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Preface

Health risk assessment is based on access to comprehensive information about potentially hazardous agents in question, Relevant il#'onnation
is scattered throughout the literature, and often is not readily accessible. To be useful in assessment efforts, emerging ,*ciemificfi_lings, risk
assessment parameters, and associated data must be compiled and evaluated systematically. The U.S. Environn_ntal Protection Agency
(EPA) and Oak Ridge National Laboratory (ORNL) are among the federal agencies heavily involved in tiffs effort.

7_le ORNL involvement in this effort is effected primarily through its Biomedical and Environmental Information Ana_ysis Sec6on (BFIA).
This group has evolved in response to the 1961 rectmm;endation 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 ofp_entially 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, exFert.wstems, and literature
collections.

One of EPA 'sprimary responsibilities is to control and regulate chemical release to the elwironment. Because information is thefoundation of
meaningful risk assessments on which to base environmental decisions, ready access to health, environmental, and regulatory information is
central to EPA 'smissiort State and local agencies are becoming increasingly involved in risk assessment, particularly site-specific
assexmmus, making EPA'sinforrmtion transfer and risk cot_nunication burden even hetwier. Clearly, in today's enviromnent, accurate,
consistent, and concise information is essential to ensure that ali 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 ris_ 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 tran._'er 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 reg tdating chemicals; (3) information needs and resources;
(4) applications; (5) challenges and priorities; and (6)future issues. Displays and tin,hds-on demonstrations of EPA and ORNL information
resources were highlights of the _itan.

These proceedings consist of 38 papers contributed mostly by plaOrormspeakers and pam,_ldiscussants. The papers are arranged to emulate
the sympositun program, with a few editorial insertions, and organized into 9 sectiomr as presented in the Table of Contents. In addition to the
complete text of papers presented during platform sessions, abstracts for the poster a,nd demonstration presentations are included in the
Append&.

A _ympositan of this magnitude requires the efforts and talents ofrmznypeople, and _,e want to thank ali of those who helped Weare
especially gratefid to Wibna Barnard and Ida Miller for the many hours they devoted to making the symt_sium successful and to
Marilyn Langston and Dorla Arnwine for their w_grkpreparing this vohane for publicatiott Wewould also like to thatdc David Reisman for
his contribution in the planning of this ._. npositart as well as Nortna Cardwell of the ORNL Conference Office for her help with arrangements.

Finally, the organizing committee would like to thank the more titan 230participants, speakers, and poster and demonstration presenters for
their contributions, which helped make the symposium a worttavhile effortfor all.

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

*Now affilimedwith Division of Toxicology, Agency for "lbxicSubstances and Disease Registry.
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Symposium Introduction

Some time ago, Dr. Bill Farland, Dr. Chris DeRosa, Dave Reisman, John Wassom, and ldiscussedputtingforth the effort to organize this
symposium Wedecided tofocus on information resources because people evaluating risk from environmental contaminants

tmtst have access to the best information resources available to carry out their regulatory or research missions. Toaccomplish our pulpose,
we provided a list of important topics to be addressed by subject experts dun'ng 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. Wealso have with us a special group of attendees, teachers from several local school systems and some consultants from the
Tennessee Department of Education.

Weare indeed very excited about the program we have planned for the symposium Ali of us are aware of the crucial needfor reliable and
comprehensive information for use in assessing health risks from chemical exposure. Those who are specifically charged with the task of
t_u_.ingsuch assessmems 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----infomuaion resoum.esfor health risk assessment. Wehave developed sessions on

chemical health effects and information needs; toxicology, information resources; and application of toxicology information for establishing
priorities for chemical testing, hazard ranla'ng, and assessment. Guideh'nes 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 EPAand ORNL In addition, three chfferent panel sessions' will address

ways that federal and state agencies use information resources in health risk assessment applications. Presentation topics include infort_uaion
files and data resources development, conmu_nication, and technology transfer. On the last day, a panel will review the issues, challenges, and
concepts discussed during thefirst t_o days. Finally our concluding speaker will address the question, "Where do we go from hem?"

Weappreciate the support of our symposium cohosts at the EPA Offuze of Health and Envirorm_emal Assessment in Washington, D. C.; the EPA
Environmental C%'teriaand Assessm_,nt Offiscein Cincinnati, Ohio; and the Biomedical and Environmental Information Analysis Section of
Oak Ridge National Laboratory.

Po-Yung Lu, Oak Ridge National Laborato_
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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 enviromnent poses living problems for each of us aboard "spaceship earth."
Seven case studies are presented that illustrate the magnitude of the problem that can resMt from waiting to identify toxic hazards
until there have been decades of "human guinea pig" exposure.

Introduction 5.3 billion in 1990 to an esti-
mated 17 billion by the year

The past century witnessed 2050. This huge population
an exponential growth in increase will be accompanied by
the number of synthetic a concomitant demand for even

chemicals considered essential to greater chemical production for

science and technology. The use in the manufacture of fuels, :theproliferation of these xenobiotic
Merck bldex, 1st edition (1889), plastics, plasticizers, fibers, elas- chemicals in the global environment
listed only 828 chemicals; the tomers, solvents, detergents, poSeSaboardliving,,spaceshipproblemsfOrearth,each,,of us

paints, pesticides, food additives,1lth ediUon (1990) lists more
and pharmaceuticals, lt has beenthan 10,000. More than 44,000
estimated that every year moredifferent chemicals are identified
than 50t:)new and potentiallyin the U.S. Environmental Protec-
toxic chemicals are produced onlion Agency (EPA) Toxic Sub-

stances Control Act Inventory a scale large enough that traces
of them enter the environment

(1979). During the past 50 years,
the volume of synthetic organic through air, water, and directly
chemical production in the and indirectly into food. We are
United States has increased 20- well along into a period pic-

fold, from 10 billion pounds turesquely described by Time
annually in 1943 to about 200 bil- Magazine as the "Age of Efflu-

lion pounds in 1989 (U.S. Tariff ence" (May I0, 1968). It has been estimated that every

Commission data). A World Health Organization year ttwretitan500new and
(WHO) report, "Microchemical potentially toxic chemicals are

The proliferation of these xenobi- Pollution in the Environment" produced on a scale large enough
that traces of ttwm enter the'

otic chemicals in the global envi- (1963), emphasized that such environmentthrough air, water,
ronment poses living problems chemicals present at parts per bil- and directly and indirectly into food.

"S _S "
for each of us aboard space_h_p lion (ppb) to parts per trillion
earth," whether these chemicals (ppt) levels can be harmless,
are micropollutants of air, wmcr, toxic, or carcinogenic. During
and food; are bioconcentrated tl_epast 50 years we have
through food chains; permeate learned, al great cost, that many
the work place; or arc destructive substances "generally regarded
to the ozone layer. The problems as safe" can be extraordinarily
_I living with these chemicals hazardous Io humans, other life

will become more acute as the forms, and to the total quality of
world population increases lr_ml

Access/Use Inlb Resources Assess l leal!h Risk Chem Expos '93 I



the environment. The ubiquitous exhausts was widely perceived
use of asbestos is a case in point! us inconsequential" despite the
Seven case studies are presented enormous amounts liberated to
here that illustrate the magnitude the environt,aent and the ease
of the problem that can result with which the aerosol is
fronl waiting to identify toxic inhaled. Patterson (1965) was the
hazards until there have been dec- first to warn about the severity of
ades of "human guinea pig" the toxic hazards of lead in the
exposure, enviromnent. Relatively recent

investigations have shown that
Tetraethyl Lead lead inhibits tile tbrmation of the

Lead tetraethyl I(C2Hs)4Pb] was blot_ pigment heme by inhibit-
developed in 1922 by Midgley ing the enzyme delta- Rek_tively recent investigations have
and Boyd as an "antiknock" sub- aminolevulinic acid synthetase, shownthatleadinhibitsthe

stance to prevent predetonation For many years, it was widely fi_rnuaion of the bk_odpign_nt hemeby inhibiting tta, end. me
ill internal combustion engines, stated by the lead industry thai delta-tmffnalevulinic acid synthetase.

The use of tetraethyl lead in the human blood lead levels of 100

United States increased propor- lag per deciliter represented a
tionately with the growth of the "safe level" with complete ft'ce-
automobile industry, and in dom from toxicological effects.
1970, approximately 360 million However, WHO (1977) in its
pounds of tetraethyl lead was "environmental health criteria"
consumed. At that time tile aver- now considers much lower blood

age lead content of gasoline was lead levels to be associated with
2.6 g/gal. Lead is released in a variety of lmman toxicoses as
automobile exhausts primarily as sllown in Table 1.

an aerosol of lead chlorobromide Thus, the liberation of lead liore
(l'bCIBr) with a median particle automobile exhausts is now seen

diameter of about 0.25la. As a to be a major l_ealth hazard in
result, atmospheric concentra- areas of heavy traffic, particu-
tions of lead range frolll larly to children in whicli low
0.3 mg/m 3 in rural areas to levels of lead intoxication have
1.4-mg/m 3 in average urban loca- been shown to result in brain

tions. Concentrations in areas damage associated with learning
congested with heavy traffic are

much higher, e.g., l.os Angeles
freeway areas containing as Table 1. Relation of human lead levels to abnormal

much as 38 mg/m 3 (Ewing and physiological effects a
Pearson 1974). The influence of
leaded fuel automobile exhausts

Blood lead gg/tll l_hysiological effectson lead in tile environment is

enormous, as shown by invesliga- I(X) ()riginal "safe level"lions of lead content in the (]rech-
60-80 i.ead enceplmlopathy

land ice cap, which rose about
5()-7() lh'ai n dysfu notion

fourfold in ice tlep_siletl over the
40-50 l'cripheral neun_pathy, AI.A excretion, anemia

period of 1930 t_ 1950 30--40 Erylhr_cyte ATP-ase inhibition
(Murozumi ct al. 1969). 20-35 Free erylhn_cyte protoporphyria
Although lead has been known >10 l:,_rythrocyte ALA-I) inhibition
as a toxic metal since antiquily .............
"llle lead from aulonlobile a Source: World Heallh ()rganizati_n (1977).

2 Acccs.s/Use!:fft._Rcst.,urccsAssess !!c_th Risk (?hem !::.xl_as'¢)3



decrements. The EPA attempted it was apparent that t_B conge-
to reduce tile use of lead alkyls ners that have very high lipid/
in gasoline for more than a dec- water partition coefficients are
ade before a schedule of com- readily bioconcentrated in aqua-
plete phase out was completed in tic organisms and biomagnified
1982. through food chains (Table 2). In

Japan, PCB oils contaminated
Soon it was apparent that PCB

Polychlorinated Biphenyls the human diet and produced a congenersthat haveve_. high lipid/
(PCBs) pathological condition called waterpartitioncoefficientsare

Chlorination of biphenyl (C6H5- Yusho or rice oil disease. The readily bioconcentratedinaquatic

C6H5) produces a range of chio- synlptomology involved dark- organismsand biomagnified
rinated isomers of which 224 ened skin; brownish pigmenta- through food chains.

tion of nails, lips, and gums; anddistinct congeners are possible.
severe acne (Goto and HiguchiThe commercial compounds con-

sist of a series of fractions identi- 1969). PCBs are highly deleteri-
ous to mammalian reproduction;fled by average chlorine content

(e.g., Aroclor 1242 is 42% thio- mink, Mustela vison, "areespe-
fine and averages 1% C12H9C1, cially sensitive as shown in
16% C12H8C12,49% C12H7C13, Table 3 (Aulerich and Ringer
25% C12H6C14, 8% C12H5C15, 1977). PCBs were first detected
and 1% C12H4C16). These PCB in Coho salmon from the Great

Lakes in 1969. Between 1972
fractions are typically viscous

and 1974, the average PCBoils with very low vapor pres-
sures that, because of their high concentration in lash from Lake
cl_lorine content, are relatively Michigan was 10.2 ppm (range

2.1 to 18.9) (Simmons 1984).
inert to chemical degradation.
Because of their stability and Thus, the normal mink diet of

freshwater fishes is responsiblelack of acute toxicity (rat oral
LI)50 for Aroclor 1242 is 87(_ for widespread reproductive fail-

ures in mink farms. Speculationmg per kg), "the PCBs for many
years were generally considered

as safe." Table 2. P_utition coefficients and biomagnificalion of PCB

PCB s were introduced commer- con_.e ners in laboratory model ecosystem a

cially in 1929, and annual pro- ..............................................................................................................................
duction in the United States was

20,786 tons in 1960 and n-Octanol/ Biomagnification in
increased to 42,527 tons by 1970 Fliphenyis H20 partition mosquito fish,
( C&E Nenw). Approximately Gambusia affinis
4(X),000 tons was produced
between 1948 and 1973, and .......................................................................................................................
these substances, used as fire- 4-Chloro 390 480

proof hydraulic flui0s, lubri- 4,4'-l)ichloro 5,700 1,200

cants, dielectrics, plasticizers, 2,5,2'-Tricl_l_ro 7,8(X) 6,400

adhesives, and printing products, 2,5,2',5'-Telraclflc_ro 8, If)() 12,(X)0

became ubiquilous. 2,4,5,2',5'-l'cntachloro 16,60() 12,100

Jensen ( !966) first identi fled 2,4,5,2',4' ,5'-Hexachhu't_ 29,9(X) 42,000

PCFIs as envircum_ental poilul- l)ccachltut_ 189,30() 97,(X)0
ants in marine fish and birds by

their characteristic gas-liquid a , ............................................
chr_mmtographic patterns. S_tl Source: Mctcal f and l.u (197li).

Access/l l,_e!!_fl)Resources As:;css Ilealth Risk Chem Expos '93 3



has suggested that the wide- and 30,000 tons deposited in
spread bioconcentration of PCBs landfills and dumps (Simmons
in fish poses a threat of extinc- 1984). Thus, PCB contamination
tion of all fish-eating mammals of the total environment will per-
(Marquenie 1990). sist for many years to come.

The threat to human health from

Table 3. Effects of dietary PCBs Dibromochloropropane dietaryintakeof PCBsis obvious.
on mink reproductiona (DBCP)

1,2-Dibromo-3-chloropropane

PCB in diet Offspring per (BrCH2CH2BrCH2CI) bp 196°C

(ppm) female is a soil fumigant and nemato-
cide introduced in the United
States in about 1955 and found

0 6.0
especially useful for the control

1 4.3 of plant parasitic nematodes that
2 0.3 attack grapes, peaches, citrus,

5 0.0 pineapple, and soybeans. Unlike

10 0.0 other soil fumigants, DBCF

15 0.0 could be safely applied to soils
with growing perennial crops.
Because of its high boiling _eint

aSource: Aulerich and Ringer and comparatively low toxicity
(1977). (rat oral LDs0: male 0.17 g/kg

and female 0.26 g/kg), "it was
The threat to human health from considered as a very safe soil

dietary intake of PCBs is obvi- fumigant." United States produc-
ous. State health agencies of tion was 12 million pounds in
Michigan, Indiana, Illinois, and 1976. Torkelson et al. (1961)

Wisconsin have issued a Lake found that laboratory rats, mice,
Michigan sport-fish advisory that rabbits, and guinea pigs exposed
women and children should not

to 12 ppm DBCP vapors for 70
eat lake trout 20 to 23 in. in to 92 days exhibited severe atro-

length, Coho salmon over 26 in. phy and degeneration of the tes-
chinook salmon 21 to 32 in., and tes, which in rats was characteri-

brook trout up to 23 in. Fish zed as degenerative changes in
larger than these limits should the seminiferous tubules, an
not by eaten by anyone. PCB increase in sertoli cells, reduction Ratsexposed to 5 ppm DBCPhad

contamination of Great Lakes in the number of sperm cells, and testicularweights reduced by 50%.
fish has destroyed a $500 million development of abnormal sperm However, it was concluded that if

hwmm worker exposure were
commercial fishing industry, cells. Rats exposed to 5 ppm limitedto 1 ppm. "therewouldbe

PCB production was banned in DBCP had testicular weights little likelihood ofinju_.."
Sweden in 1972 and discontin- reduced by 50%. However, it
ued m the United States in 1976. was concluded that if human
However, it is estimated that worker exposure were limited to
between 1930 and 1970 the total 1 ppm, "there would be little like-
loss of PCBs in North America lihood of injury." This toxicologi-

alone was about 500,000 tons, cal data was submitted in 1961 to

with 30,000 tons dispersed in air, the Food and Drug Administra-
60,(K)0 tons discharged into tion (FDA) and U.S. Department
wamr and underlying sediments, of Agriculture (USDA) by the

manufacturers of DBCP in a peti-
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tion to establish tolerances on 44 and Texas exposed to DBCP.
crops. The tolerances were These men were exposed in vari-
reviewed by FDA and USDA, ous occupations from production
and tolerances were established to sales to agricultural work.
on food crops based on the belief There was a significant correla-
that DBCP degraded in soils to tion between extent of use and

produce inorganic bromide ions, exposure to DBCP (pound per There was a significant correlation
which were taken up by plants, day) and quantitative sperm betweenextent of use and exposure

The tolerances granted ranged count as summarized in Table 4 toDBCP (poundper day) and
from 5 ppm for apricots, nectar- for the South Carolina cohort quantitative sperm count.
ines, and peaches to 130 ppm for (Pollack 1979).
endive and lettuce.

At this point, production of
Subsequently, the National Can- DBCP was stopped by one large
cer Institute published carcino- manufacturer, and EPA began the
genicity studies with laboratory Rebuttable Presumption Against

rats and mice (Olson et ai. 1973) Reregistration (RPAR) process to
showing that rats and mice control the use of DBCP in agri-
exposed to DBCP developed a culture. Following extensive
very high incidence of gastric risk/benefit analysis and lengthy
and mammary tumors. Although hearings that lasted for nearly
these studies were confirmed by 4 years, the use of DBCP was
industry carcinogenesis studies, suspended on 19 vegetable crops
for more than 4 years these and 11 tree fruits. These suspen-
results were not communicated sions were challenged by the
to workers producing or using manufacturer and the agricultural
DBCP (Pollack 1979). industry. Subsequently, however,

substantial residues of intact
Federal regulation to severely DBCP were found in edible

limit the use of DBCP originated fruits and vegetables, and it was
only in 1977. In that year a group
of male agricultural chemical further demonstrated that a large

percentage of well waters from
plant workers who were con-
cerned about their inability to

father children contacted an inde- Table 4. Con'elation between use index and sperm count for South
pendent laboratory tlu'ough their Carolina workers exposed to DBCP a
union to analyze sperm samples,
after being refused help by their

employer. Test results showed Occupation Use index Sperm count
significant evidence of sterility. (lh/day) (106/ml)
The National Institutes for Occu-

pational Safety and Health
(NIOSH) evaluated working con- Formulators (n = 8) 5,000 12.1
ditions in the plant and eventu-

Custom applicators (n = 2) 345 2.7ally confirmed that exposure to
DBCP was causing oligospermia Farmers (n = 18) 710 17.8
or azoospermia. Subsequently, Farm workers (n = 12) 240 37.8
the EPA and the Occupational Researchers (n = 7) 10 I01.5

Safety and Health Ass¢_ciation Salesmen (n = 6) 450 73.0
(OSHA) conducted sperm counts

on several hundred male workers a _ ,
in South Car¢_lina, California, S¢ urce: Pollack (1979).
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the San Joaquin Valley of Califor- acetylcholinesterase (Hasson et
ma had demonstrable residues of al. 1978).
DBCP. Therefore, EPA was com-

Despite these warnings, the
pelled to withdraw ali registra- effort to market leptophos on ations of DBCP in 1982.

large worldwide scale continued,

Leptophos and in 1974, EPA published its
intent to set tolerances for lepto- Leptophos was patented in1969as

This organophosphorus insecti- phos of 10 ppm on lettuce and a replacement for DDT, especially
for the control of Lepidopterous

cide was patented in 1969 as a 2 ppm on tomatoes. These high caterpillars.
replacement for DDT, especially residue values attested to the per-
for the control of Lepidopterous sistence of the insecticide.
caterpillars, hence the name.
Approximately 17 million From 1973 through 1975, a
pounds was sold in 50 countries series of unusual nervous system
between 1971 and 1976. Egypt complaints occurred among
received 6.67, Indonesia 2.08, employees of a leptophos manu-

Japan 1.83, and Guatemala 0.56 facturing plant in Houston,
million pounds. Leptophos, O- Texas. The symptoms included
methyl O-4-bromo-2,5-dichlo- tingling and weakness in arms
rophenyl phenylphosphonothio- and legs, slurred speech, memo'3'
nate, is highly persistent and lipo- lapses, hallucinations, and para-

philic (water solubility 9 ppb, plegia. The most severely
m-Octanol/H20 partition coeffi- affected workers were diagnosed
cient ca 2 x 106). This insecticide by company physicians as suffer-

was shown to produce organo- ing from schizophrenia, encepha-
pllosphoms induced delayed lifts, and multiple sclerosis
neurotoxicity (OPIDN) in the (Curtis 1978). Concerns that
hen in 1969, and these results developed among factory person-

were confirmed by WHO in nel and consulting physicians
1971. OPIDN results from selec- resulted in an investigation by
rive inhibition of neurotoxic NIOSH, and it was eventually

found that 63 of 155 workers dis-esterase in the axons of the cen-

tral nervous system, and as a played neurological and perform-
result animals and humans ance decrements. Because of the

exposed develop irreversible many questions arising over con-
paralysis of the limbs together tinuing use of lephophos, EPA
with bizarre mental effects appointed an advisory committee

(Metcalf 1982). that reported in October 1976 A series ofunusualnervoussystem
that leptophos was a delayed complaints occurredtunong

Massive applications of lepto- neurotoxin, having potential haz- employeea ofa leptophos

phos to cotton in Egypt in 1971 ard to man from manufacturing, manufacturing plant in Houston,
tO control the cotton leafworm use, and consumption of residues Texas.
Spodoptera littoralis produced on lood. Before the committee

ascending paralysis and death in report was issued, the manulac-
about 1300 water buffalo (Abou- turer withdrew its U.S. registra-
Donia et al. 1974). There was tion applications on August 18,
also evidence of widespread 1976.
human poisoning with lassitude,
headache, muscarinic and epigas-
tric symptoms, and depressed
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Pyriminil patients evidenced diabetic

This chemical, 4-(4-nitrophenyl)- hyperglycemia, with massive
N' • . necrosis of the islets of Langer--3-pyndmylmethyl)urea, was

developed as a selective single- hans of the pancreas and abnor-
dose rodenticide effective mal pathology of liver and

against warfarin-resistant rats. kidney. Human poisoning from

Peardon (1974) presented the fol- Vacor® ingestions developed in Pyriminil was developed as a
lowing oral LD50 values, purport- California, including those from selectivesingle-dose rodenticide
ing to demonstrate the highly ingestion of a new 0.5 pyriminil effective against warfarin-resistant

selective rodenticidal qualities of formulation sold "over the rats.
pyriminil, counter." lt has become evident

that pyriminil has human toxicity
similar to that in the rat and can

Test animal LDso mg/kg cause permanent life-long diabe-
tes, intractable hypertension, and

Mouse 98 severe autonomic neuropathy
Norway rat 5 (Pont et ai. 1979). After consider-

Roof rat 18 able pressure from regulatory
Cotton rat 20--60 agencies, pyriminil was with-

Rabbit 300 drawn from the market by the
Dog 500 manufacturer in 1979.
Chicken 710

Cat 62 Toxaphene

Monkey 2,000-4,000 The insecticide toxaphene is

made by photochlorinating the
bicyclic terpene camphene, from

"I'he very high toxicity to rats old pine stumps, to contain 67 to
and the low toxicity to nonhu- 69% chlorine. The product is a
man primates suggested that semicrystalline gum with an
pyriminil would be an effective empirical formula of CIoHIoCIs.
and safe ro'Jenticide for home Toxaphene was introduced as an
use." insecticide in 1947 and was

widely used for the control of the
Pyriminil was registered as a cotton boll weevil, Anthonomus
rodenticide with EPA in 1975 as grandis. When registrations of

a house mouse tracking powder DDT were discontinued in 1971,
with 10% active ingredient (AI), toxaphene became its primary
a commercial rat killer with 2% replacement as the major cotton

Al, and a rat confection insecticide. Cumulative produc- Toxaphene was introducedas an
(Vacor®) with 2% AI. Pyriminil lion and use by 1974 was esti- insecticidein 1947andwas widely
was test marketed in Korea in the mated at about 1 billion pounds, used for the control of thecotton
mid-1970s and the manufacturer Toxaphene was registered as an bollweevil.
maintained that only a few inel- insecticide with EPA under a
dents of poisoning associated "grandfather clause" "with the

with Vacor® treated grain had general supposition that it was
occurred. However, Lee e! al. biodegradable and nonaccumula-
(1977) reported on 251 cases of live through food chains." Know-

human poisoning and a number ledge of chemical composition
of fatalities in Korea following and residue chemistry was nonex-
accidental or suicidal ingestion istent until modern GC-MS

of pyriminil. About 80% of the investigation showed that it was
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composed of at least 180 chlorin- greatly accelerated usage and
ated terpenes (Holmstead et al. U.S. production of CFCs (in met-
1974), of which the most toxic is ric tons) rose over the years as
2,2,5-endo-6-exo-8,9 ,9 ,10-octa- follows:
chlorobornane with a mouse

intraperitoneal LDs0 of 3.1 1942 4,500
mg/kg. Toxaphene is extremely 1958 60,000 MolinaandRowland predicted from

toxic to fish, producing a crip- 1962 100,000 computer modeling that CFCs
piing collagen deformity at con- 1970 150,000 released into the atmosphere slowly

diffuse into the stratosphere where
cet,trations as low as 50 ppt, and 1974 200,000 they undergo reactionswithozone.is also an animal carcinogen.

Following development of GC In 1972, more than 2.7 billion

methods for detecting toxaphene aerosol dispensers were pro-
congeners, toxaphene residues duced in the United States. Pro-
were identified in Great Lakes

duction in the rest of the world

fishes in 1979, and subsequent equaled or surpassed U.S. pro-
investigation has shown that lake duction by 1974. CFCs were
trout, Salvelinus namaycush, widely believed to be "so stable
from Lake Michigan contain as

that they are entirely harmless"
much as 11 ppm of the toxa-

(Encyclopedia Britannica 9th
phene congeners. Toxaphene resi-

ed., 1956). However, in 1974dues are dow known to be
Molina and Rowland predicted

widespread in the Great Lakes
from computer modeling thatand to be bioaccumulated
CFCs released into the atmos-

through food chains (Rice and phere slowly diffuse into the
Evans 1984). Toxaphene has

stratosphere where they undergo
been widely used as an insecti- the following reactions withcide in the United States in the

ozone, a gas that forms a barrier
cotton-growing southern states, around Earth which protectsand it is evident that much of its

against the passage of ultraviolet
dispersal into the northern Great radiation.
Lakes has resulted from atmos- Although EPAbanned the further
phere transport and deposition. CF2C12 + ha9_ CF2C! + C! u.s. use oj CFCs as aerosol

propellants in 1978, the slow
As a result of these findings, the CI + 03 _ Cit + 02 diffusion rates and relativeregistration of toxaphene was
canceled by EPA in 1982. CIt + O _ CI + 02 stability of these CFCmole-

cules, together with the large

Chlorofluorocarbons The CIt formed can regenerate reservoirsof CFCsin thestrato.where, formed the basis for
C! by reacting with atomic oxy- a prediction thatozonelevels

(CFCs) gen. Therefore, one atom of CI would continue to decrease fi, r
These relatively inert gas/liquids, can degrade a large number of another 7to 8 years.

of which trichlorofluoromethane molecules of 03. Although EPA
(FCCI3) bp 23.7°C (CFC 11) and banned the further U.S. use of

dichlorodifluoromethane CFCs as aerosol propellants in
(F2CC12) bp 29.79°C (CFC 12) 1978, the slow diffusion rates

are the best known, were and relative stability of these
invented by Henne & Midgely in CFC molecules, together with
1930 and found immediate use the large reservoirs of CFCs in
as refiigerants. Their success as the stratosphere, formed the basis
propellants for aerosol sprays h_r a prediction that ozone levels
invented by Goodhue & Sullivan would continue to decrease for
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another 7 to 8 years (Guttowsky malignant melanoma were under
1976). The estimated atmos- age 39. Increasing damage to the
pheric lifetime of CFC-11 is ozone layer, which protects Earth
75 years, and its concentration is from this dangerous ultraviolet
2.3 x 10-4 ppm; and that of CFC- radiation will inevitably be foi-
l 2 is 110 years, with a concentra- lowed by heightened incidence

lion of 3.8 x 10-4ppm (Hileman of skin cancer in humans. Seven case studies presented here
relate to synthetic organic

1989). Summary and chemicals that have had extensive
Although the modeling predic-
lions were vigorously challenged Conclusions use andhavecontaminatedvarioussegments of the human environment.

by the chemical industry, espe- Each of the seven case studies

cially in developing countries, presented here relates to syn-
the discovery in 1985 of a large thetic organic chemicals that
hole in the ozone layer above have had extensive use and have

Antarctica has been repeatedly contaminated various segments
verified. Several international of the human environment. Each
congresses have called for a total of these chemical contaminants
ban on the production of CFCs was developed and used widely
as the only way to prevent sub- under the supposition that it was
stantial destruction of the ozone "generally regarded as safe." In
layer. Nevertheless, by mid- every case, detailed investiga-
1990, 15 years after the initial tions made after uses were estab-

warning, there is still no con- lished and markets developed
certed worldwide action, have shown that these substances

lt has been demonstrated that were so toxicologically and envi-

exposure to ultraviolet light of ronmentally hazardous that they
wavelengths from 280 to 320 nm had to be withdrawn from the
is responsible for initiation of market place. The most sobering
skin cancers: basal cell carci- lessons to be learned are (1) the

noma, squamous cell carcinoma,

trod malignant melanoma. The Table 5. Time required after introduction of new chemicals for
incidence of these neoplasms is warnings of hazards and for eventual regulation
highest in areas of intense solari-
zation (e.g., Queensland, Austra-
lia, where it is 39.6 per I05

Decisive

population annually and Norway Warning of regulatorywhere it is 12 per 105). In both of Chemical Year introduced hazard
these areas, the incidence is dou- action

bling every decade. In Arizona,
the incidence has quadrupled

over the past 10 years (Rook et Tetraethyl lead 1922 1965 1982
al. 1986). The American Cancer

PCBs 1929 1966 1976
Society estimates that 1 in 7
Americans, or more than DBCP 1955 1961 1982

600,000 in 1990, will develop Leptophos 1969 1971 1976
skin cancers during their lives. Pyriminil 1975 1977 1979

Although skin cancers usually Toxaphene 1947 1979 1982

arise as much as 30 years after CFCs 1930 1974 1990
ultraviolet exposure, 25% of
those currently diagnosed with
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inordinate period of time Ewing, B. B., and J. E. Pearson. 1974.

required after commercial intro- Lead in the environment. Chapt. 1. In:Advances in Environmental Science and

ducUon of the new chemical Technology, Vol. 3. J. N. Pitts, Jr., and R.
until the first warning of toxic L. Metcalf (eds.)

hazard occurred and (2) the even Goto, M., and K. Higuchi. 1969. The
symptomatology of Yusho (chloro-

more astonishing lengths of time biphenyls) poisoning in dermatology.

after the unmistakable warning Fukuoka Acta Henl. 60:409. Human inhabitants of our worm can
until decisive regulatory action Guttowsky, H. H. (Chairman). 1976. no longer afford to wait for decades to

Halocarbons: Effects on stratosphericwas taken. These dates are sum- determine toxic hazards ofchemcials
ozone. Panel on Atmospheric Chemistry,

marized for the seven chemicals National Academy of Sciences, Wash- already in use and to bnplement
in Table 5. ington, D.C. decisive regulatory action.

Hassan, A., E B. Abdel-Hamid, A.
With increasing proliferation and Abou-Zeid, D. A. Mokhtar, A. A. Abdel-

production of synthetic organic Pazek, and M. S. Ibrahain. 1978. Clini-

chemicals and the exploding cal observations and biochemical studies
on humans exposed to leptophos. Che-

human population, the human mosphere7:283--90.
inhabitants of our world can no Hileman, B. 1989.Globalwarming.

longer afford to wait for decades Chem. Eng. News March 13, p. 25--44.
to determine toxic hazards of Holstead, R. L., S. Khalifa, and J. E.

Casida. 1976. Toxaphene composition
chemicals already in use and to analyzed by combined gas chromatogra-

implement decisive regulatory phy-chemical ionization mass spectrome-

action. The importance of this try.Agric. Food Chem. 22:939--44.
Jensen, S. 1966. A new chemical haz-

symposium on "Access and Use ard. New Sci. 32:612.

of Information Resources in Lee, T-h., J-c. Kang, M-d. Han, J-s.

Assessing Health Risks from Kim, J-w. Rob, M-y. Chung, and B-j.
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Metcalf, R. L. 1982. Historical per-lt must be evident that if we are
spective of organophosphorus ester-

lo better assess health risks from induced delayed neurotoxicity.
chemical exposure, we need the Neurotoxicology3:269--84.
broadest possible use of informa- Metcalf, R. L., and P.-Y. Lu. 1978. Par-

tition coefficienls as measures of bioac-
tion on hazards, and if we are to

cumulation potentials for organic
minimize these hazards at an compounds. Final Report, U.S. Environ-
acceptable rate, we need decisive mentalProtectionAgency, ContractNo.
regulatory action. 68-014189, July 15.

Molina, M. J., and E S. Rowland.
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Environmental Laws Regulating Chemicals: Uses
of Infor aation in Decision Making Under
Environmental Statutes

Jeffrey M. Gaba, Southern Methodist University

Three areas are addressed in this paper: generic issues that arise simply in the process of decision-making under enviromnental
statutes; different decision-making standards under various environmental statutes; and efforts to legislate a "safe" or
"acceptable" risk from exposure to carcinogenic chemicals.

he scope of this paper is a Issues in the Decision.
rather difficult dsign- Making Processment-- environmental

laws regulating chemicals, lt is Several issues are involved in the
roughly equivalent to being process of decision-making
asked to explain the biology of under environmental statutes that
toxic substances in half an hour. significantly affect the way infor- Severalissuesare involvedin the

I could provide a thumb-nail marion is used by government processofdecision-makingunder
sketch of a list of statutes and, regulators, environmental statutes that

significantly affect the way
along the way, bore you with a 1. Decisions must be made. information is usedby government
large number of acronyms that regulators.

you' ve probably ali heard The first and most important
before. However, I don't think point to note is that when dealing

that would do you any good. with the regulation of a chemical
What I thought I would do is under environmental statutes, a
give you some idea about the dif- decision must be made. Regula-

ferent ways information is used tors do not generally have the
under various statutes and some luxury of sitting back and wait-

different ways to think about ing for more information or more

how the information you pro- studies, lt is absolutely critical
to remember that a decision toduce is used by government regu-

lators, wait for more information is in
itself a decision. In some cases, Regulators do not generally have

the luxu_ of sitting back and
There are three main areas I will waiting for more information pre- waiting for more informationor
address: generic issues that arise vents the introduction of a new morestudies.
simply in the process of decision- chemical into the market. In
making under environmental stat- other cases, waiting may allow

utes; different decision-making continued human and environ-
stand0a'ds under various environ- menial exposure to a potentially
ment',.dstatutes; and finally, some harmful chemical. Every deci-
issues I want to get off my chest sion, whether to act or not to act,
about efforts to legislate a "safe" is a decision with important con-

or "acceptable" risk from expo- sequences.
sure to carcinogenic chemicals.
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2. Decisions are almost always hearings and cross examination
based on imperfect data. of witnesses.

Decisions involving the human 4. Adequacy of the data may
and environmental effect:, of vary based on the allocation of
chemicals are almost always the burden of proof.

based on imperfect data. Indeed, The "ourden of proof" varies
a primary characteristic that lt may be somewhat difficult to accept

unites ali of the many environ- among regulatory decisions. In the fact that decisionsare madeand
mental statutes, perhaps the fact assessing the adequacy of data conclusionsaredrawnbasedon data
which defines environmental law underlying a decision, the regula- that you might not feel comfortable

tors may be affected by the alio- wittLitself, is that decisions are made
cation of the burden of proof. Inunder condition_,;of almost com-
many cases, it is the government

plete uncertainty. Yzt, this is that is required to document and
something that regulators, law-

justify its action. In some situ-
yers, and the general public, have ations, however, it is the people
to live with. affected by a decision who have
As a scientist, you may be accus- the burden of proof. At least

tomed to rejecting a study nominally, for example, if a per-
because it has a p- value of 0.1, mit is being issued, it is the pro-
(i.e., a 10% chance that the out- ponent of the permit, that is the

come can be attributed to person seeking the permit, who
chance) and is therefore not sta- has the burden of proving that
tistically significant, lt may be the government's action was
somewhat difficult to accept the improper.
fact that decisions are made and

5. Courts apply varying stand-conclusions are drawn based on
ards of review.

data that you might not feel com-
fortable with at all. None the There are also differences in the

less, it must be done. You use standards of review applied to
the best data that is available, various regulatory decisions.
and you go forward. This means that there is some

variation in how carefully a court
3. Decisions may be made using will scrutinize a decision. In

various procedures.
most regulations adopted

In some cases, decisions are through notice and comment rule-

made using "notice and com- making, the standard applied is
ment" rule making. The govern- whether the decision is "arbitrary
ment publishes a proposed and capricious." Under the Toxic

regulation, accepts comments Substance Control Act (TSCA), There are differences in the

ft'ore the public, considers these however, the statute specifically standardsof review appliedto
comments, and publishes a final states that the decision has to be variousregulator, decisions.
rule with an explanation that based on "substantial evidence."

responds to the comments and At least theoretically, the "sub-
explains the rationale for the stantial evidence" standard

decision. This process involves requires a greater burden ofjusti-
mostly written comments and fication than does a standard of

written explanations. In other "arbitrary and capricious."
cases, there may be an obligation
to follow almost trial like proce-
dures that may include public
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6. There is no consistency or 1. Absolate safety
rationality among various
statutes. The simplest approach I will call

absolute safety. Perhaps the
Finally, do not look for any con- clearest of the few examples of
sistency or rationality among such a standard is the Delaney
various statutes in how these vari- Clause in the Food, Drug and
ous issues are parceled out. Each Cosmetic Act. Under this stat- Do not look for any consistencyor
statute is influenced by varying ute, for example, a food additive rationality amongvariousstatutes in

political influences, and each has is classified as unsafe and prohib- how thesevariousissuesare
its own history, lt is very hard to ited if it has been determined to parceled out.

come up with explanations why, be a carcinogen. Statutory Ian-
under one statute, you go guage, at least for food additives,
through a trial-like hearing is that it is unsafe if it is "found

whereas under another statute to induce cancer when ingested
you can adopt a rule by notice by man or animal or if it is found

and comment rulemaldng. There after tests which are appropriate
may be no rational explanation for the evaluation of the safety of
for the difference other than the food additives to induce cancer

evolutionary history of the par- in man or animal." This purports
ticular statutes, to demand absolute safety; noth-

ing may be used as a food addi-

Varying Statutory live if it has been found, through "
Standards tests, to be a carcinogen.

Another basic point is that envi- You may be,aware that there are
ronmental statutes have different ways around this clause. The
statutory standards--different FDA has tried to evade or mini-

goalsmwhich means the informa- mize the impact of the Delaney
lion is used in different ways. I Clause through a variety of tech-
get uncomfortable when I see a niques. For example, they have
health assessment or a health rules relating to the sensitivity of
review document of a chemical method of the test procedures.
prepared in the abstract. Most of There was also an attempt by the
the statutes are not designed to FDA to come up with a de mini-

generate inlbrmation; they are ntis rule, which said that "insig-
designed to produce action based nificant" or de minimis levels of

on information. Information on carcinogens or de minimis risk

health effects is used in different associated with carcinogens
ways under different statutes, would not violate the Delaney

Clause. Tiffs attempt was struckI will attempt to categorize some
of the different standards that are down by a court that held that Thesimplest approach I willcall
used in environmental statutes. Congress had specifically and "absolutesafety."

Don't get an idea that these are clearly stated that any level of

hard and/'ast categories--they're carcinogen would be considered
not; they blend into one another, unsafe as ill,td additive. Thus,
II is, however, useful to have Delaney stands as essentially a
some idea about the different rule of absolute safety.

ways in wllich information might 2. Unreasonable risk
be used.

Another approach used in stat-
utes requires a determination of
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whether a risk is "unreasonable." sideration of the effects on envi-

Where a statute allows considera- ronmental quality or human
t_ionof "reasonableness," it gener- l_e'alth. The primary ambient air
ally involves a balancing of quality standards under the Clean
economic impact with health Air Act [National Ambient Air
effects. One good example is in Quality Standards (NAAQS)]

the Federal Insecticide, Fungi- require that the agency determine Wherea statute allowsconsideration
cide, Rodenticide Act (FIFRA), a standard based solely on the of "reasonableness,"it generally
which deals with the registration effect on human health and the involvesa balancing of economic

of pesticides. Under FIFRA, the environment. The statute says, impact withhealtheffects.

EPA must consider whether the for example, that "a national
use of a pesticide will cause ambient air quality standard shall
"unreasonable adverse effects on be the ambient air quality stand-
the environment." The definition ards, the attainment and mainte-

of unreasonable risk to man or nance of which in the judgement
the environment "takes into of the administrator based on

account the economic, social, such criteria and allowing ade-
and environmental costs and quate margin of safety, are requi-
benefits of use of the pesticide." site to protect the public health."
This may involve something like Under the Comprehensive Envi-
a cost-benefit assessment ronmental Response, Compensa-
although it is generally not a lion, and Liability Act (CERCLA
strict cost-benefit analysis, lt or "Superfund"), the basic stand-
does, however, give room to bal- ard for establishing cleanup lev-
ance costs and benefits. This is in els at hazardous waste sites is

stark contrast to the Delaney "protection of human health and
Clause, which does not allow the environment." In most cases,

such a balancing, at least nominally, environmental

Another characteristic of statutes quality-based decisions are not

that have some concept of reason- supposed to involve considera-
tion of economic impacts.' able risk is that there is almost

never guidance on how to strike Implicitly, however, this is
the balance; the agency generally always considered.
has broad discretion in determin- There are many familiar prob-
ing how to balance competing lems in defining an adequate,
interests, For example, in a case acceptable number to reflect pro-
involving establishing standards tection of human health and the
for allowable pesticide residues environment. This is particularly
on raw agricultural products difficult to do with possible car- Decisionsare made basedon

consideration of the effects onunder the Food, Drug and Cos- cinogens. How is a safe level, or
enviromnental quality or huttum

tactic Act, at one point, the a level that has an ample margin health.
agency continued a tolerance for of safety for protection of the
ethylene dibromide (EDB) based environment, established'? What
on the economic impact on for- risk constitutes an acceptable
eign countries if the tolerance risk when you are operating on

were eliminated, the assumption that a chemical

3. Environmental quality-based carcinogen (l_es not have aneffect threshold? What health

decisions effects do you look at? Are you
Under a third type of standard, .just looking at carcim)genicity or

decisions are made based on con- me you looking at reproductive
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or behavioral impairments as controlling the pollutant. This
weil? can lead to either overregulation

or underregulation. A
4. Technology-based standards

technology-based standard may
In some statutes, standards are reduce pollutants well below
established not on the health or levels that will affect human

environmental impact of a chemi- health. Critics would argue that How is a safe level, or a level
cal but on the technological and _his is overregulation. In the that has an ample margin of
economic ability of industry to more likely case, however, a safety for protection of the

control the discharge of a chemi- technology-based standard may environmentestablished?
cal. This is a "technology- not reduce pollution enough, and
based" standard, and such a people and the environment are
standard essentially ducks the dif- still exposed to risk.
ficult questions of defining a safe 5. Communications standards
level. Most discharge limits
established under the Clean Finally, there are statutes that do

Water Act, for example, are tech- not directly regulate conduct at
nology based. You may have ali but which rely on communica-
heard of best available technol- tion and the dissemination of

ogy (BAT) or best practicable information. Perhaps the grand-
technology (BPT) limitations, daddy of them ali is the
All industrial dischargers in the National Environmental Policy
United States are required to Act (NEPA) which requires the
meet these standards, which are collection and dissemination of

based on the availability and cost information through the environ-
of pollution control equipment, mental impact statement process.

The advantage of a technology- There is very little substance to
based standard is that it allows NEPA. The U.S. Supreme Court

has indicated that NEPA is

you to avoid the difficult deci- purely a procedural statute thatsions and the uncertainties

involved in setting a health- may not itself authorize the gov-
ernment to impose regulatory

based or environmental quality- controls or alter its substantive
based standard. The regulators decisions. What NEPA does do
are generally working with data,

is get information out to the pub-such as the costs and removal
lic and to the decision maker.

efficiency of a biological treat-
Other statutes usually provide

ment system, which is more tell-
authority to take action.

able and with which they are
more comfortable. There are other more current

There are, however, serious crili- examples in which providing Thereareseriouscriticismsof
inlk)rmation is the basis for a technology-based standard_.

cisms of technology-based stand-
ards. In general, the goal of statutory scheme. The Occupa-

tional Safety and Health Admini-environmental statutes is not

simply the reduction of pollu- stration (()SHA) has promul-
tion, but protection of human gated a communications regula-
health and the environment, lion that requires employers to

Technology-based standards gen- provide w¢_rkcrs with informa-tion about various chemicals to
erally do not take intt_ considera-

which they may be exposed in
tion, in any direct way, the

the workplace. The new, and
impact on the environment of

already infamous, "litle III of
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CERCLA contains tile "commu- lion. He wrote "sunlight is the
nity right-to-know" provision, best disinfectant," and it seems
which, among other things, to me to be a nice quote lk_rtoxi-
requires industrial facilities to cologists inw_lved in inft_rmation
develop inlbrmation both about dissemination,
the quantities q:_fcertain hazard-

ous substances they release _nto Problems in establishing OShA Ims promulgated a
the environment and to provide "acceptable" levels of risk conununications reguhJtion that

inlormation to local emergency Finally, let me leave you with requin's employers toprovideworkers with inforttmtion about
planning boards, something that I have been want- variouschemicaL_to whichth_ may
Tllese statutes ali have an inter- ing to get off my chest, There is be exposed in theworkplace.

esting common objective or a lot of talk among agencies and
rationale, or at least we can pro- in Congress about coming up
vide a common rationale. Bast- with a magic number to define
tally, it is the idea that the free negligible risks or acceptable
market can work in environ- risks, The idea is that, through

mental regulation the way it risk assessments, we can come
works in the marketplace. The up with fairly gt×_d estimates of

statutes appear to assume that risks to human health and that
there will be consequences from we can use this information to
the dissemination of infi)rmation, define some safe or acceptable
In other words, if you get infor- level of risk. These days the com-
mation out, actium will flow. monly adw_cated "sale" levels
Workers, Ibr example, will bar- involve risks ranging from one in
gain fi)r reduction of chemicals ten thousand to one in a million.
in the workplace or bargain for I have some Ir_ublc witll this
higller pay because of exposure, approach, and l just wanted to
Neighbors may sue a facility lk)r share my concerns with you and

creating a nuisance, stimulate your thinking about it.
There are two reasons that I

Actually, the most impotianl con-
think it may not be appropriate lo

sequence of the dissemination of define "the" safe level of
infi_nnation under these statutes

may be that it triggers political exposure.
actium. Congress is now in the 1. Not ali risk assessments are
linal stages of adopting amend- conservative.
merits to the Clean Air Act, and The first of these involves the
Ihere are signilicant provisions in common, and I believe, errone-
lhc proposed amendments deal- ous l_lie f Ilmr ali risk assess- "l]let_u),_timl)ortant consequence of

ing with toxic elnissjons from melltS are based on conservative the dissemination ofinfontu_tion
under these statutes nu_y be that it

industrial facilities. One of lhc assumpti_ms and always over- triggers political action.
driving factors llas been recent stale risks. EPA has said this, and
information ablaut tt_xic emis-

certainly industry likes lo p_intsit_ti,',;,that is based on int_wnla-
out tile cc_nservalive assutllpli_ns

lit_tl required by slalutcs,
thai arc used in tile cxtrapola-

There is a quote r¢levanl lt_ihese lions I'i'_IIi mice It_hulllalls.
itff_tmati_n statutes anti relevant

! dt_n'l kn_w h_w many _I y_u
tt_the work a lot of you do. Jus-

believe this, but, if n_lhing else,
lice Louis 13x'andcisth(_ughI thai the history of establishing csli-
the free exchange _I ideas w_ultl males of safety for vari_us
pre,teel against privale c_rrup-
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cheraicals sho_ald put you on tify what end point was observed
guard, let me point out .lust two in a risk assessment.

areas in which the assumptions 2. Not ali risks are equally
may not be so conservative.

acceptable.Risk assessments involve not

only judgements of the potency A second reason that I'm uncom-
or dose response for a chemical fortable with using risk assess- A troubling problem is that the
but also exposure assessments, ment to establish a level of exposuredoesnot include
In the Water Quality Criteria, for "acceptable risk" is that I am slm- anything other than oral
example, exposure assessments ply not sure what having one spe- exposure.

used to be.,,and I think still ."re, cific number to indicate

based on an assumption of expo- acceptable risk means.

sure of a 70-kg human, drinking Some researchers have reviewed
21of water and eating 2g of fish

the risks that are accepted by the
per day over a 79-yem lifetime. public in a range of activities to
I exceed the 70-kg standard, But define a single "acceptable" level
many other people do not. You of risk. However, not ali risks
will note, for example, ma,. are created equal. I may be will-
women and children are not par- ing to accept a 10.4 risk to have
ticularly well represented, gasoline to drive my car. i may
Another problem that Ims :_,.:.a- not be willing to accept the same
bled me is that the exposure does

risk in order to get a fluorocar-
not include anything t_thcr tt,an txm to spray Pant on pans to stop
oral exlx_sure. I have not seen fo,,d from sticking. A one-in-a-
many risk assessments thai million risk may be very low, but
include estimates of exlx)sure by 1may not be willing to accept
dermal contact, and yet it is tJbvi- even that level if it is for an activ-
ous that fi_r some chemicals, der-

ity that I think is essentially frivo-
real contact through a shower lous or aot beneficial.
can result in msmuch of a che.mi-

cal entering the l'xxly as by drink- I think there is an allure in pick-
ing the water, ing a specilic number that h,

ignores the fact that 'almost every-
Another "nonconserv ali ve"

thing is going to inw)lve a trade-
assumption involves the end off. I worry that we lose some of
p(_intof c,.mcern. For most of the the appropriate inh)rmation and
controversial chemicals, cancer

cut off the regulation process if
is the concern. Although there we define a specific risk level.
may be questicms ablaut the ade- _n fact, the only rationale that I
quacy of the dala on carcint_-

can think of for coming up with Another"nonconservative"
genicity, frequently there is no

a speci ric nu Inber is to eli minate assumption involves the end point
data on neurologic',d c_rreprt_.luc- certain transaction ct_sts. II of concern.
live effects which may cmcur aw_ids the expense of acqut-ing
over a br_ad exl'x_sure range, additional data about costs and

This lack _)I"data is frequently benelits. This may or may not be
h)st ill the shullle wl_en regula-

.m adequate justilication. Keep
t_r_,,numbers are prta.luced based

in the back (_Iy(_ur mind,
_mlx_tential carcim_genic effects.

thc_ugh, that the issue of what is
Additicmally, the assessment may an acceptable risk level is not in
m_tbe considering environ-

any sense a factual question
menial effects; be careful lt_ iden-

about tlm risks we acccp_ when
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undertaking other activities, such a variety of ways, and the data

as driving a car. It is a question you generate are going to be
about how much we are going to plugged in and distorted and
pay to get more information twisted and used in a variety of
about the costs and benefits of different contexts. You should

the activity being regulated. If recognize that after data leaves
that is the case, it really requires your hands, there is a whole new

Not ali risks are created equal.
a case-by-case decision based on process, with its own constraints
the activity that is being regu- and problems, that goes on
later, before final decisions are made.

