to about 200 bil-
lion pounds in 1989 (U.S. Tariff
Commission data).

The proliferation of these xenobi-
otic chemicals in the global envi-
ronment poses living problems
for each of us aboard “spaceship
earth,” whether these chemicals
are micropollutants of air, water,
and food; are bioconcentrated
through food chains; permeate
the work place; or dre destructive
to the ozone layer. The problems
of living with these chemicals
will become more acute as the
world population increases from

5.3 billion in 1990 to an esti-
mated 17 billion by the year
2050. This huge population
increase will be accompanied by
a concomitant demand for even
greater chemical production for
use in the manufacture of fuels,
plastics, plasticizers, fibers, elas-
tomers, solvents, detergents,
paints, pesticides, food additives,
and pharmaceuticals. It has been
estimated that every year more
than 500 new and potentially
toxic chemicals are produced on
a scale large enough that traces
of them enter the environment
through air, water, and directly
and indirectly into food. We are
well along into a period pic-
turesquely described by Time
Magazine as the “Age of Efflu-
ence” (May 10, 1968).

A World Health Organization
(WHO) report, “Microchemical
Pollution in the Environment”
(1963), emphasized that such
chemicals present at parts per bil-
lion (ppb) to parts per trillion
(ppt) levels can be harmless,
toxic, or carcinogenic. During
the past 50 years we have
learned, at great cost, that many
substances “generally regarded
as safe” can be extraordinarily
hazardous to humans, other life
forms, and to the total quality of
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the environment. The ubiquitous
use of asbestos is a case in point!
Seven case studies are presented
here that illustrate the magnitude
of the problem that can result
from waiting to identify toxic
hazards until there have been dec-
ades of “human guinea pig”
exposure.

Tetraethyl Lead

Lead tetraethyl [(C2Hs)4Pb] was
developed in 1922 by Midgley
and Boyd as an “antiknock” sub-
stance to prevent predetonation
in internal combustion engines.
The use of tetraethyl lead in the
United States increased propor-
tionately with the growth of the
automobile industry, and in
1970, approximately 360 million
pounds of tetraethyl lead was
consumed. At that time the aver-
age lead content of gasoline was
2.6 g/gal. Lead is released in
automobile exhausts primarily as
an aerosol of lead chlorobromide
(PbCIBr) with a median particle
diameter of about 0.25u. As a
result, atmospheric concentra-
tions of lead range from

0.3 mg/m3 in rural areas to

14 mg/m3 in average urban loca-
tions. Concentrations in areas
congested with heavy traffic are
much higher, e.g., Los Angeles
freeway areas containing as
much as 38 mg/m” (Ewing and
Pearson 1974). The influence of
leaded fuel automobile exhausts
on lead in the environment is
enormous, as shown by investiga-
tions of lead content in the Green-
land ice cap, which rose about
fourfold in ice deposited over the
period of 1930 to 1950
{(Murozumi et al. 1969).

Although lead has been known
as a toxic metal since antiquity,
“the lead from automobile

exhausts was widely perceived
as inconsequential” despite the
enormous amounts liberated to
the environment and the ease
with which the aerosol is
inhaled. Patterson (1965) was the
first to warn about the severity of
the toxic hazards of lead in the
environment. Relatively recent
investigations have shown that
lead inhibits the formation of the
blood pigment heme by inhibit-
ing the enzyme delta-
aminolevulinic acid synthetase.
For many years, it was widely
stated by the lead industry that
human blood lead levels of 100
ug per deciliter represented a
“safe level” with complete free-
dom from toxicological effects.
However, WHO (1977) in its
“environmental health criteria”
now considers much lower blood
lead levels to be associated with
a variety of human toxicoses as
shown in Table 1.

Thus, the liberation of lead from
automobile exhausts is now seen
to be a major health hazard in
areas of heavy traffic, particu-
larly to children in which low
levels of lead intoxication have
been shown to result in brain
damage associated with learning

Relatively recent investigations have
shown that lead inhibits the
formation of the blood pigment heme
by inhibiting the enzgyme
delta-aminolevulinic acid synthetase.

Table 1. Relation of human lead levels to abnormal
physiological effects®

Blood lead pg/dl Physiological effects

100 Original “safe level”

60-80 Lead encephalopathy

50-70 Brain dysfunction

40-50 Peripheral neuropathy, ALA excretion, anemia
3040 Erythrocyte ATP-ase inhibition

20-35 Free erythrocyte protoporphyria

>10 Erythrocyte ALA-D inhibition

* Source: World Health Organization (1977).
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decrements. The EPA attempted
to reduce the use of lead alkyls
in gasoline for more than a dec-
ade before a schedule of com-
plete phase out was completed in
1982.

Polychlorinated Biphenyls
(PCBs)

Chlorination of biphenyl (C¢Hs-
CeHs) produces a range of chlo-
rinated isomers of which 224
distinct congeners are possible.
The commercial compounds con-
sist of a series of fractions identi-
fied by average chlorine content
(e.g., Aroclor 1242 is 42% chlo-
rine and averages 1% C12HoCl,
16% C12HgCl2, 49% C12H7Cl3,
25% C12HeCl4, 8% C12H5Cls,
and 1% Ci12H4Cle). These PCB
fractions are typically viscous
oils with very low vapor pres-
sures that, because of their high
chlorine content, are relatively
inert to chemical degradation.
Because of their stability and
lack of acute toxicity (rat oral
LDso for Aroclor 1242 is 8700
mg per kg), “the PCBs for many
years were generally considered
as safe.”