Conclusion
Environmental statutes use infor-
mation about the environment in
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II II III I

Information Needs for Risk Assessment

Christopher T. DeRosa,* Harlal Choudhury, and Rita S. Schoeny,

U.S. Environmental Protection Agency

Risk assessment can be thought of as a conceptual approach to bridge the gap between the available data and the ultimate goal of
characterizing the risk or hazard associated with a particular environmental problem. To lend consistency to and to promote quality
in the process, the U.S. Environmental Protection Agency. (EPA) published Guidelines for Risk Assessment of Carcinogenicity,
Developmental Toxicity, Germ Cell Mutagenicity and Exposure Assessment, and Risk Assessment of Chemical Mixtures. The guide-
lines provide a framework for organizing the information, evaluating data, and for carrying out the risk assessment in a scientifi-
cally plausible nmnner, in the absence of sufficient scientific information or when abundant data are available, the guidelines
provide alternative methodologies that can be employed in the risk assessment.

Introduction presentation of a meaningful syn..
thesis of the information (risk

The purpose of this paper characterization) that clearly
is to outline and describe calls out ali of the limitations
some of the information associated with the risk assess-

ment process.needs of risk assessors within the

context of both the risk assess- In assessing information needs Guidelines provide a means for
ment process and the EPA guide- for any risk assessment, several directing the thought process for
lines. Risk assessment can be variables must be addressed. One organizing the information,

thought of as a process to bridge factor to be considered is the spe- evaluating data,andcarrying out

the gap between the available cific issue being addressed or the theriskassessment.
data and the ultimate goal of goal of the risk assessment. Risk
characterizing the risk or hazard assessment can have many appli-
associated with a particular envi- cations such as risk screening
ronmental problem. To lend con- and setting time or resource-
sistency to and to promote based priorities, in addition to
quality in the process, the EPA more traditional approaches.
published Guidelines for Risk Typically, risk assessment
Assessment of Carcinogenicity, defines the basis Ibr regulatory
Developmental Toxicity, Germ action in terms of setting stand-
Cell Mutagenicity and Exposure ards or defining criteria or reme-
Assessment, and Risk Assess- dial action, lt is obvious that the

Risk assessment defines the basis
ment of Chemical Mixtures. The latter goal can be met only with a for reguh2tory action in terms of
guidelines are intended to be a more data-intensive risk assess- setting standardsor defining
dynamic blueprint tt-_guide the ment process than would be used criteriaor remedialaction.
risk assessment process from for priority setting. Another fac-
experimental data to risk charac- tor in defining information needs
terization. The guidelines pro- is the time frame available for

vide a means for directing the completion of the assessment
thought process for organizing princess. A short time span will
the information, evaluating data, certainly circumscribe the scope
and carrying out the risk assess- dfa risk assessment process and
ment. The guidelines also direct the atlendant data-gathering...........................

*N_w affiliated with Agency fiw "li,xic Substances and Disease Registry.
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effort, lt is not unusual to encoun- important, however, to convey a
ter circumstances in an EPA sense of the extent (or lack) of

regional or state office in which data used in the estimate as well
an immediate turnaround is as the assumptions used and
needed. On the other hand, a uncertainties involved. The Risk

regulatory action can sometimes Assessment Guidelines provide a
span not just years but decades, framework for defining uncer- Useof riskassessment
depending on the immediacy or tainties in the process and spec- methodologies or toolsis limitedby

perceived immediacy of the ify the use of default values for theckJtaavailable,andthe
problem, procedures to be used in the information needsare defined by the

absence of information. Risk choicedfa risk assessment

In a rather circular fashion, the communication must be done so methodology.
use of risk assessment method- that the audience is informed
ologies or tools is limited by the rather than confused or misled.
data available, and the informa-

An example of documents that
tion needs are defined by the are aimed at both risk profession-
choice of a risk assessment meth-

als and the general public are the
odology. Some methods are obvi- Agency for Toxic Substances
ously much more data intensive and Disease Registry (ATSDR)
than others. For example, the toxicological profiles. These
multistage model used for quanti- documents begin with a general
tative risk estimates for nonthres-

public health summary, written
hold responses (such as cancer in jargon-free language, of health
induction) requires the incidence effects that might be encountered
data. Many exposure assessment in exposed human populations.
tools and models require specific This is followed by a more tech-
types of data, such as population nical description of data and risk
size, location, food sources, and assessment.
so on. The key is to match mod-

els and methods to the data avail- Risk Assessment Process
able. The EPA guidelines

as a Determinant of
facilitate that process by delineat-
ing procedures for data choice, Information Needs
thereby defining what data can At this time, the EPA has guide-
be used for the specific type of lines only for risk assessment

risk assessment (i.e., the kinds of regarding the identification and
assays and data that are, in fact, characterization of adverse
suitable for use). health effects linked to human An e.mmple ofdocunwnts thatare

S011another consideration is the exposure. As described by the aimed at both risk profi, ssionals and
National Research Council (NRC the general public are the Agency

audience for the risk assessment, for ToxicSubstancesand Disease

Although consideration of the tar- 1983), risk assessment consists Regist_, (ATSDR) toxicological

get audience may not influence of four interrelated components: profiles.hazard identification, dose-
the risk assessment process, it
should affect the presentation of response assessment, exposure

assessment, and risk charac-
the information. In some cases,

terization (Fig. 1). The first com-
especially when a nontechnical
group is to be the recipient of ponent oi' the risk assessment
information, it may not be neces- process is hazard identification,

sary to provide details of models, which is a qualitative index of
lengthy descriptions of experi- the nature of the effects and their
mental assays, and so forth, lt is biological significance. The
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'" i

major question to be answered in

the hazard identification step _,_ ...._......... -_"

the likelihood that effects /'/ Dose-response -
///

observed in one population (usu- / Assessment ,\ally experimental) could occur in ,,

another population (usually / fl /
human). Several issues are /
linked to hazard identification.

The first is the validity and the

meaning of the toxicity data. Not f Hazard sk
ali data are createdequal, hence, ntification cterlzatinn
data should be evaluated for their
legitimacy in terms of the risk

assessment process. It's clear that
technology has become increas-

ingly sophisticated in its ability

to detect effects; what has not \ Exposure //
kept pace is the risk assessor's "_ ,-

ability to interpret the biological _. Assessment /"
"'_"._..._ I.._ _Ii"

significance of those effects. - J

One process for organizing haz- Fig. 1. National Academy of Science/National Research Council
ard data and presenting conclu- risk assessment paradigm.
sions is the weight-of-evidence

(WOE) scheme. The most Ali have procedures in common
widely used weight-of-evidence for (1) evaluating data for its
classifications have been devel- appropriateness to the risk assess-

oped to assess the likelihood of a ment, (2) describing minimal
material to be a human carcino- data requirements, and (3) organ-
gen. EPA currently uses a car- izing the data.
cinogen classification process
similar to that developed by the The second component of risk
International Agency for assessment is the dose-response
Research on Cancer (IARC). In assessment, which is evaluation
this system, human data and that between dose and some meas-

The. second component of risk
derived from animal bioassays ured response. Usually, the only assessmentis thedose-response
are evaluated on whether they data available to the risk assessor assessment.
constitute sufficient, limited, are from animal assays using

( ' •inadequate, or no evidence for relatively high d _ses or epidem-

carcinogenicity. Alter a prelimi- iologic data Ii'ore humans
nary classificati_m has been exposed to high concentrations

established, data on metabolism, in the work place or by some
genotoxicily, and other mechanis- accidental means. However, the
tic data are considered in arriv- .job of the assessor of environ-

ing at final classilication. The mental risks is to estimate the
EI'A also employs WOE magnitude of expected health

schemes in the processes of haz- consequences from ambient
ard identification of human germ exposures. Figure 2 illustrates
cell mutagens and developmental the chief difficulty in this task,
toxicants. Criteria for ali of the that of inferring the shape of a

WOE judgments are described in dose-response curve at exposures
the Risk Assessment Guidelines. below the experimentally
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observed range, Such inferences

are the source of significant DOSE-RESPONSE CURVE
uncertainty. Information needs
are driven by the uncertainty rec-
ognized in the risk assessment
process. The most useful, and

least common, type of informa- R /,/tion is incidence of observed E

effects at doses approximating S _/

the expected exposure to .......... <//humans. The EPA guidelines pro- P

vide assistance in choosing mod- O I ...-"-........... .-" i i"/iels for extrapolation to low doses N , ;;'
for less-than-ideal data. This S . ., / I• i

• , , p I

includes judgments as to the actu- E ,' . , z/ . ., i I

ality (or at least to the statistical ,.... ,. ,_ :,
significance) of an apparent dose- ' " ', - i I

response relationship and the use , ,
of information regarding the 0 " " " Dose

mechanism of toxicity in the Range of Inference - ,[- Observation range
choice of a low-dose extrapola- I
tion procedure. For example, the
guidelines support the use of an Fig. 2. lnfemng tile shape of a dose response curve at exposures below the
extrapolation procedure that expe_nentally observed range.
incorporates low-dose linearity

for presumed carcinogens, based The third component of the risk
on hypotheses wherein a carcino- assessment process is exposure
gen initiates tile carcinogenic assessment. This step attempts to
process through an irreversible determine whether the impact or
clmnge in the cellular DNA. This the target of the hazard could be
hypothesis is supported in gen- a population ore specific sub-
oral Ibr a number of chemicals population. Exposure assessment
by a large body of data; informa- also addresses the pathway, or
tion on tile mechanism of car- pathways, by which the agent Thethirdcomponentof the risk
cinogenicity for the chemical in reaches thai tat'get. Tile issues in assess.u, nt processis e_posure

• " " " "'_'S • assessment.quesuon removes more of the exposure asses_ ment include the
uncertainty in the application of most likely route of exposure
a linear low-dose model. The (dermal, inhalation, or oral); tile
guidelines further specify that nature and identification of the
unless data exist to recommend a • _s"expc ,.cd population; and the meg-
particular model, the linearized nitude, duration, and frequency
multistage model be used. This of exposure. Built into this proc-
model, as any other, has specific ess is consideration of the events
data requirements: there must be and tile properties and charac-
numerical incidence data, a sin- tetistics of the populations that
gle number (as opposed to a might potentiale or mitigate con-
range) rous! be used for dt se, cern about defined risks.
and tilere must be al least lwt_

th_sc groups (one of which must The risk characterizatitm c_m_po-
bc nonzero), nent requires increasingly greater

attention in lhc risk assessmcn!
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community. This component is Examples of Effect of

an attempt to integrate hazard Information Availability on
identification, dose response
assessment, and the exposure Risk Assessment
assessment into qualitative or The degree to which the extent
quantitative assessment. A chat- and type of data available influ-

lenge in risk characterization is ences the methods and processes
that these different components of risk assessment is illustrated Thedegree to whichthe extentand

type of data available influences the
of the risk assessment process in this section, lt uses chronic methodsand processes of risk
are often carried out by distinctly noncancer health risk assessment assessmentis illustrated

different groups of scientists or as an example.

disciplines, and very often the The Reference Dose (RID) (for-
uncertainties linked to each of merly called the Acceptable
the components in the process Daily Intake) continues to be theJ

are lost as the conclusions are foundation of risk assessment for
cameO forward to the risk charac-

noncancer end points despite
terization stage. The challenge is occasional flurries of criticism.
to tighten the linkage between RID is defined as an estimate

these components of the process spanning an order of magnitude
so that the risk characterization that is likely to be without

is the most biologically plausible adverse health effects or signifi-characterization that can be
cant risks to human populations

developed, while identifying the over a lifetime of exposure. Pro-
uncertainties inherent in the cedurally, the development of
process. RID is very straightforward:

Clearly, the use of animal data NOAEL

raises the question of concor- RfD - UF x MF
dance of effects among species,
especially in light of "negative" where

epidemiologic studies. Concerns NOAEL = No-Observed-
about factors, links to epidemio- Adverse-Effect Level
logical studies, and the difficulty
in accurately quantifying the UF = Uncertainty Factor

exposures are often linked to MF = Modifying Factor
these studies. Extrapolation of
high to low dose and extrapola- The NOAEL is generally derived
lion from animals to humans in a from experimental animal data

quantitative sense are concerns but may be based on human data.
in the dose response assessment. The magnitude of the uncertainty
The degree of confidence factor and the modifying factor 17ZRNOAELisgenerally derived from

increases when the approach is is inversely proportional to the experimental aninmldatabutmay be
baaed on human data.

adjusted from modeling to ambi- confidence in the database and
ent monitoring to biological directly proportional to the need
monitoring. The presentation of for additional or better types of
the risk characterization presents information. "Better types of
the opportunity for a comprehen- information" does not necessar-
sive discussion of the uncertain- ily refer to value judgements

ties encountered and assump- about the conduct of studies but
lions used in the risk assessment to studies that are most relevant
process, to the risk assessment process.
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The risk assessment process
itself will determine what types Decrease in . .. Liver
of data are sought and what types Weight Gain / /' Damage
of data are, in fact, most relevant. / /

Although the development of an / /
RfD is operationally very // /
straightforward, some of the RESPONSE /

/deliberative factors linked to the /
development of an RID are not. /This is illustrated in Fig. 3, ///

wlfich shows a family of dose- // /
/

response curves based on hypo- + . ............._./ .... __.............

thetical animal data for bio- NOEL NOAEL DOSE
logical effects of a particular (mg/kg/day)
agent. Liver damage linked to a NOEL -- No observed effect level
NOAEL is an effect level but is NOAEL-- NoobservedADVERSEeffectlevel
construed as being nonadverse.
The line representing decrease in Fig. 3. tlypotheticld dose-response relationships for ltpopulation.
weight gain, which is .judged to
be a No Observed Eflbct Level NOEL. In this instance, the

(NOEL) is at the lower-most per uncertainty factor is equal to 1,
tion of the curve. For the pur- indicating that uncertainty
poses of risk assessment, the around the Rfl) is negligible.

point that represents a minimal Thus, for nitrate there exists very
amount of liver damage, but not relevant data lot human risk
sufficient damage to be con- assessment and the information

strued as adverse, would prob- needs here are considered largely
ably be selected. Once that satisfied. A contrasting example

selection has been made, the is the pesticide, mirex. Mirex at
NOAEL is scaled by application one time was used in lhc eradica-
of the uncertainty factor and rien of fire ants. IIwas intro-
modifying factor magnitudes, duced into tl_eenvir_mment in
which are a direct function of the
information needs.

Table I. Rfl) for Nitrate
Table 1 shows data l'_r the criti-
cal effect of nitrate as an exam .............................................................................................................................

pie _f a case in which data are
not abundant, but what data d_es ExperimentalCritical effect UF MF RI])
exist are very relevant. These d,)ses
data are lhr the critical effect in a

sensitive subgrt)up--increased Methemt)gl_binemia N()Ei.: 1() ppm I 1 lE+()
levels of methemoglobinemia in o1"drinking water mg/kg/day
infants who were given ft_rmula tu" I() mg/l.
tnade from nitrale-ctmlaminated ctmverted to I.()

well water, mg/kg/day

In this case, there is high ctmfi- Infant chrtmic
dance that we have identilicd the exposure tt_drinking

true populati_m threshold for water
adverse el'feels (i.e., I I tt_
2() ppm), which is defined as a
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substantial quantities and there is for determining the most sensi-
an abundance of animal data on tive toxicologic end point.
it. However these data are not as

In these two examples, the riskrelevant to human risk assess-
assessment process was essen-

ment for a chronic exposure as
are the nitrate data. The majority tially driven by information avail-
of the data were from studies of ability (or lack thereof). In both

cases, sufficient data existed to In the examples, the riskassessment

relatively short duration for allow application of the standard process was essentially driven by the
which only frank effects were RID methodology and the provi- informationavailability(or lackobserved. The current RID meth- thereojg.

sion of a risk assessment consid-
odology requires a NOAEL, or

ered protective in terms of
failing that, a Lowest Observed human health. For mirex, the

Adverse Effect Level (LOAEL). information requirements wereA Frank Effect Level in animals
is considered to be so tar above barely met; for other environ-

mental agents even minimal rele-the theoretical human threshold
vant data may not be available.of effect that its use is contraindi-
For example, the RID Work

cated. The only suitable data for Group recently considered themirex are from a less-than-life-
databases for several polycyclic

time study wherein a Lowest aromatic hydrocarbons (PAHs)
Effect Level (LEL) was deter- including acenaphthylene. Thismined. This is an instance in

PAH was the subject of a 90-daywhich the information needs for
gavage study in rats. Effects con-

risk estimation were only mini- sidered to be adverse were
really met, thus enduring a large observed at the lowest dose
degree of uncertainty in the

tested (100 mg/kg/day). Becauseassessment, as seen in Table 2.
high mortality was observed in

This is reflected in the comtx_site the female rats treated at this

uncertainty factor of 10,(300-- dose, the data were considered

10 each for protection of sensi- inappropriate for calculating an
rive human subpopulations and RfD. The best one could do with

animal-to-human extrapolation these data would be in prepara-and an additional I(X)to account
lion of a hazard screen or rank-

for subchronic to chronic
ing method.

extrapolation, use of an LEL in
the absence oI' a NOAEI., and By contrast, information is abun-
he insuMcicncy of the database dant (apprt_aching an embarrass-

Table 2. RfD for Mirex

Critical eITect Experimental d(_"'ses UF MF RID

l)ecreased pup survival in a NOEl.: None 10,(RR) 1 2E-6

Multigene,'atitm w)le mg/kg/day
reproduction study

I_EI.: ().1 ppm (0.015 mg/kg/day)

Source: Shannon (1976).
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ment of riches) in terms of useful Uptake model, developed by Har-
data for risk assessment of lead. Icy and Kneip at New York Uni-
Tile database, in general, is suffi- versity and elaborated on by Jeff
ciently complete to the extent Cohen, formerly of the Office of
that it dictates a departure from Air Quality Planning and Stand-
the traditional reference dose ards, and others at Research Tri-

approach. Because the dose angle Park (EPA 1986), Infommtion is abun&mt (approtu'h-
response function extends to the describes the pharmacokinetics ing an embarrassment t(riches) in

lowest blood levels of lead identl- of lead within the body. This temL_ of useful data for risk assess-
merit of leadfled in study populations, a dis- model has been integrated into a

cernable threshold has not been software package that allows tile
demonstrated. We also have the user to present health conse-
situation of multimedia expo- quences of lead exposure within
sures, which recognizes that the a context to make judgments
primary source of lead exposure without resorting to a single

from anthropogenic releases is level of exposure. Using this
the air, but oral exposure pre- approach, the user can integrate
dominates. Consequently, we dose response assessment devel-
have to reflect multinledia expo- oped for health effects with the
sure, reference doses or reference exposure assessment in the Bioki-
concentrations. In the case of netic Uptake model to define the
lead, a powerful predictive tool implications of blood lead in un
is available to us, and the data exposed sensitive population,
required is written for its such as 2-year-old children, who

application, lt has long been rec- are especially vulnerable because
ognized that overt lead toxicity of their behavior. In this case,

was associated with blcx_dlevels rather than defining a single
exceeding 30 lag/dL; impaired level, one can define the tx_pula-
nerwms system function, renal tion that is above a prescribed
dysfunction, and cardiovascular blo_KIlevel, lt is important to
system effects are ali noted at remember that several assump-
these levels. However, attention tions are linked to these conclu-

is increasingly h_cused on subtle sions. M_st noteworthy in this
biochemical and neurobehavioral case is the presumed contribu-

lesions that extend t_ tile lowest ti_msof dietary lead to overall
levels of blood lead tested, which lead exposures. The m_st recent
include indicat_rs such as ele- F_x_dand Drug Administration
vatetl levels t)l aminolevulenic survey indicated that these blood
acid, In adults, elevated blood levels might be inflated. The

in the case (,.]'lead, a powerful
pressure can he a c()ncern ln(_del now is being revised to i, redictive tool is available to us,
because the tltmbling t_fbiot_d rellect this new informatitm, andthe&ttarequired is written for

lead levels from 7 t_ 14 rag/til, is This tliscussi(m tld)esnt)t suggest its al,plication.associated witll 2- t_)7_-mm
Ihal the Rfl) is in erx'_r_)rhas out-

increases in bh_od prcssux'e. The lived its usefulness; ii ccmlinues

question is, What is the signifi- It_ bc a very useful risk assess-
canoe ()I a 2- lt) 3-mm increase in

Illenl tr)oi or reference p_)int in
blood pressure'? Because of

decision making. However, ii is
lead's presence in I'_)otl,water, imp_)nant to recognize thai there
and soil, the pred_minanl route

is no single correct method lk)r
_)I"expc)sure lk_rcnvitxmmentai

characterizing risk, Rather,
lead is oral. The llit)kinelic decision-analytic tiers made up
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of several methods are to be trends that, in turn, lend them-

invoked, depending on data avail- selves to hypotheses and
ability and the actual purpose of hypothesis testing. In this way, a
the assessment (i.e., for screen- new generation of risk assess-
ing, ranking, prioritizing or for ment tools may emerge that
providing effective [predictivel extend beyond what is some-

estimates or conservative [protec- times viewed as dichotomous A new generation of risk assessment
five] estimates of relative risks), safe versus nonsafe charac- toot_may emergethat extendsbeyond

A goal of a wide range of meth- terization of risk. lt is by defin- what is sometimes viewed as
dichotomous safe versus nonsafeods development and research ing these types of issues more
characterization of risk.

efforts is to identify more predic- fully in risk characterization that
tire methods. These methods we set the stage for more
should represent integration of informed risk management deci-
exposure and effect and be able sions that incorporate social,
to provide estimates of popula- legal, economic, and political

tion distribution linked to body concerns.
burdens and associated effects.

This is heavily dependent on the References
aggregation of more data of NationalResearchCouncil.1983.
many sorts, including informa- Risk assessment in the federal govern-

tion on mechanism of toxicity, ment: Managing the process. Committee
on the Institutional Means for Assess-

shapes of dose response curves, ment of Risks to Public Health, Commis-
toxicokinetics, and so on. This sion on Life Sciences, NRC National

suggests the need for more use- Academy Press, Washington, D.C.

ful insights regarding the Shannon, V. C. 1976. The effects of
mirex on the reproductive performance

appropriate use of biomarkers and behavioral development in the prai-
and of exposure, effect, and sus- tie voletMicrotus ochrogaster). Ph.D.
ceptibility data. Again, this Dissertation,IowaStateUniversity,
would have to be tied to the Ames,Iowa.Diss.Abstr.B 37(6):2712-

13.
development of selection criteria O.S.EnviromnentalProtection

for the goals of a particular Agency (EPA). 1986.Airquality criteria
assessment effort, whether document for lead. EPA-600/8-

83/028dE Prepared by the Office of
screening, protective, or predic- Healthand EnvironmentalAssessment,
tive, and type of data and tcxris EnvironmentalCriteriaand Assessment
available for the characterization Office, Research Triangle Park, N.C. for

process. A final consideration the Office of Air Quality Planning andStandards.

beyond the immediate inh_rma- Walton, G. 1951. Survey of the litera-
tion needs already discussed ture relating to infant methemoglo-
would be ali exami nation of the binemia due to nitrate-cont_uninated

water. Am. J. Public iicaith 41:986-96.
risk assessment process per se
and how informatitm databases

might be used more effectively
to identify recurring patterns or
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Information Needs for Risk Management/
Communication

David A. Bennett, U.S. Environmental Protection Agency

The hazardous waste cleanup program under the Comprehensive Enviromnental Response, Compensation, and Liability Act
(Super'und) is delegated to the ten Regions of the U.S. Environnwntal Protection Agency (EPA) and Ims, to date, identified more than
33,000 sites for consideration. The size and compleai_, of the program places great denumds on those who would provide
infornuaion to achieve national consistency in application of risk assessment while nweting site.specific needs for risk numageou,nt
and risk conununication.

Introduction and opportunities for applying
health risk information to man-

The topic to discuss in this agement and comnmnication, lt
paper is extremely broad, will look at some challenges and
li can be narrowed some- intentions in using risk assess- Goatsare toreviewthe Superfund

what by relying on the perspec- ment in a program such as Super- process and opportunities for applying
fund. Finally, it will identify the healthriskinformation to

tive of the Superfund program audiences to whom we must com- managetnent and conununication.

for hazardous waste cleanup municale and look a bit at the
under the Comprehensive Envi-

information they may request.
ronmental Response, Compensa-

tion, and Liability Act Overview of the Superfund
(CERCLA). Superfund is a
regionally delegated program, Program
and the sites are found across the Since the passage of CERCLA
country. That in itself is a risk ten years ago, more than 33,000
c(m_munications problem. Super- sites that may need attention
fund is doing its share of risk under the Superfund program
management. M_)re than 31,(){X) have been identified and entered
sites have been looked at nation- into a data base, CERCLIS. The

wide, and t_)date, about 1200 of preremediai program gives each
these have bccn determined to of these a Preliminary Assess-

need detailed assessment and a nlent based on existing informa- Since thepassage of CERCIAten
f()l'nltll risk lllallagemcn[ dcci- lion. To date, we have Icx)kcd al years ago, nu_re t/mn 33.000 sites
sit)n, a Record of Decision. Each aboul 31,000 of these sites and tu.,e been identified that .uzy need

sile presents unique management lmve determined thal about attentionandertheSuperfand

and c()mmunication challenges. 17,(XX)need additional sampling, program.

A strength of the Superfund pro- additional assessment, and analy-
gram is that we lrcat each site sis _ the Site Inspection (SI).
individually. At the same time, The more than 13,(XX)Sis thai
we strive f(w c(msistcncy in man- have been tiptoehave prfxJuced
agemcnt of lhc program across the followitlg results: almost
lhc country. 6(XX)sites required no further fed-

eral action, the decision pr(_ccss
The goals of this paper m'c I_) is inc_mlplcte on about 55(X)
review the Superfund process sites, and about 12rx) sites were

Access/l Jse lnfo Resources Assess I lcalth Risk ('hem l:xpos '93 3 i



placed on the National Priorities to populations at or near the sites.
List (NPL). The Hazard Ranking Data may be complete or some-

System, a structured value model what incomplete, and we may not
using risk-based information, have toxicity data of high quality
determines which sites pose suffi- for ali of the chemicals at the
cient threat to warrant futlher fed- site. What we are trying to do is

eral action and placement of the be responsibly, rationally conser- As a matter of policy, EPAhas
site on the NPL. vative in the application of risk chosentouseriskassessment to

assessment to the site. evaluate protection of public health
Sites on the NPL move into the andthe.environnu'nt.
remedial process for more thor- Some of the challenges or ten-
ough characterization, baseline sions in using risk assessment
risk assessment, evaluation for and risk information in the Super-

cleanup alternatives, and the lund program include the
Record of Decision. The baseline following:
risk assessment answers two

1. There is a need to act now.

questions: How bad is this site'? Congress and the public expect
and, How bad could it become if

expeditious cleanup of Super-
we did nothing else? lt considers fund sites. We cannot wait a

current uses of the site and possi- long time for significantly bet-
ble future uses (e.g., what would ter science.
be the risk to people who moved
to the site?). Risk analysis 2. There is the tension between

beyond the baseline may look at doing a site-specific risk
the remedial alternatives to ask: assessment that is true to the

What will be the result of the site and the perception that
remedial action? How can we national consistency requires a
decide 'how clean is clean' if we single set of numbers or stand-
decide to take action? Answers to ards for cleanup levels. Super-

the questions must be meaningful fund uses a standard process to
to both risk managers (federal gain the benefits of charac-
and state employees who are usu- terizing the risk and uncer-

ally not risk assessors) and the tainty at each site.

public. 3. There is a tension to provide

CERCLA directs that we design early cleanup targets to expe-
cleanup to meet standar4s set by dite engineering evaluations vs
other state or federal laws, creating false expectations

so-called Applicable or Relevant about where we might finally

and Appropriate Requirements end up h)llowing baseline risk There are many challenges or
(ARARs). Als(), as a matter of assessment and setting cleanup tensionsin uaing riskassesst_wntand
policy, EPA has chose n to use g()als, risk infomuaion in theSuperfi_nd

risk assessment to evaluate pro- 4. Finally, there is a tension program.
tection of public health and the between setting goals in the Re-
environment. This is the cord oi"Decision and the
approach recommended by the engineering realities of the site.
National Academy of Sciences in When we get out there and
19113.The challenge Ibr Super- start moving the dirt around or
fund, however, is t() apply it t() pumping and treating the
sites that are heterogeneous, and water, realities may not quite

that may have several chemicals match with the expectations--
and several pathways ()f exr)()sure the goals. In the end, though,
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risk analysis and comparison Assessment Summary Tables,

with goals can show that you which are published quarterly.
have cleaned up the site. This Additional help comes from a

is the 'how e:iean is clean' deci- Superfund Technical Support
sion. Center and hotline at ECAO to

provide information to risk asses-
Audiences sors when they have trouble find- Who are our audiences in the

Who are our audiences in the ing sufficient information or have Superfund program?

Superfund progr'a_? First, the uncertainty about how to proceed
in the Superfund program.managers. At each site there is a

Remedial Project Manager Engineers constitute another audi-
responsible for that site. (S)he ence. These typically are contrac-
has to deal with the engineers, by- tors tc,,EPA or to Potentially
drogeologists, toxicologists, the Responsible Parties.
people around the site, and senior

The site decision-makers them-
management. _.?)he wants to
have some specific risk informa- selves, the managers in the
tion to support decisions. Regional EPA office, are an

audience.
Another audience is the risk

Finally, the concerned publicassessors, the toxicologists who
must conduct the site-specific around the site is an audience.
risk assessment. To evaluate There is often more than one

exposures they need data that is type or group who represent the
concerns of the site. Many ofgathered on site. To support the
these sites have long histories.risk assessors' needs we have

educated the people who gather People have been living with, on,
or near these areas for sometimes

data not just tctlook at dirt, "air,
and water; we look ai the activi- many, many years. As Peter Sand-

man has said, many of these peo-ties of the indiv;duals at the site.

People fish, and they eat the fish. pie are outraged. Coming to them
and sayi ng, "1' m from Washing-They grow crops. (Although it is

not a topic t)f this paper, we also ton, I'm here to help, and I've got
look for expctsures that may pose the answer to your problem"
ec_logical risks.) does not deal with outrage. At

some of these locatio,ts there are

Risk assessors als_ need high others who owe their jobs tc)the
quality, c_msistent s_turces of potentially responsible parties.
inf_rrnmion c_nt_xicity of con-

What do t__se folks want in
taminants. We _ake advantage t)f

terms c_lrisk c_)nlmunication, inwhat the EI'A has already done in
terms c_finfornmtion? The What information is needed for riskevaluating the available foxiest-
answer is "a lot of thi rigs," but cmmnunication ?I_gical inl'ctrmatitm. We refer t¢_
there are a couple, at least, thatthe EI'A's Integrated Risk

Inli)mmti_m System (IRI'!S) as the ought tt_be kept in mind as we
think about infc_rmation sources

g_id standard _f the Superfund
and how they might be madeprogram. T_ supplement IRIS

we'v:" worked wJt.hthe Envir_)n- availaolc, either directly ftr
mental Criteria and Assessment through others, t_ these

()fl_ce (ECA()) _I the ()llice of individuals. First, very simply,

Research and l)evcl_pmcnt t_ they want rec_tgnition and consid-
develop the Health Effects erati¢m of their concerns. A
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group may have a strong, firm decisions for effective treatment
belief that hhere is a very high of wastes to minimize risks can
incidence of a particular adverse be made.
effect in the community around
the site. To the toxicologist or epi- Conclusions

demiologist there may seem that For the future, I think we will see
_here is no evidence for the ef-

more focus on the public around Weneedmore focus on the public
fect, at least at first view, but it

sites and perhaps less on the tech- aroundsites andperhaps lesson
can still be addressed and looked nical details of what we do, thetechnicaldetailsof what we do.

at as we do the assessment. Out Appropriate decisions at Super-
of that we may lind some things fund sites can be achieved by
that we can actually do during working with the concerned peo-
our risk management actions, pie at the sites. One example is
and, if nothing else, we have rec- that of EPA risk assessors and
ognized and given consideration

EPA site managers working with
to the people's concerns. the public early in the process.

The public also may want ali Also, the Agency for Toxic Sub-
problems removed. This is the stances and Disease Registry,
NIMBY, not in my back yard, which must do a Health Assess-
phenomenon that so often ment at each Superfund site, is
appears during discussion of sit- visiting communities and state
ing a new incinerator or other and local health departments to
facility. Superfund sees the other see what data may be available
side of this argument: ii you have and what concerns are expressed
lived with a problem ali this time, by the people in the community.
you don't want it in your back- Finally, I think we'll see more
yard any longer. However, when information sharing among ali
we m'e successful in communicat- parties, working toward more of

ing and providing information a partnership in the program.
that is meaningful to ali parties at
a site, we can often form a true

partnership in the
decision-making process and

34 Access/1lse lnfo Resources Assess l leadthRisk Chem I:.xlx_S'93



II II I I I I

Evolution of Toxicology Information Systems

John S. Wassom and Po-Yung Lu, Oak Ridge National Laboratory

Society today is faced with new health risk situations that have been brought about by recent scientific and technical advances.
Federal and state governments are required to assess the many potential health risks to exposed populations from the products
(chemicals) and by-products (pollutants) of these advances. Because a sound analysis of any potential health risk should be based
on the use of relevant information, it behooves those individuals responsible for making the risk assessments to know where to
obtain needed information. This paper reviews the origins of toxicology information systems and explores the specialized
information center concept that was proposed in 1963 as a means of providing ready access to scientific and technical information.
As a means of illustrating this concept, the operation of one specialized information center (the Environmental Mutagen
Information Center at Oak Ridge National Laboratory) will be discussed. Insights into how tox&olog&al information resources
came into being, their design and makeup, will be of value to those seeking to acquire information for risk assessment purposes.

Introduction lenge to those involved in assess-
ing llealth risks from chemical

Scientific and technological exposure. With large amounts of
developments have government l_nds being devoted
brought unprecedented to health and environmental

benefits to our standard of living, research programs and with Tomake soundandefficientassessments, the availability and use

but also have brought unprece- maintenance of our living envi- of reliable data is an essential of the
ronment at stake, the growth rate risk assessment process.

dented problems. In an attempt
to stem the tide of environmental of the toxicology literature is

degradation, federal and state expected to increase every year.
governments now are required to To cope with this growing body

provide hazard assessments of literature and to make it easily
and/or health risk projections for accessible to users, different
a variety of chemical agents that types of information systems
may have serious far-reaching have been created. Perceptions
consequences. To make sound vary about how information
and efficient assessments, the should be handled or processed,
availability and use of reliable and these differences of opinion
data is an essential of the risk have influenced the availability,

assessment process, accuracy, and use of toxicology
information. Many information

The end product oi: scientific systems developed_to serve the
Several factors have served as

research and development is new field of toxicology have changed catalysts for the changes in the
data and information. In the field significantly over the years. Ser- systetnsand inhow toxicology
of toxicology, new data and infor- eral faclors have served as cata- information is handled

mation are being generated at a lysts for the changes in the
phenomenal pace and are being systems and in how toxicology
published at an exponential rate. infl)rmation is handled. Among
Much of the information publish- these factors are different view-

ed is stored in computers in one points on (1) how scientific infor-
form or another for subsequent marion should be packaged for
use and analysis. This situation public use, (2) economic trends,
provides both an invaluable and (3) research emphasis. This
resource and an enormous chal- paper examines the evolution of
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toxicology information systems lized world as people enamored
in relation to current needs for with scholarly pursuits and cuff-

ready access to reliable informa- osity increased attempts to deter-
tion to be used to identify chemi- mine the toxic properties of
cai hazards and make risk agents of ali kinds. Aside from
characterizations, the filing of toxicology manu-

scripts in personal files, collec- Early toxicologistswereeager to
Origins tions of these documents were share information and discuss their

In keeping with the evolutionary being housed in museums, later research.called libraries. Because humans
theme, we would like to quote have an innate need to communi-
the person who has had the most
profound effect on the way we cdte and share knowledge, early
think about evolution. Charles toxicologists were eager to share

Darwin, in his provocative book information and discuss their

published in 1859, made a beauti- research. Investigators began tocommunicate with each other
fui and often-quoted statement at

both in writing and in conversa-the conclusion of his treatise

regarding the origin of species: tion, spawning the appearance of
'q'here is grandeur in this view journals and specialty books off-
of life From so simple a ented toward toxicological• ' ' sciences, lt soon ensued that
beginning, endless forms most
beautil_tfland most wonderful among the priorities of an early

have been and are being scientist was the acquisition,
evolved" (Darwin 1859). application, and communication

of knowledge. As years passed
In the context of toxicology infor- the number of scientists conduct-

marion centers, we have para- ing toxicological research
pl_rased Mr. Darwin's classic increased as did publication of

statement, 'q'here is grandeur in more papers, books, documents,
this view of information systems etc,
... From so simple a beginning,

A recent study (Ld and Wassomendless forms to serve the toxi-

cology research area have 1985) showed that the number of
resuitedmsome most interesting papers publislled in the field of
and some most uselui have been toxicology (ali disciplines) dou-

bled during the decades of the
and are being ew)lved." 1970s and 1980s. As a result, the

The first toxicology information task of acquiring, using, and com-
system was created the moment municatJng toxicology informa-
someone filed an item of infor- lion has become more difficult. Thenumberof papers published in

thefield of toxicologydoubledduring
marion regarding some parame- Decades ago access to Ioxicol- the decadesof the 1970sand1980s.
ter of toxicity for future ogy information was not a major

reference and use. When the problem because it could be
printing press rew_lutionized the obtained through the "invisible
production and access of written college" of communication with
manuscripts, the wflume of inh_r- colleagues, attendance at scien-
|nation increased, and files of tific meetings, and the reading of
documents were compiled and a few key journals. However, as
stored Ik)rfuture use. This par- the art oI"toxicology became
titular information collection more sophisticated and research
scenario was occurring in many more important, investigators
h_cations throughout the civi- found their ability to acquire
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information and keep up with application of computer technol-
new developments diminished ogy in information processing
significantly, and management have evolved

to the point that use of computers
Toxicology Information for data/information manage-
Systems ment has become routine. In

About 20 years ago two separate 1970, for instance, there were Thetechnicalconnmunity must
President's Science Advisory only around 70 computer- recognize that handling technical
Committees reviewed, in depth, readable databases, with an esti- information is a worthy and
issues concerning technical infor- mated fewer than 10 million integralpart of science.

records available; by 1981 thismarion. One of these reports was
issued under the auspices of the number had increased to 750
President's Commission on Sci- databases with over 250 million

ence and Information (1963), records, and on-line searches of

headed by Alvin C. Weinberg, these databases (information
who at that time was also Direc- flies) in the United States and

tor of the Oak Ridge National Canada reached 6 million.

Laboratory (ORNL). This report, The phenomenal growth ill the
entitled "Science, Government, creation of databases/informa-
and Information," stated "the lion files has also carried over

techmcal community must recog- into the development of periph-
nize that handling technical infor- eral software systems for more
marion is a worthy and integral efficient access and management
part of science." This report, of the information contained in

above all others, was the first to these files or databases. Overall,

call for the producers of informa- this rapid growth of hardware
lion (scientists/researchers) to be and software has been focused

actively involved in the manage- for the most part on making the
ment (access/use) of information, information retrieval process
A later report (President's Com- faster, more flexible, comprehen-
mission on Science and Techni- sive, and cost effective.
cal Information 1966), entitled
"Handling of Toxicological The basic concept that should

Information," defined toxicology Ibrm the foundation of any toxi-
information as "ali information cology infornmtion system,

whether it is a database, file,descriptive of the effects of
colnpuler network, or sonic other

chemicals on living organisms or Tlu' recomnwndations of the 1966
their component subsystems" type, is thal the system should be President's Cormnission on Scientific
and further indicated the neces- designed, developed, and main- andTechnicalInformation clearly

sity of "a computer-based com- rained for the end user. Unfortu- influenced the direction of most

prehensive and exhaustive nately, far |OOmany of the information systems developnwntover

system for storage and retrieval toxicology infi_rmation systems thepast two decades.
of valid information on the inter- in operation have either h)rgotten

this root concept or never gave itaction between chemicals and
serious consideration in the first

biological systems." The rec_)m-
mendations set forth in these two place. Proof of this can be easily

obtained through conversationsreports have clem'ly influenced
with active or practicingthe direction of most information

systems development over the researchers in any of the toxicol-
past two decades. Also, during ()gy disciplines. A majority, if
this time, the availability and questioned, will respond that
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they do not use a particular data- Information |base, file, or computer system
because the specific type of infor-
mation needed cannot be easily .....

obtained. Unless the system is I/ Literature ] :'\user-friendly and information for-

matted so that a query can be _ . _ [Data I

initiated using scientific terminol-

ogy of the day, direct use by /.
researchers will not occur. In my

dopinion, systems structured with- .l_
out these characteristics are des- _ '_-

tined to obtain a user frequency [ Research I
anaong practicing toxicologists _ Knowledge ]of only 10 to 15%. This leaves ................
an estimated 85 to 90% would-
be users to obtain information

via the "invisible college." Fig. 1. The Information Cycle.

The production of information in
the toxicological sciences foi- cation, (2) dose-response assess-

lows the same pathway evident ment, (3) exposure assessment,
for almost any other area that and (4) risk characterization.

strives to produce and use knowl- To carry out or implement the
edge. This information pathway, conditions of these four steps,
illustrated in Fig. 1, is very slm- good reliable data/information
pie and perhaps therein lies the must be available. Consider this

problem, lt is so simple that, issue: do you, as someone who
unfortunately, a number of those has responsibility in risk assess-
responsible tor development or ment, have access to reliable and

maintenance of information sys- complete data/information? We
tems forgot it or assumed would wager that if a survey
wrongly that it is an intrinsic part were taken, 85 to 90% of you Thoseinvolvedin thetechnical
of the system. As evident in the would say "No "In the military, aspectof a science shouldbecome• involvedwiththe collectionanduse
title of this symposium, "Access information is equated with intel- of the infi)rmation generated by
and Use of Information ligence and, militarily speaking, that science.

Resources in Assessing Health we have not properly handled
Risks From Chemical Expo- our intelligence. Most of the wis-
sure," the keyword is "informa- dom from the Presidential Com-
tion." Unless information mission on Science and
systems designed to provide Inl'ormation in 1963 and 1966

access to toxicological knowl- remained locked between the

edge pay attention to the needs covers of these two reports. The
of the end user, they are worth- most significant pearls of wis-
less. dom from these reports is the

idea for the specialized informa-
The Specialized lnforma- lion center and the plea that
lion Center Concept th_se'_inwflved in the technical

Most of us know that the risk aspect of a science should

assessment process is comp()scd become inw, lved with the collec-
(Tffour steps: ( 1) hazard identifi- ti(,n and use of the information
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generated by that science. We are at EMIC were published in over
proud to say that these axioms 3800 different sources. This fact

have been followed with the more than any other illustrates
origination, development, and the futility of individual efforts
maintenance of the toxicology
databases/information files here Table 1. Yearly publication
at ORNL. Because of limitations frequencies for genetic
in time and because most ORNL toxicology literature
databases/information files have

been elegantly presented in the Year of Number of

poster sessions, this paper will publication documents
focus on only one of these, the

Environmental Mutagen Informa-
tion Center (EMIC), to illustrate
how the specialized information 1967and 2527

center concept was implemented prior years
at ORNL. 1968 982

EMIC's reasonfor beingis to
1969 1410 establishameansby which

The Environmental 1970 1949 researchersandotherscouldhave
readyaccessto the literatureof

Mutagen Information 1971 2421 genetic toxicology.
Center (EMIC) 1972 2611
In the late 1960s, the need for

1973 2787
inlormation accessibility in the

1974 2396area of mutation research was

recognized by the newly formed 1975 2713

Environmental Mutagen Society 1976 2903

(EMS), which initiated action to 1977 3232
provide access to the literature

1978 3866on mutagenicity and related sub-
jects. As a result of the action 1979 3895
taken by the EMS, EMIC was 1980 4146

officially organized at ORNL in 1981 4467
the fall of 1969, following the 1982 4981
concept of the specialized infor-

mation center as proposed in the 1983 4603
Weinberg report. EMICs reason 1984 4004

for being is to establish a means 1985 3857

by which researchers and others 1986 3523
could have ready access to the Iit-

1987 3030
erature of genetic toxicology. A
staff of dedicated people was 1988 2992
assembled along with ali possi- 1989 3046

ble methods and equipment t_ 1990a >4000
carry out this mandate. Prior to

1991 3508
1969, the genetic toxic_l_gy lit-

1992a 4(RX)
erature was in a state of disarray,
and publication fi'equency was 1993a 4000

increasing each year (Table 1). aLiteraturecollectionsfor theseyears
areincomplete;numbersshownare

Records reveal thai documents projections.
currently collected and indexed
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to access the genetic toxicology Table 2. Key journal sources used by tile Envir(mmental
literature. Interestingly enough, Mutagen Information Center
as of May 1991 almost half of .............................................................................................................................................................

the over 78,000 EMIC papers Biochemical Pharmacology
surveyed were published in Biochimica et Biophysia Acta
about 30 key journals (Table 2). Biochemistry and Biophysics
For this reason, it is recom- Canadian Journal of Genetics and Cytology
mended that libraries located at Cancer Letters
institutions actively engaged in Cancer Researc',

genetic toxicology research pro- Carcinogenesis
vide easy access to these key Cell Biology and Toxicology
journals, particularly Mutation Chemico-Biological Interactions
Research, Environmental and Cytology and Genetics (USSR)
Molecular Mutagenesis, and Environmental and Molecular Mutagenesis
Mutagenesis. Environmental Health Perspectives
Publications selected to become Experientia

a pala of the EMIC information Experimental Cell Research
file are indexed by a group of Federation Proceedings
skilled staff members. EMIC's Genetics

document selection and indexing Hereditas
procedures are thoroughly Human Genetics
explained in Wassom (1973, Japanese Journal of Genetics
1980) and Wassom and Mailing Journal of Bacteriology
(1978). These procedures are Journal of the National Cancer Institute
briefly reviewed here to explain Molecular and General Genetics
how the EMIC file is constructed Mutagenesis

and how it may be used to access Mutagenesis, Carcinogenesis and Teratogenesis
the genetic toxicology literature. Mutation Research

Proceedings of the American Association of Cancer Research
After a document is selected for Proceedings of the National Academy of Sciences USA
entry into the EMIC file, a copy Radiation Research
is obtained and index terms Science

describing the bibliographic data, Soviet Genetics (USSR)
agenl/organism, keywords, and. Toxicology
Chemical Abstracts Service

Toxicology and Applied Pharmacology
(CAS) Registry Numbers are

Toxicology Letters
recorded and entered in the com ........................................................................................................................................

purer. Table 3 shows an example
_>fthis type of entry.

let's, and abstracts ctmsitlered

The next step in the indexing pertinent by an EMIC staff mere-
scheme f_n:uses tm the indexing bcr. Ali papers t_ be indexed

uf intc_rmation pertinent to assay with these parameters tue lh'st
systems and/ur gem>toxic end- judged on content and are
points. Only papers containing grouped int_>one or more of the
original experimental data are eight general categories shown in
indexed: indexing terms note Table 4. On ct_mpletion of this
the assay system used or geno- general grouping, the m_>respe-
t_)xic endpoint thai is either cific index terms are then

h_oked for or observed. Excep- assigned where appr_priate (e.g.,
lions lo this policy include
reviews, symposia, b_ok chap-
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GM, HGPRT assay or EC, chro- Table 3. Example of the scheme used by EMIC during its first phase
mosome aberrations), of document indexing

The information indexed by
EMIC can be accessed via com- Accession number 077618

puter in a variety of ways: com- Authors Warr, Tracey J. ;Parry, J.M.; Callander, R.D.;
pound, organism, assay system, Ashby, J.
or end point. The fields indexed

"l]tle Methyl vinyl suifone: A new class of
can be queried individually or in
combination with information in Michael-type genotoxin

other fields. This capability pro- Publication source Mutation Research 245:191-199
vide's a powerful tool for the Publication date 1990

researcher, particularly in docu- Literature type Journal article with original data
ment selection and subject evalu-

Test object, common Bacteria; Mammal, Chinese hamster cell
ation. Because it is not possible classification culture
to provide illustrations for the

Test object, specific SALMONELLA TYPHIMURIUM,TA98,many genetic toxicology assay
systems, users may contact classification
EMIC directly for further inlbr- SALMONELLA TYPHIMURIUM,TA100,

mation on particular systems of SALMONELLA TYPHIMURIUM,TA1535,

interest. The EMIC file can be SALMONELLA TYPHIMURIUM,TA1537,
accessed directly via the
National Library of Medicine SALMONELLA TYPHIMURIUM,TA 1538;
TOXLINE/TOXNET* computer CRICETULUS GRISEUS

systems. "lissue culture Don-WG3H Cells; LUC2 Lung cells

Conclusion Agents and Chemical Methyl vinyl sulfone (3680-02-2);
Abstracts Service Acrylamide (79-06-1); Microsomes,rat,S9

The illustration using EMIC as Registry Number (NO CASRN)
an example of the specialized (CASRN)
information center concept
clearly shows how a file can be
developed for use by a spec_,Iic
toxicology discipline in concert
with researchers of that disci-

pline. The process is not easy but Table 4. Major EMIC categories used for the classification of assay
with perseverance it can be done. systems and/or biological end points

Kathy Deck of the Agency tbr Effects on nucleic acids (EN)Toxic Substances and Disease

Registry** put together a listing Gene mutations (GM)
of some of the available sources Effects on ctuomosomes (EC)

Cytt_logical effects (CE)
of computerized inh)rmation ()n Mitotic or meiotic effects (MM)

toxicology and environmental Plant pigment mutation (PM)
health. These listings, although Fertility and sterility studies (FS)not inclusive of ali the various

Miscellaneous studies and/or effects (MS)
Iiles, databases, books, etc., avail-

able for these subjectareas,are ..................................

*For further information about T_)xline or Toxnet, interested individuals may contact Specialized lnh)rmation Services, National
Library of Medicine, 8600 Rockville Pike, Bethesda, MI) 20894.

**For further details a_)ut the listing ()f sources for c()mputeriz_ inft)rmation on tc)xic()k)gy and environmental health, please
contact Kathryn S. Deck, Infl)rmati(-)n Resourt:cs Management Group, Center fi)r Envir()nmental I iealth and Injury C()ntrol, Chain-
bite 27 F-29, Centers fi_r Disease Contr_,l, Atlanta, GA 30333.
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valuable compendiums that show • information activities should
the vast nature and divergent be maintained in the research
types of systems and bix_ks avail- and development environment
able to the toxicology informa- of an agency, laboratory, etc.,
tion consumer. Which of these and not as an administrative

offer tile best means of accessing function.

the literature? You, as users, If these guidelines are followed,
should study each of them weil, tile information activities for the

keeping in mind the admonitions toxicology sciences can and will
expressed by the Presidential ew_lve to a more usable state
Commission on Science and

rather than become extinct
Information of 1963 and 1966.

through nonuse.
Make your selections wisely so

that you can have confidence that References
your future decisions, research,
or risk assessments have been l)arwin, Charles l). 1859. The Origin

t_f Species. A facsimile _f the sixth edi-
based on file best infi_rnlalion/ tion with an intrt_duction by Sir Julian
data available. In closing, we ask lluxley, NAi_ Penguin, lhc.. New York,

thai as representatives of both 1958.
Lu, P. Y., and J. S. Wassom. 1985.

state and federal agencies you 'Information Science in Toxicology,"
remember these points: i_'t_'eedings of the National Science

Council, R()C, Taipei, Taiwan, Republic
• You must accept or share with of China, Marcia 24-April 2.

others the responsibility for Ih'esident'sCommissionon Science
infonnation act ivities con- and Technical Inft_nnation. 1963. Sci-

nected with the various scien- ence, government and information, (hw-
ernment ih'inting Office, Washington,

tific and technical areas l).C.
associated with fulfillment oi" ih'esident's ('t_mmission _m Science

your inissi(_n, and Technical lnfi_rmatitm. 1966. i lan-
dling tfr mxicol(,gy infl_rmati(m, Govern-

• Short-conlings, deficiencies, ment l_nting ()t'fice, Washington, D.C.

etc., that are noticed in infor- Wassom, J. S. 1973. The literature of
chemical mutagenesis, pp. 271--87. lh:

marion activities should be Chemical Mutagens, Vt_l.Hl, Alexander
w_iced and delnallds fi_r Ih_llaender (cd.), Plenum lh'ess, New

improvement made through York° Chapter M.
Wassom, J. S. 1980. The st_r'age and

and with tile support of the retrieval tfr chemical mutagenesis inft_r-
appropriate scientific and/or marl,n, pp. 313-3(). In: ih't_gress in

technical st_ciety. Envirtmmental Mutagenesis, M.
Alacevic (etl.), l'_lsevicr/Nt_rth-lh_lland

• Federal and slate agencies Ilil,medical l'rcss, N,,rth l[_,lland.

MUSt devt_le ali appreciable WilsSt_lll, J. S., and Ii. V. Mitlling.
1978. Specialized inft,rmalitm centers iii

p_rtion _l" their talents and tt,xic_,h,gy. 1. linvir, mmental Mutagen
funds lo supp_ll inli_rlnalicm Inft_rmatit_n (_cntcr ii:MI('), pp. 351 --85.
activities, lh: Advances in M_×teru "lbxict,i_gy, W.

(i. Flamm, and M. A. Mehlman (eds.),
• Infl)rlllation sh_uld bec_)llle a l lemisphere Publishing (,t,., Washing-

highly placed l'l_calp¢_intfi_r t,,n,1).('.
ali g_wernmenl agencies.
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I I I I III

Information and Technology: A Coexistence
Without Limits, A Beginning With No Apparent
Ending

David J. Reisman, U.S. Environmental Protection Agency

A variety of issues must be addressed in devekJpnwnt of software for information resources. One is accessibili_ and use of
information. Another is that to properly design, abstract, index, and do quality control on a database requires the effort of
well-trained and knowledgeable personnel as well as substantial firumcial resources. Transferring data to other location_ has
inherent difficulties, including those related to incompatibili_. The nu_in issue in developing health risk assesstnent databases is the
needs of the u._er.

o those of you who have recent years. Yet, with each step
come not knowing what in growth, demand for more data
to expect at this sympo- "at your fingertips" creates the Automateddatabasescreatedover

sium, one good description need for more advanced technol- thelast 30yearsare only the

might be that this is the first ogy. The coexistence will always beginning.

attempt to really view the ways improve, but the indefinite limits
in which information and tech- of this growth depend on many
nology are used to advance the other variables. The automated
health risk assessment process, databases created over the last 30

This morning, the information years are still only the beginning.
needs of the risk assessors and A glimpse at artificial intelli-
the risk managers were reviewed, gence and its possibilities illus-

trates how much immediate, as

I anl a database manager and well as long-term, growth can
have worked in the health and occur.
environmental risk area within
the Environmental Protecti_m In preparation for this talk, I

Agency (EPA) in Cincinnati Ibr began to retrace the steps that
12 years. I have written anti brought mc t_ information sci-
reviewed many different types of ence. When I was just starting
health assessment d_cumentati_m c_llege, 1frequently went

and meth_doh_gy, including between our computer science
ambient and drinking water trite- department and tmr C()lnpuler 7"heprogrwmning watchwordwas
ria documents, health advisories, r()onl, which was a quarter lnile "ahvays numt,eryour computer

and environmental health docu- walk. I always carried boxes oi" cards."

ments, plus the various EPA computer cards because that's
'thosehealth risk assessment method- how we did databases in ' ""

_logies. I have experience as a days. The programming walch-
risk assessor, but not a risk man- word was "always number y_ur

ager. Thr_mgh ali of these work c_miputer cards." One day 1stum-
experiences, 1have observed that bled down a few steps, only to

technology has been pr_widing catch my balance but not my
information at a faster pace in n_w-mixed cards. T_day, we

d_m't can'y cards, and we don't
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walk; we teleconununicate! tion. Statisticians sometinles say

Technology has had a tremen- that one can never have enough

deus impact oil information flow. data, because more data can

Although beneliciai in many make assessments both precise

ways, this impact has affected and accurate. In this process,

health risk assessment scientists technology appears to be a pro-

because they can be over- meter of the whole information lt is a continual process, ainu,st like a
whelmed by the sheer quantity of process, and as technology is loop or tj real Catch 22.
information. Even with the infor- improved there is a seemingly

mation and data, without appro- endless promotion of the proc-

priate science anti methodology, ess. The following is a discus-

it is still a challenge for risk man- sion of parts of the infornmtion

agers and decision-makers to pro- process and its technology, along

vide the best risk-based decision, with some of the problems and

Risk assesst,rs ellen provide the pitfalls inherent in it.
rc'search data with their best

"li, properly design, abstract,

analysis, along with those data index, and do quality control on

provided by other interested a database requires tile effort of

groups; but then tile risk man- well-trained and knowledgeable
ager is "caught in the middle" of personnel, as well as substantial
ali these different parties and llnancial resources. Most data-

their respective scientific analy- bases in tile health risk assess-
ses and conclusions with, iii most

ment area are being developed

cases, no previous experience by the government. ()bviously,
upon which to base a decision. because of the substantial finan-
(;enerally, it is still better to have

cial requirement, private industry
conllictiug data than to have would have to be assured of

illllie at ali. The capability til pro- return tin that investnlent belore
vide that information quickly has

becoming involved. Thus, the
inade risk analysis much more

transfer of information is highly

nieaningful, and hopefully, niore dependent on the transfer of doi-
scientifically valid tllan it was

previously, iars, either for purchasing (,f
equipment tlr develtlping inlklr-

()ne of the purposes til this sym- nlation tools.

pllsiuin is til litek at accessibility Iii planning till influ'nlatilnl ttltlland use of inl'_lrnlalil_n i'esiluices
the creators sililletillles have an

iii health risk assessnicnt. The

idea iii what they want, and 77,properly de.x'ign,abstract, indc.i.
first slide states, "research yields kntlw what techntlli_gical tlltlls ,lnd de qu,llitv control on ainl_lrmation which prlwides bet-

are available Iii them, but till not database requires the effort of
tct" teclmlflogy li, ctmduct more

have a filial view iii who or wily well-trained and kmm'h'dgeatde

resemcll." This iitlle stalement pellple w_mid use plllducls out- personnel.
defines a large aspect til risk side their limited immediate
assessnlent research, lt is a cim-

arena. In an attempt til gtl beylmd
linuai process, almllst like a liltlp Ihis inmletliale arena, the " _ 'EIAs
t,ra real Catch 22. Mtlre research

Chenlical Unit i?,eclli'tl Estimates
yields intlr¢ inf_,rnlatilnl, and

(CURE) database was planned
ahmg with adtliliilnai inf_lrlna- over little lnllnllls. Much o1 this

tit,n are advances iii tcchnlflilgy time was usctl Iii analyze avail-Illal aill_w us Iii ciultlucl belier
able data and lhc different lypes

research, which again clinics of dilcunlentation that the EI'A
back Iii providing mt,rc inlt,rma-
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Office of Heath and Environ- Transferring data to other loca-
mental Assessment (OHEA) pro- tions always creates dilemmas.
duces. From this review, the For example, I once sent a pro-
needed data fields were deter- gram to somelx_dy in a Washing-
mined, and then the actual build- ton, I).C. office for review. The

ing of the database was begun, person at the other end called

However, many times an infor- me, and after almost an hour and Someolderdatabasescan not,,be
mation tool is an outgrowth of a a half, we still couldn't under- mademore usefid.
smaller "pilot" project. Then, stand why the program wasn't
another group slightly alters the working. I sent a batch of new
original to fit a new or expanded diskettes, and the same thing hap-
need, or older databases are pened again. Alter about two
made more useful because of bet- days, I found that while I was

ter computer software and hard- using color monitors, this person
ware. But in the development was still using a black and white.
stage, it seems that eflorks con- When the program translated
stantly have to be repeated, down to the black and white
Again, the circular motion is cre- monitor, the highlight bar could
ated because as data are not be seen because it was stay-
abstracted, indexed, and then ing in the background. This also
reviewed, the need to change cer- happened when running some of
rain fields becomes obvious. In our programs on the laptops with
most databases, the ever-evolving plasma displays. These are some
process of updating and upgrad- of the unexpected technology pit-
ing never stops. One thing to try falls. Technological advances
tl_aw_id in building databases, is can also mean that you must
the dilemmas. With luck, the reverse or retrace your previous
dilemmas won't become the last efforts to insure accuracy and
stage, disaster, which usually precision.
marks the end of the database.

The main issue we must examine
This phase follows funding cuts

in developing health risk assess-
and loss of inw_lved personnel. ment databases is the needs i_f

Even with a great database stall the user. Technology has
things are sometimes over- changed and developed, allow-
looked. For example, once the ing us to store large amounts of
prototype is built and sent to data on smaller, portable
many of your user groups, the machines. The risk assessor can
telephone rings and you get a per- tlow carry a machine to a site
son tin the other line who says, and have quite a bit of relevant

"Why d_esn't this work?" One data at hand, but the question Transferring data toother k_cations
Cl)lllIll(}nexperience is the prob- renlains, "l)l,es lie have the abil- alw,tvscreates dilet,u,ul._.
lcre of the n¢,vice user. Some- ity and training t_, make these
times the problem is sinlply thai decisk,ns imniediately'!" If sev-
the user has a low density drive eral cl_niputer systems contain
i_llhis computer and has been large amounts of dala, the end

sent a high density disk. Often a user cl_uld purchase an expensive
simple pmblenl can bc over- iaptop that has a large hard disk,
looked because the users ethine iii but wt_uld ali this inh_rmalion

ali experience categt_rics, help t_r wt_uld ii lnake the .i_b
cvcn ni_llc tlifl]cull'/Inf_rnlatit_n

persilniiel iii lhc lleallh risk
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assessment field have the ability run. An inexperienced user may
to develop worthwhile and sensi- keep trying ttr no avail, but
ble ltn)ls. However, they must although the program will not
make sure thai these tools are oi" run, ii is n()t damaged. The user
good quality, not just great quan- then calls the person in his oMce
lily, and must be useful and avail- thai he/she needs tile retest: the
able. If cost is the limiting factor, resident "chiphead" who under- The nuJin is.sue thai we nlu,_t

then resources should be used stands hardware and software. Ii exumineis theneeds_fttw user,

wisely, reminds me of the salesman who

The development of different sold me my first PC after I had
databases on different software only a few weeks of i_; experi-

ence. I didn't know what he was
creates another technological dif-
ficulty: incompatibility. This talking about, so l.iust said,
term can cover a wide variety oi" "Weil, ! don't understand, so I'll

take that one. lt looks nice, has
areas. For example, on one side
til PC-development are the "Indc- gotxl features, and it's got a nice

coh)r moni |t)l."
pendent Banana Merchanls", and
on the other side we have the lh'eviously, people carried calcu-

sellers ; two commonly lalors; now they carry laptops or"Apple • • "
used company machines thai computerized workbooks to
can't talk well to each other, meetings. Tile real question now
What g_x_tlare databases if they is, can we manage ali of this'? As

arc limited truly lo a certain type a person wh_ works in both the
_,Iuser or certain type of information science area anti
machine? lt may seem tt__he n_m- with health effects tl_cumenta-
ctm_pulerizcd risk assessor that a lion, 1think it's very difficult.
l_t t_l informatitm is available We have a big .itchahcatl t_l us,
and cart bc transferred al will, but bul we sht_uldn'l get dismayed
tile transfer princess is n_t easy, because t_tlay we have better
lakes I_o much valuable lime, informati_m than ever tt_ do our

and Ihcreft_re frequently is not assessments.

wt_rth tile ell_rl. Incompatibility in connecti_m with this is _nc of

als_ is m_tjust in the equipment my other chief points _ prolif-t_rthe software. There is also tile
eration. Wllen 1 was in graduate

inc_mlpatibility _I database man-
s¢llool, s_mle _1 our experinlenls

agers who d_ m_ttalk tt_each
were on planarian regenerati_m.

t)lhcr because of lhc "nly lurf"
You cut away a piece _)Ithe pla-

attitude, naria and ii regenerates thai

New s_fftwarc is ctmslanlly piece. You tlt_ tile SaJlle lhitlg lo a ftu, tran._Jerpr¢_'essis noteasy.
appearillg t)ll the illarkel, ()1" ctlr- ]lard disk ¢_tla I'C. Y¢_ui'elnllve ._ takestoomuchvalu,d,h"time. and
i'elll vet'si_ns ztrechanged _l Ml] _,1data s_ lhal y_u will have then_fi,refrequentlyi._notdone.
updated s_ Ihal even persians t't_mi l_n"another prt_gram, bul, 2
using the "same" s_fftware may weeks later y_u are back where
n_t be c_m_patible. A prime yt_u started, lt seems that infof
example is lhc little message mati_m _n zthard disk ctmstantly
"lnc_rrect !)( )S vcrsi_m" which regenerates t_rreplaces itself.
is tlisplaycd whc.n wt_lk dime t_ti "l'wt_years agip, I gt_l 'a3(X)Mli
_1¢ machine, is II';,lllSft'J'rt'.ti It__.| hartl disk as a s_flutitm.Tt_tlay !
t_tachine with zt h_wcr vt'.rsi_m_1 tier;lia O()()MII hard disk! At tills

i)( )S which c_ntst'qut'.nlly w_m'l p_finl, what we really have I_
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look at is thepossibility of infor- INFORMATION
marionoverloadingbroughton
by expanding technology. Every MUST BE
office needs a good information ACC ESSI BLE
manager. TO BE OF
Risk assessors must inform the A NY VALUE
information personnel and the

researchers exactly what type of
data is needed in order for a true

"applied" research project to be
conducted. By achieving this
level of communication, we will

be able to get the proper type of
information and data on which to

base our ,risk managt;ment deci-
sions. The technological tools
are ,_t_,_il.ahl,. bu! ti;."currentlULv I.J.._1 _,4_.,,= ,,., ,_

commmfication among various
associated risk assessment sec- top shelf with no ladder in sight.

tors is still in its infancy. Information must be accessible
to be of any value.

My final point is that of accessi-
bility r'oresented by this figure We have the information and the

Can we manage ali of this?
of a genueman standing in front technology is available; friendly
of a bookshelf that is over 10 and '.:_ablesystems must be

feet high. Naturally, the book dew. oped ,o make the data
that ne wanls to read is on the accessible to ali who need it.
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The Challenge of Information Access

Linda A. Travers, U.S. Environmental Protection Agency

Traditional methods of risk communication may not work for large quantities of information. Federal databases are being created
to meet the public's right-to-know.

he "public fight-to-know" substance to ascertaining whe.e
about the business of gov- the next enforcement inspection
ernment is a fundamental should be conducted. A growing

principle of our democratic gtr- number of agencies require busi-
ernment and open society. As the nesses to provide data collected Federaldatabasesare being

created to meet the public's
public becomes more interested for regulatory purposes in elec- right-to-know.
in environmental issues, they tronic formats and in turn the
expect to receive information government fulfills its informa-
and get answers from federal and tion disclosure responsibilities
state officials. A local citizens' by disseminating public informa-
action group may want to gather tion through government, com-
information to gain support for merci_l, and nonprofit iateractive
or against local landfills or computer and communications
municipal waste incinerators, networl_s.
Traditional methods of risk com-

T,.is fundamental transformation
municatien may not work for

of public information and public
such large quantities of informa-

decision making into computer-
tion; as a consequence, federal

ized data processes occurred
databases are being created to without serious public policy
meet the public's right-to-know, attention being paid to how it

Over the past two decades, the may affect the public's right-to-
know. Moreover, little public poi-federal government has system-

atically exploited computer and icy debate or concerted effort has
communications technology to been initiated to resolve elec-
conduct its business more effec- Ironic information policy issues, This fundamental transformation of

tively, efficiently, and economi- citizen access rights being a core public information andpublic

tally. The g(wernment has concern, decision-makingintocomputerizeddata processes occurred without

learned it must also answer the I suggest that the debate has seriouspublic policy attention being

public's questions, begun. You can expect to hear paid to howit mayaffect the public's

In the process, federal agencies more about the government's right-to-know.

have converted public informa- responsibility and obligation to
tion from paper documents and share information with the pub-
data files into electronic database lic. Public action groups are

systems. Federal agencies rou- beginning to form with the very
finely manipulate this computer specific purpose of seeking out
data to fulfill agency missions and analyzing information that
ranging from determining lhc the government collects from
risk of a potentially hazard(ms industry.
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Senator Jeff Bingaman (D-NM) The real-time example this paper
has written the Federal lnforma- will discuss is the Environmental

tion Resources Management Act Protection Agency's (EPA) large
of 1989 (S. 1772) to reauthorize precedent-setring sharing ofenvi-

the Paperwork Reduction Act. ronmental data. We have respon-
The legislation was introduced in sibility for designing and imple-
a series of hearings in 1989 in menting an environmental data- Wehaveresponsibilityfor
the Subcommittee on Govern- basemthe Toxic Release Inven- designing and implementing an
ment Infonnation and Regula- tory (TRI), which Congress environmental database--the
tion. Subsequent hearings on the directed the EPA to create specifi- ToxicRelease invento_. (IRl).

bill by the full Committee on cally to be shared with the pub-
Government Affairs were held in lic. We began collecting data
February 1990. S. 1772 promotes from industries in 1988 and now

availability and public access to have 2 years of experience with
information in several ways, the system and the public's use
including: of the database. Today, informa-

"Agencies, not Office of Manage- tion on the estimated annual
ment and Budget (OMB), have releases of 320 chemicals or mix-

tures from over 20,000 emitters
the primary responsibility for
decisions about dissemination resides on a user-friendly com-

puter at the National Library ofactivities, and those agencies are
Medicine for ali the world to use.

required for the first time to

establish a sound information dis- During the first year of opera-
semination management pro- tion, nearly 170,000 searches of
gram." According to this bill, the database were made.

public access must be equitable These searches were not just
and equal, done out of curiosity. The infor-
Another example of this new marion is being used in a variety
public access debate can be of ways. Companies are compar-
found in the House of Repre- ing their performances to those
sentatives bill to create the of their competitors and deciding
Department of Environmental to make dramatic voluntary
Protection (H.R. 3847). Unlike reductions in their toxic releases.

the Senate version, this bill's pub- Citizens are studying the releases
lic access provisions are far in their communities and

reaching. This bill would require demanding informalion to assist
the newly created department to them in their public policy
write a guide to environmental debates. The release of this infor-

information services, products, mation creates a strong demand
and systems; deveh)p methods Ibr more inf(,rmation to be col- l'tu, infontu_tion is being usedin a

Ibr cross-linking and integrating lected and consolidated by EPA variety of ways.
environmental data; create a and state environmental

study, incorporating pilot pro- agencies.
jects, to show ways to use com-

Not everyone feels comfortableputers to disseminate inli_)rma-
using computers, so the EPA is

tion; and set up an advisory com-
mittee to recommend improve- also providing information from
ments in public access. No new the TRI in many traditional

nonelectronic ways. These
appropriation of funds is linked
to this prolx_sed responsibility, include a National Report, which

is an easy lo undersland sum-
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mary of the database. The ernment decision making, lt is
database is also on microfiche at important that risk communica-
over 3300 county libraries in the lion mechanisms evolve at the

country. Diskettes of each state's same pace as the improvements
emission reports have been dis- to our environmental data. We
tributed to each State Health or must continue to foster outreach

Environmental Department, and efforts so that our data is accu- Actions can be taken to enhance our

more than 500 Depository Librar- rately communicated in an under- ability to acceptthechallenge and
ies have the database on CD- standable manner and is made improve the use ofenviron-

ROM. Ali of these products are available to ali citizens, mentaldata ingovernment
decision-making.

Ibr sale to the general public Many "how to" guidance docu-from either the Government
ments are available to help you

Printing Office or the National develop traditional informationalTechnical Information Service.
brochures and other materials for

I hope that talking about our the public's use, I encourage ali
experience at EPA with TRI of you to work with your staff
helps convince you that the and with risk communication spe-
debate on the principle of Right- cialists to create easy to under-
To-Know and Public Access to stand public information.
government information is of

As we move towards computer

critical importance today. I think access, we are faced with unique
this point is best summed up by a challenges. The following are
quote of Senator Bingaman. He three major information manage-
said: Our nation's information ment principles that we set for
strategy must also include an
affirmative responsibility for pub- ourselves in creating the TRI
lic access to government informa- database that can help meet ac-
tion. Unfortunately, our laws cess goals now and in the future.
governing information policy • Standardization of Data Fields;

have not yet enabled our society ,, Integration of Data Bases,
to benefit fully front the advan-

where appropriate; and
tages offered by the "information
age." • Data Quality/Data Control

Processes.
By now you must be saying to
yourself, "What does this have to Based on the experience we
do with me and the information I gained from making TRI pub-

manage or use?" The new 1990s licly available, these three princi-
challenge to environmental scien- pies are the most important
lists and managers will be public issues for government informa- There are three major information
access to information, informa- lion managers to focus on in the nu_ru_gementpriru'.iples that we set for

lion which in the past we have next few years, ourselvesincreating TRI.

kept for our exclusive use to sup- Government managers and data-
port activities such as research base developers should be sensi-
and development or government live to the need to standardize
rule making, data fields across databases. Two

With that challenge facing us, a such fields that lend themselves
number of actions can be taken to such an approach are location

to enhance our ability to accept data and facility identification
that challenge and improve our data. Both oi"these data fields are
use of environmental data in gov- important when doing any sort of
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trends or geographic exposure protect the environment (for
analysis. Efforts should be made example) should help kill the
by database developers to stand- myth that information is merely
ardize as many of these types of a frill that can be budgeted for
data fields as possible. Such an only in good years, and cut back

effort will help increase the abil- in lean years. Integration of data
ity of users to integrate informa- across data bases can help rein- Move away from databases that are
t.ion across databases, which is force the argument for appropri- for the exclusiveuse of a few
the second principle to highlight, ate resources, people andmovetowarddatabases

that will be searched by a broad
As we move into cross-media States are also coming into the spectrumof users.

risk and exposure assessments, "Information Age." Many more
the ability to integrate informa- opportunities exist to share infor-
tion across databases becomes mation and enter into partner-
more important. Database devel- ships between the federal and
opers should think about how state levels of governments.

their data will be used by others The final point is the need for a
in the government as well as out- good quality assurance and qual-
side the government. We must ity control (QA/QC) process for
move away from databases that
are for the exclusive use of a few your data collection. This is the

most important lesson learned in
people and move toward data-

collecting the TRI data. The
bases that will be searched by a

original policy decision, because
broad spectrum of users. of resource constraints, was to

I work at EPA, so I know it is no enter the data collected exactly
simple matter to start thinking as provided by the submitter. As
and working with our informa- you can imagine, this caused
tion in this very different way. many problems with the quality
We Imve very fight budgets for of the database and reliability of

inlormation purposes. This may the information that users
indeed be called the "information retrieved. Now, EPA is fully
age," but you couldn't tell it applying appropriate QA/QC
from the way we are forced to process to the TRI database. TRI is evolving as usersfind new

ways to analyze the data and as we
budget. Information is still seen TRI is evolving as users find learnhow tonu_kethispublicas a frill--a convenience, not a

new ways to analyze the data and right-to-know experiment work
necessity. However, this attitude as we learn how to make this better.

is changing, and in the competi- public right-ti:_-know experiment
tion for resources nothing sells a work better. Congress directed us
budget better than to tell those in to build this system for the pet-
charge of resources that you have pie, and we are still learning the
a highly vocal set of users who best tecl_niques to make TRI
are clamoring Ibr enhancements, work for everyone.
Strong indications that the data
arc wanted and are being used to
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Structure Activity Relationships to Assess New
Chemicals Under TSCA

Angela E. Auletta, U.S. Environmental Protection Agency

Under Section 5 of the Toxic Substances Control Act (TSCA ), manufacturers must notify the U.S. Environmental Protection Agency
(EPA) 90 days before manufacturing, processing, or importing a new chemical substance. This is referred to as a premanufacture
notice (PMN). The PMN must contain certain information including chemical identity, production volume, proposed uses, estimates
of exposure and release, and any health or environmental test data that are available to the submitter. Because there is no explicit
statutory authority that requires testing of new chemicals prior to their entry into the market, nu)st PMNs are submitted with little or
no data. As a result, EPA has developed special techniques for hazard assessment of PMN chemicals. These include (I) evaluation
of available data on the chemical itself, (2) evaluation of data on analogues of the PMN, or evaluation of data on metabolites or
analogues of metabolites of the PMN, (3) use of quantitative structure activity relationships (QSARs), and (4) knowledge and judge-
ment of scientific assessors in the interpretation and integration of the information developed in the course of the assessment. This
approach to evaluating potential hazards of new chemicals is used to identify those that are most in need of additional review or fur-
ther testing, lt should not be viewed as a replacement for testing.

Introduction (Regulation of Hazardous Chemi-
cal Substances), 7 (Imminent

TSCA was enacted and Hazards), and 8 (Reporting and
signed into law by Presi- Retention of Information).

dent Gerald Ford on Octo- This paper will deal with the use Quantitative structure activity

ber 11, 1976. lt went into effect of quantitative structure activity relationships (QSAR) are used to
assess new chemicals submitted

on January 1, 1977. Simply relationships (QSAR) to assess
under Section 5 of TSCA.

stated, TSCA provides EPA with new chemicals submitted under
the authority "to regulate com- Sect. 5. Particular reference will
merce and protect human health be made to the use of mutagenic-
and the environment by requir- ity data in this context.
ing testing and necessary use
restrictions on certain chemical Premanufacture Notice
substances..." Under Sect. 5 of TSCA, a manu-

facturer must notify EPA 90 days

TSCA has two main regulatory befi_re manufacturing, process-
features: (1) acquisition of suM-

ing, or importing a new chemical
cient information by EPA to iden- substance. A "chemical" may be
tify and evaluate potential any of a wide variety of organichazards from chemical sub-

or inorganic substances manufac-
stances and (2) regulation of the

lured or imported by the chemi-
production, use, distribution, and

cal indusU'y for uses such as
disposal of such substances

dyes, pigments, lubricant addi-
where necessary. Although tives, chemical intermedi ales,
TSCA consists of 31 sections,

synthetic fibers, structural poly-
principal provisions of the act
are described in Sects. 4 (Testing reefs, or coatings. Essentially, it

includes any commercial chemi-
of Existing Chemical Sub- cal except those used as drugs,

stances), 5 (Premanu facturi ng pesticides, food additives, cos-
Notices for New Chemicals), 6
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metics, and certain other uses includes chemical identity, pro-
that are controlled by other duction volume, proposed uses,
statutes, estimates of exposure and

"New" is defined as any chemi- release, and any health or envi-

cal not listed on the Inventory of ronmental test data that are avail-
Existing Commercial Chemicals. able to the submitter at the time

The inventory was first compiled of submission. Section5 containsno explicit statutory

in 1977 and included those Section 5 contains no explicit authority requiring manufacturers,
processors, or importers to conduct

chemicals that were being manu- statutory authority requiring testing of new chem&aL_ prior to their
factured or imported for use at manufacturers, processors, or lm- entry intothemarket.
that time. Since then, PMN porters to conduct testing of new
chemicals for which EPA has chemicals prior to their entry
received a Notice of Commence- into the market. Therefore,
ment (NOC) have been added to approximately 50% of ali PMNs
the inventory, which now received contain little or no test

includes over 60,000 entries, data. The types of data received
Since 1979, EPA has received and the distribution of this data

over 7000 PMNs. Of these, between nonpolymer and poly-
approximately 60% were dis- mer chemicals are shown in

crete chemicals and approxi- Table 1. Although the data
mately 40% were polymers, shown in the table are for the

TSCA requires that certain infor- years from 1979 - 1985, figures
mation be provided in the new should be regarded as substan-
chemical notification. This tially accurate because the rate of

Table 1. Percentage of data by type submitted with premanufacture
notices, 1979- 1985

Type of data Ali Nonpolymers Polymers
(%) (%) (%)

None 51 38 68

Toxicity 40 53 24

Acute toxicity

Oral 40 53 24

Dermal 23 29 14

Inhalation 11 13 7

Skin/eye irritation 38 48 21

Sensitizalion 11 17 5

Mutagenicity 15 23 6

Other 11 16 4

Ecotoxicology 10 15 4

Environmental fate 9 13 4
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data submission with PMNs has environment and those that pre-
not changed appreciably in the sent an "unreasonable" risk. Risk
period from 1985 - 1990. Note is defined as a function of haz-
that data received are associated ard, which includes a determina-

primarily with nonpolymer sub- lion of both toxicity and
missions. Most of the data exposure; unreasonable risk also

received are acute oral toxicity includes a consideration of expo- EPA must distinguish betweenthose
data. Mutagenicity data, primar- sure. EPA has 90 days from the chemicalsthat nu2ypresenta
ily the results of testing in the receipt of submission of a PMN "reasonable"risktohealthor the
Salmonella/mammalian microso- to make this determination. The environmentandthosethatpresent

an "unreasonable" risk.
mal assay, are received with 5% schedule for the assessment proc-
of ali PMNs. ess is shown in Table 2.

Because of the paucity of data During the first week after a
associated with PMN submis- PMN is received, it is presented
sions, the assessment of potential before a Structure Activity Team
toxicity of new chemicals is con- (SAT) composed of chemists,
ducted using special techniques toxicologists and environmental
developed for this purpose, scientists. Using professional
These include (1) evaluation of judgment based on knowledge of
available data on the chemical relevant structural analogues, the
itself, (2) evaluation of data on SAT expresses concern for poten-
analogues of the PMN chemical, tial environmental effects or for
on its metabolites or their ant- health effects, which may
logues, (3) use of QSARs, and include cancer, mutagenicity,
(4) knowledge and judgement of teratogenicity, neurotoxicity, or
scientific assessors in the inter- other chi'onic or acute effects.

pretation and integration of the Concern is not expressed fi_r ali
infornmtion developed in the chemicals. Likewise, when con-
course of the assessment. The cern is expressed for a particular
use of QSARs is limited to the PMN chemical, it is not necessar-

estimation of (1) physical chemi- ily expressed for ali effects.
cal properties such as water solu- Within 1 week of the SAT meet-

bility, log P, and vapor pressure, ing, a second meeting is held at
and (2) acute aquatic toxicity and which the SAT concerns, the use
bioconcentration factors, which scenario, and expected exposure
can be estimated on the basis of are considered together and a
log P. Currently, EPA does not decision is made on whether or TheSATexpressescotu:ernfor
use QSARs for health effects not lo continue the review proc- potential environmental effects or for

because too few endpoints and ess (Detailed Review). healtheffects, whichnmyinch,le
cancer, mutagenicity, teratogenicity,t_o few classes of chemicals

Once a chemical enters illI_ file neurotoxicitv, or other chronic or

have been studied to permit rou- Detailed Review I ocess, a team_r _'" acute effects.
line use of such methodology in of health and/or environmental

PMN assessments, experts is convened. Each expert

Evaluation of PMN examines the PMN from the per-
spective of his or her area of

Chemicals expertise and makes a case using
in evaluating chemicals under direct or supportive evidence.
Sect. 5, EPA must distinguish Direct evidence includes data

between those that may present a dealing specifically with the
"reasonable" risk to health or the PMN chemical. Such data may

Acccss/lJse Inl'o Resources Assess l lealth Risk Chem l:.xpos'93 55



Table 2, Premanufacture notice (PMN) hazard assessment process

Day Activity

0 Receipt of notice

2-9 Determine chemical nature

Review submitted test data

Identify suitable analogues including analogous PMN chemicals

Perform preliminary literature searches on the PMN chemical and relevant analogues

Obtain in-house data on analogues, if available

10 Chemistry team meets

11 Structure activity team (SAT) meets to discuss fate and health and ecotoxicology hazards

14 Exposure analysis team meets to discuss occupational, consumer and environmental exposure

15 Prel!_dnary risk decision is made

Low .risk cases are dropped from further review. Others enter into a detailed review for analysis of
risks

16--60 Detailed review

Analogue identification continues, literature searches are performed, and relevant literature is
identified and acquired

Available data, including any available on the PMN chemical, are reviewed and evaluated

The PMN is evaluated to determine such factors as absorption, metabolism, and the potential for
activation/deactivation in the body

A written hazard assessment is prepared utilizing the data developed and relating the data on the
analogue to the PMN chemical

65 Internal peer review of hazard/risk conclusions and development of testing recommendations

80 Final risk decision

Cases that do not appear to present an "Unreasonable risk of Injury" are dropped

Chemicals that "may present an unreasonable risk" are subject to regulatory action (e.g., exposure
controls may be specified, restrictions may be placed on use, or testing requirements may be
specified)
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have been submitted with the manufacture under Sect. 5(I')
PMN or may have been found in of TSCA.
the scientific literature.

3. If lt is determined that there is

Supportive evidence may include insufficient information on
data on a potential metabolite of which to base an evaluation of

the PMN or data on a close struc- the chemical, that it may pre-
tural analogue of the PMN or on sent an unreasonable risk of After completion of detailed review,
analogues of a potential metabo- injury to health or the environ- severalcourses of action maybe

takenlrythe agency..
lite. Because data on the PMN ment or may be manufactured
itself is generally not available, in sufficient quantities to cause
most evidence is supportive in significant environmental or
nature. To be useful as suppor- human exposures, the agency
tive evidence, analogues selected may issue a proposed order to
must fulfill two requirements: prohibit or limit the production
(1) they must resemble the PMN of the substance under
or its potential metabolites struc- Sect. 5(e) of TSCA. As a result
turally, functionally, in physio- of a Sect. 5(e) order, the com-
chemical properties, electronic pany may be required to sub-

potential, or some combination mit data billowing specific
of these factors, and (2) they testing of the PMN or it may

must offer the promise of a pro- be required to control expo-
ductive literature search, sure levels by the use of protec-

tive clothing or equipment.
After the completion of the

Section 5(e) orders may alsodetailed review, several courses
limit manufacture for desig-of action may be taken by the
nated uses only.

agency.

1. The agency may determine Use of Mutagenicity Data
that the chemical poses no In general, mutagenicity data are
unreasonable risk to health or used for ftu'ce purposes under
the environment. In that case, Sect. 5: (1) as part of exposure-
manufacture of the chemical based testing, (2) to assess the
may begin following the expi- potential of the PMN chemical to
ration of the 90-day period. On induce heritable genetic effects,

receipt of an NOC from the and (3) as part of the weight of
submitter, the chemical is evidence that a chemical may be
added to the inventory of exist- a potential oncogen.
ing chemicals and is no longer
considered a "new" chemical. The criteria for exposure-based

testing and the tests required
2. If ii is determined thai there is when such triggers are met are Mutagenicity data are used for three

enougll information on which shown in Tables 3 and 4. Not ali purposes.

to base a judgement that a tests are necessarily perfl_rmed
chemical presents an unreason- on ali chemicals that satisfy tile
able risk, the agency may issue conditions l_r exposure-based
a proposed rule that will initi- testing. When mutagenicity test-
ate some type of direct control ing is required, the agency asks
of the chemical. If it is deter- for a two-test battery of the Sal-

mined that a total ban is monella assay and a mouse
required, the agency may issue micronucleus assay. Because the

a proposed order to prohibit intraperitoneal route is
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Table 3. TSCA Section 5 criteria for exposure-based testing

1. > 1000 workers exposed

2. > 100 workers exposed by inhalation to 10 mg/kg/day

3. > 100 workers exposed by inhalation to 1 - 10 mg/kg/day for
1O0days/year

4. > 250 workers exposed by routine dermal contact for 100
days/year

5. Presence of the chemical in any consumer product where the
physical state of the chemical in the product and the manner
of use would make exposures likely

6. > 70 rag/year exposure via surface water

7. > 70 mg/year exposure via air

8. > 70 mg/year exposure via groundwater

9. > 10,000 kg/year release to environmental media

10. > 1000 kg/year release to surface water after calculated Concern for a chemical's ability
estimates of removal by treatment to induceheritablegeneor

chromosomalmutationsis rarely
supportableunderSection 5.

Table 4. TSCA Section 5 testing requirements
for high-volume chemicals

1. Acute oral toxicity test in rats

2. 28-day repeated dose oral study in rats (may include
developmental, reproductive, or neuroW,,_i ;ty testing)

3. Salmonella assay and in vivo micronucleus assay

4. LCs0 in Daphnia, LCso in lish, and bioassay in algae

considered most sensitive by human exposure might be chosen
agency scientists, it is required for testing.

Ibr the micronucleus assay. At Because of the nature of the

this stage of testing, the empha- PMN assessment process, which
sis is on determining intrinsic

relies heavily on the use of aria-
mutagenic potential and not on a
determination of risk. ,If risk logue data, and because of limita-

tions in the size of the data base
were a prime consideration at

of chemicals tested for heritable
this point, then routes of admini-

genetic effects, concern for astration that m'e more relevant tc,
chemical's ability to induce heri-
table gene or chromosomal mura-
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tions is rarely supportable under L5178Y TK +/ system. More
Sect. 5. In the few instances in recently, the agency has begun
which such a concern has been requiring certain manufacturers
supported, required testing has to submit data from a battery of
included the dominant lethal tests that has included the Salmo-

assay and assays for chromoso- nella assay and an in vivo assay

mal aberrations it, testicular for chromosomal effects, espe- When an appropriate oncogenic
cells, lt is understood when such cially the micronucleus assay, analogue has beentestedin the

testing is required, th,_t if post- Where an appropriate oncogenic sameassaysas thoserequiredfiJr
rive, additional tests (e.g., a heri- the PMN chemical, this agent is

analogue has been tested in the generally included in the test as a

table translocation assay) may be same assays as those required for positive controlchemical.
required for risk assessment pur- the PMN chemical, this agent is
poses, generally included in the test as a
The principal use of mutagenic- positive control chemical. In
ity data under Sect. 5 has been as some cases, where activity of the
part of the weight-of-evidence analogue chemical in short-term
that a chemical may be tests was not known, the agency
oncogenic, has required the simultaneous

In supporting a concern for testing of _th the PMN chemi-
potential oncogenicity of a PMN cal and the analogue. Positiveresults for both the PMN chemi-
chemical, the agency will gener-
ally cite data on an analogue that cal and the analogue are used to

support the weight-of-evidence
is known to be oncogenic (i.e.,

that the PMN chemical may be
demonstrated tumor-forming
ability in one or more animal an oncogen. In these instances, a
studies). In such instances, 2-year bioassay of the PMN

chemical or the use of protective
mutagenicity data on the PMN

equipment to limit exposure is
chemical or on the analogues are

generally required.
used to lend support to the case
for potential oncogenicity. In Negative results for the PMN
cases in which nt_analogue of chemical, in the face of positive
the PMN chemical has been results for the analogue, are
tested for onc_genicity, taken as an indication that the
mutagenicity data alpine are gen- PMN chemical is probably
erally not considered sufficient nontmcogenic or, in cases in
to support a concern lhr potential which the analogy may have
onct_genicity. Regulatory action been doubtful, thai the analogue Negative results for theI'MN

chemical, in the face of positive
is seldom, ii ever, taken t_n the was not appropriate. In either results for the anak_gue,are taken
basis of mutagenicity data alone, case, concern l'¢_rpotential onto- asan indicationthatthe PMN
especially on the basis of in viln_ genicity is lessened as a result of chemicalis probably nononcogenic.

mutagenicity data. mutagenicity data and a 2-year

Mutagenicity data have been bio_,_ssayis generally not consid-
ered necessary.

required as part t_fseveral Sect.

5(e) notices. Initially, these In Iht)se instances in which the
requirements were primarily fc_r analogue chemical is inactive in
Salmonella test data. For certain short-term tests l_r mutagenicity,
classes of chemicals, the require- negative results for the PMN

ment was for in vitro gene mura- chemical do not alleviate con-
tion data, specifically, l¢_rdata cern for potential oncogenicity.
li'ore the mouse lymph_ma
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Because of the cost t)f conduct- testing. The agency ll()pcs that

ing a Iong-terln bioassay, such a judicious and reas_mahle use of Chemicalssul_ected to the
requirement is oi'ten interpreted short-term testing will increase requirenu'ntfora long.term bioassay

by the regulated industry as a de in the Sect. 5 process and thai are t_en withdntwn by the submitter
facto ban. Chemicals subjected this increase in the use of short- l_eca_t_e theycannotsupportthe cost

of testing.
to the requirement h_r a long- term testing will reduce the hum-
term bioassay are often with- ber of chemicals subject to a
drawn by the submitter because bioassay.
they cannot supl_rt the cost of
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Quantitative Genetic Activity Graphical Profiles
for Use in Chemical Evaluation

Michael D. Waters, 1 H. Frank Stack, 2 Neil E. Garrett, 2 and Marcus A. Jackson, 2

1U.S. En vironmental Protection AgencT

2Environmental Health Research and Testing, Inc.

A graphic approach, termed a Genetic Activity Profile (GAP), was developed to dispk_y a matrL_ of data on the genetic and related
effects of selected chemical agents. The profiles provide a visual overview of the quantitative (doses) and qualitative (test results)
data for each chemical. Either the lowest effective dose or highest ineffective dose is recorded for each agent and bioassay.. Up to
20(1 different test ._stems are represented across tbr, GAP Bioassay systems are organized according to the pt,ylogeny of the test
organi,_na and the end points of genetic activi_. . The methodology for producing and evaluating genetic activity profiles was
developed in collaboration with the International Agency for Research on Cancer (IARC). Data on individual chemicals were
compiled by IARC and by the U.S. Enviromnental Protection Agency (EPA). Data are available on 343 compound_ selectedjh, m
voluttu, s 1-53 of the IARC Monographs and on I15 compounds identified as Superfund i'rioritv Substances. Soil,an' to display the
GAPs on an iltM-compatible personal computer is available from the authors. Structurally similar compounda frequently disph_.
qualitatively and quantitatively similar profiles of genetic activi_,. Through e.tamination cf the patterns of GAPs of pairs and groups
of chemicals, it is possible to nu_ke ttu_re infomwd decisions regarding the selection of test batteries to be used in evaluation of
chemical analogs. GAPs provided uaeful ck_tafor developttwnt of weight-of-evidence hazard ranking schetnes. Also, sonu"
kn(m,ledge ((the potential genetic activity of complex environnu'ntal mixtures may be gained from an assesstm'nt of the genetic
activi_ profiles of component chemicals. 1he fundamental techniques and compute r prog rama devised fi_r the GA l' database truJy
be used to develop similar &Jtabaaes in other disciplines.

Introduction a bar graph (genetic activity pro-
file) in which test systems (identi- Datafrom a variety_gshort-tenn

Data derived from short- fled by tl_ree-letter code words) testsare requiredtr, l, roperly

term tests are usually are displayed along the x-axis givendefinechemicaltheresponSeagent.Pr¢_leof a

interpreted according to and values conesponding to the
doses employed in the tests are

the phyiogenetic category of the
shown on the y-axis. The total

tesl and the end point detected.
data available from up to 200 di f-

Commonly studied end points
ferent short-term bioassays for a

include DNA damage, gene
mutation, sister-chromatid c()mp(mnd are thus presented in

a standardized format that allows
exchange, micronuclei, chromo-
somal aberrations, aneuploidy, rapid visualization of the genetic
and cell transf_>rmation. Few (or related) effects induced. The

short-term hi_assays monitt_r technique l:acilitates qualitative l.'ewshort-tennbioassavs
as well as quantitative assess- t_umitor more than one or two _y"n]_re than one or Iw_ _1"these
merits of genetic toxicity. Cur- theseendpoints.

end points. Thereft_re, data liore
rent procedures for the prepara-

a variety of short-term tests are
tion and evaluation of genetic

required to properly define the
activity profiles (GAPs) are

response pr_ffile of a giyen
chemical agent, described by Waters et al.

(1988a) in the cuntext of their

Garrett et al. (1984) developed a use by the International Agency
technique for presenting lhc for Research on Cancer (IARC).

quantitative genetic toxicology
data for a chemical compcmnd as
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Methodology t LowestEffectiveDose

The data set for a given chemi- I (/Jg/mlor mg/kg bw/da) LogDose POSITIVERESULTS
cal, consisting of a discrete set of Units
tests and the doses required to 0.001 .....................................8 E0.01 .....................................7 C Testsystemcode
induce responses in those tests, 0.1 .....................................6 W

are presented in a bar graph as 1.0 .....................................5 A Studywithactivation

illustrated in Fig. 1 10 .....................................4 -.I• 100 .....................................3 - Study withoutactivation

tThe bar (profile lines) originat- 1000 .....................................2
ing on the x-axis represent the 10000 .....................................1 .............................

tests plotted in either a phyloge- 100O00 ...........1 .................0 -:.........................10 ................-1
netic or end point sequence. A 100 .................-2 :
three-letter code is used to iden- 1Odd ..................3 -,-,
tify the.test system represented 1OO00 .................4 /N
by each bar. Values on the y-axis 100t)00 ..................5
are the logarithmically trans- HighestIneffectiveDose NEGATIVERESULTS
formed lowest effective doses (pg/mlormg/kgbw/cia)
(LED) and highest ineffective ............
doses (HID) tested. The term Fig. 1.A schematicrepresentationof a GeneticActivityProfile(GAP)showing

"dose," as used in this report, fourstudiesfor thetestECW(2positiveand2 negative).TheaverageLEDof themajoritycall is indicatedbya solidverticalbar.Adashedverticalbar indicatescon-
Joes not take into consideration flictingtest resultsforthestudy.Noteincaseswherethereare anequal numberof
length of treatment or exposure positiveand negativestudiesas here,the majoritycall is positive.
and may therefore be considered
synonymous with concentration, the highest dose tested without
The doses or concentrations used excessive toxicity is defined as
for all in vitro tests were con- the HID. If there is evidence of

vetted to l.tg/ml, and those for in extreme toxicity, the next lower
vivo tests to mg/kg bw per day. dose is used. A single dose yield-
Because dose units are plotted on ing a negative result is consid-
a log scale, differences in ered equivalent to the HID. For
molecular weights of compounds positive results, the LED is

do not greatly influence compari- recorded. If he original data
sons of GAPs. have been analyzed statistically 1he tenn "dose," as usedin this

by the author, the dose recorded report, does nottake into

Pmfile-li,ae height (the magni- is thai at which the response was considerationlength of treatment
tude ,ff each bar) is a fullction of or exposureandmay thereforebe

significant (p < 0.05). If the data considere,t synonymous withthe I.ED or Hl[), which is a_'_oci-
were not analyzed statistically, concentr¢Jtion.

ated with the characteristics of
the d(,se required lo Doduce an

each individual test system, such effect is estimated as follows:
as population size, cell-cycle

When a dose-related positive
kinetics, anti metaN.qic compe- response is t_bserved with twt)orlence. These characteristics and

more doses, the lower of the
other factors make lhe detection

doses is laken as the LEI); ," sin-
limit of eacl_ test system differ-

glc dose resulting in a positive
ent, th_ 'fore resp_mses across

response is considered equiva-
the (]Al' will vary s_lbstantially, lent to the LEI).
No attempt is made tr) adjust or
relate responses in one test sys- To accommodate both positive
tem to those of anolher, and negative responses on a con-

tinuous scale, doses are trans-
Line-heights are derived as fol-

formed logarithmically so that
lows: For negative tesi results, ..re,..i,,,. (_r:h_ ,,n,_inef!_ective,.,.,t/, _-t,i • _.. 1_._=.-3 M,_AU •
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(HID) doses are represented by results) the majority data are
positive and negative numbers, shown with a solid line and the
respectively. The logarithmic minority data with a dashed line
dose unit [LDUcij)I for a given (drawn to the extreme response).
test system i and chemical j is In the few cases in which the
represented by the expressions" numbers of positive and negative

I..DU(ij) lOgl0(dose), for HID results are equal the solid line is Three-lettercode words= - ' representing the cotmnonly used
drawn in the positive direction tests were originally defined by the

values; LDU < 0 and the negative response is indi- GENE-TOXprogram.

LDU(ij) = 5 - logl0(dose), for cated with a dashed line, drawn
LED values; LDU > 0 from the origin to the extreme

These simple relationships negative LDU (Fig. 1).
define a dose range of 0 to -5 The three-letter code words rep-
logarithmic units for ineffective resenting the commonly used

doses (1 to 100,000 lag/nrl or tests were originally defined by
mg/kg bw/day) and 0 to +9 loga- the GENE-TOX program of the
rithmic units for effective doses U.S. Environmental Protection

(100,000 to 0.0001 lag/ml or Agency (EPA) (Waters 1979;
mg/kg bw/day). A scale illustrat- Waters and Auletta 1981). These
ing the LDU values is shown in codes have been systematically
Fig. 1. Negative responses at redefined and expanded to facili-
doses < 1 lag/ml (mg/kg bw/day) rate inclusion of additional tests
were set equal to 1. Effectively, in the future (Waters et al. 1988).
an LED value > 100,000 or an

HID value <1 produces an LDU Evaluation of Genetic and
= 0; no quantitative information Related Effects

is gained from such extreme val- IARC has employed the GAP
ues. Levels of log dose units methodology (Waters et al.
between 1 and -1 define a "zone 1988) in evaluating genetic and
of uncertainty" in which positive related effects of suspected
results are reported at very high human carcinogens in IARC
doses (10,0(X) to 100,(300 lag/ml Monographs Supplement 6
or mg/kg bw/day), and negative (IARC 1987a) and in vols. 36,
results are reported at relatively 39, 41,44 (IARC 1985a, 1985b,
low dose levels (1 to 10 lag/ml or 1986, 1988b), and 46-53 (IARC
mg/kg bw/day). 1989b, 1989c, 1990a, 1990b,

Ali dose values are plotted for 1990c, 1991a, 1991b, 1991c). 1"helnternatiomd Agencyfi_rResearch on Cancer empk_ys the

each assay using either a bar (-) Figure 2 illustrates the procedure GAPmethodology in evaluzaing
lk)r results obtained in the cun'ently employed by the IARC genetic and rekaed effects of

absence of an exogenous metabo- as ii relates to the (;AP data base. suspectedhunum carcinogen._ inIARC Monographs.

lic system or a caret (^) l'c_rthcJse Nesnow (personal communica-
c_btained in rite presence of an tion) has recently completed a
exogenous metab_lic system, pcrscmal computer (I'C) dBase
When ali results for a given version of the data on carcino-

assay are either p_sitive _r nega- genicity contained in IARC

rive, the geometric mean _I"lhc Monographs Supplement 7
responses is plotted as a solid (IARC 1987b) and IARC Memo-

line; when conllicling data are graph Vc_ls.43--49 (IARC 1988a,
reported fc)rthe same assay (i.e., 1988b, 1989a, 1989b, 1989c,
both p()sitive and negati ve !_c)();a,!990b, !991 a, !99 !b,
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PRIOR TO THE IARC MONOGRAPH WORKING GROUP MEETING

1. IARC selects compounds and completes literature search

2. Working subgroup members review literature for individual compound(s)

3. Subgroup member prepares

(a) Written summary

(b) Summary table

(c) Data listing

4. Drafts of data and summaries are sent to 1ARC

DURING THE IARC MONOGRAPH WORKING GROUP MEETING

5. Genetic and related effects subgroup convenes

6. Data summaries and tests are verified for each compound

7. Final drafts are submitted to Working Group for review

8. Data tables and summaries are sent to EPA/GTD for dose verificaUon

9. Genetic activity profiles and data listings are prepared and sent to IARC

Fig. 2. The current process of chemical selection mid review of data on genetic and related effects used
in the preparation of genetic activity profiles for IARC Monographs.

199 lc). Most of these agents are enhanced graphics card (EGA or
included in the GAP data base VGA), a high-resolution color
[derived from IARC Monographs monitor, and DOS Version 3.2 or
Supplement 6 (IARC 1987) and higher.

Monograph Vols. 46-49 (IARC Generally, an lntel 80286 (PC
1989b, 1989c, 1990a, 1990b)]. AT) computer is preferredTherefore, these two databases

because data processing and
can be used to examine retrospec- graphics display are faster than
tively the usefulness of short- with the 8086 computer.
term tests for the prediction of Optional devices used for data
carci nogenicity and the relation-

and graphic output include a line Copies of software for

ship between specific genetic printer and plotter. Alternatively, IBM-compatible PCsto display and
end points or assays and carcino- search GAPsare available from

a laser printer or equivalent can theauthors.
genicity, be used to print the Hewlett

PC Version of the GAP Packard (HPGL) plotter files
Data Base - Version 3.0 using additionalsoftware.