PCBs were introduced commer-
cially in 1929, and annual pro-
duction in the United States was
20,786 tons in 1960 and
increased to 42,527 tons by 1970
(C&E News). Approximately
400,000 tons was produced
between 1948 and 1973, and
these substances, used as fire-
proof hydraulic fluids, lubri-
cants, dielectrics, plasticizers,
adhesives, and printing products,
became ubiquitous.

Jensen (1966) first identified
PCBs as environmental pollut-
ants in marine fish and birds by
their characteristic gas-liquid
chromatographic patterns. Soon

it was apparent that PCB conge-
ners that have very high lipid/
water partition coefficients are
readily bioconcentrated in aqua-
tic organisms and biomagnified
through food chains (Table 2). In
Japan, PCB oils contaminated
the human diet and produced a
pathological condition called
Yusho or rice oil disease. The
symptomology involved dark-
ened skin; brownish pigmenta-
tion of nails, lips, and gums; and
severe acne (Goto and Higuchi
1969). PCBs are highly deleteri-
ous to mammalian reproduction;
mink, Mustela vison, are espe-
cially sensitive as shown in
Table 3 (Aulerich and Ringer
1977). PCBs were first detected
in Coho salmon from the Great
Lakes in 1969. Between 1972
and 1974, the average PCB
concentration in fish from Lake
Michigan was 10.2 ppm (range
2.1to 18.9) (Simmons 1984).
Thus, the normal mink diet of
freshwater fishes is responsible
for widespread reproductive fail-
ures in mink farms. Speculation

Soon it was apparent that PCB
congeners that have very high lipid/
water partition coefficients are
readily bioconcentrated in aquatic
organisms and biomagnified
through food chains.

Table 2. Partition coefficients and biomagnification of PCB
congeners in laboratory model ecosystem®

Biphenyls n-Octagql/ Biomagni‘ﬂcation in
H20 partition mosquito fish,
Gambusia affinis

4-Chloro 390 480
4,4’ -Dichloro 5,700 1,200
2,5,2’-Trichloro 7,800 6,400
2.5,2’ 5’ -Tetrachloro 8,100 12,000
2,4,5,2’,5 -Pentachloro 16,600 12,100
2,4,5,2’ 4,5’ -Hexachloro 29,900 42,000
Decachloro 189,300 97,000

aSource: Metcalf and Lu (1978).
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has suggested that the wide-
spread bioconcentration of PCBs
in fish poses a threat of extinc-
tion of all fish-eating mammals
(Marquenie 1990).

Table 3. Effects of dietary PCBs
on mink reproduction®

PCBindiet  Offspring per
(ppm) female
0 6.0
1 43
2 0.3
5 0.0
10 0.0
15 0.0

®Source: Aulerich and Ringer
(1977).

The threat to human health from
dietary intake of PCBs is obvi-
ous. State health agencies of
Michigan, Indiana, Illinois, and
Wisconsin have issued a Lake
Michigan sport-fish advisory that
women and children should not
eat lake trout 20 to 23 in. in
length, Coho salmon over 26 in.
chinook salmon 21 to 32 in., and
brook trout up to 23 in. Fish
Jarger than these limits should
not by eaten by anyone. PCB
contamination of Great Lakes
fish has destroyed a $500 million
commercial fishing industry.

PCB production was banned in
Sweden in 1972 and discontin-
ued in the United States in 1976.
However, it is estimated that
between 1930 and 1970 the total
loss of PCBs in North America
alone was about 500,000 tons,
with 30,000 tons dispersed in air,
60,000 tons discharged into
water and underlying sediments,

and 30,000 tons deposited in
landfills and dumps (Simmons
1984). Thus, PCB contamination
of the total environment will per-
sist for many years to come.

Dibromochloropropane
(DBCP)

1,2-Dibromo-3-chloropropane
(BrCH2CH2BrCH2Cl) bp 196°C
is a soil fumigant and nemato-
cide introduced in the United
States in about 1955 and found
especially useful for the control
of plant parasitic nematodes that
attack grapes, peaches, citrus,
pineapple, and soybeans. Unlike
other soil fumigants, DBCP
could be safely applied to soils
with growing perennial crops.
Because of its high boiling point
and comparatively low toxicity
(rat oral LDsg: male 0.17 g/kg
and female 0.26 g/kg), “it was
considered as a very safe soil
fumigant.” United States produc-
tion was 12 million pounds in
1976. Torkelson et al. (1961)
found that laboratory rats, mice,
rabbits, and guinea pigs exposed
to 12 ppm DBCP vapors for 70
to 92 days exhibited severe atro-
phy and degeneration of the tes-
tes, which in rats was characteri-
zed as degenerative changes in
the seminiferous tubules, an
increase in sertoli cells, reduction
in the number of sperm cells, and
development of abnormal sperm
cells. Rats exposed to S ppm
DBCP had testicular weights
reduced by 50%. However, it
was concluded that if human
worker exposure were limited to
1 ppm, “there would be little like-
lihood of injury.” This toxicologi-
cal data was submitted in 1961 to
the Food and Drug Administra-
tion (FDA) and U.S. Department
of Agriculture (USDA) by the
manufacturers of DBCP in a peti-
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The threat to human health from
dietary intake of PCBs is obvious.

Rats exposed to 5 ppm DBCP had
testicular weights reduced by 50%.
However, it was concluded that if
hurman worker exposure were
limited to 1 ppm, “there would be
lintle likelihood of injury."”



tion to establish tolerances on 44
crops. The tolerances were
reviewed by FDA and USDA,
and tolerances were established
on food crops based on the belief
that DBCP degraded in soils to
produce inorganic bromide ions,
which were taken up by plants,
The tolerances granted ranged
from S ppm for apricots, nect