The GAP software is distributed
Copies of software for IBM-

on a single high density, 5.25 in.
compatible PCs to display and
search GAPs are available from Hoppy disk containing the pro-

grams, data, and GAP
the authors. Computer programs
require the following minimum bibliography.

configuration: PC using lntel Executable programs are
8086 chip (PC XT) with 640-kb archived on the program disk
memory, a hard-disc drive, an and are compiled from programs
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written in Turbo Pascal. During prokaryotes, lower eukaryotes,
installation of the programs, the etc.) or in test end-point order
necessary directory and subdirec- (i.e., DNA damage, gene muta-
tories are created. The installed tion, etc.). Individual test codes
programs and data use approxi- may be examined to determine

mately 1.2 Mb of disk space, the source citations by using the Thebibliography of the GAPdata
GAP program zoom-in features, is also inanarchivedfile.The bibliography of the GAP

data is also in an archived file. "Listings" produces a listing of
The file requires 0.7 Mb of disk the data in either phylogenetic or
space; however, the bibliography end-point order and may be
is not necessary to operate the directed to the PC screen, a
GAP programs, and it may be printer, or a data file.
deleted and reinstalled as

"Modify data" is used to add,
needed, change, or delete agents or test
The database consists of two results (e.g., test codes, results,
data sets, "IARC" and "EPA." doses, and reference numbers).
The IARC data set contains data

"Short citations" permits search-
on 343 agents published in Sup- ing the literature citation informa-
plement 6 (IARC 1987) and in lion for approximately 6000Volumes 46-53 of the IARC

short citations contained in the
Monographs (IARC 1989b, GAP database. The citation infor-
1989c, 1990a, 1990b, 1990c, marion includes the citation num-
1991a, 1991b, 1991c). The EPA

ber (LITNR), the Environmentaldata set contains data on 115

agents assembled for the Genetic Mutagen Information Center(EMIC) accession number, and a

Toxicology Division of EPA short citation (consisting of the
(Waters et al. 1990a). A list of

last names of up to three authors,
the individual projects included

the first page number, and the
in each data set may be viewed

year of the publication). The cita-
using the GAP computer pro- tion information may be

gram. A data subdirectory is pro- searched by author or by EMICvided for users to enter their own
number to determine if a citation

data. is present. Short citations also

The main program menu of GAP may be added to the file and are
Version 3.0 offers the following automatically assigned citation
selections: agents, profiles, data numbers.
listings, modify data, short cita- "Additional information"
tions, and additional information.

includes three-letter test code Thecitationinfornmtion maybe
"Agents" provides options to list definitions, the scale of log-dose searchedby author or by EMIC
the available projects, CAS num- units used in the profiles, infor- ntunber.

bers and agent names. Another mation on the dose conversions,
menu allows ordering of the list and tables listing projects for
by any of the three options, both the EPA and IARC data

sets.
"Profiles" provides graphic dis-
play of the short-tex:m test data
on selected agents. A menu is
used to select the sequence of

test codes, either in phylogenetic
order of organisms (i.e.,
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Some Applications of the enhance our understanding of the
GAP DataBase relationships between genetic

and related activity in short-term
1. Comparative Evaluation of tests and molecular properties of

Genetic Activity Profiles structurally related chemicals
Using Computer-Based Profile and thus contribute to our knowl-

Matching Techniques. edge of the mechanisms of com- lt is possibletomakeinformed
Where an adequate number of plex processes such as decisionsregarding theselectionof
the same test has been used to Carcinogenesis. test batteries to be usedin the

subsequentevaluationofstructuraUy
evaluate two or more chemicals, 2. Testing and Evaluation of similarchemicals.
it is possible to use the main- Complex Mixtures
frame computer to select match-

ing "pairs" of GAPs. This A recent application of GAPs is
computer-based pairwise match- in the testing and evaluation of
ing process may be extended to complex mixtures (Waters et al.
ali chemicals in the database. 1990b). Some knowledge of the

The pilot applications of this pro- potential genetic activity of a
cedure to EPA databases on complex environmental mixture

known or suspected human car- may be gained from an assess-
cinogens (Garrett et al. 1984) ment of the genetic activity of its

and on pesticide chemicals (Gar- component chemicals. This
rett et al. 1986) have demon- requires information on the
strated that structurally similar chemical components and com-
compounds frequently display position of the mixture. For
qualitatively and quantitatively example, the Atmospheric
similar profiles of genetic activ- Chemical Compound database
ity. This implies that the GAP developed by Graedel et al.
database should be of consider- (1986) contains information on

able utility in structure activity chemical structures, properties,
relationship (SAR) investigations detection methods, and sources
and in selecting tests and baiter- of chemicals found in ambient
ies of tests to be applied to air. The GAP database provides a
chemicals that have not been computer-generated graphic rep-

fully evaluated (Waters et al. resentation of genetic bioassay
1988b). data as a function of dose. Using

the two databases together, infor-

Through the examination of the marion on the quantity of an indi-
patterns of GAPs of pairs and viduai chemical present within a
groups of chemicals, it is possi- mixture may be related to the TheGAPdatabaseprovides a

ble to make informed decisions quantity (LED) of the chemical computer-generated graphic

regarding the selection of test bat- required to demonstrate a posi- representation of genetic bioassay

teries to be used in the sub- tive response in one or more dataas a function of dose.

sequent evaluation of structurally genetic bioassays. Quantitative
similar chemicals. The approach information on the carcinogenic

draws on the information in the potency of each individual com-
entire database and may be pound [toxicity dose Ibr 50% of
linked to computer systems that a population (TDs0) valuel may
model the molecular properties also be related to the quantity pre-
of the chemicals under evalu- sent in the mixture or mixture

ution (Richard et al. 1989). This fraction. In turn, the quantity of

comparative information can the chemical in the complex mix-
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lure to which humans are 4. Development of Other Data-
exposed may be estimated and Bases

used to calculate the percent The fundamental techniques andhuman exposure dose/rodent
potency dose (HERP) for the computer programs devised for

the GAP database may be usedchemical (Gold et al. 1984,
to develop similar databases in

1987; Gold 1991). By using an
additivity assumption, for exam- genetic toxicology and in other Correlativestructure-activity

disciplines. Dearfieid et al. approaches can be used to identify
pie, an estimate of potential car- (1991) have described the appli- the substructural elements of

cinogenic hazard for the mixture cation of the GAP methodology chemicalsresponsible for particular
may be calculated based on the biolog'cal responsessoas to
HERP indices for the known to the data base being con- suggestbiologically plausible

structed by the EPA Office of mechanismsof action.
chemical components. This con- Pesticide Programs. Kavlock et
ceptual approach is limited by al. (1991) have successfully usedthe relatively small number of

the approach and modified com-
chemicals identified in complex
mixtures for which genetic toxi- puter programs to assemble
cology and animal cancer data graphic activity profiles and cor-
exist, responding data listings for sev-

eral developmental toxicants.
3. Weight-of-Evidence Ranking

Schemes Future Directions

Committee I of the International A useful application of the GAP
Commission for Protection database in the future will

Against Environmental involve computer-based profile
Mutagens and Carcinogens matching techniques (see 2.
(ICPEMC) has been involved Ibr above) with weight-of-evidence
several years in the development ranking schemes (see 4. above)
of a computer-based methodol- to subset chemicals that act simi-
ogy to assess the evidence from larly (i.e., have similar GAPs).

short-term genetic tests that a Correlative structure-activity
chemical is a mutagen (Lohman approaches can then be used

et al. 1990). The evaluative more effectively to identify the
approach selected by ICPEMC substructural elements of chemi-
Committee I is based on a cals that are responsible for par-
"weighted test" scoring system ticular biological responses to
that provides a relative ranking suggest biologically plausible
of genotoxic potential. Input data mechanisms of action (Waters
for this ranking methodology 1990).
have been obtained from the

GAP database (Brusick 1991). References
The results of the application of Brusick, D. 1991.Aproposed method
the Committee I ranking scheme forassembly and inteq_retation of short-
are to be compared by ICPEMC term test data.Envirtm.l lealthPerspect.96:101-11.

with results obtained by applying Dcarfield, K.L, J.A.Quest, R.J.Whir-
the carcinogenicity ranking ing, Ii.l:. Stack, and M.D. Waters. 1991.

scheme of Nesnow ,(1984, 1991 ). Characteristicsof theII.S.EPA'sOffice
of Pesticide Programs' toxicity informa-
tion databases. Environ. llealth Per-
spect. 96:53--6.

Garrett, N. E., il. E Stack, M. R.

Gross, and M.D. Waters. 1984. An analy-
:d,_of the spectra of genetic activity pre,-
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The TSCA Interagency Testing Committee's
Approaches to Screening and Scoring Chemicals
and Chemical Groups: 1977-1983

John D. Walker, U.S. Environmental Protection Agency

This paper describes the TSCA Interagency Testing Committee's (IT(?) approaches to screening and scoring chemicals and chemi-
cal groups between 1977 and 1983. During this time the ITC conducted five scoring exercises to select chemicals and chemical
groups for detailed review and to determine which of these chemicals and chemical groups should be added to the TSCA Section
4(e) Priority Testing List.

Introduction Director of the National Cancer
Institute (NCI),

The TSCA Interagency T:sting
Committee (ITC) was created Director of the National Science
under Section 4(e) of the Toxic Foundation (NSF), and

Substances Control Act (TSCA) Secretary of the Department of
after six years of intense Con- Commerce (DOC).

gressional debate over proposed Since the ITC's first meeting on
toxic substances control legisla-
tion. Congress directed 8 U.S. .February 5, 1977, 10 U.S. gov-

ernment organizations with expe-government organizations to
rience in chemical testing haveappoint members to the ITC for
participated as Liaison Members:

4-year terms and established spe-
cific qualifications for member- Department of Defense (DOD),

ship. Congress mandated that Department of the Interior (DOI),one member each shall be

appointed by the: Food and Drug Administration six years of intense Congressional

Administrator of the U.S. Envi- (FDA), debateled to creation of the TSCA
,-, _ , Interagency Testing Colmnittee.ronmenlal l'rotection Agency _f nsumer Product Safety Com-

(EPA), mission (CI SC),

Secretary oI Labor (the Occupa- Department of Agriculture
tional Safety and Health (USDA),

Administration, OSHA), National Toxicology Program
Chairman of the Council on Envi- (NTP),

ronmental Quality (CEQ), National Library of Medicine
Director of the National Institute (NLM),

for Occupational Safety and Agency for Toxic Substances and
Health (NIOSH), l)isease Registry (ATSDR),

Dircctor of the National Institute l)ep,,u'tment of Transportation
of Environmental Health Sci- (I)OT), and the
ences (NIEHS),
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U.S. International Trade Commts- organizations represented on tile
slon (USITC). ITC.

Congress directed the ITC to: Developing Initial Lists
1) develop the TSCA Section
4(e) Priority Testing List within Initial l_,istsof chemicals and
9 months of TSCA's effective chemical groups were developed

date, 2) use 8 statutory criteria to from lists of chemicals referred Chemicalswereincludedin theITC's
prioritize testing for about to the ITC by Statutory and l_iai- InitialListsbeccn_seU.S.regukaory

60,000 existing chemicals, son organizations (Table 1). agencies lund co_'erns about test data

3) determine the order in which These chemicals and chemical adequacy.

the Administrator of the EPA groups were referred to the ITC

should implement the testing rec- because of concerns about the
ommendations for chemicals and adequacy of test data. Develop-

chemical groups on the TSCA ing the Initial List was the first
Section 4(e) Priority Testing stage of selecting chemicals by
List, 4) revise the TSCA Section the ITC (Fig. 1).

4(e) Priority Testing LL_tat least The ITC's First Scoring Exercise
every six months and 5) facilitate was conducted in 1977. At that
coordination of chemical testing time, there was no TSCA Inven-

among the U.S. Government tory of commercially-available
existing chemicals and chemical

I
Chemicals from I ,.",, _ -" " / ,

I statutoryand 'l /' "'\ [ ............ 1 .' .... ", - " ...... " , ]

Screen ,, Scoring ///----'" (Working) _-"-_,, Scoring ,/,..i_.allens, Merge />_, 1_1_11 "" ,J M.te, L/"ExP °Sure "k,......._ Ptlllmlr_ry

Inventorkls, slc, | \v / "",, / \',,.//" ...... "

Duplicates Non-TSCA Chemicals with Chemicals with
Regulated Chemicals, Low Exposure Sufficientdata

Non-Commercial or Low Adverse

Chemicals, Effects Potential
Regulated Subltance=

Polymers, Poorly- I
charecteflzed
Mhdures and ......................

Ined Subatances, Chemicals Ibr

Well-Characterized CommitteeI

Data Used by I
Chemicals Consideration

ITC Organl "_tlons, I and Public

IntarnatlonalGroups, I Comment

Industry States etc, /• 1
ry2_ _l TSCATsltlngSeCtiOnDeclslons4(e)--i | "

,,"" "" .. I Chemical= added to /" "",

,"" ",., I TSCA Section 4(e) "" " '"
k., ./ Public " ,/Committee '"

Comment "A_ Priority Te_tlngL/'st ,d,,-,,,<, Deliberations ,"'

'.. Indus // I by the US EPA l" ",, .," ] sent to ' ..
and EPA, etc. Administrator '", ,,,""" [ Administrator,US EPA 'I " / I ................. -- /

,,

• / /"

Testing Deferrals
Modified

l:ig. 1. 'l'he "I'S(:A Section 4(e) Interagency Testing Committee process fc_r screening, scoring and
selecting chemico.als and chemical groups: 1977-1983.
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Table 1. Sources of Chemicals and Chemical Groups for the ITC's First Scoring Exercise

Source Chemicals

DOI Fish and Wildlife Hazards 174

EPA Priority Pollutants 129
EPA Air Contaminants 337

EPA Estuarine Pollutants 9

EPA Office of Toxic Substance Priority Chemicals 162

FDA Potential Carcinogens 88

NCI Substances for Cancer Bioassays 372
NIOSH Criteria Document Substances 127

NIOSH Substances with Potential Occupational Exposure 500
NSF Environmental Contaminants 80

OSHA Suspected Carcinogens 116

ACGIH Threshold Limit Value Substances 570

CANADA Environmental Contaminants of Concern to Canada 160

groups. Estimates of the number first step in this process involved
of chemicals and mixtures sub- developing an Initial List of
ject to TSCA ranged from chemicals for consideration
10,000 to 100,000. Ali of these (Walker and Brink 1989).

were within the statutory pur- To develop the Initial List, theview of the ITC. TSCA listed a
ITC focused its attention on sub-

number of factors related to
stances that satisfied the TSCA

chemicals and chemical groups Section 4(e) statutory factors andthat the ITC had to consider
some nonstatutory factors such

before recommending testing:
as concerns for adequacy of data.

1) quantities manufactured, 2) The ITC chose to limit its Initial Attentionwas focused on chemicals

quantities released to the environ- List to chemicals or groups thathavepotential adverse effectson
ment, 3) numbers of individuals humanhealthor theenvironment.

exposed and duration of expo- which hadbeen identified in pre-
vious reviews by ITC's Statutory

sure, 4) extent of human expo- or Liaison organizations as being
sure, 5) structural relationships of concern because of potentialto known toxic substances,

adverse effects on human health

6) available toxicity data, 7) reli- or the environment or as having

ability of test data to predict haz- large production volumes and a
ard and 8) availability of testing potential for substantial humanfacilities. The ITC used these fac-

exposure or environmental
Iors and some nonslatutory fac- release.
tors such as concerns for

adequacy of data to develop a In addition to refeffals from
tiered process for selecting Statutory and Liaison organiza-
chemicals and chemical groups tions, the Initial List also
Ibr testing consideration. The included 570 chemicals and
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chemical groups for which the Center (EMIC) and the Environ-

American Conference of Govern- mental Teratology Information
ment Industrial Hygienists Center (ETIC) databases. This

(ACGIH) had established Thresh- list was screened against the ltst
old Limit Values and 160 chemi- of synthetic organic chemicals
cals and chemical groups of compiled annually by the

concern to the Canadian govern- USITC. This screening produced I_ InitialListcontainedabout3600
ment. After removing duplicates, an Initial List of 1571 chemicals chemicalsandchemicalgroups of
the Initial List contained approxi- (Table 2). concernto ITC's Statutory andLiaison

mately 3,600 chemicals and The ITC's Third Scoring Exer- organizations.
chemical groups (Table 2). cise was conducted in 1980. The

The ITC's Second Scoring Exer- TSCA Inventory was available
cise was conducted in 1978. At for the first time and was used as
that time, there was still no the sole source of chemicals for

TSCA Inventory. The chemicals the Third Scoring Exercise.

for consideration included those Chemicals in the public portion
described above (the sources of of the Inventory with minimum
which are listed in Table 1) plus aggregate production volumes
chemicals included in the Envi- equal to or greater than 2 million
ronmental Mutagen lnlbrmation pounds were included in an

Table 2. Sources and Numbers of Chemicals Processed Through the ITC's First, Second, Third, Fourth,
and Fifth Scoring Exercises

Number of Chemicals

Scoring
Exercise Year Sources of Chemicals Initial Master Preliminary Biological Detailed

List List List Scoring Review

1 1977 Listed in Table1 3600 1700 330 a 45 1 80

2 1978 Table 1, EM1C and ETIC databasesand 1571 252
USITC list of synthetic organic chemicals

3 1980 TSCA Inventory Chemicalswith annual 1877 215 107
production volumes >2 million pounds

4 1981 TSCA Inventory chemicals with at|nual 2755 213 75
production volumes _>1 million pounds,
STORET, FDA fish contaminants, Ci'SC
database and mixtures removed from 3td

Scoring Exercise

5 1983 TSCA Confidential l_usiness Information 3370 471 214 b 214 82
Inventory and Public Inventory chemicals

>1 million l_unds and not in previous
scoring exercises, 820 previously scored

chemicals, 257 previously deferred
chemicals, 46 analogs of known

carcinogens, 6 chemicals from Canada's
Environmental Protection Service, 5

chemicais from CI'SC, 4 chemicals from

DOI/FWS, and I 1 chemicals from EPA

.....................................................................................................................................................................................................

alncludes about 290 chemicals and 40 chemical groups.

l_Also referred to as a W_rking l_ist.

74 Access/Use lhR) Resources Assess Ite_dthRisk Chem Expos '93



Initial List of 1877 chemicals recommended by CPSC, 4

(Table 2). chemicals recommended by the
DOI's Fish and Wildlife Service,

The ITC's Fourth Scoring Exer- and 11 chemicals recommended
cise was conducted in 1981.

Chemicals in tile public portion by the EPA's Office of Toxic Sub-stances. This Initial l_,istcon-
of the TSCA Inventory with

tained 3370 chemicals (Table 2).
minimum aggregate production Chemicals were added from such

sources as the FDA's list of food
volumes equal to or greater than Developing Master Lists contaminants and Canada's
1 million pounds were selected
Ibr consideration as were chemi- Master Lists of chemicals and EnvironmentalProtectionService.

cals from several other sources chemical groups were generated

including cumulative supple- from Initial Lists by deferring
ments to the TSCA Inventory, chemicals that were considered
EPA's STORET database (75 to be non-TSCA regulable or not
chemicals), FDA's qst of food commercially significant. This
(fish) contaminants (38 chemi- was the second stage of selecting
cals), the Auerbach Consumer chemicals by the ITC (Fig. 1).

Product Database from CPSC The Master List was developed
(1320 chemicals) and chemical from the Initial List from the

mixtures removed from consid- First Scoring Exercise by defer-
eration during the Third Scoring ring a number of substances hay-
Exercise (52 chemical mixtures), ing pesticide, food additive, or
Combining these lists and remov- drug uses, ali of which are regu-
ing 1877 chemicals considered lated under other Federal statutes

during the Third Scoring Exer- and are exempted from regula-
cise and 244 duplicates produced tion under TSCA. To identify
an Initial List of 2755 chemicals them, the Initial List was com-

(Table 2). pared with lists of pesticides pre-

The ITC's Fifth Scoring Exercise pared by the EPA and lists of
was conducted in 1983. The con- food additives and drugs pre-
Ildential business information pared by the FDA, using Chemi-

(CBI) portion of the TSCA cal Abstracts Service (CAS)
Inventory was used for the first Registry Numbers. Since some

time. Chemicals in the public entries on source lists did not
and CBI portions of the TSCA include CAS numbers, manual

Inventory with minimum aggre- purging was done. Consideration
gate production w)lumes equal to was also given to the fact that a TheInitialListwas compared withlists of pesticides prepared by the EPA
or greater than 1 million pounds substance used as a pesticide, andlists offood additivesanddrugs
that were n_t c_msidered during food additive or drug may also prepared by the FDA.

previous scoring exercises ( 1765 have t_ther usc.s that are subject
chemicals) were selected for con- to the authority of TSCA. Since
sideration as were chemicals pesticides, food additives, and
liore several other sources drugs are generally produced in

including 820 previously set,red limited quantities, substances
chemicals thai were not studied identified as such but having

in detail, 257 previously deferred annual production vt)lumes over
chemicals, 46 anait_gs of kn_wn 1() million ptmnds were consid-

carcinogens, 6 chemicals tffcon- ered likely tC)have TSCA uses as
cern to Canada's Environmental well and were retained on the
l'rotection Service, 5 chemicals Master lasl lt_rfurlher review of
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their uses. Substances identified I listllrical records lln lhc develop°
as pesticides, I_lod additives, or menl iii Master Lists during tile

drugs but known to have TSCA sectlnd, third and Iburlh scoring
uses were also retained, exercises clluld nllt he located.

The resulting Master l,isl was 1"lie Master I,ist prepared 1rein
reduced l'uilher by ll_e eliinina- lhc Fifth _crJi'ing F,xercise Initial

The Ma, iler Li,liwas reduced bv
Iiiln iii"chenlicals which were lasl was reduced iii 2914 chenli- eliminating cheniicalsjudged not
.judged not likely iii be iii coin- cals by elinlinating duplicates, likely to I,e in commerciall,roduction.
nlercial protluclion. This was The list {ii"2914 chemicals was

acconlpiished by c{llnparing the further le{luted Ill 471 chelnicals

file against EI'A's Caildidate List by relutwing 329 well-studied

i_l Clleniical Substances, pre- chemicals, 102 p{flynlers from

pared by the iii'rice iii"Toxic Sub- innllcullus inononlers, 950

stances (dated April 1977). The rKxlrly-characlerized nlixlures iii"

basis of coniparisiln lbi this variable indefinite or unknown

purge was also an assigned CAS structure, 387 chenlicais under

number. Ci)nsequently, this purge review elsewhere, 316 inorganic

did not a(fect those chemicals tin anti llrganic cheniicais ill" knllwn

sllul'ce lists for which nii CAS or suspected klw hazard poien-
nuniber was given. Ill an attempt tial, 189 chelilicals produced iii

Iii eliminate substances which less than I(X),(XR)plluilds per

were not iii cilnlnlercial protluc- year, and 170 chemicals iii"hlw

lklll, lhc f_lllllwing rule was klxiclllllgical clmceln (Table 2).

atlllpletl: any substance nllt iden-

tilied by a CAS nunlber which Exposure Scoring of
appe_u'ed llil the Nii)SH Registry Chemicals"

and on ni lhC iii the lltller sllui'ce I}etails oI"expt_sure stilling as
lists was .iudged nii{ likely to be Ihey were tlevelllpetl ltir lhe First
iii commercial prllductioll. This

Scl_rillg Exercise are available iiitlecisiiln was based on lhc facl
Appendix A.

lllat tile NIi)SH Registry lists

any substance flir which liixic "lqle IT(? initially Ci)lisidered

elfeels llave been replirled, applying ali 14slalulllry I'acliirs Iii

inctutling reseat'di cheniicals. A the cheinicals and chenlical
scan iii" the substances eliiuinatetl gr{iups iii the Master l.isl, but

by Ille appiicalilln iii this rule cllnclutled thai ii would be hnplls-

tlelnllnstraled its usefulness: few :;ible Iii clfllecl arid review ali lt would be imlu,ssil,lefi,r the H'C to
iii"the purged substances were Ihis irlflirllialillll cllnsitlering tile collect and review ali stututoff-

IeCligllizetl Iii he iii Cllllilllercial Iilllilalillils iii lhc available inl'_lr- hum&aecl information considering

i'll'lldilclilln. As a resell iii lhc Illali(lli syslelllS, lhc lll.llllber iii" resource lhnits, lira{tat{oreofavailahh'
itiforttialiotl sV:ileitis, o/icl the .xtaltilortl

purges tlescribcd ahwe, abllul prlffessil_nal iutlgellienls Iii he - •time limits]?_rsubmitting repmls to the
23() pesticides, 4(i l'l}ild additives, nlade and Ilie sl',llulllry Iillie llnl- EPA Achninistrator.

27(1 drugs, 45(1 illtn-c_luiuercial its l'_r suhillilling lhc l'r(.,s l;irsl
chetllicals wilh UAS iluuiberx l_¢pl_rl Iii the I']I'A Atliuinislratl_r.

alltl 96(i il_ln-cl_iilfilelcial the{iii- "Flit: IT(' eliluitialed cl_tisidel'a-

cals wilhllul (,AS llulilbers wele li_ll i_f lacll_rs 5-7 (slruclural rela-

relullved lhl_li lhc iniliul I.isl, cre- lillllships Iii kn_lwll lllxic

alilig a Masler l.ixt _1 apprl_xi- subslances, available lllxicily

Inalely 171)1)stibxlant:cs ('l,ible 2). dala, tilltl reliabilily _ll lesl llala Iii
predict hazard) because it wlluld
be tillle cl)ilSUlliing ll_ cilnsitler
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factors whictl tc:)a certain extent methods similar to tho_

had been used to select sub- described for ITC's First Scoring
stances for the Initial Lia. The Exercise (ITC 1977).
ITC reviewed surveys conducted
by the Society of Toxicology and Developing Preliminary
the Department of Health Educa- Lists
tion and Welfare and the plans of

Preliminary Lists of chemicals Information on chemicaluseswas3 '
F[ A s National. Center for Toxi- and chemical groups were gener- critical for developing scores for

cological Research and decided ated from Master Lists by expo- environmentalreleaseandgeneral

that statutory factor numb,_'r 8 sure scoring and were the third population exposure.
(availability of testing facilities) stage of selecting chemicals by
was adequate for chemicals the ITC (Fig. 1).
likely to be added to the ITC's
First Report (ITC 1977). In their Exposure scoring reduced the
2hd and 3td Reports, the ITC rec- Master List front the First Scor-
ommended conducting a more ing Exercise to a Preliminary
comprehensive survey of avail- List that contained approxi-
able facilities I'_r conducting mately 290 chemicals and 40
health and environmental tests chemical groups (Table 2).

(ITC 1978 a,b). These chemicals and chemical
groups as well as examples of

Based on these considerations, chemicals in these chemical
the ITC used statutory factors groups were made publicly avail-
1-4 (quantities manufactured, able by the ITC in two Federal
quantities released to the environ- Register notices that were pub-
ment, numbers of individuals lished June 17, 1977 (42 FR

exposed, duration and extent of 30531) and August 11, 1977 (42
truman exposure) to score chemi- FR 40756).
cals on the Master List. Using a
combination of published data In selecting the approximately
and professional judgement, the 330 chemicals and chemical
ITC attempted to score each of gtouF:, included on the Prelimi-
the chemicals and chemical nary List, the ITC considered ali

groups in the Master List for of the scored substances and
each of these factors. Informa- eliminalcd from consideration a
tion on chemical uses was criti- number of them which in the

cal for the development of scores ITC's professional judgment
for environlnental release and were found to be: E_posure scoring reduced the Master

List to a Preliminary List containing

general populati<m exposure, a. Under stringent regulation or about290chemicalsand40 chemical
This information was available of l_)wer priority for the ITC's groups.

litr only about 7(X)_f the 1700 purposes because their hazard
chemicals and chemical groups was reasonably well charac-
on the Master List. terized (e.g., vinyl chloride

Historical records on exposure and mercury);

scoring of chemicals on Master b. Essentially inerl materials (e.g.
lasts durin_ ',he second, third and certain po15mers) or sub-
fourth scc)ring exc_c_,es could slances reasonably well charac-

not be located, terized as having low toxicity

Exposure sc_ri tag_I the chemi- (e._, methane);
cals !n the M_,-sterl_ist front the

_ Fifth Sc(_ring Exercise used
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c. Covered by testing require- were developed by experts. The
ments under food, drug and number of chemicals that were
cosmetic or pesticide legisla- scored for biological effects dur-

t.ion (e.g., citric acid); or ing each scoring exercise is listed
in Table 2.

d. Certain natural products (e.g.,
asphalt) whose consideration The ITC used these biological
should be deferred pending bet- scores as part of the effort to TheCommitteealsoconsideredthe
ter characterization for testing rank chemicals for consideration, desirability of grouping substances
purposes. The ITC also reviewed a list of into categories.

those substances evaluated byIn addition to the scored sub-
the scorers which were known or

stances on the Preliminary List,
might be anticipated to have addi-the ITC also considered the un-
tional adverse health or environ-

scored substances from the Mas-
mental effects as a result ofter List and a number of
contaminants appearing in theadditional substances recom-
commercial product or degrada-

mended by ITC Members.
tion products of the substance

In reviewing substances for pos- under consideration.
sible inclusion on the Prelimi-

The ITC's selection of sub-
nary List, the ITC also stances for more detailed review
considered the desirability of

also reflected the effect of con-
grouping substances into catego-

cerns by the Statutory or Liaisonries. In several cases the ITC

grouped chemically-related sub- organization that referred the sub-
".ances from the Master List stance to the ITC (Table 2).

while in other cases the ITC In keeping with the statutory
retained groups which had guidance provided the ITC in
already appeared in one of the Section 4(e)(1)(A) of TSCA, the
source lists. About 15% of the ITC focused attention on sub-

entries on the Preliminary last stances suspected of causing can-
were substances categories, cer, gene mutations, or birth

Historical records on the develop- defects. This emphasis was
reflected not only in the ITC's

ment of Preliminary lasts during consideration of individual sub-
the second, third and fourth scor-

stances and categories, but also
ing exercises could not be
located, in its structuring of the review

process, since these effects were The. ITC used biologicalscoresas part
Exposure scoring of the 471 scored individually and, in of the efforttorank chemicals for
chemicals in the Master List effect, received greater attention consideration.
from the Fifth Scoring Exercise than did other effects scornedin

produced a Preliminary List of groups (e.g., other toxic effects
214 chemicals (Table 2). or ecological effects).

Biological Scoring of Selecting Chemicals for

Chemicals on Preliminary ITC Consideration and
Lists Public Comment

Details of the criteria that were The ITC provides many opportu-
used to score chemicals for bio- nilies for the public to comment
logical effects are available in on ITC procedures and the
Appendi× B. Biological sc_res chemical.,¢and ¢hemic'd groups

78 Access/Use lnfo Resources Assess He_dthRisk Chem Expos '93



that are selected for review by ali individuals. About two-thirds of
Statutory and Liaison organiza- the commentors recommended
tions (Fig. 1). For example, ali deletion of one or more sub-
30 (as of May 1992) ITC Reports stances or categories appearing
to the EPA Administrator have on the Preliminary List, while
been published in the Federal four commentors recommended
Register and public comments additional substances for the
on the testing recommended in ITC's consideration. About one-
these Reports have been solicited fifth of the comments focused on
and considered, the methodology employed by

Before the ITC added any chemi- the ITC in developing the Pre- Focuswas onsubstancessuspected of

cals or chemical groups to the liminary List and about one-third causing cancer, gene mutations,orincluded comments on other

Priority Testing List, the Prelimi- issues related to the ITC's activi- birthdefects.

nary List from the First Scoring ties. Such issues were: the use of
Exercise and a background docu-

ment describing its development, categories in the ITC's recom-mendations to EPA, documenta-
was published by the ITC in tion of the ITC's reasons for its
July, 1977. The ITC published 2

notices in the Federal Register decisions with respect to specific
(42 FR 30531 and 42 FR 40756) substances, and provision of

announcing the availability of opportunity for public commenton the ITC's action.
the List and background docu-

ment and requesting public com- Public comments on the Prelimi-
ment. Comments were navy List were reviewed by the

specifically requested on: ITC and considered in the devel-

a. Methodology used by the ITC opment of the ITC's initial rec-ommendations. Four of the
in developing the Preliminary seven additional substances rec-

List; ommended by commentors were
b. Substances not appearing on added to the Preliminary List for

the Preliminary List which consideration in selecting sub-
commentors mig._t recom- stances and categories for
mend for consideration by the detailed review. Because of the
ITC and the commentor's rea- large number of comments rec-
sons for the recommendation; ommending deletions of sub-

c. Substances appearing on the stances from the ITC's
consideration and the limited Many opportunitieswere provided forPreliminary List which com-

mentors might recommend time available under the statutory thepublic to comment on procedures
that the ITC not consider fur- deadline, pertinent comments andchemicals.
ther and the reasons for that were considered on a substance-

recommendation; and by-substance or category-by-
category basis during the ITC's

d. Need for and relative priority review of preliminary dossiers
of testing of the substances and consideration of reasons Ibr '

being considered by the ITC. and against recommending test-

Comments on the Preliminary ing. Comments on the ITC's
IAst were received from about 65 methodology were reviewed and

industrial firms, trade associa- considered in subsequent activi-

tions, environmental organiza- ties of the ITC. In the ITC's judg-
........ su,,. ..... ,,.,. agcncJcs,and menl lhe re,l:_m_me,o.d_'_tehangee

in melhi-)dology would not, if
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implemented, alter its initial rec- Developing And Revising

ommendations. Comments deal- The TSCA Section 4(e)

ing with use of categories, Priority Testing Listdocumentation of the ITC's rea-
sons for actions, and other Developing and revising the

more general issues were also TSCA Section 4(e) Priority Test.
reviewed and considered in the ing List has been previously

development of the ITC's recom- described by Walker (1993a).
mendations. Ali the ITC Reports containing

the original as well as revisions
During the First Scoring Exer- to the Priority Testing List as a
cise, public comments were solic- result of selecting chemicals
ited on 80 chemicals that were from the First through Fifth Scor-
selected for detailed review ing Exercises are listed below in
(Table 2). the references. Most of the

During the Second Scoring Exer- chemical fate, bioconcentration

cise, public comments were solic- and ecological effects testing has
ited on the 451 chemicals that been previously described

were scored for biological effects (Walker 1990a,b, 1991b, 1993b).

(Table 2). P Drorences Comments dealing with use of
During the Third Scoring Exer- -L,.,jt, categories, documentation of the ITC's

ITC. TSCA Interagency Testing Com- reasons for actions, and other more
cise, the 215 chemicals that were mittee Report to the Administrator; general issues were also reviewed and
scored for biological effects were Receipt of Report and Request fi_r Com- considered in the development of the
reduced to a list of 107 chemi- ments Regarding Priority Testing List of ITC's recommendations.

cals that were published in the Chemicals:

October 7, 1980 Federal Regis- 1977InitialReport. Federal Register
ter (43 FR 66506) for public 42:55026-80,October12,1977.
comments (Table 2). 1978a. Second Report. Federal Regis-

ter 43:16684-88, April 19, 1978.
During the Fourth Scoring Exer- 1978b.ThirdReport. Federal Register
cise, the 213 chemicals that were 43:50630-35,October10, 1978.
scored for biological effects were 1979a.FourthReport. Federal Regis-

reduced to a list of 75 chemicals ter44:31866-99,June 1, 1979.

that were published in the Febru- 1979b. Fifth Report. Federal Register

ary 25, 1982 Federal Register 44:706(:4-74,December7, 1979.1980a. Sixth Report. Federal Register

(47 FR 8244) for public com- 45:35897-910,May 28, 1980.
ments (Table 2). 1980b. Seventh Report. Federal Regis-

ter 45:78432-46, November 25, 1980.
During the Fifth Scoring Exer- 1981a.Eighth Report. Federal Regis-

cise, the 214 chemicals that were ter46:28138-44, May 22, 1981.
scored for biological effects were 1981b. Ninth Report. Federal Register
reduced to a list of 82 chemicals 47:5456-63,February5, 1982.

that were published in the 1982a. Tenth Report. Federal Register

November 9, 1983 Federal Reg- 47:22585-96,May25, 1982.1982b. Eleventh Report. Federal Reg-
ister (48 FR 515 19) for public ister47:54625-44,December3, 1982.
comments (Table 2). 1983a. Twelfth Report. Federal Regis-

ter 48:24443-52, June 1, 1983.
1983b. Thirteenth Report. Federal

Register 48:55674-84, l)ecember 14,
1983.

1984a. Fourteenth Report. Federal

Register 49:22389-407. May 1984.
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1984b. Fifteenth Report. Federal Reg- Walker, J.D. 1993b. Review of Eco-
ister 49:46931-49, November 29, 1984. logical Effects and Bioeoncentration

1985a. Sixteenth Report. Federal Reg- Testing Recommended by the TSCA

ister 50:20930-39, May 21, 1985. Interagency Testing Committee and
1985b. Seventeenth Report. Federal Implemented by EPA: Chemicals, Tests

Register 50:47603-12, November 19, and Methods. In: W. G, Landis, J. S.
1985. Hughes, and M. A. Lewis, Eds., Environ-

mental Toxicology and Risk Assess-1986a. Eighteenth Report. Federal
ment, ASTM STP 1179, American

Register 51:18368-75, May 19, 1986. Society for Testing and Materials, Phila-
1986b. Nineteenth Report. Federal delphia, PA, in press.

Register 51:41417-32, November 14,
1986. A--

1987a. Twentieth Report. Federal Reg- enutx
ister52:19020-26, May 20, 1987. Exposure Scoring

1987b. Twenty-first Report. Federal

Register 52:44830-37, November 20, Exposure scoring was similar for
1987, the ITC's first, second, third,

1988. Twenty-second Report. Federal
fourth and fifth scoring exer-Register 53:18196-210, May 2, 1988.

Walker, J.D. and R.H. Brink. 1989. cises. The factors used to score
New cost-effective, computerized chemicals for exposure during
approaches to selecting chemicals for the first scoring exercise are
priority testing consideration, pp. 507- described below.
36. In: G. W. Suter li and M. A. Lewis,

Eds., Aquatic Toxicology and Environ- Factor 1: Production
mental Fate: Eleventh Volume, ASTM

STP 1007. American Society for Test- Annual production data were col-

ing and Materials, Philadelphia, PA. lected from a number of sources:Walker, J.D. 1990a. Bioconcentration,
All ITC reports containing the original

chemical fate and enviromnental effects a. EPA's Air contaminants as well as revisions to the list are in
testing under Section 4 of tile Toxic Sub-
stances Control Act. Toxicity Assess- (Table 1 ) the references for this paper
ment: An International Journal 5:61-75.

Walker, J.D. 1990b. Review of chemi- b. EPA study of industrial data on
cal fate testing conducted under Section 650 candidate chemicals for
4 of the Toxic Substances Control Act: testing
chemicals, tests, and methods, pp. 77-
90. In: W. G. Landis and W. H. vander- C. EPA Office of Research and

Schalie, Eds., Aquatic Toxicology and Development's chemical pro-
Risk Assessment, Thirteenth Volume, ruction data on about 140
ASTM STP 1096, American Society for
Testing and Materials, Philadelphia, PA. chemicals

Walker, J.D. 1991a. Chemical Selec-

tion by the Interagency "Ii_sting Commit- d. Synthetic Organic Chemicals,
tee: Use of Computerized Substructure United States Production and
Searching to Identify Chemical Groups Sales. 1975. United States
for Health Effects, Chemical Fate and

International Trade
Ecological Effects Testing. Science of
the Total Environment 109/110:691-700. Commission

Walker, J.D. 1991b. Ecological effects
testing under tile "lbxic Substances Con- e. Stanford Research Institute
trol Act: Acrylamide. Environmental 1975 Chemical Economics
Toxicology and Water Quality: An Inter- Handbook
national Journal 6: 363-69.

Walker, J.l). 1993a. The TSCA Inter- f. Chemical and Engineering

agency Testing Committee, 1977 t_ News: V_)I. 52, No. 51
1991: Creation, Structure, Functions,
and Contributions. In: J. (J_:,rsuch, J. 12/23/74; Vol. 55, No. 18,
Dwyer, C. Ingersoll, and T. Lalkfint, 5/2/77; Vol. 55, No. 24, 6/13/77
Eds., Environmental qbxict_logy and
Risk Assessment, ASTM STP 1173, The Faclor 1score assigned to a

American Society for Testing and Mate- ctlelnical was the common loga-

rials, Philadelphia, PA, in press..._,'ithm., of the .-.=..,-,,,hiohr, c..!annual pro
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duction value (in millions Ibs/yr) Factor 2: Quantity Released to
found in any of the above the Environment

sources. If an annual producUon The quantity of chemicalvalue was not available for a
released to the environment was

chemical in any of these sources, scored on a scale from 0 to 3 as
a Factor 1 score of--0.5229 (cor- follows:
responding to ali assumed annual Re&ase quantity and persistence, were
production of 300,000 pounds) takenasan indication of the
was assigned, environmental burden posed by the

chemical.

Score Release Rate Estimate Based on Uses

3 >30 percent Mostly dispersive uses
2 3 to 30 percent Some dispersive uses
1 0.3 to 3 percent Few dispersive uses; or primarily

industrial chemical with propensity for
leaks

0 <0.3 percent Well contained industrial chemical

Estimates of release rates for a the basis of the dispersive nature
number of chemicals were listed of the chemical's uses.

in EPA's study of industrial data An estimate was also made of
on 650 candidate chemicals for

the chemical's persistence
testing. For those chemicals for

according to the following table:which no release rates were

given, an estimate was made on

Score Lifetime Example

3 Infinite (years or greater) Compounds of metals
2 Order of I year Tetrachloroethylene

1 Order of a few clays SO2
0 Hours or less Reactive compounds

Approximately 7000 of the mos.

The sum of the scores of the two ards occurring in the working co, m_on hazards occurring in the
subfactors, release quantity and piace were rank ordered. To working place wererankordered.
persistence, was taken as an indi- achieve an occupational expo-
cation of the environmental bur- sure sco_,, with a range and direc-
den posed by the chemical, ti0n similtu" to those of the other

t::_¢'lor3: Occupational Exposure factors, the Factor 3 score
assigned to a chemical was

The source of data on occupa- 3.8451 minus the common loga-
tional exposure to chemicals was rithm of its rank on the NOHS

the National Occupational Haz- list. (3.8451 is the logarithm ¢'f
ard Survey (NOHS) conducted 7000.) Chemicals which did not

by NIOSH. appear on the NOHS list were

In this survey, approximately given a score of zero, equivalent
7000 of the most c_mm_n haz-
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to having been ranked number sure. The four subfactors were
7000 on the survey, scored as follows:

Factor 4: Extent to Which the Subfactor 1' Number of people
General Population is Exposed exposed to the chemical

(exclusive of a workplace envi-Four individual subfactors were
ronment)scored and then summed to meas-

ure the general population expo-

Score No. of people Example

3 >20 x 106 Widely used household products (e.g.,
wearing apparel, shoe polish, certain
surface coatings, common paints and

their solvents, common plastics and
their additives, detergents, furnishings
and carpets, wood cleaning products,
refi'igerants, natural gas, nonfood
packaging materials, flameproofers)

General air, lbod and water
contaminants

Automotive products (e.g., gasoline
and additives, rubber, surface

coatings, plasticizers, flameproofers)

Products used widely in commercial
buildings (mostly same as household,
including commercial cleaners,
disinfectants)

2 2-20 x 106 Less widely used household products
(e.g., uncommon paints, specialty

apparel such as baby wear, hobby
uses, arts and crafts, tools)

Regional air and water pollutants,
farm chemicals (exclusive of
pesticides)

1 0.2-2 x 106 Specialty hobbies (e.g., photography),
specialty products

Neighborhood air and water
pollulanls ftore local industries

0 <2 × 105 Chemical intermediates rarely found
outside the workplace

.........................................................................................................................
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Subfactor 2: Frequency of in ranking number of people
Exposure (to the typical person exposed under Subfactor 1)

Score Frequency Examples

3 Daily or more often General air, food and water
contaminants, household products in
regular use, material used inside
automobiles, clothing

2 Weekly Hobby crafts, household products
used intermittently (e.g., certain
cleansers), bleaches, gardening
products

1 Monthly Dry cleaning, certain solvents, house
maintenance (e.g., polishes, certain
cleaning agents), automobile

maintenance _posure intensity is intended to
0 Yearly or less Application of household paints, reflectthe totalamountofmaterial

frequently specialty products that comes into contact with the
average or typical person whose
exposure has been scored under

Subfactor 3: Exposure intensity, yearly as scored in subfactor 2). subfactors1and2.
This is intended to reflect the Thus, for example, a trace pollut-
total amount of material that ant may lead to e_posure to a

comes into contact with the aver- typical person of the order of
age or typical person whose micrograms per day every day;
exposure has been scored under use of a specialty solvent might
subfactors 1 and 2. Scoring of lead to exposure of a typical per-
this factor considered the number son of the order of grams per day
of grams of the material that once a year; these would be
makes contact with the average scored 3,0 and 0,0 respectively
person in the course of one expo- on subfactors 2 and 3.
sure (daily, weekly, monthly, or

Score Frequency Examples

3 High (10 I or Plastics, fabrics, surface coatings, volatile

more grams per solvents in closed spaces, liquids
exposure) contacting skin, high concentration gases

2 Medium (10 l to Fabric additives, solvents in open spaces
10-2 g per or outdoors, dusts, solutes, transitory
exposure)_ exposures to vapors or aerosols

1 Low (10 -3 to Low level indoor exposure, volatile
10-4 g per substances from home furnishings and

exposure) building materials (e.g., plasticizers,
flameproofers), low volatility solvents,

, pigments
0 Very low (less Environmental contaminants (low level

than 10-5 g per air, food, and water contaminants),
exposure) monomers in polymers

............................................................................................
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Subfactor 4: Penetrability. This expected to be absorbed into the

is a measure of the material that body (even transitorily) with
comes into contact with a person potential for interaction with
(whether by dermal, inhalation, cells.
or ingestion exposure) and that is

Score Penetrability Examples

3 High (10 to 100% Organic solvents in liquid, mist, or
absorption) aerosol form, vapors and gases if

likely to be soluble in body fluids,
respirable-sized particles, surface
active agents, materials known to

have high dermal systemic toxicity
2 Medium (I to 10% Solvents with low volatility and/or

absorption) larger molecules, organic materials
in water solution, waxes and
polishes, coarse dusts

1 Low (0.01 to 1% Certain solids, dermal exposure to
absorption) most inorganic materials in water

solution

0 Negligible (less than Polymers, metals
0.01% absorption)

In making the judgements called 5. Encyclopedia of Chemical
for in scoring Subfactors 2 and 4 Technology, Kirk-Othmer,

above, knowledge of the chemi- Inter-Science Publishing Com-
cal's uses was necessary. Use pany, New York, 1972.
information was collected form

Ranking chemicals based on pro-the following sources:
duction, environmental release

1. The Condensed Chemical Dic- and occupational exposure
tionary, Ninth Edition,

A linear weighting scheme wasHawley, Van Nostrand Rein-

hold Company, New York, used to rank ordje_the chemicals.1977. The rank of the chemical, rj,
was computed by the formula:

2. The Merck Index, Ninth Edi-

tion, Merck and Company,
Inc., Rahway, N.J., 1976. 4

3. Faith, Keyes, and Clark's rj = y_ Wi f_iJi
Industrial Chemicals, Lowen- i=1

helm and Moran, Fourth Edi-

tion, J. Wiley and sons, Inc.,
New York, 1975. where wi is the weight assigned

to the ith factor,
4. Chemical Marketing Reporter,

Schnell Publishing Company, fij is the ith Iactor score of the jth
Inc., New York. chemical, and

si is a scaling factor chosen to
normalize the assigned scores.
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The f_ _rscaling factors ber of experts. The factors were: 0

employed were: carcinogenicity, mutagenicity,

sl = log 20,850 - 4.33191; 20,850 teratogenicity, acute toxicity,
million lb/yr being the maxi- other toxic effects such as repro-
mum of ali Factor 1 chemical ductive effects or organ-specific

production quantities, toxicity, bioaccumulation, and
ecological effects. After review-

Each substance on the Preliminary
s2 = 6; 6 being the maximum of inga summary of information on Listwas scored for each of seven

ali Factor 2 environmental the biological activity of the sub- biological activity factors by a

release scores, stance, each of the experts numberof experts.

s = 3.8451 - log 3 = 3.3680; third assigned a score to the substance
for the effect(s) for which that

being the highest NOHS rank
among the scored chemicals, expert was responsible.

(Ranked first and second on At least nine experts were used,
the NOHS list were continuous with two or three experts sepa-
noise and mineral oil, the for- rately evaluating each effect.
mer not being a chemical Each expert considered both the
hazard and the latter not being summary information and his
among the scored chemicals.) personal knowledge of the sub-

stance and chemically-related
s4 = 12; 12 being the maximum

substances in assigning scores.
of ali Factor 4 general popula-
tion exposure scores. Any substantial discrepancies

among individual experts were
This choice of sl, s2, s3, s4, identified, discussed among
guaranteed that them, and a consensus reached;

in the case of minor discrepan-
I_l < 1 cies in the scores for any factor,si

the scores of the several scores

h_r ali i and j, and furthermore, were avera_;..d.

that for each i, In addition, three of the effects

[ -_11 = 1 for at least one (carcinogenicity, mutagenicity,
si and ecological effects) were sepa-

chemical j. rately scored by government
experts from the National Cancer Threeof the effects (carcinogenicity,

mutagenicity, and ecological effects)
Appendix n--- Institute, National Center for were separately scored by

Biological Scoring Toxicological Research, and govern,,wnt experts from the
Department of Interior, respec- NationalCancerInstitute, National

This step of the ITC's procedure lively. These scores were aver- Center for 7bxicological Research,
and DeparO_u,nt of Interior.

extended the scoring of the sub- aged with those of other experts.
stances under consideration to

statutory factors 5-7 (structural Scores assigned Ik_rthe various
relationships to known toxic sub- effects took the form of a posi-

tive or negative numerical score
stances, available toxicity data,

(generally 0, 1, 2, or 3). Assign-
and reliability of test data to pre-

ment of a positive score indi-dict hazard) of TSCA Section
4(e)(1)(A). cared a judgment that further

testing of the substance is not
To accomplish this, each sub- needed for the effect under con-

stance on the Preliminary List sideration, while the magnitude
was scored Ibr each _ffseven bi¢_- of the score indicated the degree
logical activity Iact¢_rsby a num- to which the effect had been con-
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firmed or the dose level at which cies in well-replicated
it had been found. Assignment of experiments
a negative score, on the other

+2 Established carcinogen in 1
hand, indicated a judgment that

animal species
further testing should be con-
ducted, with the magnitude of +1 Insufficient or inadequate
the score reflecting a judgment experimental data for deft-
as to the level of numerical score nite conclusions, but either

that might be anticipated after (a) no experimental or struc-
testing. For example, in scoring a tural reason for suspicion,
substance for carcinogenicity a or (b) good negative
score of +3 meant that the sub- mutagenicity tests, or (c)

stance is well established as a car- low biological activity.
cinogen in humans or expert- (Note: some inert com-
mental animals, while a score of pounds--examples, argon,
-3 meant that the substance is nitrogenmwere given a
strongly suspected of carcino- score of zero on this factor

genic activity but has not been despite not having been
adequately tested. In averaging tested.)
the scores assigned to a sub-

0 Adequately tested in ant-
stance by the several scorers for

mals with negative results
a given factor, no mixing of post- in each of two species
live and negative scores was per-
mitted. Any discrepancies b. Negative Scores Assigned*:

between scorers in choosing -3 Needs testing, strongly sus-
scores were discussed among tile pect (close structural rela-
experts and resolved. The crite- tionship to known
ria applied by the experts in carcinogen, positive result
assigning scores for the various in validated in vitro test,

factors are described below, inconclusive but suspicious

Categories of substances appear- positive animal test, etc.)

ing on the Preliminary List were -2 Needs testing, suspect
not generally scored as entities, (structural resemblance to

but rather, score,""s were assigned known carcinogen, etc.)
separately for each of the exam-
ple substances listed under the -1 Needs testing, some reason
category heading in the list. for suspicion (potent organ-

specific toxin, enzyme
Biological and environmental inducer, suspect co-
scores caretnogen, etc.)

A. The five human health effect * Chemicals presently undergo-
factors and two environmental ing testing for carcmogenicity
effect factors were scouredas in the framework of the NCI

follows: bioassay program were scored
as suspect carcinogens. Their

Factor 1' Carcinogenicity special status was dc_cumented
a. Positive Scores Assigned: for the members of Ihe ITC.

+3 Established carcinogen in c. Criteria l'c_rAccepting Positive
humans or in 2 animal spe- Test Results (scores 2 or 3)
cies, _r in one animal spe-
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Validated positive findings in anl- ** These and other scores were
mal studies consisted of any test normalized to the 0-3 scale for
results which clearly indicated all factors inw_lved.

treatment-related carcinogenicity b. Negative Scores Assigned:
or tumorigenic effects. This was
based on the criteria set out in -3 Needs testing, strong reason

the report of the National Cancer for suspicion (structural
Advisory Board, Subcommittee similarity to known
on Environmental Carcinogenic- mutagen, reported carcino-
ity, "General Criteria for Assess- genicity, teratogenicity, or
ing the Evidence for Carcino- other cellular toxicity)

genicity of Chemical Sub- -2 Needs testing, some reason
stances" (1976). for suspicion (structural

d. Criteria for Accepting Nega- similarity to known
live Test Results (including mutagens and/or
zero scores) carcinogens)

In general, the protocol of the -1 Needs testing, no reason to
test conformed to, or was reason- assign high priority

ably consistent with the current c. Examples of Short-Term Sys-
NCI Guidelines (J.M. Sontag et tems Considered for Scoring
al., Guidelines for Carcinogen Were:
Bioassay in Small Rodents, Scient_c judgment was appliedto
DHEW 76-801). lt was recog- The Salmonella/microsome test, the evaluation of these tests in order
nized that many older tests do (Ames), E. coli WP2 uvr A, etc. todeterminewhetherdifferences in

not conform to these guidelines, test (Bridges, Witkin), B. subtilis protocols significantly weakened
Therelbre, good scientific judg- M45 Rec-, etc. test (Kada), E. confidencein the reported negativeresults
ment was applied to the evalu- coli pol A+/pol Al- test (Rosen-
ation of these tests in order to kranz), Yeast test (Zimmerman),
determine whether differences in Neurospora test (de Serres) and

protocols significantly weakened Drosophila test (Vogel). Mam-
confidence in the reported nega- malian cells in culture and in
live results. In assigning a zero vitro transformations were also
score, the guiding principle was considered.

the judgment that further testing Factor 3' Teratogenicity
was unnecessary.

a. Positive Scores Assigned:
Factor 2: Mutagenicity

+3 Confirmed teratogen in
a. Positive Scores Assigned: humans or in two appropri-

+2 Mutagen in two or more test ate animal species

systems** +2 Confirmed teratogen in 1

+1 Mutagen in one test system animal species

0 Tested in more than one sys- +1 Insufficient or inadequate
tem with negative results experimenla_ data for deft-
and no reason for suspicicm nile conclusions, but either
(similar to inactive com- (a) no experimenl;_ _t"strut-

pounds, etc.) tural reason for suspicion,
or (b) low bilflogical activity
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0 Adequately tested in two c. Criteria for Quantitation of

suilable animal species with Acute Toxicity

negative findings for terato- Standard systems of toxicity rat-
genic activity ing based on Probably Lethal

b. Negative Scores Assigned: Dose in humans were used when
available. Lowest Lethal Doses

-3 Needs testing, strongly sus-
and LDs0 values in various ani-

pect (close structur,'d rela-
mal systems were also widelytionship to known
used.

teratogen, inconclusive but
suspicious positive animal Factor 5' Other Toxic Effects
tests, etc.)

a. Positive Scores Assigned:

•-2 Needs testing, suspect +3 Effects at low doses (< 1
(equivocal result in animal
test, etc.) mg/kg/day)

+2 Effects at moderate doses
-1 Needs testing, some reason

for suspicion ( 1- 10 mg/kg/day)
+1 Effects at high doses (> 10

c. Criteria for Acceptance of
Teratogenicity Tests mg/kg/day)

0 Very low or negligible bio-
Accepted teratogenicity tests con-

logical activity (e.g., nitro-
formed reasonably to the recom-
mendations and principles gen, argon, etc.)
outlined in "Principles for Evalu- b. Negative Scores Assigned:

ating Chemicals in the Environ- -3 Needs testing (structural

ment," National Academy of similarity to another chemi-
Sciences, pp. 173-182, 1975; and cal which rates +2 or +3;

"The Testing of Chemicals for questionable reports of
Carcinogenicity, Mutagenicity, effects which need conlir-
Teratogenicity," Department of

mutton, etc.)
Health and Well:,.ue,Canada, pp.
137-176, March 1973. -2 Needs testing, some reasons

forsuspicion
Factor 4: Acute Toxicity

a. Positive Scores Assigned: -1 Needs testing, inadequateinformation available lo

+3 extremely toxic: < 50 give high priority

mg/kg c. Criteria for Scoring

+2 very toxic: 50-500 mg/kg This factor includes b_th revers-

+1 moderately toxic: 0.5-5 ible and irreversible eq'"lects,'
g/kg delayed or cumulative toxicity,

organ.specific effects, effects on
0 very slightly t_xic: > 5 g/kg reproducti_n, behavior, etc. The

b. Negative Scores Assigned: score entered rellects the toxic
effects noted in animals (or in

-2 not tested, but suspected to
be 50-5()0 mg/kg humans if data were available) at

the lowest dose-range. If the
-1 not tested, but suspected to chemical was rep{_rtedor sus-

be 500-5(XX) mg/kg peeled I_ have m_re than one
[i_XiC i2""" ...........titJt.t, llUgiltlVU ,"it.'_)it2,"i|'_11
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one type of toxic effect super- enhanced probability of effect.,;,
seded any positive scores Ibr either on the organ in which the
another. In many cases, reports chemical was concentrated, or on
of one type of effect at low doses animals which feed on the organ-
engendered suspicion of the like- ism which accumulated the
lihood of others; in such cases chemical. A high degree of
the chemical was scored with the bioaccumulation is usually found
appropriate negative score, only in aquatic organisms. For
unless thoroughly tested, these organisms, bioaccumula-

tion is known to be dependentFactor 6: Bioaccumulation
primarily on water solubility and

a. Positive Scores Assigned: it is empirically predicted by the

+3 High (>104) *** octanol/water partition coeffi-
cient. Zero scores were assigned

+2 Appreciable ( 102 to 104) to completely water soluble

+ 1 Low (<102) organic chemicals.

0 Experimental evidence for Substances which are easily
non-accumulation (<1); metabolized will not be bioaccu-

water soluble compounds mulated even if they have a high
partition coefficient (example,

***The degree of bioaccumula- chloroh_rm). Thus ease of meta-
tion (more precisely, the tissue- bolism was a factor considered in

specific storage factor) is defined evaluating the potential for bioac-
as the concentration of the chemi- cumulation.
cal in the tissues (at "steady

Factor 7: Ecological Effectsstate" or after prolonged expo-

sure) divided by the concentra- a. Positive Scores Assigned:
lion of the chemical in the
ambient medium. +3 Effects at low concentra-

tions (10 .9 or less in air or
b. Negative Scores Assigned: water)****

-3 Testing important, judged +2 Effects at moderate concen-

likely to be high trations (10.7 t_ 10.9 in air

-2 Testing imp_rtant, judged or water)

not likely to be high, but +1 Effects at high concentra-
likely to be appreciable tions (10 -_'or greater in air

or water)-1 Needs testing, little or no

experimental data ****In air for gases or vapors: 1

c. Criteria I'_r Scoring part of cllemical per billion parts
air by v¢_lume(ppb). In water

Fli¢_accumulation is used here in for liquids and solids: 10-9 gram
its broad sense _f the accumula- pet"cubic meter (ng/m 3)
lion of a chenlical in one or more

b. Negative Scores Assigned:tissues (_fan animal (or plant) to

levels higher than those in the -2 Testing needed, possibility
ambient medium. For purposes _f major or widespread
of screening chemicals, ii was effects
considered significant pri marily

-1 Testing needed, p_ssibilityin cases in which lhc accumula-
t_f mimer _t' l_cal elTccts
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c. Criteria for Scoring: assigned only if it was scored

Ecological effects considered unanimously by ali scorers. The
toxic effects on non-human anl- score for this factor was not

added: (1) if the principal break-mals and plants, ecosystem
down product was the major

effects, effects on atmosphere
and climate, ozone depletion, problem and it was the basis forscores on other criteria such as
etc. Generally, positive scores

persistence and toxicity (exam-(established hazard) were
ples: DDE, PAN); (2) for in vivo

assigned only to a limited num-
metabolism of carcinogens tober of thoroughly tested chemi-
active forms (e.g., arene oxides,

cals (e.g., pesticides, some metal
activated nitrosamines, etc.).

containing compounds, or some

specific chemicals). In other The following literature sources
cases, the potential for ecological were extensively used by the
effects was judged according to scorers:

availability of data on toxicity in
particular, published information References of general
on specific tests, structural simi- interest

laxity to compounds of better NIOSHRegistry of ToxicEffectsof
known ecotoxicity, published ChemicalSubstances.1976.
data on depletion potential for Kirk-OthmerEncyclopedia of Chemi-

cal Technology. Edited by A. Standen,
stratospheric ozone. Zero scores Interscience Publishers, New York.
were assigned only to com- 1963, 1972.
pounds with low biological activ- TheCondensedChemicalDictionary,

9th ed. Van Nostrand Reinhold Co.,ity (LDs0 > 1 g/kg or AQTR >
100 ppm). New York. 1977.The Merck Index, 9th ed. Merck and

Factor 8: Contaminants and Envi- ct., Inc., Rahway, N.J. 1976.
Chemical Consumer Hazard Informa-

ronmental Degradation or Con- tion System. Consumer Product Safety
version Products Commission, Washington, D.C. 1977.

A Study of Industrial Data on Candi-
a. Positive Scores Assigned: date Chemicals for Testing. Stanford

Research Institute, Palo Alto, California.
+1 Contaminants, etc., known 1976.

to be important Brown, S.L., et al. Research Program
on Hazard Priority Ranking of Manufac-

0 Contaminants, elc,, not sus- tured Chemicals, Phase II- Final Report

pected of being important, toNationalScienceFoundation.Stan-
fordResearch Institute Menlo Park, Cali-

or known to be of no impor- tbrnia.1975.
tance. Dorigan, J., et al. Scoring of Organic

Air Pollutants, Chemistry, Production
b. Negative Scores Assigned: and Toxicity of Selected Synthetic

Organic Chemicals, MITRE, MTR-
-1 Contaminants, etc., suspect, 6248.1976.

needs testing The Encyclopedia of Chemistry. Han-
pel and ilawley, 3rd ed. Van Nostrand

c. Criteria for Scoring' Reinhold Ct., New York. 1973.

The scores for this factor were 1. References on Carcinogenici_
not averaged. A negative score Survey of Compounds Whichitave
took priority over a 'positive BeenTestedfor Carcinogenic Activity

score at any time; if no negative Through 1972-1973.DHEWPublicationNo. NII t 73-453, National Cancer lnsti-
score was assigned to a chemi- tute,Bcthesda, Maryland.

cal, the positive score + 1 was Suspected Carcinogens - Asubtileof
the NIOSH Toxic Substances List.

overriding. A zero score was
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IARC Monographs on the Evaluation 6, 7. References on Bioaccumula-
of Carcinogenic Risk of Chemicals to tion and Ecological EffectsMall. WHO, International Agency for
Research on Cancer. Lyon, France. Applegate, V.C., J.H. Howell, A.E.

Chemicals Being Tested for Carcino- Hall, Jr. and M.A. Smith, 1957. Toxicity
genicity by the Bioassay Program, of 4,346 Chemicals to Larval Lampreys
DCCP. National Cancer Institute. 1977. and Fishes. U.S. Dept. Interior, Fish and

Information Bulletin on the Survey of Wildlife Service. Special Scientific
Chemicals Being Tested for Carcino- Report-Fisheries No. 207. Washington,D.C.
genicity, No. 6. WHO, Lyon, France. Battelle Columbus Laboratories.

1976. 1971. Effects of Chemicals on Aquatic

2, 3. References on Mutagenici_. Life: Selected Data from the Literature
through 1968. Vol. 3 of Water Quality

and Teratogenicity Criteria Data Book. U.S. Environmental

Shepard, T.H. Catalog of Teratogenic Protection Agency, Washington, D.C.
Agents. Johns Hopkins University Press, Hahn, W., and P. Jensen. Water Qual-
Baltimore. 1973. ity Characteristics of Hazardous Materi-

EMIC/Environmental Mutagen als; Texas A and M University (1974).
Information Center File, Oak Ridge (Taken from the NIOSH Registry of
National Laboratory, Oak Ridge, Toxic Effects of Chemical Substances
Tennessee. 1976.)

4, 5. References on Acute Toxic- Kemp, H.T., R.L. Little, V.L.
Holoman, and R.L. Darby. 1973.

ity and Other Toxic Effects Effects of Chemicals on Aquatic t.ife
"Ilaienes, C.L. and T. J. Haley. Clinical (Compilation Dated 1968-1972). Water

Toxicology. Lea and Febiger, Philadel- Quality Data Book - Vol. 5 U.S. Environ-
phia. 1972. mental Protection Agency, Duluth, Minn.

Gosselin, Hodge, Smith and Gleason. Leo, A., C. Hansch, and D. Elkins.
Clinical Toxicology of Commercial 1971. Partition Coefficients and Their
Products, 4th cd. The Williams and Uses. Chem. Rev. 71:525-616.

Wilkins Company, Baltimore. 1976. Lincer, J.L., M.E. Haynes, and M.L.
Casarett, J.J. and J. Doull. Toxicology, Klein. 1976. The Ecological Impact of

the Basic Science of Poisons. McMillan Synthetic Organic Compds. on Estu_u'ine
Publishing Co., Inc., New York. Ecosystems. U.S. Environmental Protec-

Debruin, A. Biochemical Toxicology tion Agency, Gulf Breeze, Florida, EPA-
of Environmental Agents. Elsevier/ 600/3-76-075.
North ltolland, Inc., New York. 1976. Metcalf, R.L., P.Y. Lu, and I.P.

Threshold Limit Values for Chemical Kapoor. 1973. Envirotunental Distribu-
Substances and Physical Agents in the tion and Metabolic Fate of Key Indus-
Workroom Environment with Intended trial Pollutants and Pesticides in a Model

Changes for 1976. American Confer- Ecosystem. Illinois University, Water Re-
ence of Government Industrial Itygien- sources Center, Research Report 69,
ists. Urbana, Illinois.

Criteria for a Recommended Standard Pimentel, D. 1971. Ecological Effects
- Occupational Exposure to .... prepared of Pesticides on Non-target Species.
by NIOSH. Executive Office of the President, Office

Browning, E. 'Ibxicity and Metabo- of Science and Technology, Washington,
lism of Industrial Solvents. Elsevier, D.C.
Amsterdam. 1969. Sauter, S., K.S. Buxton, K.J. Malek,

Browning, E. Toxicity of Industrial and S.R. Petrocelli. 1976. Effects of

Metals, 2nd etl. Appleton-Century- Exposure to lleavy Metals on Selected
Crofts, New York. 1969. Freshwater Fish. "Ibxicity of Copper,

Fairhall, L.'I: Industrial Toxicology, Cadmium, Chromium, and Lead to Eggs
2nd. cd. Williams and Wilkins Co., Balti- of Seven Fish Species. Environmental
more, Maryland. 1969. Protection Agency, Duluth, Minnesota.

Sax, N .I. Dangerous Properties of EPA-600/3 -76-105.

Industrial Materials, 3rd cd. Reinhold National Academy of Sciences. 1973.
Publishing Corp., New York. 1975. Water Quality Criteria, 1972. U.S. Envi-

Chemical Safety Data Sheets. Manu- ronmental Protection Agency, Ecologi-
facturing Chemists Association, Wash- cal Research Series No. EPA-R3-73-033.

ington, D.C. McKee, J.E., and li.W. Wolf(eds.).
Industrial Safety Data Sheets. 1963. Water Quality Criteria+ 2nd Edi-

National Safety Council, Chicago, tion. State Water Quality Control Board,
Illinois. Sacrament(,, California,
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U.S. Environmental Protection National Academy of Sciences.
Agency. 1976. Criteria Document 1975b. Assessing Pt,tentkd Ocean Pol-
PCBs. Washington, D.C. lutank,_. Washington, I).C.

Nationnl Institute of Environmental U.S. Enviromncntal Protection
Health Sciences. 1973. Symposium on Agency. 1975. Quality Criteria for Water
Phthalate Ester Plasticizers. Environ- (prelhnimu'y draft). Washington, D.C.
mental Health Perspectives, Expedmen- National Academy of Sciences. 1976.
tal Line 3. italocarl.x_,ns: Effects on Stratospheric

National Academy of Sciences. Ozone, W_._hington, D.C.
1975a. Principles for Evaluating Chemi-
cals in the Environment. Washington,
D.C.
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EPA's Risk Assessment Guidelines: Overview

Dorothy E. Patton, U.S. Environmental Protection Agency

7"he U.S. Environmental Protection Agency (EPA) risk assessment guidelines for cancer, quantification, and exposure issues are
discussed.

he U.S. Environmental gathered views of scientists out-
Protection Agency (EPA) side and inside the agency on
risk assessment guide- what goals such a system should

lines provide principles, con- serve, what information it should
cepts, and standards for seek to summarize, and how vari- Eachguideline offers informationon
evaluating risks to human health ous kinds of information should riskasses._vnent methodology and gives

from exposure to environmental weigh in classification. Since policy guidanceon certaindifficult orcontroversial issues.
toxicants. There are separate classification systems attempt to
guidelines for different assess- characterize the likelihood of car-
merit topics, for example, cancer, cinogenic effects from human

reproductive effects, exposure, exposure, any discussion of clas-
and mixtures. Each guideline sification soon turns to issues
offers information on risk assess- where there is lack of scientific

ment methodology and gives pol- consensus. A few of these are

icy guidance on certain difficult human relevancy of animal bioas-
or controversial issues, say results, questions of mecha-

nisms, and the theoretical issue
Five guidelines were published in of the intrinsic vs situational haz-
1986. Proposals for new guide- ards of a chemical. These kinds

lines and proposals to amend of issues and potential ways of
some of ii_e 1986 guidance have building a classification system
been published during the last 2 to accommodate them are

years. This second generation of presented.
guidelines not only expands
EPA's risk assessment guidance Quantification Issues. The refer-
to new subject matter areas, but ence dose (Rfl)) model, which is
also introduces new methods and derived from the acceptable daily

concepts into EPA's formal guid- intakes (Ai)I) approach, has been
ance. Most important, new devel- extensively used by EPA for pre-
opments in cancer classification, dicting exposure levels that are

likely to be without significantquantification of risk, and expo-
sure are expected to improve the risk of adverse effects for human

health effects other than cancer. New developments in cancerrisk assessment process.
The RID can be improved ckassification, quantification of risk,

and exposure are expected to improve
Cancer Classification Issues. A through a critical analysis of its theriskassessmentprocess.
number of classification systems subcomponents, the no-observed-
have been invented over the adverse-effect level (NOAEL),
years by various organizations, and uncertainty factors. More-

Some are derived from others, over, additional published dose-
Each has different objectives and response methods are gaining
results. EPA is considering revi- faw_rable review as improve-
sion of its own system. EPA Ims
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ments to the existing RfD, or as nology on data collection, inter-
enhancements when the regula- pretation, and availability is vast,
tory goal is to estimate the likely but so are the potential drawbacks
human exposure. One of these of invalidated, ad-hoc computer
approaches, the benchmark modeling. How this issue plays
method, is under discussion as an out should not be left to chance.

option for quantification. Third, the almost universal use of
time-weighted average in expo-

Exposure Issues. Exposure assess- sure assessment will face a seri-
ment faces at least three tough

ous challenge as new toxicologi-issues in the next few years. First,
cal methods such as biological-

the ternlinology used by assessors
based dose-response mtxlels are

must be standardized. Currently,
there are several different developed which need more

detailed information than time-
schemes used to define exposure
and dose, not to mention terms weighted average. This may

become the largest issue for expo-such as reasonable worst case
sure assessment in the late 1990s.

exl_)sure. Second, the potential
positive impact of computer tech-
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I II I I1' I

EPA's Program for Risk Assessment Guidelines:
Cancer Classification Issues

Jeanette Wiltse, U.S. Environmental Protection Agency

Issues presented are related to classification of weight of evidence in cancer risk assessments. The focus in this paper is on lines of
evidence used in constructing a conclusion about potential hunum carcinogenicity. The paper aLTodiscusses issues that are
mistakenly addressed as classification issues but are really part of the risk assessment process.

he Environmental Protec- statement. The thing that keeps ii
t.ion Agency (EPA) has from being an academic exercise
been working toward in which scientists sit around try-

revising its cancer risk assess- ing to see if they can agree on

merit guidelines that were pub- what they would say about an lt becomesa center of controversy,
lished in 1986. The effort started agent, is that as soon as EPA whetherweare ready for it or not.
about 2 years ago; at that time, makes a statement, it hits the
we were in a "maybe so", newspaper. Then my boss has to

"maybe not" mood about it. go on television to explain why
Given the time and efton it it is and what it is because a lot

takes, inertia has to be overcome of the industry will get upset
before actually revising the when one of the cllemicals they
guideline, because in ali of these market is characterized as being

situations, there is a lot of contro- probably, possibly, or known to
versy. In 1989 the EPA Risk be carcinogenic to people.
Assessment Forum sponsored a Because we use a classification
workshop during which experts scheme to communicate to risk
from several places were brought managers, we communicate the

together and asked to address same thing to the public and to
several issues about cancer risk industry, lt becomes a center of
assessment. One of these is the controversy, whether we are

subject of my discussion----classi- ready for it or not. That's why
fication of weight of evidence, classification schemes are
Now, that is very arcane. The controversial.
classilication scheme is that Any discussion of classification

small nutshell sulnlnary thai is Ally discussion of classificaUon sche.ws is really a discussion of howcancer risk assessment is done.
tt_econclusion of a risk assess- schemes is really a discussion of

ment on cancer thai says do we i_ow cancer risk assessment is
or don't we think the agent may done, bottom to top. Classifica-
be carcinogenic to human beings lion schemes are expressions of a
and at what level of confidence risk assessment that may be sev-

we can say so. It's usually a prob- eral hundred pages long, cover
abilistic statement, "probably 15 topics, and present lines of
yes" or "possibly yes." Some- evidence ITomseveral different
times, we know the answer is scientific disciplines. This paper

yes, and that's the end of lhc is limited t_ the lines of evidence
that we use in constructing a con-
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clusion about potential human targets in common with those of
carcinogenicity--how they're other agents that we know to be
put together--and to identifying carcinogenic? Does it impact the
some of the major issues that are immune system, for instance,
mistakenly addressed as classifi- which helps in general with resis-
cation issues but are really just rance to cancer-causing agents.

part of the risk assessment proc- Specialized short-term tests con- Genometoxicity is anyeffect on the
ess. The elements used in our cur- stitute another line of evidence. I information a cellcontainsthat

rent guidelines are lines of don't quite know how to describe helps it run itsown machinery.
evidence, or bodies of evidence. all of the tests that exist now
Two directly address carcino-

(that probably didn't exist 5
genicity: human evidence of car-

years ago) that have to do with
cinogenicity and long-term mechanisms of carcinogenesis.
animal studies of carcinogenic- They are not standardized. There
ity. The remainder are sources of are a lot of them, but many of
indirect evidence. None of the

them have to do with manipulat-sources of indirect evidence
ing oncogenes and tumor sup-

answer the question of whether pressor genes and putting them
an agent causes a cancer, a

in systems with agents and see-
tumor, in an animal or a human ing what happens; they can tell
being. Structure activity doesn't us quite a lot about mechanisms,
answer the question "Is this car-

if we know how to interpret the
cinogenic?" or "Has this agent results.
caused a tumor anywhere?" Like-
wise, pharmacokinetics and meta- Ali of the schemes and most of
bolism can tell you a lot about the risk assessments for carcino-
how the agent is processed in the gens have been built on the two
body, which may be relevant to direct lines of evidence---on

its potential for carcinogenicity, whether an agent is a carcinogen
but it doesn't tell you whether it or not. If however, you look at

is or it isn't a carcinogen, the relevant factors to be
included as evidence for carcino-

What I will call genome toxicity, genicity, most of the advances in
a broader term than genetic toxic-

the experimental sciences are not
ity, is any kind of an effect on the in those two direct areas, lt is the
information a cell contains that

other elements that raise a chal-

helps run its own machinery, lenge to classification schemes
Genome toxicity is relevant in and risk assessment methods that
considering the pc_tential for car-

primarily rely on direct lines of Ali of the schemesand most of the
cinogenicity, but it doesn't tell

evidence. In my opinion, ali of riskassessments havebeenbuilton
whether the agent is going to the indirect lines have become whetheran agent is a carcinogenor

cause tumors, increasingly useable and power- not.

The term I will use for basically ful in predicting risk or in putting
everything about toxicity is gen- together a story of the structure
eral toxicity. Is there any other of the chemical' how it is likely
kind of adverse effect that this to behave in a biological system,
chemical causes? We use this and the likelihood of its carcino-

kind of information to learn genicity. In the future, I think the
more about what happens to the long-hoped-for substitutes for
chemical in the body. Does it long-term animal bioassays,
have a target tissue'? l)oes it have which take so long and cost so
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much, will arise out of these Table 1. EPA Cancer Classification Scheme: Weight of evidence
other lines of evidence. The chal- based on human and animal evidence
lenge to our classification system
at EPA comes, in part, from that .................................................................................................................................................
lt is very heavily reliant, as are Animal Evidence
our other systems, on direct evi- ............................................................
dence of carcinogenicity. That is Human evidence No
still appropriate. We are not yet Sufficient Limited Inadequate No data evidence
at the stage of being able to walk .............
around that. The question is
whether any system, EPA's

Sufficient A A A _ A ...... A _included, allows enough space I

for growth for the remaining Limited B1 .....BI____ B1 ____Bl_4 B 1
kinds of information and for

their power to tell about the Inade-E-quate B2 ..... C _ D ..____D.... D
potential carcinogenicity of an No data B2 C D D E

agent. No evidence B2 C D D E

Some existing classification

schemes include EPA's in 1986, There may be instances in the classification of both human aald animal data indicat-

the International Agency for ing that different categorizations than those given in the table should be assigned.

Research on Cancer (IARC) revi- Assigtunents are tentative and may be modified by ancillary evidence. Ali relevant

sion to its 1987 scheme, and information is evaluated to determine if the designation of the over-ali weight of evi-
dence needs to be modified. Relevant factors to be included along with the tumor

something called the Tripartite data from human and animal studies include structure-activity relationships, short-
scheme, which, I think, was pub- term test findings, results of appropriate physiological, biochemical, and toxicologi-

lished by Canadian, U.S., and cal observatitms, and comparative metabolism and kinetic studies. The nature t_f

European scientists. I believe these findings may cause an adjuslsnent of the overall categorization of the weightof evidence.
that the European communities
use it for guidance. A paper that
is to be published soon by the
American Industrial Health

Council (AIHC) that creates still

another kind of classification sys- A = HUMAN CARCINOGEN
tem addresses the question, How
do you deal with questions of anl- B 1 = PROBABLE HUMAN CARCINOGEN
real bioassay data that may not Limited evidence in human studies
be relevant to predicting
human carcinogenicity for one B2 - PROBAI_LE HUMAN CARCIN )GEN

reason or another? SuIficient evidence from animal studies, inadequate

Table 1 shows one classification evidence or no data from human studies
scheme. These are the "boxes"

into which the predications and C = POSSIBLE HUMAN CARCINOGEN
the risk assessments are sorted.

D = NOT CI.ASSIFIABLE AS T() HUMAN CARCIN()-Behind each c_lthese is a com-

plete risk assessment. ()bviously, GENICITY
this is a terrible way tt_ p_rtray

E - N() EVIl ENCE
any kind of scientific risk assess-
ment because ii b_fiis il ali down

to one or two w_rds. Neverthe- Fig. 1.IiPA carcinogenicity classification scheme.
less, the public and cmr risk man-
agers need lo know what we
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really.think of the potential of an A = CARCINOGENIC TO HUMANS
agent to cause these effects. So,

in one way or another we are 2A = PROBABLY CARCINOGENIC TO HUMANS

going to be boiling it down for Limited evidence of carcinogenicity in humans and
that purpose, sufficient evidence of carcinogenicity in animals

What is hoped is that a classifica-
tion scheme will allow us to be 2B = PROBABLY CARCINOGENIC TO HUMANS

consistent in the way we boil it Limited evidence of carcinogenicity in humans in
down from one data set to the the absence of sufficient evidence in experimental

next. If it is kept simple, people animals. Also when there is inadequate or non-
will be able to understand it. Fig- existent evidence of carcinogenicity in humans but
ure 1 shows the EPA cancer cate- sufficient evidence in experimental animals.

gories. Ali the way from
"known" to be a human carcino- 3 = NOT CLASSIFIABLE AS TO CARCINOGENI-

gen down to "not carcinogenic." CITY IN HUMANS
The IARC classification system,
Fig. 2 is very similar. As a matter 4 = I'I_,Ot_ABLY NOT CARCINOGENIC TO HUMANS
of fact, our EPA system derives

liore the IARC system. But the Fig. 2. IARC carcinogenicity classification scheme.IARC has often relied on the two

direct lines of evidence, the you have to undo the initial clas-
human data and the animal data sification--sort of climb down

(long-term animal studies). They out of it. That's the criticism--
don't really have a place in their that the initial decision about
scheme for using ali other hazard how to rank the chemical is more
elements. They wouldn't use driven by one side of the evi- What is hoped is that a

classification scheme will allow us
structure-activity, I don't think, dence than it is the other side of to be consistent in tta, way we boil
They are beginning to look at evidence. A true weight of evi- risl¢assesstnent downfrom one
other things, but so far their dence scheme would not work data setto thenext.
scheme is not designed to fully that way. lt is a characteristic of

accommodate lines of indirect the schemes up to now that they
evidence. So, although these lmve put overriding weight on
loc_kvery similar, EPA has tried the direct evidence. I'm not criti-

tc_use more of the indirect evi- cizing that _ we have to do that.
dence in its decisions than the What I' m saying is that this
IARC has. approach tends tc)muscle out the

One of the criticisms of weight- potential growth and strength of
-, _ , scmle ¢_I"lhc other data.

ing schemes is that in EIAs

work (and p_ssibly IARC's, Finally, an_ther criticism_that

although I' m n_t sure), one line people tend to pigeon-hole data i'eople tend to pigeon-hole data sets
of evidence can drive the deci- sets by the numbers. The use of by thenumbers.
sion. For instance, a couple of numerical schemes tends to pro-
positive animal bioassays and mote routine activity_we don't

y_)u're already way up the scale, think about how we ilo tllings or
()ther kinds of data w_n't have analyze them as well as we
much impact on this even ii" sh_uld. For these reasons we
other lines of evidence make ii might consider changing our
extremely doubtful that those classification and weight oI'evi-

two animal bioassays can be rcic- dence schemes. The experimen-
vant to humans. In such cases lal database at'_)undwhich things
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were originally designed has ertheless it is something that
changed drastically. To causes people to question the cur-
accommodate this change, we rent scheme.

may need to be more explicit Among people in EPA who are
about using newer research data
in our classification schemes. We ltxgking at revising the guide-

lines, a lot of discussion has to
don't actually make it impossible do with the relevance of animal Oneof the biggest controversies
tO use that data now, but we

data. How do you discuss things dealing withcancer riskassesstru, nt

could be more explicit about like that? Where do you make a h,u todo withquestioning the
how those data are weighed with relevanceofaninu21 carcim_gen
direct data to arrive at conclu- place in your classification bioassays to hutmm carcinogenesis.

scheme to show how yousions. One criticism is that we
, weighed that kind of issue'? How

dtn t classify potential carcino- do we accommodate this fact to
genicity of an agent differently make classification schemes
by route of exposure, If it's accommodate what I think is

known to be a human carcinogen going to be an exploding data-
by the oral route it is tagged as a base of mechanisms research in
known human carcinogen. We

the next 10 or 15 years'? I think
don't empllasize the fact that

we are going to be doing
data may also show that by the

research in the future tor strictly
dermal route it's really not mechanistic information.
expected to be a carcinogen haz-
m'd. In the future we might be The numbers and letters of classi-
able to say that it is a kJlown fication schemes are a problem.
human carcinogen by the oral This is a personal question tor
route and something else by the me; I look down ali these lists of
dermal route, alphanumeric schemes for class-

ifying and I get lost. I can't trans-
Over the last few years one of late between systems. Numbers

tile biggest controversies dealing and letters are beginning to get towith cancer risk assessment has
'_ me a little bit. I hope we can find

to do with questioning th:_ rele- a way to use words for these clas-
vance of animal carcinogen bio-
assays to lmman carcintm,enesis. _' sifications. The question oI'class-

'_ ifying by route of exposure is

This issue increasingly conli'or_ls under discussion, so that's a pos-
anybody dealing with long-term sibility. Another issue is whether

animal bioassays. There are cef- tile potency of a carcinogen
rain tumor types that instantly

• ) 1• 's should be pm1 of tlm weight of
cause pec p e tc_say "Oh that, evidence. That is, when we say
not relevant in considering it's a probable human carcino-
human carcinogens." I don't gen, is ii at a high dose or al a _/henumbersandlettersofclassili-
think current schemes deal with low dose? ts ii st')nlewllele•"'• in the cationschemesarea problem.
this issue particularly well and I

middle? The question has been
don't know whether they need raised abtmt whether those kinds
to. ()he reason we lind ii llard to

t,: issues belong in wcigllt of evi-
deal with scram of these ques- dence l¢_rtile classification
lions is that some t_l tile issues

schemes.
go back to indirect evidence und

the possibility of weighing the In answering these questions
evidence differently. That's wily (these me more my statements
1anl not sure that relevance than EPA's), 1 think we will have

deserves special treatment. Nev- tt_provide more explicit rules
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and a greater weight for indirect may be at work. The means by
evidence aside from human stud- which something causes or might
ies and animal bioassays. The cause cancer is not necessarily
time has come to start classifying part of the classification, lt oer-
by route of exposure, tainly would be a limitation, a

part of the hazard charac-
1sat down and tried to picture a
tnatrix that would bring potency terization, but not necessarily a IX means by which something
into discussions of whether some- part of whether saying something causesor mightcausecanceris not

is or is not potentially carcino- necessarilypart of the classification.
thing is a potential carcinogen,
given the trouble we have figur- genic.
ing out what the potency is. I We may be able to propose some-
couldn't figure out how to do thing next year; I hope we can.
that without bogging down. We have not really come to clo-
Some people are trying to push sure even within our work
for a view that something like a groups about how to deal with
promoter that may have some many of the issues. We are in the
kind of threshold is not really a midst of a sea of data that didn't
carcinogen, lt is set aside in a exist when the very first guide-
category by itself. A lot of peo- lines came out. A lot of the data
pie tend to think that carcinogens around now_mechanisms is an
are strictly agents that are geno- example_weren't there; now we
toxic and that those are the ones are afloat in it. We will get out
that should be classified, not pro- the new guidelines if it's at ali
rooters. I don't now expect the possible, but we probably won't
agency to categorize differently finisl_ until next year.
according to mechanisms that
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I III Ill I I Illll II I

EPA's Program for Risk Assessment Guidelines:
Quantification Issues

Michael L. Dourson, U.S. Envilvnmental Protection Agency

77_equantitative procedures associated with noncancer risk assessment include reference dose (Rf D), benctmulrk dose, and severit?,.,
nugdeling. The RfD, which is part of the EPA risk assessment guidelines, is an estimate of a level that is likely to be without any
health risk to sensitive individuals. The RfD requires two nmjorjudgments: the first is choice of a critical effect(s) and its No
Observed Adverse Effect Level (NOAEL); the second judgnwnt is choice of an uncertainty factor. This paper discusses nmjor
assumptions and limitations of the RfD nugdel.

ork on the noncancer als. Some think of an RID as
quantitative guide- being below a threshold dose.
lines started in 1984. This, however, is not necessarily

After a year of inconclusive dis- universally accepted.
cussion, the technical panel dis-

The Rfl3 requires two major Estinuating RJD requires choosing a

banded and was replaced by an judgments, the first of which criticaleffect(s) and itsNOAEL lt
Acceptable Daily Intake (ADl) a/so requires ctu_osinga composite

alter looking at ali tile data is tc) uncertaintyfiwtor.
work group. The point was to get cht_ose a critical effect(s) and its
colleagues together from various No Observed Adverse Effect
agency offices to look at non-

Level (NOAEL). The second

cancer assessments prepared by judgment is the choice of anthe individual offices. After two "

years of ADl work group experi- uncertainty factor after lookingat the entire data base and deter-
ence, the agency restm'ted its

mining the stalus of missing data.
guideline development for non-
cancer. The first assumption of the RfD

model is that a threshold exists

This paper will discuss some of for toxic effects. Obviously, for
the quantitative procedures asso- some chemicals thresholds are

ciated witll noncancer risk assess- tiloughl n_l to exist. Where a 71wfirst assumi_tirm of the Rfl)
ment. The first is reference dose threshold d_es not exist for a model is ttuata threshoMe._istsfor

(Rfl)). Tw_ otlaer quantitative toxic endpoint, calculating an toxiceffects. Ol,viously, forsome
clwmicals, thresholds' are thought not

procedures exist lhal are quite RfD is not appropriate. We also to exist. 14qwre a threshold does not

new. One is refcn'ed to as a assume thai the RfD represents a existfi,r tiretoxic endpoint,
benchmark dose and tile second subthreshold dose and that ii we calculating an Rf[) is not approl_riate.

is loosely classified as severity protect against a critical effect,
modeling. A l'c)urlh procedure we protect against ali adverse
exists called decisicm analytic effects. A major limitation is that
approach, which the ()ffice _I although the clloice of the
Air Radiati_m uses with it's air N()AIJ.: lt)r tile critical effect

pollutanls, but this will not be uses ali of the data, in the RI1)
discussed here. m_del _mly the NOAEL dose is

An RID is un estimale _I'a level used quantitatively. Also, if we
use _mly a parlicular NOAEI_.,Illat is likely t_ be with¢_ul any

health risk l_ sensitive individu- we are losing information in the
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study on which you have chosen agencies. This factor accounts
to locus. Another limitation is for about 96% of the compari-
that uncertainty factors are impre- sons of subchronic to chronic
cise and the RfD model cannot extrapolation; the average factor
estimate risks above the RID. is about 2 or 3. One area of our

Regarding the quantitative issues research is focused on trying to
of the RID, we have focused dur- get a better quantification of

NOAELs, uncertainty, and modi- Ourresearchis focused on trying to

ing the last couple of years on fying factors, with the end result geta better qltantification of NOAELa,
the statistical variability of a uncertainty factors, and modifying

NOAEL. A paper was published of trying to characterize the prob- factors,with the end result oftryingto
by Brown and Erdreich in 1988 ability distribution of a reference characterize the probabilitydose. distribution of a reference dose.
discussing this effort. The
authors did not focus just on the Another area of research is the
value of a NOAEL but also con- benchmark dose. Several investi-

sidered its litnitations or variabii- gators are looking at this and a
ity. lt is thought that if NOAELs number of papers have been pub-
are based on larger numbers of lished. The first was by Crump
animals per dose group, the (1984), followed by Dourson et
NOAELs will tend to decrease al., (1985). The idea behind
because by looking at more anl- benchmark dose is to use all of

mats an effect is more likely to the data on a particular end point.
be apparent. Such latter A mathematical model is applied
NOAELs are likely to have a t,) that data and then an estimate
tighter variability, is made of upper confidence lim-

Another aspect to this area of its, perhaps 95%. Depending
research is looking at ria'ta that upon how many animals were

used per dose level and how
fall behind various uncertainty
factors. A publication by Harris, good the data fit along the slope,

one might get tight 95% confi-Erdreich, and Ballew (1987)
dence limits or you might getfocused on the uncertainty factor
confidence limits that were less

for within-human variability, lt
characterized the statistical distri- tight. The idea of a benchmark

button of the uncertainty factor dose, then, is to focus on a par-
on the basis of human pharma- Ocular point along this curve. In
cokenetic modeling or human the 1984 and 1985 publications,
pharmacogenetic parameters. 10% was used, but only as an TheideabehindbenclmuTrkdose is to
The authors showed that Ibr example. The lower 95 % confi- useali of the data on a particular end

dence limit on the dose associ- point. A mathematicalmodelis
healthy individuals, an uncer- applied to that data and then an

tainty factor of 10 covered about ated with a 10% response level estinu2te is made of upper confidence
would be the benchmark dose, limits, perhaps 95%.96% of the variability. This sup-

ports the notion that tenfold and for the rest of the toxicitydatabase one uses different uncer-
uncertainty factors are conserva-
tive and that values less than 10 tainty factors. Reasons for differ-

ent uncertainty factors might
are actually more likely to occur.

include disparate severity of
Other published work yields

effects and slopes of dose-similar distributions. For exam-

ple, EPA often uses a tenfold response curves. Again, the
uncertainty factor to extrapolate benchmark dose is one way of
from a subchronic to a chronic using more of the information to

exposure, as do other federal get a reference dose. Other issues
regarding the benchmark dose
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approach include deciding which probability of other categories of
end point to choose as the bench- toxicity with increasing dose.
mark. Several published exam- One ca_, then take several dose
ples used 10%, but 1%, 5%, or scales for different chemicals,
other values could be chosen.

normalize them, and compare the
With these various benchmarks, various risks c,fdifferent chemi-

which type of uncertainty factor cals above the RfD based on plot- Evenbefore the idea of severity of

should be applied? Several staffs- ffng the severity data for each toxic effect can be broached, thereare
tical issues exist as well, but individual chemical. On the basis a hostof issues associatedwith
these will not be discussed, adversity and severity of effect that

of this analysis, the risk manager are not well worked out even within

Another idea is to plot what is might choose to regulate chemi- theagency.

called the severity of the toxic cal B differently than chemical C
effect. Even before the idea of if they were both over the RfD
severity of toxic effect can be by a tenfold factor. As with
broached, there are a host of benchmark dose, many issues
issues associated with adversity also exist with severity model-
and severity of effect that are not ing. For example, what consti-
well worked out even within the tutes an adverse effect? What

Agency. For a particular organ does the severity of effect mean?
system, it might be very easy to The mathematical model cur-

say some effects are clearly not rently used is just one of many
adverse and that some effects are that could be used, and there is a

clearly adverse. For example, an discontinuity in the curve that
increase in smooth endoplas- hasn't been solved yet.

matic reticulum in the liver, In summary, EPA uses reference
clearly caused by the chemical, doses for noncancer risk assess-

may not be an adverse effect. In ment. This method is part of our
fact, it might be protective; developing risk assessmentwhereas infillration of liver cells

guidelines. In addition to the
with fat is clearly a sign of dis- RfD, other quantitative
functioning liver cells and is con-
sidered adverse. However, for approaches exist such as the

developmental toxicity the ques- benchmark dose, and the severity
of toxic effect. More publica-

tion of what is adverse may not tions on these quantitative proce-
be as clearly defined. In some dures may find their way into the
areas, such as immunotoxicol- One can then take several dose

ogy, what constitutes an adverse literature in the near Iuture. scales for different chemicals,
normalize them, and compare the

effect is only now being dis- variousrisksof different chemicals
cussed. Let us assume for the above the RID based on plotting the

moment that we have a good ban- severity data for eachindividual
die on the differences. Then, Ibr chemical.

any particular chemical it is pos-
sible to plot the probability of a
No Observed Effect Level, the
probability of a NOAEL, and the
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EPA's Program for Risk Assessment Guidelines:
Exposure Issues

Michael A. Callahan, U.S. Environmental Protection Agency

Three major issues to be dealt with over the next ten years in the exposure assessment field are: consistency in terminology, the
impact of computer technology on the choice of data and modeling, and conceptual issues such as the use of time-weighted
averages.

he first exposure assess- tion, interpretation and avail-
ment issue, terminology, ability. The technology e':ists to

needs to be dealt with put enormous data storage and
immediately. The definition of retrieval capabilities in the hands
exposure itself has been contro- of assessors through personal Aspects of terminology, however,

versial. There is general agree- computers with CD-ROMs. EPA ,,re not standardized.These
include differences in how the

ment that exposure to a chemical has begun investigations of the terms 'exposure' and 'dose' are
substance means contact of that usefulness of a risk assessment used, units for each, and
substance with a person or other library on CD-ROM [EPA/600/9- differentiation of different types of

organism, and that exposure 91/045a] and a collection of mod- dose:
assessment is the qualitative or els with their documentation on
quantitative description of that CD-ROM [EPA/600/C-92/002].

contact: intensity, duration, fre- These have enormous potential
quency, and route. Other aspects for positive impact on the expo-
of the terminology, however, are sure assessment field. However,
not standardized. These include without validation of models, the

differences in how the terms availability of large amounts of
'exposure' and 'dose' are used, data and models might raise the

units for each, and differentiation question of validity of the assess-
of different types of dose: for ments, which would be a nega-
example administered dose, tive impact on the field. We are

applied dose, and absorbed dose. at a crossroads today and it is up Thetechnology existstoputenormous data storage and
the U.S. Environmental Protec- to the exposure assessment com- retrievalcapabilities in thehands
lion Agency (EPA) expects that munity to make a wise choice of of assessors through personal

its Guidelines for Exposure paths, computerswith CD.ROMs.

Assessment [57 FR 22888], The third issue which must be
which includes a glossary of dealt with in the next three to ten
terms, should be the major vehi-

years, has to do with the basic
cle in assuring consistency in ter- way in which carcinogen expo-
minology both within the sure assessments are done. The
Agency and with the outside sol- almost universal use of time-

entitle community, weighted averages for these

The second issue Which must be types c_fassessments will face a
serious challenge as new toxico-dealt with in the next few years,

is the potential impact of com- logical models such as biologi-
puter technology on data collec- cally-based dose-response

models are developed. These
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new models will require more model. This is a challenge for the 71_,.:is a challenge for the
detail from the exposure assess- exposure assesslnent colnmunJty exposureassessment conununity

that must be addressed and met
ment than just a time-weighted that must be addressed and met SOOtl.

average exposure or dose. In soon. Only then will we be ready
some cases, a detailed time- for the types of risk assessments
intensity profile will be required we can expect in the latter part of
as input to the dose-response the 1990s.
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I II III I

Information Applications: Rapporteur Summary

Sidney Siegel, National Library of Medicine

An increased level of mathematical sophistication will be needed in the future to be able to handle the spectrum of information as it
comes from a broad array of biological systems and other sources. Classification will be an increasingly complex and difficult
issue. Several projects that are discussed are being developed by the U.S. Department of Health and Human Services (DHHS),
including a directory of risk assessment projects and a directory, of exposure information resources.

s rapporteur to this and ill-defined subject areas. The
group, I will quickly history and development of an
identify what I believe awareness of the impact of

has been said and what was not chemical agents on humans and
said. Also, I may comment on on the other compartments of the
what could be. Through discus- environment were outlined.
sions, we can hopefully generate Laws relevant to this symposium
within the symposium partici- were identified. However, we Thereareat ',east18pieces of major

pants a sense of quo vadis: where should be sensitive to the fact federal legislation that impact the
are we going and why? Efforts to that there are at least 18 major development, production,distribution, use, and eventual
put this symposium together pieces of federal legislation that disposal of chemical agents.
were obviously very intense. I impact the development, produc-
have put conferences together lion, distribution, use, and even-
myself, and it can be described tual disposal of chemical agents.
as pure aggravation. Throughout This listing does not include
the discussions, I had the impres- laws that have been promulgated
sion that many presentations by the 50 states. This session
could be characterized as preach- also addressed some of the com-
ing to the converted. I think plexities associated with identify-
many of the folks here don't ing and utilizing data and
have to be converted or need to information that could be suppor-
have identified again what the live of the assessment and man-
problems are that we face; we agement of risk. Problems
need now to say which way we associated with coordinating risk
are going. We need to address management across federal

issues relevant not only to which and/or state agency lines, espe-
way we should go but also why. cially when Superfund sites are Problemsassociatedwith

involved, were discussed. These coordinating risk management

Session A covered chemicals, problems are not trivial, across federal andor stateagency
health effects, and information lines, especially when Superfund

needs. The titles wereThe Prob- Session B, Toxicology lnforma- sitesareinvolved,arenot trivial.

lem of Living in a World Con- lion Resources, Challenges, and
laminated With Chemicals, Needs, described the evolution

Environmental l_ztwsRegulating of systems and reminded me
Chemicals, btform_tion Needs some of discussions on the the-

for Risk Assessment, attd lnfor- ory of chaos, lt is also apparent
marion Needs for Risk Manage- that Session B chaos can be
ment Communication_all not ordered through the appropriate

only interesting but very difficult
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and imaginative application of tion Issues, Quantification
computer-based technology. Issues, and Exposure Issues. Sci-

entific issues were discussed tllat
Session C dealt with the applica- in and of themselves are diffi-
lion of toxicology information in
establishing priorities, chemical cult; these issues are further con-
testing, hazard ranking, and risk founded by the fact that riley are An increasedlevelofnmthematical

assessment. In this regard, Struc- required to be precisely defined sophistication willbeneededto
in order to be implemented under handlethis information from a broad

lure Activity Relationships arrayof biological systemsand
(SAR) was addressed as one of law. Such definitions will require other sources.

involvement of ali our communi-
means to assess issues relevant to

ties and interested citizens includ-
new chenucal substances under

TSCA, as was the use of Quanti- ing the federal and state
organizations responsible for

tative Genetic Activity Graphical
Profiles (GAP) for Use in Chemi- their application. Especially high-
cal Evaluations. The Interagency lighted during thi'; session was a
Testing Committee Chemical concept that goes back beyondLinnaeus t_ the time when we
Nomination and Selection Proc-

had witchdoctors and shamans
ess was discussed. (During my
time at the National Cancer Insti- guiding us through our daily

tute [NCI] I had $250,000 to sup- lives. That is the concept of theclassification of toxic substances.
port activities relevant to QSAR, These witchdoctors and shamans
but I couldn't get other branch

were able indeed to roughly sort
chiefs involved because they felt out some of the classifications of

QSAR was too close to the prac- substances that they dealt with.
lice of witchcraft.) This was done by setting up cap-
We heard a discussion of the lured prisoners of war into three
GAP information profiles that groups--one group got the
identify the start of accumulating unknown substance, a second
the intelligence base that will be group a known agent, the third
a new means to help us under- group nothing. So, they quickly
stand the relationships in and could do LD50s concerning the
among a broad spectrum of dif- substances, and the shamans
ferent kinds of data. I think this could further build their own trea-

is going to be one of the more tise on poisons uselhl for man-
interesting and intriguing areas agement. Thus, classification has
of the future. An increased level been around for some time, Cias-

of mathematical sophistication sification is not a trivial issue
will be needed to handle infi)rma- because once you put a tag on
tion derived from a broad array something, you are stuck with it, Chzssification is nota trivial issue

because once you put a tag onof biological systems and other especially if you are part of a
sotm'thing you are stuck with it if

sources. We have just slarted lo regulatory function of govern- you are part ofa regulato_fimction
address the potential of those ment. 13ymisclassification you of government.

kinds of multidimensional infor- may hang yourself as well as
marion processing resources, other federal and stale agencies

out to dry. Of course, in addition,In Session D, Guidelines Used to

Assess Toxicological Hazards, there are significant impacts on
the titles included were Overview private-sector organizations that

must respond under law to such
of the EPA Programs for Risk classi fications.
Assessment Guideline

Development, Cancer Classifica-
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Some of the things coming in the sure that is scientifically timely,
near future are projects, that I complete, and credible.
think will be useful to ali the

Yesterday, we heard about the
organizations represented here. many prioritization schemes out
First, in the DHHS we are trying there. Federal agencies have put
to put together a Directory of Weare tryingtoput together a

Risk Assessment Projects. Risk together between 36 and 40 Directory of Risk Assessment

assessment activities are costly major prioritization schemes Projects.
over the years, of which I have

projects and people need to be been involved in about half.
aware of what has been paid for These are variations on a basic
with public funds, i thought theme--What is the substance,
when I got the money for the

how much is produced, and
effort it was going to be a techni- where and how is it distributed
cal piece of cake; technically, it and used? Details of such
is a piece of cake. Then we ran

schemes are driven by the needs
into the political issues -- trying of the particular organization
to get the heads of the various compiling it. We need much
DHHS agencies to identify the more sophistication in the vari-
risk assessment projects in their

ous models that are used to sup-
organizations. Things are mov- port the assessment and manage-
ing forward, however. We have ment of risk. The sophistication
had excellent cooperation from

or applicability of models needs
one of our organizations in to be increased. In communicat-
DHHS, the National Center of

ing with users and affected com-

Toxicologic Research (NCTR) munities, we need to explain the
represented at this meeting by capabilities and limitations of a
Angelo Turturro. lt has been pos- particular model.
sible to work together to sort out
which of their projects would be This symposium understandably
relevant for such a directory, focused only on chemical agents.

However, humans and other com-

Another activity, which in its partments of the environment are
own way is going to be politi- also concomitantly exposed to
tally even more difficult, has got- biological and physical agents,
ten support from the Interagency making the overall picture of
Task Force on Cancer, Heart, and

exposure even more interesting
Lung disease, lt is a directory of and complex. Looking at only
exposure information resources

one dimension of exposure is
developed across the federal naive and will not serve us weil.
establishment; we hope to extend Of ali the information need_
it tOinclude state environmental To address exposure overall will concerning riskassessmentand

and health agencies. So far, a 20- require a significant effotl in numagementandthe effects of

page questionnaire is now being communication and coordination chemical agents onhtunansandother
compa rttnents of ttte en vironmen t, the

tested by a limited number of among federal and state agencies greatestneedisfor infort,mtion on
organizations. Of all the infi_rma- and into the pri vale settler. The exposurethatis scientifically tbnely,

tion needs concerning risk assess- problems we face in this effort complete, and credible.
ment and management and the can be best described as nontriv-
effects of chemical agents on ial, and solutions will require the
humans and other compartments best input we can get.

of the environment, the greatest Finally, ! leave you with a quote
need is for inh3rmation on expo- thal was translated into l.atin by
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the daughter of one of lhc people limiting lhctor in determining

in my office who is quite a h_w to efficiently and effectively
scholar. It's a takeoff on Rene' meet them. "Si Rationem Puto,

Descartes and simply says "If I Potest, Achficari!"

think a system, it can be built."

As you see what your needs are, We need much rru_resophistication in
imagination should be the least the various models used to support the

assessn_nt and numagement of risk.
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How Information Resources are Used by Federal
Agencies in Risk Assessment Applications

William E. Legg, U.S. Army Environmental Hygiene Agency

77zispaper discusses the structure and responsibilities _f the U.S. A rmy Toxic and Hazardous Materials Agem'y.

r :_

"In the mid-1970s an agency the Su geon General of the Army
_was established within the recogtuzed tl_eneed for medical
.i.Department of Defense, review of the health risk assess-
known as the U.S. Army Toxic ments. Inherent in this review
and Hazardous Materials Agency process is the tenet that the Sur-

(USATHAMA). The primary geon General of the Army is
reason for starting this or_aniza- responsible for the health and Thirty-fourArmy instalh2tionshave
tion was the Rocky Mountain well-being of all military and been identified with. 6functional

Arsenal in Denver, Colorado. civilian personnel working on sitesthat areeitheron theNational
Priority List (Superfimd) or are

Those of you familiar with Army installations. Further, the lwr,posedfr,r Superfund listing.
Rocky Mountain Arsenal know Surgeon General has assigned
that there are about 165 rune- the U.S. Army Environmental
tional hazardous waste sites at Hygiene Agency (USAEHA) the
the arsenal. They are contami- task _I' serving as his executing

nated with such things as diiso- agent I_r review and perf_rm-
pr_)pylmethyl phosphinate, other ance of health risk assessments.
chemicals associated with the Therefore, l'rogram 39, of which
production of nerve and blisler- I am the chief, was created.
ing chemical wua'fare agents, and
several general-categ_ry indus- At USAEHA, we have what I

trill chemicals. Since the incep- refer t_ aS lhc "olive drab" ver-
lion of USATHAMA, the sion _I lhc Envir_mmental l'r_tec-

number oi' pr_blem installali_ms tion Agency (El'A). We
has risen, and thus, Rocky Moun- continuously interact with EPA
tain Arsenal is n_ longer our sole headquarters. Cun'enlly, we are

problem. Fc_rexample, 34 Army assisting Mr. Chet ()smond fr_ml
installations have been identified the Office of ,qolid Waste in con-

with 36 functional sites that are dueling energelic c_mlpound tech- TheSurgeon (;eneral of the Anny

eilher on Ihe Nati_mal Primarily nology Iransfer inl'ornlali_m recognized the needf, rmedicul

List (Superfund) ¢,r are pr,,p,,sed seminars thr_,ugh_,ut the Uniled review of health riskasses,wm'nts.
for Superfund listing. In States. The military has several
Rcsc_urce C_mservation and siles lhal perform _pen burn-

Rec_wery Act (RCRA) facility ingA_pen tleltmaticm _ffexph_-
investigati_ms ahme, there arc sives and pr_pellanls in ab_we-
some 3500 insiallafi_ms thai deal gt'_und and below-ground dis-

with r_mghly 5()()()luncli_mai p_sal _perati_ms. Many thin,gs
sites. It's a target-rich envir_m- can gt_wr(ing in these t)pera-
ment for any risk assess_r, titres, and we are trying t_ assist

lhc permit writers in determiningApproximately 18 m_mlhs a_,
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the associated environmental and those already discussed this
health concerns, morning, there is a need to con-

solidate and integrate the numer-
I have 8 individuals, including ous databases for ease of use.
myself, executing thz itealth risk The 30 or 40 databases available
assessment mission. I have

are extremely difficult to use
approval to fill 32 positions to

because of differences in the pro- Weneedto consolidateand integrateaccomplish the mission.
gramming language/hierarchal thentunerousdatabasesfor easeof

Our agency has a matrix struc- structure of the programs. Simi- use.
ture. We are staffed in director- larly, some commonality of use
ares and divisions that of program type is needed across
incorporate the disciplines of the board, not only from the user
toxicology, air pollution engi- and contractor's perspective, but
neering, surface-water and also from the EPA regional
groundwater sciences, health perspective.
physics, laser and microwave

Finally, I believe that we are not
technology, entomology, occupa- adversaries in this endeavor; we
tional and environmental medi-

must be partners. The resultcine, and so on. I draw from the
should be a clean environment

expertise in these directorates/
that is protective to humandivisions to form the risk assess-
health. We must accomplish ourment review or on-site risk
tasks as partners, not as

assessment teams, adversaries.

What problems do I see in this
arena? For reasons similar to
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II

Tactical Approach to Maneuvering Within the
Chemical Contamination Labyrinth

Timothy W. Joseph, Department of Energy

71zeDepartment _'Energy (DOE) recognized the need and accepts the responsibility for understanding ttze reality and mitigating
the consequence of(he complex chemical contamination legacy it inherited as well as controlling, reducing, and elbninating extant
emissions and effluents. 7"ltekey to nmneuvering through this complicated and multifiweted labyrinth of concerns, front which a
meaningful, high quali_,, and cost-effective restorationhnitigation machine is then set in n_tion, is the ability to perforn_ accurate,
factual, and explicit health and environmental/ecologicai risk assessnwnts. Likewise, the conm_m denominatorjbr carrying out this
essential task is to have access to comprehensive and reliable data of'known quality with which to perform those analv,_?es.DOE is
committed to identify the data universe; to technically scrutinize and ensure the quality of ttmt &_ta; to devekq_ efficient atm cost-
effective nwans to nu_.rimize the handling, utilization, and sharing of that universe; and to undertake those assessments. DOE views

this ca an effort that can only be accomplished through a merging of the technical excelk'nce that exists within fed_.ral aral state
agencies, academia, and indust_. 7he task at hand is so large that onl,¢ by integrating that intelligence base can we hope to
accomplish the goals of establishing nwaningful stamhJrds, developing fimctional and effective solutions, and providing quality
guidam:e at a national scale.

o matter how good our cal effects data can make the
models are, no matter chemical data cost look cheap in
how applicable the COlnparison. li is tile access and

assessment techniques are, and use of thai dala universe that we
no matter h_,w proficient the rely on to carry ,,ut our analysis.
experts are in dealing with these
problems, the ability to perform Iii performing assessments, we

start wilh hislorical data. We In performing assessment, we look at
ell vironnlc illal, ecol()gi cal, and past r,peratiovu_l data, such as what
humall health risk assessnlenls lt)ok at ali past ()perational data thefiu'ilities did, how long they were

relies entirely (_I1tile universe of thai we Call find, such as what in use, what materiaL_ were usedor

data. II is perhaps the most pcr- the facilities did, how long they must tuwe I,eenu,_ed,and any
were in use, what materials were operating parametersZ_pecificswe ,'un

plexing and complicaled part t)f determine. We kink at operational
(_ur assesslilenl. Models Call be used or must have been used, history and any recordswe canfiml,

and ally opel'ali ng parameters/ such as oM manifest or di,v,osal
adjusted and verilied, techniques specilics we call determine. We records;we talk topast em/,h',vees.can be impr()ved, and more can

i()ok at (,perational history andbc learned. However, we cann()t
any records we call find, such asmerely acquire ali the data we

need. old manifest or disp(_sai records;
we lalk I_)pasl employees. We

Histc)rical dala, thai abyss we then try to c(wrclate what hard
firid ()Ul'SClvess(, often trying t_) irlftwtnali_,n we find with what
analyze, is finite; it's ali we have. we believe sh(mid have been lak-
We nlust deal with ils integrity ing place in thai facility if they
and its relevance. We must km,w were tlt)illg what we kn()w ()t"
h_)wt(_best utilize tilt.',hislt)rical believe Ihey were supp(_scd I(_.
data that we have. New data, We then attempt I() tlelertl_ine

actual tlisp_sal nlclh()tls t_t"wllalespecially chemical dala, is very
c_slly to c(_llecl and analyze, i_gic tells us w_uld have been
l_aboral_wy I¢,xic(_l(_gicaldala Iheir tlisp_sal trielh_tls al lhc
ar_tlenvirt_nnlenlal ar_tlec(_h_gi- lime. We h_t_kck_sely at lhc cnvi-

rt,nmental setting, _ltl ph_)t_s,
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old maps, how the m'ea has of years BC ? Unless we can
changed since that time, what beam up to the Starship Enter-
areas were used for disposal, and prise and use its sophisticated
what areas would probably have sensors, we don't know what
been used for disposal. We look background is or should be.
at the natural setting, the soils, Where do we see the compound
the geochemistry, tile geology or chemical? Where would we We need to understand the multitude
and hydrology--subsurface and expect to see it naturally and at of aspects associated with the quali_
surface. We look at climatic and what levels? We have experi- of the data, whichsometimesis very

meteorological data to address enced 150 years of industrializa- difficult to determineand more _en

transport and fate. lt is impera- tion with an extreme variety of thannot,cannotbe determined.

tive that we fully understand the effluent and emissions; we have
transport and fate mechanisms more lead in our environment, as
for the facilities that have been identified to us yesterday, from
operating for more then 45 ye,'u's, our automobiles than from indus-

We then determine the contami- try. From agriculture we have
complex of insecticides, herbi-nants on wllich we will concen-

trate. Critical, of course, is the cides, etc. How do they change?

quality of the data. Are they What about synergy? How long
valid? How were they collected? have they been there? This com-

plicates determination of back-If data exist on volatiles, were

samples collected in a bucket and ground. Background implies
"belbre man's influence, com-

then dumped in a sampling jar? pletely natural," whereas refer-If so, those data are useless. We

hl)ok at the analytical aspects _ ence suggests "normal, expected,
did the sample preparation intro- prior to any influence fi'om the

subject facility."duce contaminants? How accu-

rate and precise was the instru- We then try to ton'elate the con-
mentation vs the detection limit? taminants and concentrations

Was the detection limit influ- with locations, factor what we

!:need by moisture content? We believe the "reference" concen-
need to understand the multitude trations should be, sample
_I aspects associated with the selected environmental and eco-
quality of the data, which is logical parameters and organ-
sonletimes very difficult to deter- isms, and perform selected We try to correlate the contaminants

and concentrations with locations,

mine and more often than not, toxicity studies when warranted, factorwhat we believethe
cannot be determined. We also use biological sampling "reference" concentrationsshouldbe,

in an attempt to back-calculate sample selected environmental andNext, we establish a list of tenta-
environmental contaminant lev- ecological partuneters and organisms,

tivcly identified compounds. We and perfonn selected toxicity studies
look at it, and compare ii with els. This is an extensive, very whenwarranted
our knowledge of the facility. We complicated, and expensive pro-cedure. Without reliable data of
then may be forced to go back

known quality, we are signifi-
because things don't correlate.

cantly restricted in what we can
We attempt to determine back- do. With go_d data, we can deter-
gr_und, lt is preferable, however, mine or reconstruct sources and
t_)use the word "reference" d_ses.

rather than "background."
"l_ackground" is an uncertain tri- Having whal we consider to be
teri_n. Is ii I(X), 150, _t"500 g_od data, we must then be able

to accurately determine the
years ago, or is ii scmle number
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actual risks and project with these problems, in contrast to

some precision the potential working in our own respective
risks. How we do that is impor- closets, emerging once in a while
rant. The best minds in govern- to merely state positions or make
ment, industry, and academia are criticisms. The cooperation
working on just that. New qual- between our agencies, the states,
ity guidance from Environmental industry, and academia, has _'z¢,l

The best tactical maneuver we can
Protection Agency (EPA) and tile outstanding. The number of guid- make is tojoin forces, combine that
universities is available and ance documents generated, tech- intelligence base, and becomean
growing. Recent documents nical publications developed and efficient and effective technicalte_un.
from EPA are quite impressive, written through joint reviews,
lt is a complicated yet very excit- planning efforts made, and the
ing field. With our severely lira- close technical collaboration

ited budgets, greater scrutiny achieved between us, has pro-
from congress, and the public, duced a genuine technical and
we can only keep our heads professional regard and fellow-
above water and progress toward ship.
solutions to these complex and

This complex and enigmatic
very "expensive" problems by national concern--health and
combining our respective intelli-

environmental risks of chemical
gence to achieve solutions. The
best tactical maneuver we can exposure--requires an even

make is to join forces, combine greater team effort. Again, the
best tactical measure we can take

that intelligence base, and
is to combine that joint intelli- Onepositive consequence of thebecome an efficient and effective
gence. In a very real sense, we pressures placed on our agencies as

technical team. Together, we can simply can't solve the problems a resultof these limited budgets is
become both the model of techni- that it has brought us together as
cal excellence, as well as the by ourselves or merely wish partners in solving these problent_,,

them away. DOE is steadfastly in contrast to working in our ownmodel for approaching and
committed lo do ali it Call toward respective closets, emerging once in

accomplishing quality, verifiable, assessing the problenls and reach- a whileto merelystate positions or

and reiteratable risk analysis, ing solutions, lt will continue to makecriticisms.
One positive consequence of the provide the most accurate and

pressures placed on our agencies complete data base possible and
as a result of these limited budg- engage the best scientists to do
ets is that it has brought us tile best research to achieve this
together as pmtners in solving goal.

Access/list lnfo Resources Assess llcalth Risk (?hem Expos '93 117



II

' ' ,7 .... , ,

Information Resource Use and Need In Risk
Assessment

Angelo Turturro, U.S. Food and Drug Administration

7"he manner in which the Food and Drug Administration (FDA) uses information resources comprises an interesting illustration of
federal agency information use. A description of the context in which risk assessment occurs within FDA is followed by a discu,_sion
of information access and use, as well as a practical example.

DA has six Centers, three does on agents. Thus, these
of which address regula- responsibilities are performed by
tion of drugs, biologics using a risk assessment methodol-

(e.g. vaccines) and devices (e.g., ogy that is oriented toward their

pacemakers), and radiation risk-balancing procedures. Theevaluationof risk of drugs and
health. The evaluation of risk of Risk assessment stresses other biologics is a process incorporating

judgement and involving risk
drugs and biologics is a process considerations in the remaining comparison.
incorporating judgement and three FDA Centers. Risk assess-
involving risk comparison. The ment in the Center that deals with

agents are being considered veterinary drugs is most often
because they solve some therapeu- directed at the risks associated
tic problem; judgement of their

with the residues of drugs given
safety and efficacy must weigh in

to animals when they are used Ibras considerations the results of
food. When considering this spe-

not using them as well as the cialized area, the efforts are simi-
existence of alternatives.

lar to those conducted by the

These factors with the addition of Center that addresses the safety of
the food supply, which, oddlyengineering considerations are

also important to making evalu- enough, also evaluates the risks
ations about medical devices. Not of cosmetics. Risk assessments

similar to these are performed atonly does the cllronic toxicity of a
device, such as an artificial heart the National Center for Toxico-
have to be considered, as does its logical Research, which also con-

capability to do the job, there also ducts research into general
has to be a judicious evaluation of questions related to risk
factors such as the possible tail- assessment.

ure of the device. In many ways These differences emphasize the Riskassessmentispart of risk
the requirements for an assess- point that risk assessment is part mam,gement.
ment for a device are more simi- of risk management (Turturro and
lm to the kind of assessment Hart 1987). Nobody does a risk

being done by the Nuclear Regu- assessment unless ii is for a regu-
latory Commission for possibili- latory reason, and the reason for
ties of a nuclear plant failure than the assessment impacts on the

to the kind of assessments an assessmen! itself. 11'the purpose
agency like the U.S. Environ- of an assessment is to weigh
mental Protection Agency (EPA)
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alternatives for a necessary proce- devices Center utilizes informa-
dure, it will be conducted differ- tion from materials science and

ently than if tb.e purpose is to set physics to estimate the prob-
limits for unwanted contamina- ability of failure. Much of this is
tion. Using chronic feeding toxic- proprietary data derived from

ity studies is problematic for studies performed by the compa-
estimating the toxicity of a drug nies attempting to sell the device.

If the purpose of an assessment is to

given over a short period of time, The major focus of the assess- weigh alternativesfor a necessary
although germane to th_ assess- ment of risk associated with anl- procedure, it willbe conducted
ment of a food contaminant, differently than if the purpose is to

mal drugs concerns the residues set limits for unwanted

Information Resource Use of drugs in animal products and contamination.
the risk to humans. Conceptually,

Deriving good exposure informa- they are treated similar to
tion is much simpler for a drug unwanted contaminants in food,
or biologic than for many other thus the information needs are

agents. Drugs are usually given similar to those for the risks asso-
under strictly controlled regimes, ciated with food.
In addition, the companies _k-
ing these products aa'erequired to In considering the risks associ-
perform studies on humans, ated with foods, it is useful to
reducing the problems associated appreciate that most of the FDA
with ap.imal-to-man extrapola- effort is traditionally concen-
tion. However, drugs are given trated on the handling and con-

tantinants of foods. The natural
to sick people, and often to very
limited numbers with limited consti',uents of food are consid-

representation of sensitive sub- ered safe by definition. This
populations. In additi_-_n,drug assumption is ma,_ntained despite
toxicity studies are almost the evidence of comparative
always of short duration, and epidemiology that approximately
considerations of toxicity are lim- 35% of all preventable cancer in
ited to a few years of follow-up, the United States is a result of

natural food constituents (Doll
For drugs and biologics, there- and Pett 1981), and more recent
fore, simple evaluation of clini- evidence that calorie intake is the

cal testing protocols is needed tO most significant factor in the
estimate exposure. Toxicity infor- modulation of induced and

mation is estimated from human chronic toxicity, as well as spon-
studies, complemented by a Cdta- taneous diseas_ (Turturro and
prehensive program of post- Hart 1991).
market surveillance to supple-

ment information on toxicity, Example
Animal and short-term toxicity To illustrate the informatiot_

information is used as a guide- required for a risk assessment, Themajor focus of theassessment of
line to help define the limits of consider one performed for a cos- riskassociatedwithanimaldrugs

the human exposures, tactic color used mostly in lip- concernsthe residuesof drugs in
stick (Hart et al. 1986). Risk animalproducts and therisktoFor devices, in addition to the hutrmns.
assessment has two major com-

necessity to consider the conse-
quences of not using the device, ponents: exposure and toxicity.

For cosmetic skin exposure,there are special considerations
there are a number of factors to

of engineering aspects. Thus, the
consider: for example, applica-
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tion, penetration, and both local gaps: glaring problems in mak-
skin effects and systemic effects, ing the extrapolations necessary
The keys to skin exposure to cos- to come to a conclusion.
metics are behavior and concen-

An irony is that closing data gaps
tration. To evaluate the exposure does not always result in a per-
to a compound in lipstick, such ceived increase in certainty. In
questions as how and how often

the past, one was not necessarily The information availablewas almost
it is applied and when it is used

aware of the many tacit assump- neveron practical combinations of

need to be answered. In evaluat- tions about important factors colors, or practical conditions of
ing these factors, we found little used in risk assessment due to a exposure.

if any information on how many lack of data and understanding.
times lipstick is reapplied, its

Often, questions related to phar-
ingestion, or its absorption macokinetic and su._ceptibility
through the lips. The concentra-

differences in species and indi-tions of the substances in the
viduals, or problems in the

dyes used in the lipsticks were response of a cell to an agent,
dependent on the particular lip- were not even considered. Now
stick being considered.

as we are developing more infor-
For toxicity, there was informa- marion about the effect of an
tion on pure color, but very little agent at the cell membrane, we
on the complex formulations become more and more aware of
used in real life. This was ironic our lack of understanding. For
since the goal of risk assessment example, there was an assump-
is to determine the risk of toxic tion that if a compound was car-
agents under practical conditions cinogenic in a rodent bioassay, it
of use and exposure. The infor- was carcinogenic in people. This
mation available was almost assumption is now changing.
never on practical combinations What should be understood is
of colors, or practical conditions

that any current problem with
of exposure, certainty is actually a problem in

When Is There perception of uncertainty. In the
past, risk assessors did not appre-

Enough Data ? ciate how uncertain they actually

were. As we come to grips withOne important question in using
the quantitarion of risk and incor-

information resources is the ques-
tion of when there is enough data porate current information, we

will be able to achieve a nmch
to make a decision. In trying to

more accurate representation ofdetermine when there is enough
data, it is important to under- risk.

stand that risk assessment is Conclusions
often not four steps in a hierarchi-

Information on exposure to
cal process but actually a compi- Information on exposure to com- compounds, withtheexception of
lation of information. One puts pounds, with the exception of drugs and biological agents,is hard
ali that is known into a box and drugs and biological agents, is andexpensive to attain.
tries to organize the information, hard and expensive to attain;
That's why there Will never be however, it is critical to efforts of

enough data for a risk assessor; understanding toxicity under
the more data there is available, practical conditions of use and
the more data is used. An exposure. Information allowing
attempt is made to identify data valid estimation of variabilily of
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"contaminants" is often missing, Referencesand, while extremely valuable, is
expensive to obtain. Toxicity Doll, R. and R. Peto. 1981. The causes

of cancer: Quantitative estimates of
information in animals is often avoidable risks of cancer in the United

available for pure compounds, States today. J Natl. Cancer Inst.

but people are almost never 66:1193-1308.

exposed to pure compounds and Hart,R.W.,S.C.Fr©ni,D.W.Gaylor,
J.R. Gillette, L.K. Lowry, J.M. Ward, E. lt can be seen that there are obvious

the effects of combinations of K. Wcisburger, P. Leporc, and A. Tur- needs for comprehensive databases in
agents are relatively unknown, turro.1986. Final report of the color a number of areas to assist risk

additive scientific review panel. Risk assessment, especially in quantitating
lt can be seen that there are obvi- Analysis 6(2): 117-54. human exposure.
OUS needs for comprehensive Turturro, A. and R. ltart. 1987. Quanti-

databases in a number of areas to lying risk and accuracy in risk assess-
ment: The process and its role in risk

assist risk assessment,especially management problem solving. Med.
in quantitating human exposure. Oncol. and Tumor Pharmaco. Ther.

Efforts to improve these relevant 4:125-32.

information sources will be very Turturro, A. and R.W. Hart. 1991. Lon-gevity-assurance mechanisms and
useful in improving accuracy and caloric restriction. Annals New York

increasing the ability to conduct Academy of Sciences621:363-72.
risk assessments.
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III I

Risk Assessment Activities at NIOSH:
Information Resources and Needs

Leslie T. Stayner, Theodore Meinhardt, Bryan Hardin,

National Institute for Occupational Safety and Health

Under the Occupational Safety and Health, and Mine Safety and Health Acts, the National Institute for Occupational Safety and
Health (NIOSH) is charged with development of recon_nended occupational safety and health standards, and with conducting
research to support the development of these standard_. Thus, NIOSH has been actively involved in the analysis of risk associated
with occupational exposures, and in the devek_pment of research information that is critical for the risk assessment process. NIOSH
research programs and other information resources relevant to the risk assessment process are described in this paper
Future needs for information resources are also discussed.

nder both the Occupa- Occupational safety and health
tional Safety and Health hazards are evaluated on a case-
Act (Public Law 91-596) by-case basis. To develop a rec-

and the Mine Safety and Health ommended standard, NIOSH
Act (Public Law 95-164), the performs a comprehensive assess-
National Institute for Occupa- ment of ali relevant research

tional Safety and Health information and, when possible, .
(NIOSH) is charged with (:level- a quantitative risk assessment.
oping recommended occupa- The lnstitute's recommendations NIOSHregards riskassessmentasa

tionai safety and health stan- with the accompanying detailed criticalelementin its decisionlogic

dards, and conducting research analysis are published as Criteria fortnala'ng recommendations forstandards.
to support development of those Documents and Current lntelli-

recommended standards, gence Bulletins. Less detailed
NIOSH regards risk assessment analyses, focused on specific
as a critical element in its deci- injury or disease occurrences,
sion logic for making recommen- may be published as Alerts or in
dations for standards when suit- other publications. These publica-
able data is available. Although tions are formally transmilted to
NIOSH has only limited regula- OSHA and MSHA in accordance
tory authority (pertaining to the with requirements of the
testing and certification of respi- ()ccupational Safety and Health
ralors and coal mine dust sam- Act and the Mine Safety and Theinstitute's recotwnendationsare
piers), the lnstitule's research, Health AcI. published as Criteria Docunwnts and

Current Intelligence Bulletins.

recommendations and risk analy- The purpose of the Occupational
sis h_,,vehad a substantial impact Safety and Health Act is "... to

on the regulatory actions of a assure so far as possible every
number of agencies such as the working man and woman in the
Occupational Safety and Health Nation safe and healthful work-
Administration (OSHA), the

ing c_)nditi()ns..." (Section
Mine Safety and Hcalth Admini- 2(b)). The Act further charges
stration (MSHA), and lhc Envi-

NIOSH, acting fi)r the Secretary
ronmental Protection Agency. ()f Health and Human Services,
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to "... describe exposure levels logical stress, or ergonomic prob-
that are safe for various periods lems are the primary concern.
of employment, including but

DSR conducts worksite investiga-
not limited to the exposure levels tions of selected traumatic occu-
at which no employee will suffer
impaired health or functional pational fatalities, including
capacities or diminished life those resulting from exposures to

toxic substances in confi ned Theseresearchefforts addressone of
expectancy as a result of his the componentsof the risk
work experience." (Section spaces such as tanks and man- assessment process: hazard

holes. This investigative activity identification, exposureassessment,20(a)(3)). Similar language is
is known as the Fatal Accident dose-response assessment,orrisk

contained in the Mine Safety and
Circumstance and Epidemiology characterization.Health Act. NIOSH regards these
(FACE) project. In addition to

statements as legislatively man- being a hazard identification
dated policy that guides its
assessment of risk. activity, FACE enables the study

of factors that may contribute to
Much of the data generated by worker risk, and the develop-
NIOSH research activities is rele- ment and communication of risk

vant for risk assessment pur- management options for control-
poses. Generally these research ling those factors. Information

efforts address one of the compo- on risk and risk management is
nents of the risk assessment proc- communicated to safety and
ess: hazard identification, health professionals, and other
exposure assessment, dose- managers of workplace risk.
response assessment, or risk char-
acterization. DSHEFS has primary responsi-

bility, with the collaboration of
NIOSH consists of three offices DRDS, DSR, DBBS, and the

and seven divisions. The Divi- Division of Physical Sciences
sion of Surveillance, Hazard and Engineering (DPSE), for a
Evaluations, and Field Studies research and service program
(DSHEFS), the Division of Res- that provides a health hazard

piratory Disease Studies evaluation (HHE) in any work-
(DRDS), and the Division of place when requested by any
Safety Research (DSR) are employer, employee repre-
responsible for major surveil- sentative, or group of 3 or more
lance and epidemioiogic efforts employees. In an HHE, a team

to identify work-related safety of NIOSIt scientists investigates DSRconductsworksiteinvestiga-
tion._of selected traumatic

and health problems and the asso- suspected safety or health haz-
occupational fatalities, including

ciated risk factors. The Division ards in the workplace. Upon com- thoseresulting from exposuresto
of Biomedical anti Behavioral pletion of the investigation, both toxicsubstancesin confinedspaces
Sciences (DBBS) participates in the employer and the employees suchas tanks and manholes.

these investigations by assisting are provided with a written

with biological monitoring and report in which any hazards iden-
by developing and applying tiffed are discussed and remedial
improved techniques for charac- actions are recommended. If vio-
terizing other biological lations of OSHA standards are

(neurobehavioral, immunologi- revealed by the HHE, the written
cal, psychological) indicators of report is also provided to the
exposure or effect. I)BBS also OSHA Regional Office, often

conducts worksite investigations resulting in a follow-up inspec-
when physical agents, psycho- tion by OSHA. DSHEFS also
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has primary responsibility for the detection and monitoring of dis-
conduct of industry-wide studies ease and injury trends, as well as
which at_ in-depth epidemio- the efficaciousness of regulatory
logic studies of the association activities to control these hazards.

between occupational exposures The Division of Training and

and disease. These studies gener- Manpower Development
ally attempt to relate exposure (DTMD) is primarily involved in DSHEFShasprimary responsibility

information with health out- activities related to the training for the conductof industry-wide
studieswhichare in-depth

comes, and are thus an invalu- of professionals in occupational epidemiologic studies of the
able source of dose-response health and safety through courses associationbetweenoccupational
information in addition to provid- that it offers and through the Edu- exposures and disease.
ing information for hazard identi- cational Resource Centers (ERC)
fication.

program. However, DTMD has
DBBS and DRDS also conduct recently developed a research
laboratory research programs effort to evaluate the effective-
that contribute to hazard identifi- ness of training programs as a

cation and develop exposure- prevention strategy.
response data from in vitro and The Division of Standards Devel-
in vivo research in mammalian

opment and Technology Transfer
or ,',,0-mammalian systems. (DSDTT) is responsible for pro-
These programs also investigate ducing the Institute policy recom-
underlying mechanisms of dis-

mendations and regulatory
ease and injury causation.

responses. In fulfilling these
Human responses in limited, con- tasks, DSD'IT serves as the
trolled laboratory studies are also

bridge connecting the Institute
undertaken, tor example, to and its research divisions with
evaluate the adequacy of current

the regulatory agencies and the
exposure limits for chemicals or public. DSDTI" is responsible for
margins of safety in controlling integrating ali of these internal
for pre-clinical signs of potential

sources of information and exper-
problems, tise with external sources to

I)PSE conducts substantial labo- develop comprehensive analyses
ratory and field research relating of risk as the basis for policy rec-

to sampling and analytical tech- ommendations. When suitable
niques and engineering control data are available, the DSD'IT
technology. These activities con- risk assessment unit performs a
tribute primarily to risk manage- quantitative risk assessment.

merit by improving existing and This may be a part of the compre- Severalsurveillanceactivitiesare
developing new options for expo- hensive analysis of a Criteria abnedat the detectionand
sure measurement and control. Docunlent, or may be developed monitoring of disease and injury

()thcsr information ultimately con- in response to OSHA or MSHA trends.

tributing to risk management is proposed rulemaking.

developed by research programs These analyses and recommenda.

in DSR on personal protective tions are set forth in NIOSH pol-
equipment, including respirat¢_rs, icy documents, usually in the
protective clt_lhing, gltwes, and format of a Criteria Document or
safety devices.

a Current Intelligence Bulletin.
DSHEFS, I)RDS, and I)SR are I')SI)TT is currently involved in
involved in several surveillance c_mducting assessments of the
activities that are aimed at the lung cancer risks associated with
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exposure to diesel exhaust in from death certificates from 23
mines, and to cadmium. DSDTI" states between 1979-1987. The
has also been involved in the OMSD may be a useful source of

development of physiologically- information for hazard identifica-
based and pharmacodynamic risk tion, although more refined
assessment models for cancer epidemiologic studies will gener-
and noncancer outcomes through ally be needed to confirm the DSDTTservesas the bridge
a collaborative agreement with hypotheses generated from this connecting the Instituteand its
researchers at the Massachusetts data base. DSR maintains the researchdivisionswiththe

Institute of Technology (MIT). National Traumatic Occupational regulatory agencies and the publ&.

NIOSH technical reports and Fatality (NTOF) data base andFACE data bases. The NTOF
journal publications produced data base is a national census of

from the research efforts pre- occupational fatalities developed
viously descffbed are an
extremely useful source of infor- using death certificate informa-tion obtained from the entire
marion for risk assessment

United States population. NTOFefforts and have been used exten-
data are currently available for

sively by NIOSH and other agen-
the years 1980-1986. The FACE

ties for this purpose. These
data base is a compilation of data

journal articles may be obtained
from over 300 worksite investiga-

by contacting the NIOSH
tions of selected occupationalresearch divisions involved, and
fatalities. DRDS maintains two

the technical reports may be data bases that consist of the
obtained by contacting the publi-

National Occupational Exposurecations office (513-533-8287).
Survey in Mines (NOESM),

DSDTI" maintains three major which is the equivalent of NOES
data bases: 1) RTECS is the for mining environments, and the
world's largest registry of toxic X-ray Surveillance Program data
chemicals covering over 100,000 base, which is a collection of X-

chemicals; 2) NIOSHTIC is an ray and occupational data on
on-line bibliographic system con- underground coal miners.
taining over 160,000 abstracts,
emphasizing occupational, envi- Clearly, epidemiologic informa-

tion provides the best basis forronmental, and historical litera-

ture; and 3) the Document estimating the rises for health
effects among human popula-

Information Directory System
tions exposed to hazardous condi-

(DIDS) is a directory of ali tions at work and elsewhere.

NIOSH-generated publications Unfortunately, suitable informa-

and reports, lion ftore human studies is often DSDTT,u2intainsthreemajor data
DSHEFS maintains the National unavailable and risk assessors bases.

Occupational Exposure Survey must rely on animal bioassay
(NOES) data base and related information to estimate human

flies derived from a representa- risks. Better exposure informa-
tive sampling of the characteris- tion for estinmting dose-response
tics cffworkplaces throughout the relationships in epidemiologic
country. DSHEFS has also cre- studies and for estimating the

ated an Occupational Mortality extent of exposure among work-
Surveillance Data Base (OMSD) ing populations is als_ sorely
which contains occupational and needed. NIOSH is actively

cause of death infc_rmation coded involved in the development of
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biologic markers which should health standards. The Institute is
provide a better understanding of involved in a wide range of
the relationship between deliv- research activities that provide
ered dose (exposure) and the information relevant to ali of the
dose at the target organ (biologic components of the risk assess-
dose). Finally, the development ment process.

of pharmacodynamic and Through these research efforts Suitableinfortru_tionfrom human
physiologically-based models NIOSH has developed an exten- studies is often unavailableand risk

assessors must rely on animal
offer great potential for improv- sive data base, which of course is bioassay informationto estimate
ing interspecies extrapolations, available to other agencies and htu,u_nrisks.
However, there is clearly a great the public. Future risk assess-need for additional information

ment activities at NIOSH will be

on the basic kinetic and physi- focused on developing better
ological data that are used in methods for risk characterization

these models, particularly for through improvements of expo-humans.
sure characterization in

•umma,'v epidemiologic studies, and•-- -..r
through the incorporation of bio-

NIOSH views quantitative risk logic markers, and physiologic
assessment as an important ele- and pharmacodynamic informa-
ment in the development of rec- tion in the risk assessment

ommendations for occupational process.
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National Toxicology Program Chemical
Nomination and Selection Process

James K. Selkirk, National Institute of Environmental Health Sciences

The National Toxicology Program (NTP) was organized to support national public health programs by. initiating research designed
to understand the physiological, metabolic, and genetic basis for chemical toxicity. The primary mandated responsibilities of NTP
were in vivo and in vitro toxicity testing of potentially hazardous chemicals; broadening the spectrum of toxicological information
on known hazardou._ chemicals; validating current toxicological assay _. stems as well as developing new and innovative toxicity
testing technology; and rapidly communicating test results to government agencies with regulatory responsibilities and to the tnedi-
cal and scientific conununities.

uring the 1970s, several The primary mandated responsi-
federal government agen- bilities of NTP were in vivo and

cies independently in vitro toxicity testing of poten- A unified program was necessaryto
engaged in toxicity testing, lt tially hazardous chemicals; avoidduplication.

became clear that a unified pro- broadening the spectrum of toxi-
gram was necessary to avoid cological information on known

duplication and to respond to C1) hazardous chemicals; validating
the need for standardized toxicol- current toxicological assay sys-
ogy testing methods and (2) the tems as well as developing new
broadening range of diagnostic and innovative toxicity testing
assays used in the evaluation of technology; and rapidly commu-
chemicals suspected of being nicating test results to govern-
hazardous to hunmns. In 1978 ment agencies with regulatory
the Secretary of the Department responsibilities and to the medi-
of Health, Education, and Wel- cal and scientific communities.

fare (HEW) responded to this These important duties are still
need by forming the NTP which the driving principles of NTP.

is composed of specially desig- In 1981, Dr. David Rall, directornated sections of several federal
()f the NIEHS became the direc-

agencies. Members included the
tor ()I'NTI; and management ofNational Institute of Environ-

mental Heailh Sciences tile pr(_gram lnoved from tile The last decade tats seen the NTP

(NIEHS), the Center l_)rl)iseasc National Cancer Institute in prognmz grow in range, scope,and
lalethestla, Maryland, Io Research sophistication, akmg withControl's Nati(mal Institute l_)r
Triangle Park, N()x'thCar()lina. advancesinbasic toxicok_gic

()ccupati()na_ Safety and Health, Alth()ugh studies in the early km)wledge.
and the F()()d and l)rug Admini-
strati()n's National Center ftu years (,f the pr(,gram were

primarily designed as straight for-
Toxicological Researcl|. The

ward tum()r bioassays, the last
NTP was organized t() support decade has seen the NTP
national public health programs

pr()gram gr()w in range, scope,
by initiating research designed t() and s()phistication, along with
understand the physi()logical, advances in basic t()xic()logic
metabolic, and genetic basis f()r kn()wletlge. In addition, NIEHS
chemical t()xicity, scientists arc readily available t()
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assist regulatory agencies by The Annual Reports on Carcino-
maintaining direct communica- gens working group is mandated
tion with regulatory agency staff by Public Law 95-622 to publish
for consultation. NTP scientists a list of substances (1) that may
routinely confer on study designs be reasonably anticipated to be
that will aid in risk assessment carcinogens, (2) to which a sig-
and in decision making toward nificant number of persons resid- NIT',a consortium of several federal

agencies, is designed to interact with,
the development of federal regu- ing in the United States are as well as seek advice from all federal
!ations for controlling chemical exposed, and (3) for which no agencies thatare actively engaged in

exposures in the workplace and exposure standard is established, or require knowledge ofchemk'al

the general environment. The subcommittee on Data toxici_..

Because NTP is a consortium of Audits is com[x_sed of NTP
several federal agencies, the member agency staff and has a
administrative infrastructure is more ad hoc function since it

designed to interact with, as well meets only by special request.
as seek advice from ali federal Reproductive studies are
agencies that at_'actively reviewed by a special subcom-
engaged in _r require knowledge mittee of experts that report
of chemical toxicity. Figure 1out- directly to the BSC.
lines the way in which NTP man-

The final product of NTP toxic-
agement is coordinated through ity studies is a comprehensive

several interagency committees, summary of ali toxicological
The two NTP governing bodies
are the Executive Committee, assays performed on a given
wl_ose members are the senior

administrators of major federal
government public health agen-
cies, and a Board of Scientific

_t " ' ]Counselors (l SC), which is com- AssistantSecretaryfor Health,

posed of nongovernment experts , , DHHS I

in various fields of toxicology, ' ............,'_o"]+ _........... *.._ab' FIOCUIIVI I _"............... I

These two committees meet sev- ] ..... " -....... , o,-o, I
I

eral times a year t() hear progress ,0...........,,, 1....repc)rts oI'research programs of 7....--;-- ............ ;--.....]
the various components ofNTl' _.m,.,.,.,.,,o,]-_ i_-.....-¢;--]r. t, "_" li

and to discuss individual agency ]_ ..... • "- .... _ ........'--°......."°' ]
needs. The Stecrio.g Committee o........,,., 1__ ....... • ,, ......

is composed of senior staff mere- o,,..,°,.,. ]-'_ ,_-..,.,,,,..;_;.;-Iibcrs of NTP agencies and meets

regularly t() review ongoing toxi- -L..,_,-;,gsU-I-_
cology studies at the various

11111111111SQCfltllry }
ot L.,l_r OSHA

NTI' research facilities.

In addition, special comnaitlees i ........ , *

Subcommllllle I Chemical ! lot ltlrlull | Olvllopmlnlll /
function to support various .o0,,, _........ ,,.,,..... i ""''-

aucl,lt Comnmtee i Cleclnol;tent I Subcomrn$1lltl I ' ;°z*c°l°gVnevteW/Sul:,comm,ltel]

aspects ()f the NTP program.
The Chemical Evaluation Com-

mittee (CEC) receives and
reviews nominatit)ns of cl_emi-

cals for testing and makes recom- l:ig. 1, Org_mizationalm_magementof the National Toxicology l)rogv,un.
mendations to the NTP Execu-
tive C()mmillee.
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chemical. The Technical Reports
Sub-Conuuittee consists of mem-
bers of the BSC as well as

..........................................................................

nongovernment experts in vari- ,

ous toxicology disciplines. The , , ).,0,,............. , i _;,_-_.___. _i_ _c,,,-2_-1,,
. Govlrnmenl / _ I Chemicll

_lO¢llon ] _------I_ "'"-_ I IIIKulh_) I--"--'l_'l Ig¥ill_l|ion I

technical report meetings are ,o,,.o:L":¢:r',/ ,coo,o..,,., _ L¢_ -- :

announcedterand are heldintheinFederalopenpublicRegis- _ ................................... _ ,_--_;0%_'d_,/\" t
session. Comments are invited -- i-_

from ali interested parties. The -- '.so,°,,,,0°*"**'i_---I ,,.,,., 1 I I_---iF-,,,---qS-I/,.,,o,_"-°',, Ico..._,.,] r t.cut,ve/',l---- cor.m_,. 1 "eg'." li
technical report then becomes a _ '
permanent record and is avail- r;o-_.-_,--I
able through the National Techni- 'rl_I|

cal Information Service. F,.,, / ./_ _._w,,,_,, _-- .... , _-__ ,r-_.,_,
E_ocu,,,oI--_ ! ' St**f*ng 0.*_

Figure 2 summarizes the NTP _ _ --_ _"...... I -,,.__ ',_...."- i

chemical nomination and selec- _ I _'
tion process. Although the malor ! , w,_';_,,
source of nominations histori-

cally has been government agen-
cies, chemicals can be

recommended for testing by any

individual who suspects that a Fig. 2. Pathway for nomination and selection of chemic_ds for testing in the
chemical may be a health hazard. National Toxicology Program.
The NTP Chemical Selection

Coordinator receives nomina- review and a committee decision
tions and is responsible for pre- is made wl_ether to continue

pating an infc)rmation package toward full toxicological analysis

(Executive Summary) on the of the chemical. The amended If the conunitteedecidesttuzt
nominated cllemical for review Executive Summary, along with current information is insufficient

by CEC. If the committee the rationale for deciding to to determinethedegree of potential

decides that cunent information undergo more extensive testing hazard to hulrmnsand acceptsthe
chemical for testing, a Federal

is insufficient to determine tile of the chemical, is reviewed by Register noticeis published, and
degree of potential hazard to both the Executive Committee any individual(or organization)

humans and accepts the chemi- and the BSC. If ali agree to pro- who ttuayhave infimtuaion not

cal for lesting, a Federal Regis- cued to the testing phase, tile availablein theopenliteratureis
ter notice is published, and any Steering Committee decides invitedto submititfi, r Nlt'consideration.

individual (or organization) who which NTP agency will be
may have informati(m not avail- responsible for developing the
able in the open literature is test protocol. The final test pro-
invited to submit ii for NTP ct)n- tocol is subject to review by the
sideration. Alternatively, CEC Toxicology Design Review Com-
may decide the available toxi- mittee, which is composed of
cologic inl'ormati(m is suggestive NTP staff scientists, l't)r confir-

()la hazard but insufficient to mati(m that the planned assays
draw a c_mclusi()n. Ii may rccom- meet ali the needs of the NTP

mend s_)me preliminary testing member agencies. Once the pro-
such as in vitrt) genetic t_)xic_)l- t_)t:_)!is appr(wed, the chemical
t)gy to help in the preliminary enters the in-depth evaluation
hazard assessment. ()nec c_)m- phase.
pleted, the resulls cycle buck t()
lhc rcct)mmending agency l'_)r
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In most cases, short-term in vivo Clinical chemistries are also per-
tests are performed first to deter- formed at key times during the
mine the metabolism and disposi- short-term assays to assess the
tion of the chemical, locate target n_etabolic effect of the chemical

organs, and develop a suitable on the animals' intermediary
dosing regime to complete a metabolism, kidney, and liver
chronic 2-year bioassay. Usually, function. The chronic study lasts

Ninety-day tissue analysis sets the
2 weeks or 90 day, short-term 104 weeks and is followed by an stagefor thechronicstudybecause
assays are conducted, the latter extensive review of ali the data it usually yields cluesabout where
being followed up with extensive and a determination of carcino- thechemicalwill probably exhibit
tissue and organ histopathology genicity of the chemical. The its toxicity.

to localize damaging chemical conclusions are peer reviewed by
effects. This 90-day tissue analy- a panel of outside experts in pub-
sis sets the stage for the chronic lic session, and a final Technical
study because it usually yields Report is published and made
clues about where the chemical available through the Govern-
will probably exhibit its texicity, ment Printing Office.
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II III

Assessing Human Health Risk in the USDA Forest
Service

Dennis R. Hamel, U.S. Department of Agriculture--Forest Service

Ibis paper identifies the kinds of risk a._sessments being ckme by or for the U.S. Department of Agriculture (USDA) Forest Sen, ice.
Smrm.taries of data sources currently in use and the pesticide risk assessments completed by the agen_w or its contractors are
discussed. An overview is provided of the ageno"s standard operating procedums for the conduct of toxicological, ecological,
environmental fate, and human health risk assessments.

ince the beginning of man- This use is minor, accounUng for
kind, men and women less than 1% of ali the pesticide
have struggled to feed, use in the United States. Ali pes-

clothe, and house themselves, ticide use must comply with the

The first tools used were manual; Federal Insecticide, Fungicide,
however, through time, aiterna- and Rodenticide Act, as
rives including the use of chemi- amended, which is administered
cals, began to emerge. In by the U.S. Environmental Pro- MostUSDAForestServiceriskassessment documents relate to lhc

agriculture and forestry, a new tection Agency (EPA). use ¢(pesticides inforest_.
era ensued, and as the use of

The USDA Forest Service pesti-
chemicals increased, so did ques- cide policy is covered in Foresttions about their effects on

Service Manual (FSM) 2150,human health and the environ-
Pesticide Use, Management, and

ment. In time, a process of risk Coordination. In addition to this

assessment was developed to policy document, the agency has
deal with these questions, compiled companion guidelines

in a handbook that has the same
Risk assessment takes many
forms. Practitioners use varying title. The contents of the chapter
definitions t() describe the com- on risk analysis procedures

includes comp¢)nents of riskp()ncnts ¢)f risk assessment. In
the USDA Ft)rest Service, we analysis, hazard analysis, expo- 1"heUSDAForestService l,esticide

sometimes use the lcr'ms risk sure analysis, anti risk charac- policy is coveredinFSM2150.Pesticide Use, Management. and
analysis anti risk assessment tcrizati_,n. Thai _,fHazard Coordination.
intcrchangcably, but fi_rthe most Analysis includes Hazard Analy-
part, we use risk analysis t_ sis, Sc_urccs oi'Toxicity Inf_rma-
describe the princess and risk tion, Types of Human Toxicity
assessment tc_describe the docu- Studies, and Types of ()ther
mentati_m. ()rganism Toxicity Studies. The

sections under Exposure Analy-

Most USI)A Ft_rest Service risk sis include Exp_sure Analysis,
assessment tl_cumenls have been Fact_rs Affecting Human and

prepared in c_m_pliance with the Envircmmental Exposure, P_ten-
National Envir_mmental Policy tial R_utes _f Exposure, Expo-
Act (NEl'A). They relate t_ the sure t_ W_wkers, Exposure to the
use c_l"pesticides in f_restry, l_uhlic, and Exp,"_'su_t."Scenarios.
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Ill addition, the former Council ards, science chapters, Tox One
on Environmental Quality (CEQ) Liners, fact sheets, etc. The For-
regulations required that if infor- est Service reformats this infor-
mation wa,_ incomplete or mation to fit forestry-use
unavailable, federal agencies situations and docunlents it in
must do a worst-case analysis, risk assessments.

This is no longer a requirement The agency also contracts with if information is incomplete or

of CEQ, but the Forest Service independent sources who use unavailable, the forest servicedoes a
continues to do them under the databases such as MEDLINE, worst.case analysis.

proposed name of catastrophic EMBASE (Excerpta Medica),
event scenarios. Their purpose is TOXLINE, the Hazardous Sub-

to: stances Data Bank, the Registry
• determine if information is of Toxic Effects of Chemical

missing and if it is relevant to Substances, the International
making a reasoned choice Pharmaceutical Abstract Data-
among alternatives, base, and the Chemical Carcino-

• identify the cost of obtaining genesis Research and Informa-
the missing information, t.ion System to collect, collate,

and interpret data for assessing
• determine if "alternativescenar- huh'mn health risk.

los are generally acknow-
ledged as scientifically In summary, Gifford Pinchot,first Chief of the Forest Service

reasonable, said, "Conservation is the tore-

, evaluate the state of the 'artto sighted utilization, preservation,
collect the missing data, and and/or renewal of forest, waters,

• indicate the probability of lands, and minerals Ibr the great-
est good of the greatest number

occurrence, tor the longest tinle." To accom-

Finally, we conduct risk charac- plish this mission, the Forest Primarily, we obtain infornmtion
terization that includes dose esti- Service has determined that from the EPAusing their

marion, evaluation, and chemicals, including pesticides, reregistration standards,science
documentation, play a minor but important role chapters,7bx OneLiners.fact sheets,etc.

YOUmay be asking, "where does and that we have a responsibility
the Forest Service obtain infor- to use ali available data to assess
marion to assess health risks?" the potential impacts of their use

on human health.
The answer is that, primarily, we
t)btain information from the EPA

using their reregistration stand-
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Access and Use of Information Resources in

Assessing Health Risks from Chemicals in Food

Wesley A. Johnson, U.S. Department of Agriculture

TheFoodSafetyandInspectionService(FSIS)is responsiblefor thewholesomeness,safety,and,dulteration-freestatusof meatand
poultry.TheagencydevelopedtheNationalResidueProgram(NRP)tomonitortheseproductsfor residueofdrugs,pesticides,and
environmentalcontaminants.Today,few chemicalresiduesaredetectedinmeatandpoultrybecauseof thesuccessof theNRP.

he National ?esidue Pro- that require FSIS (above line) to
gram (NRP) Plan is use information resources to
devel _ped yearly to moni- make assessments for residue

tor for chemical residues in both occurrence in meat and poultry.
domestically produced and Each of the steps in the sequence
imported meat and poultry. The will be discussed as to how infor-
randomly selected samples are marion resources are used. Regu-
analyzed at one of the FSIS or latory activity by other agencies Laboratory testing results are used by

contract chemistry laboratories. (below li.ne), such as tolerance FSISfor exposureassessmentto
characterizeand managetherisksof

The laboratory testing results setting and banning, are indi- adverseeffectsto humanhealthfrom
along with other information ,are cated oa the time line. consumption of meat orpoultry.

used by FSIS for exposure assess- Databases, journal articles, gen-
ment to characterize and manage eral reference materials, andthe risks of adverse effects to

reports are used by FSIS to iden-
human health ftdm consumption tify compounds that are of con-
of meat or poultry, cern. Compound tolerance-

FSIS uses all available informa- setting reports from the U.S.
Environmental Protectiontion resources tor its risk assess-

ment and risk management
decisions at points such as the

following: ! Aciions/Dec-ision-s] Compound Recommend National
by F$1S Identification Detection Residue1. Compound identification .............................. |

Methods Plan
2. Compound Evaluation System CES Development

(CES) rank, NRP

3. C_mpounds included in the CESYearly Yearly
NRP, and Review Review

4. Detection method develop- ]'irneline _':i_.*:

• ment recommendations. Actionsby Toleranceset Ban
OtherAgencies

Eachchelaical hasa t;me line or (e.g.EPAor FDA) lhistory of use and regulatory ........................
activity. (See Fig. 1.) A com-
t^Jtmd's time line depicts the

sequence of deci _ions (in boxes) Fig. 1. Compound history ume line.
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Agency (EPA) and the Food and dues. Once the variables are iden-
Drug Administration (FDA) are tiffed, the animal populations
the primary sources of informa- associated with these variables
tion for identification of com- will be targeted for appropriate

pounds of concern. The setting residue surveillance.
of a _olerance for a compound in
animal tissues occurs after cola- Compound Evaluation FSIS is changing its strategy to

siderable evaluation activity by System Rank identifyand sample remaining

EPA or FDA and triggers FSIS FSIS uses the CES as its risk populations of animals with
significant concentrations of chemical

actions. A compound that pro- assessment procedure. Informa- residue.
duces a residue in meat or poul- tion about the first two steps in
try and has adverse effects on this risk assessment, hazard iden-
human health is a compound of tification and dose response
concern for further evaluation, assessment, is available from

Minimum health safety regula- FDA and EPA if a tolerance for

tions were required for the use of the compound in meat and poul-
many drugs and pesticides in the try has been set. FSIS is able to
past. Some compounds are no identify drugs and pesticides that
longer used but persist in the are of concern by using the
environment, while others are results of these two steps. FSIS

still in use. FSIS is actively inves- divides exposure assessment into
tigating both of these classes of two parts. First, the approved
compounds. Dibutyltin dilaurate uses of drugs and pesticides of
is an example of a compound concern are evaluated for poten-
that has been in use but has had tial animal exposure. Positive ani-

little regulatory activity. During mal exposure assessment dictates
the past 3 years, FSIS evaluated the use of pharmacokinetics to
and developed chemical detec- predict whether the compound
tion methods and successfully produces a residue in meat or
controlled residues from this poultry. A compound with posi-

drug. This is an exciting example tive animal exposure that also
of excellent work done by FSIS. produces a residue in meat and
There are also examples of com- poultry is evaluated for potential

pounds that produce residues and exposure to humans. These data
have been banned because of are used to characterize the risk

their risk characterization, of an adverse effect to human
health from Consumption of meat

FSIS, along with producers, the
or poultry In addition, the yearly

Extension Service, and other fed- results from the NRP sampling TheCESrankof compounds is based
on the severi_, of human effects and

eral agencies, has been instru- and testing are used to update the the frequency at whichhumansmay be
mental in lowering the residue exposure assessment and risk exposed.
violation rate by a factor of ten characterization for each animal
over the past 20 years. Conse- slaughter class-compound pair.
quently, FSIS is c.,langing its

strategy to identify and sample The CES rank of compounds is
remaining populations of ani- _ased on the severity of human
mals with significant concentra- effects and the frequency at
tions of chemical residue. FSIS which humans may be exposed.

is identifying variables that are A two-tiered hierarchical system
common to populations of am- is used. Roughly, hazard is
mals with drug or pesticide resi- ranked as follows: A = high
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human health hazard, B =

medium human health hazard, C _1Residue Produced? ]
= low human hazard, D = negli-

J

gible effect, and Z = unknown. "..............:
No , Yes

The rank for frequency of expo- STOP CONTINUE CESsure to these compounds in meat ................ II

or poultry is based on the likeli- ,_,

hood of a person consuming a liHealth Effects Itoxic dose in meat or poultry. 1
These

ranks are' 1 = high prob- _" "N_, .........................

ability, 2 = medium probability, C, D, or Z A or B

3 = low probability, 4 = negli- STOP CONTINUE CES
gible probability, and _Z=

unknown. "E-xceP t/on- 1-C- 1

The following is a quote from _,E ule t

the Compound Evaluation xposure Freq Roy
System.

'There are more than 300 pesti- 3, 4, or Z 1 or 2
cides approved for use in the
United States,with varying STOP If lA, 2A, 3A, 1B, 2B, or 1C

Exception 3Apotential for their occurrence as ................................ RECOMMEND for

residuesin meat and poultry. Chemical Method Development.
There are many others that may Note 3A and 1C includedalso occur as a result of environ-

mental contamination or in |
ii

imported f°°ds fr°m sig ni fi cant LM ,1_ ]use in other countries. The num- ethod Development
ber of potential residues from anl- |
mal drugs and biologics is 1
equally impressive, again with NATIONAL RESIDUE PROGRAM PLAN]the foreign use of compounds
adding to the total number of

residues that may occur in meat Fig. 2. The CES risk assessment process.
and poultry. The potent biologi-
cal activity of many of these

likely to have the greatest impact
compounds raises concern

on public health. To assist the
regarding the potential hazard to

agency in the effective manage-human health associated with the
ment of its resources and residue

ingestion of meat and poultry program activities, a compound
containing residues from pesO- evaluation system was devel-
cides, drugs, or other chemicals, oped."

'Clearly, it is neither feasible nor The following are some of the

necessary to monitor for residues databases searched for comple-
of ali chemicals that could con- Lionof a risk assessment under
taminate meat and poultry. How- CES.

ever, in deciding which available Agricola 79 +

resources and monitoring efforts Agris
should be assigned, ii is impera- Agr()chem Handbook
tive that FSIS can assess relative Biosis 1969 +
concerns for those residues most
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CAB Abstracts _ __Cancerlit L_ A
CA Search t=

Chem Industry Notes _"

Chemical Exposure ._ B
Chemname _t .......

Compendex Plus _ _ c

Conf Papers Index _ _
CRIS/USDA _: o
Embase _ _ "_ D
Enviroline

II II I
Enviro Perio Bib _ _ _ Z
Federal Research In Progress
Food adlibra Z 4 3 2 1

Food Sci & Tech Abstracts I -" Compoundsfor ..........1

GPO Monthly Cat NationalResiduePlan/ Exposure Frequency Ranking
HSDB Review Yearly

/

I 1 = High Exposure Probability
IRIS [_-] ReviewAs Indicated l Z = UnknownKirk Othmer Online
Life Sciences Coli
Medline Fig. 3. Compound criteria for national residue plan.
NTIS

NTP Chemtrack The residue testing of the 19
Pollution Abs slaughter classes is divided into
Toxline the following:
TSCA Inventory

1. Monitoring phase - The moni-
Compounds' Included in luring phase is designed to ran-
the National Residue domly sample and test for the

Program Plan presence of concentrations
above tolerance for com-

The NRP is designed to ran- pounds of concern in the
domly sample the national herd national herd on a yearly basis.
and test for residues by animal

slaughter class and compound 2. Surveillance phase - In this TheNationalResiduei'rogram Plan is
pair. The national herd is divided phase biased sampling is used designed to randomly stunple the

into 19 animal slaughter classes to investigate and control the nationalherdand test for residues by

for residue testing. Comlx_unds movement of potentially adul- animalslaughter class and compound

are added to the NRl' based on terated product, pair.

the following: 3. Exploratory phase - Regula-

1. the compound must produce a tory actions are not used in this
residue in meat or poultry; phase. Information gathering

is one reason for including an
2. tile compound must be ranked animal class-compound pair

according to the CES as Al, under this phase. The recom-
A2, A3, Bl, B2, orC1; and mendations for development

3. a regulatory metllod for detec- of detection methods for
rien must be in the FSIS dibutyltin dilaurate were made

laboratory, based on information from this
phase.
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Detection Method national herd for the presence of

Development Recommen. drug, pesticide, and environ-
dations mental contaminant residues.

The animal slaughter class-
The Residue Evaluation and compound pair samples are
Planning Division recommends selected because of an assessed
methods development for com- risk of adverse human health

Theanimalslaughterclass-compound
pounds satisfying the NRP effect from consumption of this pair samplesare selectedbecauseof
requirements, This activity con- slaughter class with residues of an assessedriskof adverse human
tinues throughout the year. FSIS the compound. The analytical healtheffect from consumption of this

uses practical analytical methods results from these samples repre- slaughter classwith residuesof the
Ibr detecting chemical residues sent a considerable amount of compound.

in concentrations greater than tol- data for exposure assessment;
erance in meat and poultry. Mul- these results and other new infor-

tiple sources of information are marion update the risk charac-

required to satisfy the criteria terizations of compounds in the
used as guidelines for methods FSIS risk assessment process.
suitable for regulatory use.

Summary
The Food Safety and Inspection
Service randomly samples the
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How Information Resources are Used by Federal
Agencies in Risk Assessment Application:
Rapporteur Summary

Penelope Fenner-Crisp, U.S. Environmental Protection Agency

The application of information available for risk assessment from the federal perspective is described. Different federal agencies
conduct varying degrees of hazard evaluation, and some also generate empirical data. The role of the Agency for Toxic Substances
and Disease Registry in hazard assessments of potential public health impacts of Superfund sites includes identification of the 275
most significant substances. ATSDR is responsible for preparing toxicological profiles. ATSDR also identifies data gaps and needs
critical to adequately assessing human health impacts.

here are those who for work. The presenters' intention
some time have been pre- apparently is to continue using

dicting the demise of the this kind of information because Somepredict the demiseof the
concept of risk assessment as we they have practical applications conceptof risk assessment as we

know and define it today. They for it. The presenters said that know it.

cite as evidence the trend toward the roles of the federal agencies
development of legislation that in the risk assessment process
dictates the use of technology- varied. Jim Selkirk at the

based rather than risk-based regu- National Toxicology Program
latory solutions and/or proscrip- (NTP), Leslie Stayner at the
tive elements to risk assessment National Institute for Occupa-
methodology. We have examples tional Safety & Health (NIOSH),

of this on both the federal and and Angelo Turturro repre-
state levels. On the state level, an senting the National Center for
example is California's Proposi- Toxicological Research (NCTR),

tion 65 and Big Green, the Envi- ali are from agencies that gener-
ronmental Protection Act of ate empirical data primarily for
1990. On the federal level, other organizations to use. Other
aspects of this occur in the Clean agencies have active risk assess-

Air Act and in ongoing discus- ment roles although perhaps not
sions about food safety legisla- in the regulatory sense. An exam-

tion that would impact both EPA pie of this is the way the U.S. Otheragencies have active risk
assessment roles alttu)ugh pertuJps

and the Food and Drug Admini- Forest Service, as described by not in the reguk,torysense.
stration. If this prediction is on Dennis Hamel, uses information

target, participants in this confer- on pesticides when choosing
ence are either ignorant of the them for application in the field.
lorecast, are choosing to ignore
it, or know s_mlething is false As previously mentioned,
about the assertion. Several repre- NIOSH generates empirical data
sentatives from federal and state and does some risk assessments.

agencies earlier described how Also), over the years it has done
they use information on hazard, hazard assessment in developing

exposure, and risk in their own criteria documents and bulletins
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for use by the Occupational quality-assured data) containing
Safety and Health Administra- as much data as possible, and
tion (OSHA), and other organiza- having mechanisms by which
tions with respect to the occupa- these data may be accessed eas-
tional setting. The Agency for ily by potential users. With 50
Toxic Substances and Disease states and a number of federal

Registry (ATSDR) Toxicology agencies generating these data The need for good databases is
Division's responsibilities and storing them in a variety of stressed.

include the gathering of hazard, databases, it is easy to see why
dose response, exposure, and there may be no common basis
epidemiologic data for the devel- for access. We in the federal gov-
opment of toxicological profiles ernment, and I assume those in
in support of EPA's Superfund state government too, are often
Program. Some agencies' respon- castigated about redundancy:
sibilities include cleanup of haz- that we have multiple avenues
ardous waste sites. The Army for generating and storing essen-
and Department of Energy pres- tially the same information is not
entations noted that each has a particularly efficient expendi-
responsibilities for assessing and ture of monies. The processes
cleaning up hazardous waste that we have been talking about
sites on federal properties. There- at this conference suggest that
fore, they too conduct their own some of that redundancy can be
risk assessments, making use of excised and that we can be more
the various types of hazard efficient in the ways we gather
assessment and risk assessment and communicate information.

inh_rmation available. In fact, ATSDR provides public health
Major Legg called the Army the assessments that address the

"olive-drab EPA." health impacts of Superfund sites
Additionally, some agencies to EPA's Office of Emergency
have enforcement responsibili- and Remedial Response.
ties. For instance, Dr. Turturro

As a part of this process, Title !,
spoke of the centers within the

Section 110, of the Superfund
FDA that are responsible for Amendments c)f 1986 directs the
food, drugs, cosmetics, medical

ATSDR to develop programs in
devices, biologics, etc., each cen-

lhree areas: listing of hazardous
Icr having its own set of regula- substances, preparation of tt)xico- AS'IDR is responsihle for preparing
tory responsibilities. The Food

logical profiles, and identi rica- toxicok, gical profiles in whk:hthe
Safety and Inspection Service of tion of data gaps and the infontuaion necessa_, to assessthe

public health consequences of the
lhc U.S. Dept. of Agriculture implementation of necessary listedchemicalsis collectedand
(USDA) is responsible fi_rmoni- research to fill priority data sutmnarized.
toring our meat, milk, and poul- needs. The first of these areas is
try for excess or unsanctioned

the listing of the 275 most "sig-
residues of pesticides or drugs, nificant" substances occurring at
Lastly, EPA has several environ- Superfund sites based upon their
mental laws to enforce. Many frequency of occutTence, inher-
EPA regulati¢_ns were developed

ent toxicity, and potential lhr
t" ,,.i, s

using the risk asses, mcnt process, human exposure. ATSDR is

Each presenter stressed the need responsible for preparing toxico-
for good databases (gc_)d in the logical profiles, in which the
sense of having adequate and inlk3rmaticmnecessary to assess
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the public health consequences whether the hazard assessment
of the listed chemicals is col- should be different. Efforts are

iected and summarized, under way on the federal level to

ATSDR also identifies data gaps evaluate this situation and work
that should be filled for a thor- toward harmonization, but I am

not certain about the degree toough assessment of the human
which states are involved. For

health impact of these chemicals. Therehavebeen efforts among
Secondary to this is identifica- some time now there have been several federal agenciesto reach

efforts among several federal consensuson theassumptions
lion of priority data needs that

agencies to reach consensus on employed in hazard assessment.
are critical to adequately assess

the assumptions employed in haz-
human health impacts. To date

ard assessment. An example of117 priority data needs have
this relates to the Food Safetybeen identified for 38 chemical

substances. Initiative, which involves
USDA, FDA, and EPA. lt is

As anticipated, questions arose apparent that the three agencies
regarding the funding and sched- often have distinct philosophies
uling of testing. A directive in and differences of opinion on
the law addresses this situation, how hazard assessment should

particularly with respect to test- be conducted. These differences

ing requirements in negotiated do not necessarily serve the pur-
testing agreements with affected pose weil. Yesterday, another
industry or other funding example was alluded to that
sources, lt also addresses the use acknowledged differences in
of National Institute of Environ- opinions among agencies. I

.,,' • • ,mental Health Scnences assume this was in reference to

(NIEHS), NTI; or other federal dioxin, a cllemical h)r which

agencies tt_ fill research needs there are n¢_tonly differing U.S.
that do not easily lend them- federal agency approaches to haz-
selves to the use of testing aral assessment, but also differ-

authorities such as the Toxic Sub- ences from and between govern-
stances Control Act c_rthe Fed- ments internationally. A wide
erai Insecticide Fungicide and range of opinion also exists

Rodenticide Act. regarding the potential risk from

We have a lot of hazard-related exposure to dioxin. Wt also
data that is used f_)rhazard identi- would find differences of opin-

fication and dose-resp_nse ion if we tomska different chemi-
assessment. We haven't talked cal and asked these agencies to

about ii IllUCh here, but quite c_mduct risk assessments. I think Redundancy in thegeneration
that iii tile future, access lt_ and and storing ofinfontuJtion byoften when using the same

hazard-related data, vari_>us agen- sharing _)I"hazard assessment federal and state govermtwnts is
ties co,me to different conclu- data and additi_>nal conferences discussed.

like this will become increas-
si_>ns.One would expect
differences t_ _>ccurwith respect ingly imp_>rtant, l_el's focus on
to the exposure data because wt building a c_msensus _n how

usually are focusing _m a particu- best Ic_evaluale and use tile data
lax"exposure scenari_ l'_>rwhich and m_we f_rward l'r_>nithere.

we are dcveh_ping a risk assess- EI'A is n_t the only agency that
mont. Hc_wever, _ne can ask tl_cs risk assessment Virtually i. !
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every federal agency that has some risk assessment, either
some interest in tile environment from tile human health or the

S ' S'(in file broadest, en, e), does environmental aspect.
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Information Resources in State Regulatory
Agencies--A California Perspective

Stephen M. DiZio, California Environment.al Protection Agency

Various state reguh_to_ agencies have expressed a need for nem,orking with infomuJtion gatherer.Jresearchers to prod_'e a
concise compihJtion of prima_, infornu_tion so that the basis for regulato_ standards can be scientifically referenced. California
has instituted several programs to retrieve prima_, infornu2tion, generate prinu_ry infornu2tion through research, and generate
unique regulatory standards by integrating the prinm_, literature and the products of researctt This paper describes these
programs.

Introduction ing the primary literature and the
products of research.

ur speakers today from Retrieval of PrimaryMassachusetts, New Jer- Information
sey, Tennessee, Illinois, TheStateof California has instituted

Louisiana, and Connecticut have Primary information, meaning severalprograms to retrieve prinutO,
touched on a number of recur- that available in the literature on information, generate primary

infornuaion through research, and
ring themes. These consist of a the toxicity, environnlental fate, generateunique regulator, standards
reliance on federal sources, such and exposure assessment of I_ integrating theprimary literature
as the Oak Ridge National Lab()- chemicals is essential to the regu- andtheproducts of research.

ratory; the Agency for Toxic latory decision-making process

Substances and Disease Registry utilized by the California Depart-
(ATSDR); and the U.S. Environ- ment of Health Services (DHS),
mental Protection Agency Department of Toxic Substances

(EPA), especially the Integrated Control (DTSC), Department of
Risk Information System (IRIS) Pesticide Regulation (1)PR),
as available electronically Office of Environmental Health
tlm)ugh the National Library of Hazard Assessment (OEHHA),

Medicine, for risk assessment and Office of Emergency Serv-
inh)rmation. The primary needs ices. This information is made

identified are for networking available to these groups through This information isnmdeavailable
with those inl_)rmalion gather- several sources, including tile through severalsources, including

cr_researchers tt_ prt_duce a con- libraries of the University of Calf thelibrariesof the University of
California, on.line electronic data

cise compilation of primary fornia (UC), on-line electronic services,andtheNatioru21
infi)rmation so that lhc basis for data services, and the National LaboratoriesnuJmaged t_, UC.
regulatory standards can be scion- Laboratories managed by UC.
lifically referenced.

1. l,ibrary services

The State _)fCalif_rnia shares lnfi_rmali_m resourt.cs made

these needs, and has instituted available thtr)ugh the UC librar-
several pre,grams t(_retrieve pri- ies are funded by a large c(mtract

mary informati(m, generate pri- with the UC Berkeley public
mary inf_rmation tlu'ough health library. Historically, the
research, and generale unique I)ttS has maintained this fund-

rcgulalc)ry slandards by integrat- ing, alth_mgh with the recent
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creation of tile California Envi- munication, whereas San Fran-

romnental Protection Agency cisco bay area facilities were
(Cai EPA) the various groups handicapped as a result of disrup-
within Cai EPA such as OEHHA, lions in essential services caused

I)TSC, anti DPR have assumed by the temblor.

aulhorily over this funding and (;overmnent libraries, particu-
have centralized management of larly the EPA Region IX library Speciality libraries of the UC
the contract within OEHHA. The in San Francisco, also serve as ctmzpusesare contracted separately
contl'act provides access to ali for search and retrieval because of
the information resources within sources of primary infi_rmation theunique capabilities dfa specialty

not easily obtainable through the libra,, to quickly and concisely
the entire UC system; thus, litera- academic system. In particular, sun_,u_rizethe relevantinfomuaion
lure unavailable at Berkeley is the DTSC has made extensive withinaparticularfield.
easily obtained through other

use of this facility for examina-
campuses, primarily those at UC tion and retrieval of various EPA

Davis and UC Los Angeles Fact Sheets dealing with a wide
(UCLA). This vehicle has pro- range of issues such as the pro-
vided tile primary source of pub- posal of new maximum c_ntami-iishetl literature for state scien-

nant levels (MCI.s) or the
lists in tile tleveh_pment ¢_1"regu- permitting ¢_Ilandfills.
iatt_ry standards.

2. Electronic data retrieval
Recently, specialty libraries at
slime i)|"file UC campuses were Many state agencies, particularly
ctmtracted separately l'_r lilera- the OMce _f Emergency Ser-
lure search and retrieval services vices and DTSC maintain size-

because of the unique capabili- able contracts with services such
ties of a specially library to as l_ockheed lnfi_rmation Sys-
quickly and concisely summarize terns (DIALO(;) and the
lhc relevant inl_rmali_n within a National Library of Medicine

particular field. One important (MEI)LARS) l'_r quick access to
example has been the Environ- literature abstracts and on-line
mer,tal Toxicology Information databases, particularly IRIS and
Center within the Environmental the Hazardous Substances Data

Toxicology Department al UC Bank (HSI)B) as available
I)avis. This gr_up pr_wided valu- through T()XNET. In addition,
able service l_ DTSC and I)I:'R. cre-line bulletin board syslems,

The library and its persCmnel are such as those ¢_perated by the
dedicated t¢_steerage and retrieval EPA ()ffice ¢_fS¢_litlWaste and
_1 Icxlbooks, .j_urnals, and arli- Emergency Rcsp_mse are _llen
tics _m the It_xicily, fate anti utilized as supplemenlai sources
lransp_u't, and envir_uunental _I"inf_rmatitm, particularly lt_r

Use of the information available
cxp_sure _1"peslicitles anti _lhel" U,S. g_wet'nmenl publicali_ns, onlineis varied
m_jor envir_nmental p_llutants, which are _flen not stored in tile
Consequently, lhc library may UC library system.

serve as an essential arm _)1"lhc Use _1"the inl'_)rmati_)navailable
lYI'SC and I)I'R when this inl'_)r-

_m-line is varied. In etnergencies
mati_,n is neetled quickly l'_r such as evaluation _I"public
regulatory tlecisilm making, l)ur-

health hazard ola rail spill, the
ing the Loma l'rieta earthquake availability _l HSI)B through a
_I 1989, lhc library inslallcd

m_tlem c_mtained _n a portable
detlicated tcleph_me equipmenl c_mputer has made quick access
l'_r quick tlala retrieval arid c_nl-
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to relevant inforn_ation possible deveh)p modern drinking water
for DTSC and DHS. In regula- standards as well as to make
tory standards development, iii- responsible regulatory decisions
erature searches ft)rra the basis in cases where uncertainties

for the assessment of both existed in public exposure esti-
resource allocation and time mates.

requirements for project comple- Both the D'iSCandthe DHShave
tion by DPR and DTSC. For Generation of Information funded originalresearchdesigned
research, data gaps in the avail- through Research toprovide information necessary

for the developmentof regulatory
able literature are first identified Both the I)TSC and the DHS guidance, regulatory standards.
by on-line searches so that pro- have funded original research and risk-numagement decision
ject priorities may be developed, designed to provide information nmking.
Thus, Call fornia governmental

necessary for the development of
agencies use a wide range of elec-

regulatory guidance, regulatorytronic infi)rmation resources to
standards, and risk-management

answer specific needs relating to
decision making. This research

risks from chemical exposure.
was conducted by major con-

3. National laboratories tracts between DHS and DTSC
with the Regents of UC, allow-

Primary information retrieval
from the national laboratories ing access to ali campuses within

the UC system as well as the
managed by UC, Lawrence national laboratories. Some of
Berkeley Laboratory (LBL), and

the projects are described below.Lawrence Livermore National

Laboratory (LLNL), is necessary I. Research (m assessment of

because of their respective sys- exposure resulting from
tems of excellent in-house publi- showering
cations. Projects conducted for The Environmental Sciences
various governmental agencies, Division of LLNL conducted
as well as original research con-

research in a home purchased by
ducted by each national labora-

the laboratory on the showering
tory, are often first published

exposure to trichloroethylenc
in-house prior to publication in

(TCE). This project was funded
the public literature. Therefore, by I)TSC. Bathroom plumbing
for state agencies to maintain was modified to add measured
state-of-the-art knowledge of the amounts of TCE to sht)wer
fields of exp(_sure assessment

water, anti analyses were made 1lte Enviromnental Sciences l)ivisionand environmental risk assess-
of the release of TCE into vari- ofl2.NL conductedresearch ina

ment, access to these publica-
OUS balhl'_)tlln "colnparllnents" honte purchased by the laborato_, on

lit)ns through contract or (e,g,, sIl_lwel" walls, wet lowels, the showering exposure to
collaborati ve effort is essential, trichk_roethylene (TCE).

and ballm)_)m air) st)lhat model-
Tw() examples ()f this, by no

ing of inhalation exposure could
means unique, arc tlic models _)I

be dcveh)ped fr_)minfl)rmation
showering exposure and prob- gathered in an actual home. In
abilistic uncertainty analysis c()n-

additi()n, lhc dermal permeability
ductcd by Th()mas McK()nc and

()f TCP"at envir()mncntally rcic-
Kenneth B()gcn ()flJ_Nl, wluch rant c_)ncentrati()ns in water
were first available as I.,I.,NI_

(parts-per-million levels) was
UCRI_ publications. Advance

measured in iab()ral¢)ry animals
knowledge of these el'f()rts were under c_mlr()lled c()nditi_)ns t()
necessary li)r California t()
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better estimate dermal exposures 4. Research on exposure
duri ng swimlll[ng or showering, modelling

2. Research on particle lnhala. LI+NI+was requested t() construct
ti(Jn by children theoretical multipathway risk

assessment modeling experi-
UC Irvine was funded to provide

ments to both integrate original
experimental data on the inhala- experimental results and to pro- 1_ Department t,fDemuaok)gyat
tion of fugitive dust particles by

Immans by studying both the vide sn evaluation of secondary Vc San Fnmcisco was funded byDTSCtoprovideinfomuaionon the
source contributions to exl_)sure dermal absorption of contaminantsnose as a selective sampling

device as well as the inlluence of anti risk. The resulting effort has from soil.

body size. Wind-tunnel expert- integrated experimental results,critical evaluation and selection
ments with particles delivered in

of relevant physicochemical
a la|||inar flow were designed,
and mannequins with laser parameters, and professional
devices embedded in the noses peer-reviewed modeling into an

were used to identify subsets of unique n|ultipathway t()ol
designed to provide remedial• 'IS •

populations cxpt, etl I('idust parti- ohiectives fin"selected environ-
ties dispersed from hazardous mental media, such as s()ii. Its
waste sites by wind erosion. Cllil- use will be described in the ft)l-
dre|L because of small body size,

lowing item.
were identified as the group with
lhc greatest eXl_)sure t() inhalable 5. Research on nonaqueous
pm'titles. This project was phase liquid transport In
funded by I)TSC. vadose zone soil

3. Research on dermal absorp- I+itl. has been funded by I)TSC
lion of soil contaminants lt) provide ()riginal research ()||

The l)epartment (if I)er|uatoh)gy transl,'irt of nonaqueous phase
at UC San Francisco was funded liquids (NAI)I.s) through soil to

by DTSC to provide inf()rn|alion the water table, This project, now
tit1tile dermal abs()rpti()n of con- in it's third year, will be used It)
ta|||inants frt)m soil. In vitro generate the information needed

for I)TSC guidance tin the evalu-
experiments were c()nducted on ali(in of the m(wement of NAi)I.s
selected chemical groups, includ- al hazardous waste sites (n facili-
ing pesticides (chhn'tlane, DDT, ties.
arid pe|it'.lchh)r()phen()l), tnetals

(cadmium and arsenic), and ()lher Generation of Guidance
tnyiltllilllelltal CtllllalllJlltUltS LI/l, ha._' I,een ]hnded I,y I)TSC tr)

and ,Standards I,rovideoriginaln,searchon(e.g., benzo-a-pyrcne) It) cvalu-
tile their pt_llell'illi()ll Ihl'tlugll (iuitlance for expt)sUle assess- tran.wort of nonaqueous pha.i'e liquids

(NAI'I,_') through soil to the water
hutllall skin. St)mc til these c_)m- nlent anti risk assessillelll, rcgula- tal,le.
ptmntls were also)tested in vivo Itwy standards l_w acceptable
in valitlalio|| experi|||ents in pesticide residues ('incr()ps, and
which dermal abs(wptitm was the develop|||ent of regulatory

measured l'nml st)ii applied It) drinking water standards are but
lhc skin t)f rhesus |||t)nkcys. This st)mc (if tile uses thal Califi)rnia
resca|ch has been singularly fruit- agencies made t)f i||l_)r|||ali()n
fui, with regulatt)ry impact where derived fr(ira inf()rt||ali()n serv-
st)ii cxp()sure and cleanup is at ices and Ihal gathered thr()ugh
issue, t)riginai research. The f()ll('iwing
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examples are by no means all- r' mediation to be used by both
inclusive of the use of these serv- the public and private sectors.
ices by California agencies.

Conclusions: Future
1. Development of CaUfornia

drinking water standards Needs

The state legislature authorized One of the goals of this confer- TheState legislature authorized
DHS to develop 36 California ence was to identify current and DHStodevelop36 Californiawater
drinking water standards (MCLs) future needs in the field of infor- standardsto supplement those
tO supplement those being devel- mation resources. From the state being developed by the federal

oped by the federal government, perspective, several major items governnuent.
Chemical risk assessments, used were identified as necessary and
as the basis R_rthe selection of appropriate goals for those sup-

MCLs by the Sanitary Engineer- plying inh_rmation resources to
ing Branch of the DHS, were the state agencies.

written by various groups within 1, Better information exchange
the UC campus system, primar- among states
ily UC Davis, and the LLNL.
These documents were subjected Several of the speakers expres-
to national peer review and were sed the desire Ibr some form of
used to identify a range of scien- directory and fi_rmal information

tifically acceptable ccmcentra- exchange system so that unique
lions for acceptable risk or resources developed by an
hazard of the individual agent, agency in one state would be

accessible to agencies in other
2. Development of technical states. The existence or develop-

guidance and standards menl of air, water, and soil trite-

Technical guidance was deemed ria has been mentioned by

necessary for lhe implementation several state representatives, pro-
of the DTSC Integrated Site Miti- w_king grea! interest from their
gation process, with key guid- counterparts in other state and
ance promulgated as regulation, federal agencies.

Regulation development was Currently, the most effective tool
restricted to the department, h_r this sort of exchange has
Guidance document develop- been the telephone. However, as
ment, in terms _f exp_sure rood- this res_mrce dalabase grows, a
cling, exposure pathway selec-

more systematic and readily
ti()n, use t)f multimedia m()dels accessible vehicle will be neces- Technicalgui&mce was deenu'd
in a back-calculaliim ()f sl)ii necessa_.for the implementation of

sary to achieve maxinltlm utiliza- the DTSC Integrated Site Mitigation

remediation levels as lnentioned fion {_I"Ihese pl'l_ducls and lo process, with key guidance

in the preceding, and prob- av¢_idunnecessary duplication of promulgated as regulation.

abilistic analysis of uncertainly efI'{_rl.The experience in Califor-
was contracted by I)TSC t¢_ nia has been lhal, even within a
I.I.NI.. These were designed t¢_ state, lhc gr¢_wth _I"varicms agen-
integrate the inf_rmati_m ties with risk assessment resp_m-
rescmrces deveh_ped and ulilized sibilities has resulmd m a loss of

by ali state agencies with th_se eflbctive ccmmmnication, result-
resea, ch pn_jects mcnli{med in ing in tluplicali_m {_1effort.
the preceding, and pr_witle w_rk-
able fools lt_renvirlmmenlal

Access/I Iso llllb Resources Assess I le_dth Risk (-,hem I{xpos '93 149



2. Better information exchange risks are assessed and managed
about locM problems that at these facilities. An archival
occur nationwide system for such information

would improve the efficient han- Certainitemsrequiring riskassessment support occur but are not
Certain items requiring risk dling of these and similar systematically addressed by either the
assessment support occur nation- problems, federal RCRA or CERCLAprograms.
ally but are not systematically
addressed by either the federal 3. Epidemiologicai support

RCRA or CERCLA programs. Dr. David Brown of the Connecti-
One such case that immediately cut Department of Health spoke
comes to mind is that of the of the critical need for exchange
manufactured gas facilities, between states about how rapid,

Before natural gas was widely end-point specific information is
distributed, coal and diesel gassi- used to arrive at a decision when
fication plants _ourisheO in human health risk is immediately
many urban settJngs. The buried apparent. His experience consult-
waste deriveJ from the or _ratJon ing with his counterparts in Call-
of these plar_ts occurs from coast fornia illustrates the need for a
to coast across the United States. more systematic, possibly cen-
Although many of the problems tralized system whereby epidemi-
associated with these facilities ologists and other health

are similar they are dealt with at professionals can be identified
state and lo_al levels. Conse- and information sources can be

quently, there is a need for better quickly: _,,:cessedwhen problems
exchange of information arise.
between the states about how
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mini I I

How Information Resources Are Used by State
Agencies in Risk Assessment Applications---
Illinois

Clark S. Olson, Illinois Environmental Protection Agency

The Environmental Protection Agency of the State of Illinois (Illinois EPA) has programs in water, air, and land pollution and water
supplies paralleling those of the U.S. Environmental Protection Agency (EPA). The organization is part of a tripartite arrangement
in which the Pollution Control Board is the judicial ann, the Department of Energy and Natural Resources is the research arm, and
the Illinois EPA is the enforcement arm. Other state agencies are also concerned with various aspects of the environment and may
do risk assessments for chemicals. Although there are various risk assessment activities, both formal and informal, in our agency
and in others, this paper will discuss only recent initiatives in water quality criteria.

ater quality criteria adopted the approach of setting a
are similar to water" procedure and calculating num-
quality standards for I'__xsas needed. If the number is

acceptable environmental levels ased in a legal document, which Ourcriteriaare calculated for

of substances, except that the will most likely be the permit, setling effluent limits, for cleanup
levels in spills, and as general

legal force is not as great. Stand- the p,_blic can challenge the goals for nonpoint pollution.
ards include consideration of eco- number.
nomic, technical, and social

We have a methodology for cal-
impact of the regulation, whereas

culating criteria for acute andcriteria are intended to be com-
chronic effects in aquatic life and

pletely "scientific." In other
to protect wildlife and human

words, standards can contain an health. The latter criteria are for

element of risk management, chronic exposure. The procedurewhereas criterion determination
for calculating criteria for aqua-

is more purely risk assessment.
tic life is much more explicit and

Basically, we can calculate a cri-
detailed than that for calculating

terion and implement it ad hoc criteria h)r wddlife and human
whereas the Pollution Control

health. Criteria, or at least crite-
Board sets standards that apply ria documents, have been pub- Wehavea methodology for
more uniformly and widely. Our

lished for the so-called "priority calculating criteria for acute and
chronic effects in aqualic life and to

criteria are calculated for setting pollutants" and for a small num- protectwildlife and humanhealth.
effluent limits, for cleanup levels ber of other substances. How-
in spills and as general goals for ever, no wildlife criteria are

nonpoint pollution, included in that program.

In this new initiative of control- We are using the new regulations
ling "toxics" in water, the states to calculate c:iteria for aquatic
were given a choice of adopting life. We are not sure when or
whatever national numbers were how criteria for wildlife or

available, adopting a procedure human health will be implemen-
for obtaining numbers, or a com- ted, but some of the same princi-
bination of the two. Illinois pies and concerns related to
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calculating criteria for aquatic With regard to the above items
life will apply. However, it is evi- (l) and (2), search and retrieval,
dent that the sources of data and two principles are written into

kinds of end points will be differ- our regulations. One is that the
ent. literature search should be com-

In calculating criteria, the imme- plete, and the other that we
diate information needs are for should try to get the original Several functions are involved in

document, developing a criterion.
simple end points for acute and
chronic effects -- LCs0 and no- The first task is of course impos-
effect levels. In addition, we con- sible, but we interpret it to mean
sider information on bioconcen- that we should look beyond the

tration, log P, quantitative struc- relevant EPA data bases. In con-
ture activity relationship (QSAR) trast, I think there are agencies
studies, sublethal effects, ecosys- and consultants that would con-
tem level effects, metabolism, sider a search on AQUIRE to be
and environmental fate. sufficient, for instance, in doing

a criterion calculation for aquatic
There are several functions life. We would like to define or
involved in developing a crite-

outline what might be considered
rion: (1) finding and identifying

an adequate literature search, but
the necessary data; (2) getting that probably will not be possible
the data, preferably from the for some time.
original document; (3) selecting
and evaluating the data to make The most likely starting place for
the calculation according to set us is the water quality criteria

procedures; and (4) considering documents published by EPA,
any other kinds of information along with some water quality
necessary to make a final evalu- "advisories" for some additional
ation or validation of the chemicals. The reason for start-
numbers, ing with the priority pollutant

water quality criteria documents
To go about these various tasks, is that our chemists are mainly
our physical and personnel looking for "priority pollutants."
resources include a technical We need to search beyond these
library within the agency that is documents because they are gen-
supervised by an experienced ref-
erence librarian. The library staff erally out of date, because we

is capable of searching in Nation- need to get data relevant to our Twoprinciples are writteninto ourstate, and because in many cases
ai Library of Medicine (NLM) regulations. One is that the literature
and Lockheed data bases. The a calculated criterion is not actu- searchshouMbecomplete; theother

library contains 18,000 books, ally given anyway. Also, we isthat weshouldtry togetthe originalhave found a few instances in document.
350 journals, and 25,000 other which data were not included.

documents and has interlibrary Second, we often will do a
loan services. We also have a

search on AQUIRE. We may get
separate group of toxicology and to the point at which we might
environmental chemistry special- consider this obligatory. Another
ists, one of whom is capable of source is the June literature
searching EPA data bases. Also review issue of the Journal of the
available in Springfield, where Water Pollution Control
we are located, are the main state Federation. This resource some-

library and two university times gives the actual toxicity
libraries.
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data and at least has bibliog- redundancy (i.e., data may be
raphic information. Finally, we incorporated more than once
think that manual searching is because it was published in more
still necessary; that is, checking than one place), incompleteness,
through the bibliographies of inaccuracy, and currentness.

more recent papers to see if they To adhere to the second principle
contain any references to earlier

built into our regulations, that Computerized databases offer many
papers not yet identified.

the original document should be advantages but may also have some
drawbacks if they are used

Computerized data bases offer obtained and used, takes time uncritically.
many advantages but may also and costs money for interlibrary
have some drawbacks if they are services when we do not have
used uncritically. The main the original document in our
advantage is that they are a fast library, lt also means that we are
way of identifying all references, going to have to build up a
including "gray," foreign, and reprint file, but the library may
older literature, original copies be able to do that.
of which are hard to get. How-

In summary, our efforts with cal-
ever, we are not sure whether we

culation of aquatic criteria have
can use these sources anyway. In presented some problems, but
addition, computerized data the challenge of selecting data
bases may contain some data sources and mathematical mod-
evaluation to assist with func-

els with which to set wildlife and
tions (3) and (4) of developing
criteria, and an evaluated data human criteria appears to be

even more daunting for the
base may present the experimen- future.
tal details of toxicity tests in a
systematic way. The difficulties
with computerized data bases are
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II I

Information Resources: How They Are Utilized
by Louisiana

Suzanne Gardner, Louisiana Department of Environmental Quality

Louisiana, now in a developmental stage of policy and planning, has completed a project aimed at reducing hazardous releases of
air toxics in the state. The state is also conducting a Comparative Risk Project and is using risk assessment practices to develop its
water quality standards.

In developing an air toxic list, Louisiana incorporated four major criteria into the ranking: emission levels, human health effects,
potential population exposure, and persistence or accumulation in the environment. For the human health effects criterion, data for
each substance was gathered from numerous sources, although the Integrated Risk Information System (IRIS) database was used as
a primary source for toxicological information.

Following guidelines established by the Environmental Protection Agency (EPA), the Office of Water Resources, Water Pollution
Control Division, has developed numerical criteria for human health protection based on risk assessment procedures in the 1989
Water Quality Standards Revision. Currently over 30 toxic substances have risk-based criteria for the protection of human health in
the standards. Numerical criteria were calculated for carcinogenic substances having an EPA Classification of A, Bl, B2, or C.
Cancer class designations along with cancer potency slopes and reference doses were extracted from the IRIS database, with the
exception of those chemicals that had not been assessed in IRIS as of December 1, 1988. The parameters necessary for calculating
human health criteria for the missing chemicals were taken from 1980, 1984, and 1985 ambient water quality criteria documents;
data on bioconcentration factors were included.

Currently, Louisiana is working on a Comparative Risk Project, a ranking of the environmental issues in the state relative to
potential risk to the public, which is the basis for a widespread 1991 public outreach effort.

he Louisiana Department Act 184, in June of 1989. A list
of Environmental Quality of not more than 100 toxic air
(LaDEQ), utilized infor- pollutants was to be regulated in

mation resources as a vital tool accordance with Act 184. To

in developing planning strategy, rank these pollutant compounds,
several information resources

The department recently com- were needed. Various criteria

pleted a project aimed at ranking have been used by other states.
air toxics based on toxicological Most use the pounds discharged
data. The state used risk assess- and the potential population
ment analyses to develop water exposed. Louisiana established

Louisiana uses a variety of
quality criteria. Currently, the four criteria for ranking air pol- information resources in developing
Office of Policy Analysis and lutants: amount discharged, environmental pkmning strategies.
Planning is conducting the Lou- potential population exposed,
isiana Comparative Risk Project, human health effects, and persist-
a project thai compares risk ence in the environment.
across various environmental

The first step was to identify theissues. This labor intensive pro-
ject requires the use of informa- chemicals to be included. The
tion resources over a broad Superfund Amendment

spectrum of issues., Reauthorization Act (SARA),
Title III, provided the basis for

In an attempt to reduce state- the list. Of a total of 319 chemi-

wide air emissions, Louisiana cals, 178 were reported to be
passed the Comprehensive Toxic emitted into the air in I_ouisiana.
Air Pollution Control Program,
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Calculations of the pounds dis- One of the problems was the vast
charged were based on the 1987 amount of information needed
SARA Toxic Chemical Release for each chemical. For several

Inventory Database. The data- chemicals, such as benzene,
base consists of mandated com- abundance of toxicological data
pany reports of intentional and was found, whereas in other
nonintentional releases. Point cases, such as picric acid, very lit- Louisiana's comprehensive Toxic Air
and nonpoint emissions were tie information was found. PollutionControlProgram utilizes

IRIS for its risk assessment and risk
totaled for each chemical emitted Once the data were collected, a managementinfornmtion.
in Louisiana. ranking for each criteria was per-
Calculations of potential popula- formed by designating a positive
tion exposure were based on U.S. integer for each criteria: the

Census track data, utilized with higher the integer, the higher the
the help of the geographic infor- hazard. By this process, each
mation service laboratory at Lou- chemical was assigned a set of

isiana State University Campus numbers corresponding to the
Laboratory. A 10-km radius for severity of each criteria. These
each emitting facility was estab- numbers were then loaded into a
lished and the Geographical Hasse computer-ranking pro-
Information System (GIS) esti- gram, developed by Dr. Ephram
mated population within each Helfin of Canada, which estab-

10-km area. The assumption was lishes binary relationships
made that the population within between chemicals by comparing
each designated area was evenly one data point with another. The

distributed. For human health result is displayed graphically as
effects, the Integrated Risk Infor- diagrams that resemble branch-
mation System (IRIS) database like structures, much like a
was used. genealogical tree.

IRIS was selected for its risk In developing the water quality
assessment and risk management standards, the OMce of Water
inlormation, The qualitative and Quality Resources, Water Poilu-
quantitative risk assessments tion Control Division, developed
served as guidelines to evaluate human health protection stand-
the potential hazard of chemi- ards based on risk assessment
otis. Quantitative risk assess- analyses. Risk-based values have
ment included potency factors, been established for over 30 Indeveloping water quality standards,

the Office of Water Quality Resources,
unit risk, and air concentrations toxic substances. Numerical crite- Water Pollution Control Division,

at designated risk levels. For ria were deveh)ped for th(_,sesub- developed humanhealthprotection
accumulation and persistence in stances with ali EP_ carcino- standards basedon risk assessnwnt

the environment, the information genie classificatitm of A, Bl, B2, analyses.

was harder to find. Data needed or C. Cancer potency slopes and
included atmospheric half-lives, RI1)s were taken liore IRIS.
evaporation rates, vapor pres- Data unavailable from these
sures, and reaction rates. Missing sources, including bioconcentra-
toxicological data were calcu- tion factors, were taken from
lated using reference doses 1980, 1984, and 1985 ambient
(RIDs), where applicable, taking air and water criteria documents.

into account uncertainty factors. A number of assumptions had to
Inhalation studies were given be made: the use of 2 L h_r water

preference over other studies, consumption, the use of 70 kg
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for the average adult body t.ion by EPA called "Unfinished
weight, and a one-in-a-million Business," a comparative assess-
health risk for carcinogens. An ment of an environmental issue.
incidental ingestion rate (89 mid For each issue, scenarios will be

day) was calculated with the help developed that represent the
of the Department of Health and importance and magnitude of

Hospitals. each issue. Each issue will be put LaDEQ is working on theLouisiana

In our criteria, the water quality through three levels of analysis: Comparative Risk Project, which
health effects, ecological effects, ranks the enviromnental issues in

standard for each chemical is pro- and welfare effects. The health Louisianarelativeto riskto the
portional to the product of the effects assessment will assess the public.
risk level and the average adult health risk associated with each
body weight, divided by the
slope factor, and the ingestion issue. The assessment of ecologi-cal effects will include effects on
rate, the average water consump-
tion, the bioconcentration factor, the economy. Welfare effects

include those effects that affect
and a fish consumption rate
(0.02 kg/day), quality of life. The second level

of analysis will be to rank the

Average adult body weight x problelI| areas within each effect
Selectedrisklevel category. The third level of analy-

Slope factor [Avg. waterconsumption+ sis will be to rank the issues

Incidental ingestion rate + across effect categories.
Fish consumption rate

(Unit conversionfi_ctor)(BCF)] This process includes multidisci-
plinary inw:_lvement across vari-
ous agencies around our state. 7hehealtheffects assessment will

For noncarcinogens, RfDs were Information resources and data o,_sessthe healthriskassociatedwith
substituted for the risk levels of eachissue.Theecological effects will

will be collected statewide for include effects on the economy.10-6. We utilized this calculation
this project. Louisiana is one of Welfare effects includethosethat

Ibr both public and nonpublic the few states currently to start a affect quality of life.

water supplies, comparative risk project. The
Currently, I_aDEQ is working on comparative risk project will
the Louisiana Comparative Risk redirect up to 30% of state
Project, which ranks the environ- m_mies, so each agency has a
mental issues in Louisiana rela- stake in this project.
five to the risk to the public. This
follows a similar 1987 investiga-
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I II

Access and Use of Information Resources by
Massachusetts

Carol Rowan West, Massachusetts Department of Environmental Protection

1"hispaper describes the way in which the Ma,_sachusetts Department of Environmental Protection uses risk assessttu, nt to
implement the state's environmental laws. lt focuses on the Office of Research and Standards, which was created to provide
information on adverse health effects of environmental contaminants, to reconunend exposure levels, and to direct and numage
research prog rams.

Introduction • State Right to Know Law

* Wetlands Protection Act (state)

he Massachusetts Depart- • Wetlands Restriction Actment of Environmental (state)
Protection (DEP) is the

state agency charged with pro- • "lldelands Law (Chapter 91) TheDEPfu_lls its mission by

tecting and enhancing the quality (state) implementing a number of
enviromnental laws.

of the Commonwealth's natural • Low Level Radioactive Waste
resources_its air, water, and

Law (state)
land_to provide for the health,
safety, welfare, and enjoyment of • Toxic Use Reduction Act
the public and the protection of (state)

private property, Some of these laws are estab-

lished to protect a particular
DEP fulfills its mission by imple-

resource such as air and drinking
menting a number of environ-
mental laws. The laws passed water, whereas other,_ are aimed

at solving environmental prob-and enforced to date
include lems, such as solid and hazard-

ous waste disposal. The
• Clean Air Act (state and common characteristic is the

federal) focus on toxic chemicals_to pre- Someof these lawsare establishedto

• Clean Water Act (state and vent envirclmlnenlal pollution and protect a particular resource such asair and drinking water, whereas

federal) adverse impacts on public llealth othersareaimedat soh,ing
and the environment, environnu'nta! problem,_, such as

• Safe Drinking Water Act solid and tuJzardous waste disposal.

(state and federal) The ()ffice of Research and
Standtu'ds (()ITS) was created in

• State Solid Waste Regulatory 1980 to serve ali I)EP programs

Law (2lH) by providing information on

* State Hazardous Waste adverse health effects of environ-

Regulatory Law (21 C) mental contaminants, to recom-
mend exposure levels protective

• Federal Resource Conserva- of public health and the environ-
tion and Recovery Act ment, and to direct and manage

• Superfund Law (state and the departmental research pro-
federal) grams that serve as the technical
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basis for appropriate policy and Table 1. Major responsibilities of the Office of Research
program developlnent. ORS cur- and Standards (ORS)
rently has 12 lull-time toxicolo- _................................................................................................................................
gists and envir(mmenlal
scientists on staff. • Develop risk assessment protocols to assess impacts of toxic

To achieve its mission within chemicals

I)EP, ORS has many duties and • Establish standards and health-based guidelines for chemicals in
performs many functions. The air, water, and soil
major areas of resl_)nsibility of • Conduct hazardous waste site risk characterizati(m work
[}RS are shown in Table 1.

• Evaluate environmental monitoring data and advise I}EP on pub-
Although the ability of ORS to

lic health protectionconduct ali of these activities

effectively depends on many fac- • Develop Health Hazard Indices for chemicals

tots, the timely access of quality • Recommend listing of chemicals for inclusion in regulatory pro-
and useful inlbrmation is among

grams
lhc most iml_rtanl requirements.

• Maintain toxicity databases

General Description of • Ih'ovide technical supporton enf_lrcement cases
Methods Used by ORS

• Direct and manage environmental researchORS conducts risk assessment

work for the DEP programs by
using the fi}ur step process out-
lined by the National Academy Manual searches arc very effec-
of Science (1983). In addition, live for (}RS because the office is
{}RS participates in the DEP risk located in the Boston area, which
management decisions by provid- is well-endowed with medical
ing not only the results, but also and research institutions. Access
the description of uncertainty to these numerous libraries
inherent in the risk assessment allows ORS to obtain virtually

work. Risk management deci- any journal or reference material
sions may c_msider h:chnical fea- locally or througll interlibrary
sibility and ec{molnic and social h_an systems. [}RS has also been

impacts along with risk assess- provided an annual budget It_

ment results, depending on the maintain an in-h_use library.
particular statute. After risk man- Although (}RS manual searches
agement decisions are made, arc very productive, the time nec-
I}Ei' next devei_ps and imple- essary t{_c_mtluct II_etncan have
merits a risk communicatinn drawbacks in situali_ms in which

plan, generally under a team imn|ediate resp_mse is needed.

appr_ach, in which slaff li'_ml the Another way {}RS obtains infor- Table 2. (}RS access
t_ inli wmatitm

particular program, the public marion is lhnmgh _m-line c_ml-
affairs {fffice, and {}RS ali parlici- purer access, lhc U.S. Envir_m-
pate. Here, [}RS assists the I}EP menial i'r_lecli_m Agency's • Manual searches
t_ involve the public in under- (EPA's) Inlegrated Risk lnforma-
standing the risk assessment t.i_mSyslem (IRIS), miscellane- • (}n-line access
princess and results. _us technical bulletin b_artls,

• Reliance _m_thers _ El'A,
[}RS accesses infl_rmali_m f_r its and the [)RS-developed on-line ()RNI., other state agencies
risk assessment w_rk in a variety reference database. Use _1"these
_1 ways, as presenled in Table 2. systems is expedient hut is lira-
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ited by the number of chenlicais Table 3. Key data sources used by tile ()ffice of Research
Ibr which infonuation is main- and Standards

rained in these systems relative ...........................................................................................................................
to the ORS needs. ORS is lim-

ited by lack of on-line informa- 1. Hazard identification

tion resources, and so must rely IRIS
on another means of information
access----consultation with oth- ATSDR Toxicity lh'ofiles

ers, most notably the EPA, Oak EPA Criteria and Health Assessment Documents
Ridge National Laboratory
(ORNL), and other state agen- HEAST

cies, In many instances ORS GENE-TOX Database
received information transfer

assistance from others, including IARC

the EPA, Air Risk Information NTP/NCI bioassays
Support Center (Air RISC),
()ffice of Health and Environ- NIOSH, ACGIH, OSHA occupational literature

mental Assessment, the Federal- NATICH
State Toxicology and Regulatory
Alliance Committee (FSTRAC), EPA One-Liners
Office of Pesticides and Toxics FDA Tolerance Limit_Advisories
Substances, and ORNl.. In these

cases, inh_rmation access is typi- 2. Dose response assessmenl
tally faster than manual searches IRIS

but slower than on-line systems. HEAST
ORS utilizes a number of infor-

mation resources in conducting ()ccupational literature
risk assessments. Key resources Primary literature
m'e shown in Table 3.

3. Exposure assessment

Practical Problems With EPA guidelines for exposure assessment

Information Access C)RSdefaultvalues

()RS has two types of pr¢_blems Risk characterization and
with access and use of informa-

tion resources in assessing health uncertainty analysis
risks fr¢_mchemical exposure: Ali of the above
cme is accessibility, the other is a
technical prc_blem. ....................................................................................................................

Accessibility pr¢_blems arise
because ¢_fres¢_urce c¢mstrainls, oMce's needs cannot always be

F¢_rexample, llle agency tl_es met. In additi¢_n, because of the
n¢_thave a prcffessi¢mal librarian nature _I the public health pr¢_lec-
1¢_obtain ali infc_rmati_n that is lilm wc_rkthai we c_ntlucI, there

available, and slaff time l_r inf_r- are instances in which ORS
malion access is limited. ()RS' results arc needed immediately.

direct access t_ _m-line systems in such cases, infc_rmation gather-
is very limited. (IRS relies hear- ing aclivities are limited by dead-
ily _n other agencies I_r access lines, hence inl't_rmation thai
lc_inl'c_rmali{m, width has c_ultl be useful may not be

w_)rked fairly weil, bul lilt3 t_blainetl.
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With regard to technical prob- Table 4. Technical problems

ictus, it is evident that access to
information resources does not ....................................................

translate directly into the ability * Evaluating less than lifetime exposure

to provide ali of the answers to * Lack of toxicity testing of chemicals
environmental health problems.
Typical examples of risk assess- • Standard toxicity testing protocols not followed

ment issues that result from tech- • Route of administration
nical data limitations are shown
in Table 4. • High to low dose extrapolations

Conclusions • Chemical form, specification
,, Appropriate animal model for humans

To conduct risk assessments for

the protection of public health • Lack of human toxicity data

from environmental contami- • Uncertainty factors
nants, access to information

should be readily available,

reliable, able to meet time con- from state, federal, and interna-

straints, and affordable. Improve- tional agencies, as well as private
ments in risk assessment work institutions should work together
will be achieved only when more to achieve what is lX_ssible.The
complete data on chemicals can importance of this work in terms
be generated (including informa- of lives saved and human suffer- Theseidealconditionsare notnow

within our reach, but professionals
lion on adverse health effects, ing reduced is worthy of such an involvedin this field from state,
routes of administration, and effort, federal,and internationalagencies, as
duration of exposure) and better weU as private irt, titutions should work

methods (including appropriate References together to achieve what is possil, te.

animal models and extrapolation National Academy of Science. 1983.
to humans) can be developed. Risk Assessment in the Federal Govern-

ment: Managing the Process. National
These ideal conditions are not Research Council. National Academy
now within our reach, but profes- Press,Washington, D.C.
sionals involved in this field
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Illlll I III I I I IIII Illl I I Illl

Information Resources Used in Health Risk

Assessment by the New Jersey Department of
Environmental Protection

Gh, ria B. Post, Maria Baratta, Sharon Wolfson, and Leslie McGeorge,

New Jersey Department of En viron men tal Protec tion

The New Jersey Department of Envinmmental Protection's responsibilities related to health-based risk assessment are described,
including its research projects and its developnwnt of health based compound specific standards and guidance levels. The
resources used by the agency, to support health risk assessnwnt work are outlined.

he New Jersey Depart- resources used in assessing
ment of Environmental human health risks include data

Protection (NJDEP) per- bases such as the National
DSR's Information Resource Center

forms a number of functions Library of Medicine (NLM) flies provides access to technical
relating to health risk assessment (specifically HSDB and TOX- information requiredf¢;r risk
which require information LINE), IRIS, and I)IALOG, as assessments.
resources. NJI)EI' is unique in well as information retrieval,
including a l)ivision of Science interlibrary loans, and access to
and Research (I)SR), which con- federal government documents.
ducts research projects and pro- Additionally, DSR is cosponsor-
vides other types of technical ing, along with EPA and the Call-
support to the department. A fornia Department of Health
major strength of I)SR is in t_)xi- Services, the development of
cology and assessment of health Risk Assistant, a microcomputer-
risks. Activities in these areas based s_)ftware system that will
include developing and manag- be used by individuals with lim-

ing research pre,jeers; developing ited expetlise in risk assessment
COml_mnd-specific standards t_ assess health risks at hazard-
and guidance levels; site-specific ous waste sites. Risk Assistant
evaluations; replies t_ citizen's includes databases on toxicity,
inquiries; and pr{widing techni- regulatory standards, chemical
cal assistance t_ other NJI)EI' properties, and analytical limits
l)i visions, and is capable of esti mating Thesecapabilities allowNJDEPto

exposures and risk levels. These perform original compound-,wecific

NJDEP has its _)wn lnf_)rmation capabilities allow NJI)EP to pcr- and site-specific risk assess.wnts.

Resource Center (IRC), which is fi_rm original c_m_pound-specific
part of DSR and is available to and site-specific risk assessments
tile entire departmenl. The IRC is and I_)provide the technical basis
a technical library that has refer- l'_r research activities.
ence materials, technical jcmr-
nals, governmcnl dc_cumenls, NJI)EP is a large agency that has
books, and data base searching about 4(X)Oemplt_yees. As

shown in the departmentalcapabilities; a staff _1"five oper-
ates the center, Informati_m _)rganizalional chart (Fig. 1),

NJI)EP c_msists of a number _I
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divisions and is organized gener-

ally along media-specific lines. NEW JERSEYDEPARTMENTOF
Many of the divisions with ENVIRONMENTAL PROTECTION

resl_)nstbilities relating to par- ! coMMISsI_E,I [ P.o.sO,_.
titular environmental media per- l

ft)nn or use human health-based DEPUTYCOMMISSIONER i I OfficeofPolicyand

risk assessment to some extent. IPlann6n0
For example, tile Bureau of Envi- ! I

SCIENCEAND ' IEXTERNAL]rt)nlnental Evaluation and Risk RESEARCH '; AFFAIRS
i

Assessment within the Division 1 . [ ' [ .......... 1

of Hazardous Site Mitigation I Hm.ARDOUS I NATURALAND Mk,NAG_MENT ENVIRONMENTAL

WASTE HISTORIC AND BUDGET _ MANAGEMENT

reviews risk assessments()f con- MANAGEMENT RESOURCES i CONTROLtaminated sites that have been .... : -
submitted to NJDEP; the Bureau Hazardous WMte ParkI and Perlonnel ', WaterManagement Forestry R4mourcel

t)t"Air Quality Planning and Fin,n_=
HazardousSite GreenAcresand Management Environmental

Evaluation within the Division of Management Recreation Planningand Quality
General I

Environmental Quality usesrisk Fish,Game Services 1 $olldWlulte

assessments in developing per- anaWNdlife Management
mils for certain types of air emis- co,st.,
sh)ns; and the Bureau of Sate R,,,ou,c,,,

Drinking Water in the Division
of Water Resources relies on risk

assessment information to pro- Fig. 1. New Jersey Department of Etwironmental i_'otection.

vide guidance in situations of
contaminated potable water.

mental Cancer and Toxic Sub-
NJI)EP is unique in that it
includes the Division of Science stances to evaluate the potential

and Research (DSR), which carcinogenicity of environmental
contaminants. Although it has

• . ) treports to the C(mmuss_( ners branched out into many other
()fries. DSR conducts research

projects and provides other types areas since that time, its primm'y
of technical support to NJI)EP, emphasis remains that of assess-

particularly in addressing cross- ing the extent of exposure and Areasof research inch,de
media issues or nonroutine situ- the health effects ()I"environ- toxicok_gy,eaposureassess,wnt.

mental c()ntaminants, in 1986, epidemiok_gy, biok_gical
slit)ns. DSR is responsible Ibr the Office ()f Envir()nnlental .umitoring, and risk assessnwnt

t)verall coordinati()n ¢)fthe risk ,u, deling.
assessment activities _)I'NJI)EP Healtl_ Assessment (()EHA) was

and sponsors the Interagency implemented within DSR
Risk Assessment Committee through a governor's initiati vs.

(iRAC), which consists ()f staff ()EHA's mandate is tr) provide
from various divisions of NJI)EP expertise in the areas of risk

assesstnent, risk communication,
and the New Jersey l)epm'tment and risk reduction to NJI)EP.
()I Health wh() are inwflved with
risk assessment. IRAC meets I)SR consists of approximately

regularly t(_hear invited speakers 40 professi(mal staff, with exper-

present topics ()l general inletest rise in many fields including lt)xi-
and lt) discuss risk assessment coh)gy, genetic t()xicology,
issues, public health, environmental

I)SR was originally l(mnded in science, physics, geology, chem-
1976 as the lh()gram in Envirtm- istry, aquatic biology, ge()graphy,
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communicatitm, and library sci-
ence. The organizational strut..

lure of DSR is shown in Fig. 2. NEWJERSEYDEPARTMENTOF
Within DSR, the Risk Assess- ENVIRONMENTALPROTECtiON
ment Unit and the Environ- DIVISIONOF SCIENCEAND RESEARCH
mental Exposure Unit are the

Site l DIRECTOR'S OFFICE i Pol_;y and
major groups that perform risk ,ove.t,g=,o. O.e_o,
assessment-relatedwork. 1, o=,,,_o.._o, 11 , M...ge,_.,"_'°"_'_'°'

DSR has sponsored and/or con- m,=_e_ '. I,_to,m=,,, ".,,,=, _,_Str,,t,,,,,

dueled a number t._f research pro- , Planning I Resource Admln_tr,,t_,n S,rwce,," i Center

jeers relating to human health
risk assessment. Areas of _

research include toxicology, ' Environu'mntal [ GiS i i Envlr_.nlalexposure assessment, epidemiol- I .e._,,,:. _,.
I I

ogy, biological monitoring, and i l 1 ! i
risk assessnlent inodeling. The Enwmnm,antal I Enwonr'rMIntal Risk [ Rik Rilk

Expo,_ure i Assessment j Communication i Asseument Reduction
research projects are designed to ' , _
provide speci ric information

required by NJI)EF' to address
New Jersey environmental prob- Fig. 2. New Jersery l)ep_ulmentof Environmental lh'otection

Ictus and to contribute to the gen- Division of Science and Research.
crnl knowledge in the field.

DSR has also provided partialI)SR research projects include
funding, along with EPA and the

the following: bioavailability California Department of Healthstudies of dioxin and chromium
Services, h_r the development Researchprojects include

- bioavailability studies of did.dhfrom contaminated soils; determi of Risk Assistant, a software
nation of pesticide residues in andchromiumfrrmz contaminated

crops grown or sold in New JeT- package that has databases on ._oils:determinationofpesticide
toxicity, chemical properties, residues in crops grown or sold inscy and risk assessment based on
exposure assumptions, ARARs, New Jersey; and risk a._sessnwnt

these levels; total human expo- and analytical limits. When toni- based on these levels and others.

sure study of benzoin]pyrene, pleted, Risk Assistant will be util-
including measurement of

ized by individuals with limited
bcnzo[alpyrene-l)NA adducts in
blood samples lr_ml subjects; risk a_essment training t_ assist

• with exposure and risk assess-
total exposure and bi_flogical ment t_lcontaminated sites.
monitoring _t subjects living _m
chromium-c_mlaminated sites; In addition Ic_research projects,
exposure assessment and i)SR is responsible for develt_p-

neurobehavi_ral effects of ing heallh based c_mlpound spe- DSRparticipates in site-specific risk
t)rchard fatlllers with chromic pes- cific slandat'tls and guidance assessments on a c_t_'e-bv-case basis.

ticide exp_sure; pulm_mary cat'- levels. A major pr_.ject inw_lved
cinogenicity _I"clmmlium- llle development _1 health-based
contaminated s_)il; toxic interne- Maximum Cemtaminanl I.evels

titres of tw_ chlt_rinated drinking (MCI.s) l_r 28 comp_untls, as
water contaminants; and use _I required by the A-280 amend-

quantitative structure activity mcnts tt_ the New Jersey Safe
relationships t_ predict carcim)- i)rinking Water Act, which

genicity _)IIrihai_mmlhanes and require New Jersey to develop its
related c_m_p_unds. _wn drinking water standards.

New Jersey began this princess
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before EPA promulgated its first These varied activities require
MCLs in 1987. The development many types of information
of these drinking water standards resources. Information is

by DSR involves evaluating the ,".quired from the basic scientific
primary toxicology and epidemi- literature in a number of disci-
ology literature on the com- plines, from technical documents
pound; developing a Support prepared by EPA and other fed- Thechemicalreference file includes
Document, which reviews back- eral arid state agencies, and from infonnation on approximately 2000

ground information and health regulatory sources such as the chemicals.
effects; and performing the risk Federal Register and New Jersey
assessment for the compound. Register.

The documents were peer NJDEP is fortunate to have its
reviewed and became part of the own library, the Information
basis and background for the Resource Center (IRC), which
regulations. As one of the lead- was started with a TSCA (Toxic
ing states in the development of Substances Control Act) grant to
health-based drinking water states in the early 1980s. qne
standards, New Jersey actively IRC is part of DSR and serves
participates in FSTRAC (Federal- the entire NJDEP. lt has a staff of

St::,_ Toxicology and Regulatory five, including three professional
Alliance), an organization of fed- librarians. Its collection has a
eral and state scientists that

large emphasis on toxicology
meets regularly to discuss issues and environmental health and is
relating to drinking water risk also strong in the areas of water
assessment, resources, waste management,
DSR is also involved with the hazardous substances, and

development of the human health chemical-specific information. TheIRCusesinterlibraryloan

basis for soil standards, ground- The collection includes approxi- capabilitiesandcan accessfederal
water guidance, and surface mately 2500 bodies, 5000 govern- technicaldocuments.
water quality standards. ment document ;, regulatory

Additionally, DSR participates in materials, and 125 .journals. The

site-specific risk assessments on cllemical reference file, a collec-
a case-by-case basis, particularly tion developed by the IRC,
when the situation requires a non- includes information on approxi-
standard technical approach. Ft, mately 2000 chemicals. The IRC

example, DSR is currently devel- also holds Toxic Release ,nven-
oping a risk assessment approach tory reports from New Jersey
for chromium-contaminated sites industries in 1987 and 1988.

in Hudson County, New Jersey. The database searching capabili-
DSR has also participated in a ties of the IRC include both bibli-

contract funded by the Agency ographic and factual databases
Ibr Toxic ._ubstances and Dis- such as MEDLARS, Integrated

_ ease Regi_,'y through the New Risk Inl?_rmation System (IRIS),
Jersey Department of _le.alth to and DIALOG. The use of these
develop health assessments for data bases allows for rapid

Superfund sites in New Jersey. access to the primary scientific
Finally, DSR provides technical literature on compounds of inter-
consultation to NJDEP and to the est, as well as to summaries of
public on questions relating to their chemical and tt-_xicological

toxicology and risk assessment, properties. The IRC uses

=
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interlibrary loan capabilities, and to carry out the department's
can access federal technical docu- risk-assessment related work.

ments. Although the library and These resources are indispensa-
its collections are open to the ble in allowing NJDEP to per-
public, services for which fees form risk assessment--related
are charged are available only to research and to develop original
NJDEP staff, approaches toward health-based

risk assessment.
All of these information

resources are utilized extensively
by the NJDEP technical staff and
are invaluable in efficiently
accessing the infommtion needed
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Use of Information Resources by the State
of Tennessee in Risk Assessment Applications

Bonnie S. Bashor, Tennessee Department of Health and Environment

The major resources used by the Bureau of Environment, and Enviromnental Epidemiology (EEP) for risk assessment are: the
Integrated Risk Information System (IRIS), Health and Environmental Effects Summary Table (HEAST), Agency for Toxic
Substances and Disease Registry (ATSDR) Toxicological Profiles, databases at the National Library of Medicine (NLM), World
Health Organization (WHO) Environmental Criteria, and doctunents that the Environmental Protection Agency (EPA) has
published on Comprehensive Enviromnental Response, Compensation, and Liability Act (CERCLA) risk assessment activities. The
Risk Assessment Review has been helpful in providing information about availability of new documents or information. No
systematic method has been made available to us to locate information resources. IRIS User's Support has been helpful in making
appropriate and timely referrals. Most other EPA resources were located by serendipity and persistence. The CERCLA methodology
for risk assessments is being used in ali environmental prog rams, and at present, one person is responsible for ali risk assesstnent
activities in the department, but plans are underway to train one or two people from each program area.

he Tennessee Department information on the toxicity of
of Health and Environ- chemicals.

ment (TDHE) is made up EEP began conducting risk
of four bureaus: Environment, assessments in 1983 when infor- Becauseestimatesof a "safe" level of
Health Services, Medicaid, and marion was disclosed about tnercury in soil were not available at

the time, EEP developed an equation
Manpower and Facilities. Ali the mercury releases by the Depart- for calculating suchestittu_tes.
environmental regulatory pro- merit of Energy in Oak Ridge
grams are within the Bureau of

into East Fork Poplar Creek.Environment, while risk assess- Because estimates of a "safe"

ment activities, health screening level of mercury in soil were notof environmental field workers,
available at the time, EEP devel-and health studies centered
oped an equation for calculating

around pollution are within the such estimates.
Bureau of Health Services, Divi-

sion of Environmental Epide- Access to the Integrated Risk
miology (EEP). See Figs. 1 and 2 Information System (IRIS) has

for a description of the organiza- been especially helpful to EEP
tion of TDHE. EEP is the link by providing timely, accurate tox-

lt was not until EPA began publishing
between the environmental pro- icity information. Even with this its toxicity guidelines that EEl' lind
grams and public health, dealing resource, however, and with sufficiently reliabledata to
with health aspects of environ- information available on confidently perform riskassesstnents.
mental pollution. TOXNET and MEDLINE and at

national workshops, it was not
EEl' began in 1982 as a very until EPA began publishing its
small program with no clear-cut toxicity guidelines that EEP had
goals or objectives. The divisi_m sufficienlly reliable data to confi-
began slowly, but has built into a dently perforn-I risk assessments.
creditable program as its pers_m-
nel learned about Environmental When the l)ivisi_m of Superfund

Epidemiol()gy and acquired (I)SF) in 1988 asked EEl' for
assisiance in learning to do risk
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assessments, access to existing EEP is preparing a basic course
information proved to be diffi- in risk assessment for the DSF
cult. Some of the most helpful and for the Division of Solid

resources that were ultimately Waste Management (SWM). Its
obtained were EPA's guidelines purpose is to acquaint their engi-
published in: The Superfund neers with the basics of toxicoi-

Exposure Assessment Manual, ogy, the definitions of slope EEPstaff perfonm" simple risk
Tile Development of Statistical factors and reference doses, and assessments for DSFto help their
Distributions or Ranges of Stand- describe how these fit in the haz- staff determine the urgency of actions

ard Factors Used in Exposure ard identification and dose- tobe takentoprotectthepublic

Assessmenls, Tile Risk Assess- response portions of risk exposed to contaminants at

ment Guidance for Superfund, assessments. The course will Superfundsites.

Volume 1, Human Health Evalu- also cover exposure assessments
ation Manual (Part A). EEP uses and risk characterizations. EEP
these regularly, along with the staff has worked in the field with

periodical, Risk Assessment environmental professionals to
Review, wtlich reports new infor- learn more about problems they
marion, face and to assist them in deter-

Although the publications depart- mining the sampling locations
ment at EPA-Cincinnati is par- that are likely to provide themost useful information for deter-
ticularly helpful in sending hard
copies of publications, when mining rises to people living

near Superfund sites.
only a partial reference is avail-
able (as often happens in draft EEl' staff performs simple risk

documents), it is difficult to find assessments for DSF to help
the person at EPA with informa- their staff determine the urgency
tion about the reference. The of actions to be taken to protect
Catalog of Superfund Program the public exposed to contami-
Publications and the EPA Infor- nants at Superfund sites. EEP
mation Resources Directory. are also reviews risk assessments
somewhat helplul in tracking performed by contractors as part
down this kind of information, of the Remedial Investigation/
The division has been unable to Feasibility Study (RI/FS)
acquire an EPA telephone direc- process.
tory but IRIS User Support Ims Risk assessment in Tennessee is
often directed EEl' staff to the

appropriate resource person. If no longer limited to DSF. Ali
environmental programs need Risk assessment in Tennessee is no

there is a more timely way to get risk assessment information in longer limited to DSF. Ali
information c)nchemical toxicity, managing programs. EEP uses environmentalprograttt, needrisk
exposure assessments, or locat- the process in assisting SWM to assessment infortnation in managing

ing EPA publications than this write and negotiate Resource programs.

personal contact network, the Conservati¢)n and Recovery Act
divisic)n would find ii helpful. If
resources are available that EEl' permits for which industries have
has not found, inf()rmation about requested Alternate Concentra-

tion l_imits and to review the risk
them would be appreciated. EEP
presently receives several jour- assessment portions of RUFSdocuments. EEP used the risk
nals and other publications. As

assessment process to derive a
funding increases, the division

water quality standard for 2,3,7,8-would like tc)subscribe lo addi-
tctJachloic_dibcf_zt_-p-dit,xit_

tional publicati(uls.
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(TCDD) for the Division of resource is of limited usefulness.
Water Pollution Control. There is also concern that EEP

At the state level, hazard identifi- may lack adequate perspective
and a system of checks and

cation is limited to sampling to balances in its risk assessment
determine if toxic chemicals
exist at a certain location. EEP process because there is no sys-

seldom determines slope factors, tematic way for EEP staff to dis- Thereis concernthat resourceshave
reference doses, or No Observed cuss problems with other beenand willcontinueto bemissed
Adverse Effect Levels professionals, because there is no systematic method

to find them. No cooperative
(NOAEL). Therefore, EEP does EEP is doing a creditable job in agreement exists with the Agency for
not usually use laboratory data or performing risk assessments and ToxicSubstancesandDisease
academic publications to per- health screening of TDHE's high- Registry, whichmeansthat resource
Ibrm dose-response assessments, risk employees and in investigat- is of limited usefidness.

lt is necessary, however, to under- ing potential disease clusters.
stand the basis for dose-response The division would be most
calculations and the mechanisms aided by continued expansion of
of toxicity on which the calcula- IRIS, assistance in predicting
tions are based. On occasion, concentrations of chemicals
EEP has needed to use basic sci- migrating from one medium to
entific information, as when a another, easy-to-use methods to

water quality standard was being calculate the number of needed
derived for TCDD. samples, and current information

about values for variables to use
Environmental programs are
using risk assessment processes in exposure equations. Informa-tion on the use of biomarkers
more frequently. There is con-

in exposed populations andcern that resources have been
meth:_ds of disease cluster analy-and will continue to be missed
sis are also needed, as is informa-

because there is no systematic
method to find them. No coopera- tion on the use of user-friendly
rive agreement exists with the geographical information sys-tems.
ATSDR, which means that
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Integrated Risk Information System (IRIS)

Linda Tuxen, U.S. Environmental Protection Agency

7"heIntegrated Risk Information System (IRIS) is an electronic infornmtion system developed by the U.S. Environmental Protection
Agency (EPA) containing information related to health risk assessment. IRIS is the Agency 3'prima_, vehicle for cotmnunication of
chronic health hazard information that represents Agency consensus following comprehensive review by intra-Agency work groups.
"lT_eoriginal purpose for developing IRIS was to provide guidance to EPA personnel in making risk numagement decisions. This
role has expanded and evolved with wider access and use of the system. IRIS contains chemical-specific information in smmnary
format for approxinuJtely 500 chemicals. IRIS is available to the general public on the National Library of Medicines's Toxicology
Data Network (TOXNET) and on diskettes through the National Technical Information Service (NTIS). For further general
information on IRIS and h_nv to access the system contact: IRIS User Support (Staffed by Computer Sciences Corporation, USEPA,
ECAO (MS-190), Cincinnati, Ohio, 45268. Telephone: (513) 569-7254, Facsimile: (513) 569-7916.

Background program offices involved in riskassessment were convened to

ny U.S. Environ- carry out such an internal proc-
mental Protection ess to reach consensus Agency
Agency (EPA) pro- positions on a chemical-by-

chemical basis. In 1986, the Inte-
gram offices and program sup-
port offices, including the Office grated Risk Information Syslem In the 1980's,as health risk

of Research and Development, (IRIS) data base was created for assessmentbecamea more
both at Headquarters and in EPA staff as the official reposi- widespread practice across Agency

EPA's ten Regional offices, are tory of that consensus infi_rma- programs,theneed for greaterconsensus and consistency in the
involved in ' ss "a,, essment_activities tion. areas of hazard identification and

dose-response _t._'sessmenlbecattw
in support of various legislative ()n June 2, 1988, a Federal Reg- clear.

mandates. In the 19g0s, as health ister (53 FR 20162) notice of

risk assessment bec','.,mea more public availabilily of IRIS was
widespread practice across published. Thai notice described
Agency programs, the need for IRIS, the types of risk informa-

greater consensus and consis- tion it contains, and how to get
tency in the areas of hazard iden- access to the system. Ii informed
tification and dose-response the public about the establislv
assessment became clear, lt was menl c_lII_eIRIS lnlbrmalion

IRIS contains summaries cf EI'A
delernlined Iha11111 inlo.r11111pro¢- ,qUblllisgi_)ll i)¢sk 11nd I11¢ pres- qualitative and quantitative trumaness should be established liw

encg c)la scpartllg file {)11 IRIS heahh inJ?mnation that SUl_lJorttwo

reaching an Agency-wide judg- listing lhc subslances scheduled of the four .ujor steps _fthe risk

lllerll l)rl lhc polenlial he1111h f¢_l"work gl'c_up review. The sub- assessment process.
effects of substances of comm_m missi_m desk was inlcndcd Ic_

inlere,;t t_ lhcsc cffl]ccs, and a prcwidc _)ppcwtunily for public
system developed fc_rcommuni- input. The no,rice expillincd lhc
eating that Agency judgment I_ procedures for submission of
EPA risk 11sscss_)rsand risk man- data _r c_mmenls by interesled
11gets.These wc)uld prcwitle the parties on subslances eilhcr on

needed consistency and cc_c_rdina- IRIS _)rsclleduled for review by
tic)n. In 1986, two EPA w_rk lhc wc_rkgroups.
groups with rcprcscnllltilm lr_ml
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IRIS contains summaries of EPA lion assessment, d(_se-response
qualitative and quantitative evaluation, and exposure assess-
human health infornmtion that merit to produce a synopsis and

support two of the four nlajor synthesis of ali tile data thai
steps of the risk assessment proc- sllouid contribute to a conclusion
ess as outlined by the National with regard to tile nature and

Resem'ch Council (NRC 1983). extent of the risk. This includes Quantitative htotmnhealthhazard
That process ct)nsists of four discussion of the overall uncer- infommtion,such as that in IRIS,is
major steps: hazard identifica- tainty in the analysis, including devek_ped in light of numerous

lion, dose-response evaluation, the major assumptions made, the uncertaintiesinw,h,edin risk
exposure assessment, and risk scientific judgments employed, assessment.
characterization. IRIS includes and an estimate of the degree of
inl_rmation in support of the c_mservatism involved. IRIS con-
first two of tlH_sesteps, hazard tains limited information support-
identification and dose-response ing the risk characterization slep
evaluation. Hazard identification t)l the risk assessment prcx:ess.
is the qualitative determination Thai limited inh_rmation in IRIS
of how likely it is that a sub- consists of brief statements on
stance will increase the incidence the quality of data and very gen-
and/or severity of an adverse eral statements on confidence in
health effect. Dose-response the dose-response evaluation.
evaluation is the quantitative rela-
tionship between the magnitude Data Base Contents
of the effect and the dose indue- The core _l" IRIS is the three con-
ing such an effect. In general, sensus health hazard information
quantitative human heallh hazard

summary sections: the reference
infc_rmation, such as that in IRIS, dose (Rfl)) l'_)rn_m-cancer health
is deveioped in light of BUrner- effects resulting from _ral expo-_us uncertainties inw_lved in risk

sure; lhc reference c_mcentration

assessment, including those asso- (RRC) htr non-cancer health
elated with extrapolations from effects resulting from inhalati_manimal data to humans and from

exp_sure; anti the carcinc_gen
),'li,high experimental d_ses to lower assessment I_t"b_th c_raland

experimental clc_sesto h_wer envi- inhalati_m exposure. Ali of these
r_mmental expc_sures, terms are c_m_m_mlyused l'_r

l_xpt_sure assessment is the evalu- judging lhc effects t)l lifelime
alton _1"tile ilalul'e and extent of exposure I(_a given subslallce or The threeconsen._;us tu,alth hazard

C×pi)SUrc and [he nunlbe r anti /litXIUre. inforuuttionstdtmtut_sections are."thereferencevk_se(Rfl))for non-t.atwer
types _f people exposed. IRIS In adtliti_H1,an IRIS substance healthelfectsresultingfrom oral

tl(_esnot include exp_sUl'e assess- file may include supplemental e._posure," the reference t'om:entration
ment infi_rmaticm. Combined inl'_rmali_m such as summaries (RfC)fi_r non-cancerhealth effects

resulting from inhalation exposure;
wilh specific situali_nal expo- _I heallh advisories, regulalory andthecarcinogen assessment for

sure 'S,_''a.sessnlen[' ill['()rllltllil)ll,tile actions, and physical/chelnical bothoral andinhalationexposure.
summary health hazard informa- pr_pcrties.
ticm in IRIS may he used as _me

s_urcc in evaluating p_tential Non-Cancer Health

public health risks ,,f, ,,,"f,'c,m, iAjjt_ec's Htjott"- "rma"onCllvironlllell[ al ct)llla llli ft fills.

Risk characterizali_m is the c_ml- An Rfl) is an estimate (with

bining of the hazmd identifica- uncertainty spanning perhaps an
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order of magnitude) of a daily stance or substances entering the

oral exl_sure tc.,the human p¢,pu- system. Different dosimetric
lation (including sensitive sub- adjustments are made acec,rding
groups) that is believed likely to to whether the substance is a par-
be without an appreciable risk of title or gas and whether the
certain deleterious effects during observed toxicity is respiratory

a lifetime (EI'A 1988). RflPs are or extra-respiratory. These adjust- RflPsare develol,ed byan a._sessment
developed by all assessment lllelitS scale tile concentratiem of nu, thod that assumes that there is a
lnethod that assumes thai there is the substance thai causes an dose threshold below which adverse

a dose threslloid below whicll observed effect in laboratory ani- effects willnotoccur.
adverse effects will not occur, reals (or in humans, when avail-

An RfD, which is expressed in able from occupational epide-
milligrams per kilogram per day miology studies) to a human
(mg/kg-day), is based on the equivalent concentration for
determination era critical effect ambient exposures. IRIS sub-
from a review oi ali toxicity data stance flies contain the following
and a judgment of the necessary inhalation RIC information: ref-
uncertainty and modifying fac- erence concentration summary
tors based on a review of avail- tables; description ¢,fdosimetric
able data. IRIS substance files adjustment; principal and sup-
contain the folic,wing inh_,,ma- porting studies; uncertainty and
tion pertaining to lhc oral RO): modifying factors used to calcu-
reference dose summary tables, late the RfC; a statement of confi-
principal and supporting studies, dence in the RfC; EPA
uncertainly and modifying fac- documentati¢m and review; EPA
tots used in calculating the Rfl), scientific contacts; and complete

a statement of confidence in the bibliographies for references
Rfl), EPA documentation and cited.
review, EPA scientific contacts,

and complete biblic_graphies fc_r Cancer Health Effects
rc fcrences cited, hzformation

The inhalatic_n reference cc_ncen- The cax'cin_,gen assessment of an
tration (RIC) is anal_gous to tile IRIS substance file contains
oral Rfl) (EPA 1990) and is also health hazard idenlilication and

based on tile assumption that dose-respcmse assessments devel-
thresllolds exist fc_rnon-cancer oped from pr¢_cedures outlined in
tc_xiceffects. The RfC considers the EPA Guidelines for Carcino-

t_xic effects l_r b_th the respira- gen Risk Assessn_enl (51 FR Eachcancerassessment,as a rule,is
ba,_ed on an Ageru'y docuttwnt that

tory system (p¢_rtal-¢ff-cntry) and 33992-43()03, September 24, hasreceivedexternalpeer review.
for effects peripheral t¢_the rcspi- 1986). Each cancer assessment,
ratc_rysystem (cxtx'a-respix'at¢,ry). as a rule, is based ¢_nan Agency
The inhalatic_n RfC is expressed d_cument thal has received exter-
in milligrams pcr cubic meter nal pctr review. The hazm'd iden-
(mg/cu.m). The RfL?meth¢_d tificati¢m inv¢_ives a judgment in
departs frt_lll thai used t¢_deter- the l¢_rm¢ffa weighl-¢ff-evidence
mine the caal Rfi) primarily by classificati¢_n ¢_fthe likelihood
lhc integrati¢m c_lthe anat_mical that the substance is a huhmn car-
and physioh_icai dynamics _I cin¢_gcn, lt includes the type c_l"
lhc rcspirat_ry system (i.e., ii:tta used us lhc basis _1"tile clas-
p_rtal-cff-entry) with lhc physical- silicali¢_n. "nlis judgment is made
cl_emicai pr_pcrlics _1 lhc sub- indcpcmlently _I c_nsidcx'aliems
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of the strength of the possible Agency believes thai the inclu-
response. The dose-response sion of Agency scientific con-
assessment is a quantitative esti- facts able to discuss the basis for

mate of the potential activity or the Agency's position, has been
magnitude of a substance's car- very valuable. These individuals
cinogenic effect, usually play a major role in providing
expressed as a cancer unit risk. A public access to IRIS and a con-

The Agency. believes that the inclusion
cancer unit risk is an upper- duit for valued public comment, of Agency scientificcontactsableto
bound on the increased likeli- discuss the basis fi_r the Agency's

hood that an individual will Bibliographies position, has been very. valuable.

develop cancer when exposed to IRIS contains full bibliographic
a substance over a lifetime at a citatlt, ns for each substance file,

concentration of either I micro- directing the user to the primary
gram per liter (1 lag/L) in drink- cited studies and pertinent scien-
ing water for oral exposure or 1 tific literature. One of the major
microgram per cubic meter intents of IRIS was to encourage
(1 lag/cu.m) in air Ik_rcontinuous users to evaluate the primary lit-
inhalation exposure. Generally, a erature used to develop the IRIS
slope factor for dietary use is infommtion in light of the
also given, lt is an upper-bound assumptions and uncertainties
estimate of cancer risk for underlying the risk assessment
humans per milligram of agent process.
per kilogram of body weight per

day. Supplementary Information

IRIS contains the following infor- In addition to the Rfl), RfC, and
motion in the cancer assessment carcinogenicity sections, IRIS

section: EPA weigl_t-of-evidence substance flies may contain one
classification and its basis; a sum- ()r nmre ()f three supplementary

mary of human czu'cinogenicity informati()n sections: a summary
studies when available; a sum- of un ()llice of Water's l)rinking

mary of animal carcinogenicity Water Health Advisory, a sum-
studies; a summary of other data mary of EPA regulalory actions,
supporting the classification; oral and a summary of physical/
and/or inhalation quantitative chemical properties. The only
estimates; dose-response data purpose of these supplemental
used to derive these estimates sections is us accessory informa-
and the method of' calculation; lion to the consensus heulIl_haz-

statements of confidence in mag- ard inh_rmati_,n. Since lhc Oneof the major intents oflRL_wasto
nitude of unit risk; documentu- primary intent ¢_fthe IRIS date encourage users to evaluate the

prittu_ry literature used to develop the
lion and review; EPA scientific base is to c_m_municate EPA con- IRISinfon_uaion in light of the
C(_lllacts;und c_Hnplelc bibli_g- se nsus heallh hazard in ft)rIllU- a.rsumptions and uncertainties
raphies for references cited, lion, these other sections are only underlying theriskassessttwntprocess.

included as auxiliary material to

Scientific Contacts prtwide a brt_ader prt_l]le ol'a

li is important t_)nt_te lidarin substance and arc never udtled
each of the three seclicms until at least one of the c<msen-

described ab_)ve, EPA stuff sus health hazard sections

names and telephtmc numbers tlcscribcd ab_we (namely, tile
Rf1) seclit)n, RfC secli()n, ()r cue'-arc included us scientific ctm-

lacls l'_)rfurlhcr inf_)rmali()n. The cinogcnicily sccti()n) is prepared
and apprt)ved l't)r l)nal inclusit)n
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on the data base. These supple- identify, discuss, and resolve gen-
mental sections should not be eral issues associated with meth-

used as the sole or primary ods used to estimate carcino-
source of inl'c)rmation on the cut'- genie risks l'_r specific agents.
rent status ()f EPA substance- The major outputs of the Work
specific regulations. Group are summaries of risk

information that have been pre- Thesesupplettu, ntal sectionsshould
Information Development viously developed and docu- not be used as the sole orpri,,u_.
Process mented by scientific experts in source of infon_mtiononthe current

There are Lwr)EPA work groups, Agency program and program status of EPA substance-specific

the Carcinogen Risk Assessment support oflices, and results of dis- regukaions.

Verification Endeaw_r (CRAVE) cussions of general issues in car-
and the Oral Reference Dose/ cinogen risk assessment.

Inhalation Reference Concentra- The purpose of the RII)/RfC
lion (Rfl_)/RIC) Work Group, Work C]roup is to reach consen-
that develop the consensus health sus on (_ralRllIs and inhalation
hazard information for IRIS. RfCs l¢_rn_,n-cancer chronic

Each group consists of EPA scf human health effects developed
entists from a mix of pertinent by or in support of program
disciplines and represents intra- offices and the Regions. The
Agency membership, and serves Work Group also works to
as the Agency's final review h_r resolve inconsistent Rfl)s or

EPA risk assessment informa- RfCs among program offices and
lion. When the work groups to identity, discuss, and resolve
reach consensus on the health generic issues associated with
effects inl'c_rmation and the dose- meth¢_tlsused 1¢)estimate Rll)s
response assessment fc)ra par- anti RfCs.
titular substance, the descriptive
summary is added t_ IRIS. Conclusion
Consensus generally means thal IRIS is n_t meant tc_be a compre-
no member _fffice is aware of hensive tc_xicoi_gical data base,
information thai w_ultl conflict a c_mlpendium _1 risk assess-
with lhc RII), RfC'.,or cancer ment km_wledge, nor a sophisti-
assessment, ncsr_l analyses thai cared research t_l, IRIS is
would suggest a different value primarily a ci)xnmunicati(m sys-
Ihat is more credible. Sucll assur- tem l_r lhc publication c_lEPA
ante resls (m the capabilities _)1 c(_nsensus human heallh hazard
the illdivitluals wh_ rl2preselll illl¢)l'lllalitH1. II directs users to Co_'e_,s generally ou'_ms that no

their (ffficcs; Illus, a large eff_)rl the underlying animal and t_u,mbero]fice is aware ofinfi, n_uaion
that would _'onflict with the Rfl), Rf(..',

is c_mductcd biannually to sock human tlala _)nwhich this risk
or cancer assesstttenl, nor of analyses

scierHisls wht_ark b_lh expert ixl illl'l_l'lllalil_llis based. Furlher, that wouldsuggesta different value
Ibis area _I"assessment and can IRIS consensus health llazard in- that is morecredible.

represent Iheir _ffllcc. l'_rlnati¢_nis not a ccm_pleted risk
asseSSlllenl because, altl(_llg _ther

The g(_als _I lhc CRAVE are t_
Ihings, ii c(_ntains m_specific

reach Agency c_mscnsus (_n
exp_sure assessment infc_rnmtion

Agency carcin¢_gcn risk assess-
anti, Ihus, ht) c¢_mplete risk char-merits; I_ arrive al a unified view
aclerizalicm. A risk assessment,

¢m p¢_iential cancer risk lr¢_m
cxp_sure t¢_specific subst',mces ahmg with p_litical, s_cial, and

ect_n{}mic ct_nsitlerali_t'ls, nlay he
acr_)ss A_ency l_r_graxx_s;anti l_
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one of the bases of a risk manage- Rp£rence
ment decision. Therefore, IRIS

National Research Council. 1983.information is also not risk man-
'RiskAssessment in the Federal Govern-

agement information. Finally, ment: Managing the Process." Commit-
because of the assumptions and tee on the Institutional Means for

uncertainties used in risk assess- Assessment of Risks to Public Health,

ment, IRIS consensus informa- Comission on Life Sciences, NRC.
National Academy Press, Washington, Because of the assumptions and

tion is provided with specific D.C. uncertaintiesusedin riskassessment,
caveats and should be used care- U.S. EPA. 1988. 'Reference Dose IRIS consensus information is

fully, lt requires scientific judg- [RfD]; Description and Use in Health provided with specific caveats and
Risk Assessment". Regulatory Toxicol- should be used carefully.

ment to properly use it as a tool ogy and Ptmmu_ology 8:471-86.
for making risk-based decisions, u.s. EPA.1990.InterimMethodsfor

Development of inhalation Concentra-
tions. EPAI600/8-901066A.
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II IIllllll Illl I IIll

Risk Assessment and Toxicology Databases for
Health Effects Assessment

Po-Yang Lu and John S. Wassom, Oak Ridge National Laboratory

Scientific and techmdogical developments bring unprecedented stress to our living enviromnent. Society is in the position tf having
to predict the result._ of potential health risks from technolt, gically based twtions that may have serious, fitr-reaching consequences.
The potential for error in nuda'ng such predictions or assessments is great and multiplies with the increasing size and complexity of
the problem being studied. Because of this, the avaih:bility and use of reliable data is the key to any successful forecasting effort.
Scientific research and development generate new &tta and infornzation. Much of the scientific &tta being produced daily is stored
in computers for subsequent arudysis. This situation provides both an invaluable resource and an enormous challenge. With large
amounts of govemm,,ntfimds being devoted to health and enviromnental research program._ and with maintenance of our living
environnwnt at stake we mast nu:ke nuLtimum use of the resulting data toforecast and avert catastrophic effects. Along with the
development of htrge databases have conu" various levels If accuracy. 7"hedata used in predictive studies must be accurate and
readily available. The na)st efficient tneans of obtaining the data necessa_ for assessing the health effects of chemicals is to utilize
databases and other resoun'es specifically designed and &,veloped/br this purpose. Resources available fiJr risk assessment
applications include the toxicology databases and infontuaion files developed at ORNL. 70 nu:ke the most efficient use of the
datwtinfornu:tion that has alrea_, been prepared, attention and resources sl_mld be directed toward projects that n_ticulously
evaluate the avaih:ble datt_nfornuJtion and create spe¢'ialized peer-reviewed value-tMded databas, s. l_ramples of such projects
and &_tabases include the U.S. Environmental Protection Agency _ (EPA) Gene-Tax Program tluu produces the Gene-Tax Database,
the Natiorud Libra,. of Medicine's Hazardous Substances Data Bank, and the U.S. Air Force Installation Restoration _,xicob, gy
Guide. These arm simih:r value-added toxicology &aabases were developed at ORNL and ate being nmintained and updated These
databases and stq,porting information files, as well as sotne _hJta evaluation techniques are discussed in this paper with special
focus on how they are used to assess potential health effects of enviromnental agents.

Introduction be done It, ensure that no impedi-
ments exisl tr) the ready access t,l"
thai informati_,n.

he scientific community
is one of the Itu'gest pt_,. The level of cfforl being exerted

ducers and c(,nsumers of within some disciplines (such as
information. Advances in science toxicology) to effect unimpaired
are fueled by the use of informa- and easy access to inft,rmation is
tit)n, and l_)r lhis reason its sigrfificant; however, funding fi_r
access and use sht)uld be facili- this efft_l'l is lit)| equal lt) thai Information is ac¢'umuh:ting at a rate

laled. However, significant appl_,prialctl l_,rresearch. This thatoverwhebtt_itulividualor
collective efforts tr, keep up with and

impedimet_ts exist. Ft_rirlstance, imbalance in funding ¢rcales a takeadvantage oi'it.
an intrinsic pr(_blcm lt,uching ali parath,x because increased l'uiItl-
areas of scientific cndcaw,r is ing levels l'c)rresearch mean that
that inl_)tmali_m is accumulating greater amounts of inf_wmati(m
at a rate thai twerwhelms intlivitl- will be generated and published,
ual or collective el'f_rls I_ keep Ihus _,verwhelming the access

up with and lake advanlage of ii. capabililies _I users. Hence, lhc
Because advances within a par- entities within government,
titular scientific discipline arc industry, and lhc private scolder
greatly influenced by the avail- thai fuml resctu'ch sht_uld also be

ability anti utilizati_)n t)l'cxisling mc_livatcd1_ pr_)vitlc adcqual¢
inl_rmatit)n, ii slantls lt)rcastH_ financial supptwl It,r lhc managc-
Ihal cvcrylhin_ pt)ssible sht_ultl
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ment, access, and use of the infor- Table 1. Federal laws governing exposures to toxic substances
luation derived from or gener- (grouped by year law became effective) a
ated by their research dollars.
Information facilities shown to ......................................................

be of proven value should be Legislation Agency b ....... Area of c!_ncern ........

viewed as permanent national
resources for the advancement of Food, Drug and Cosmetics Act (1906, FDA Foods, drugs, cosmetics, food

science and the understanding of 1938, amended 1958) additives, new drugs, animal and

scientific discovery, feed additives, medical sui_lies
Federal Insecticide, Fungicide and EPA Pesticides

Because information availability Rodenticide Act (1947, amended
1960, 1962, 1968, 1972, 1975, 19760

is vital to the success and 1978, 1984, 1988)
advancement of scientific

Dangerous Cargo Act (1952) DOT, USCt3 Water shipment of toxic materials

endeavors such as assessing pus- Atomic Energy Act (1946, amended NRC, DOE, EPA Radioactive substances
sible health hazards from envi- 1954, 1959, 1964, 1983, 1986,1988)

ronmental agents, it is imperative Federal Hazardous Substances Act CPSC Toxic household products

that those making decisions (1960, amended 1988)

regarding the safety of environ- Federal Meat Inspection Act USDA Food, feed, color additives a,ld

mental agents know how to maxi- pesticide residues

mize the available inlormation Occupational Safety and Health Act OSHA, NIOSIt Workplace to_ic chemicals
(1970)

resources. Access to relevant and
Poison Prevention Packaging Act CPSC Packaging of hazardous

reliable information is essential (1970, amended 1983, 1984) household products

to the proper planning and con- Clean Air Act, 1955 lamended 1963, EPA Air pollutants

duct of any research project and 1966, 1967 (called Air Quality Act),
1970, 1977, 1983. 19901

is absolutely necessary for con-
ducting health risk assessments, tlazardous Materials Transportation DOT Transport of hazardous materials

Act (1974, amended 1990)
The foundation of ali research

Water Quality (1987) (formerly Clean EPA Water pollutants
studies and health risk assess- Water Act 1948), and Federal Water

menls is the scientific literature. Pollution Control Act (1972, _unended

To obtain the experimental data 1977, 1978)

needed to make a health risk Marine Protection, Research and EPA Ocean dumping of ha_,ardous
Sanctuaries Act (1972, amended 1984, substances

assessment, one tnust either go to 1986, 1987)

the primary toxicology literature Consumer Product Safety Act (1972, CPSC tlazardous consumer producLs

or make use dfa reliable special- anaended 1981)

ized information resource. Lead.Based Paint Poison l-'revention CPSC, HtlS, llUD Use of lead paint in federally
Act (1973, amended 1976) assisted housing

This paper discusses the dilenl- Safe Drinking Water Act (1974, EPA Drinking water contanlinants

ma faced by individuals who amended 1976. 1977, 1979, 1980,

must assess humal_ Ileallh risks 1984.1986)

|'rOlllenvironmental agents in Resource Conservation and Recovery EPA Solid waste, including haTardous
Act (1976, amended 1984, 1986) waste

their quest to find quality toxicol-
Toxic Substances Control Act (I 976. EPA l lazatdous chemicals not covered

ogy illforlllalJ()ll and evaluated amended 1986, 1988) by other laws, includes premarket

data for use in assessing health review

hazards. Federal and state laws tlranium Mill Tailings Radiation EPA llranium and thorium tailings

require thai such assessments be (?ontrol Act (1978. amended 1988)

nlade (Table 1). The paper also Federal Mine Safety and Ilealth Act Ddt., N1OSil Toxic substances in coal and other(1977) mines
describes how certain resources

Nuclear Waste Policy Act (1982, NRC, EPA Radioactive wastes
thai have either been developed amended 1988)

or are available fr()ill OI_,NI.can Radon Gas and Indoor Air Quality Act !I-:PA Radon ga.sos, air pollutants
bc used to derive maximum bene- (1986)

fit eft available evaluated ¢_rpeer- continued
reviewed databases for specific
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Table 2. Sampling of secondary on-line bibliographic and/or numeric information sources containing
toxicological information

File, number of
Name records, and File description

period covered

BRS BIOSIS Previews BIOSCIENCES INFORMATION SERVICE

Bibliographic Retrieval 7,196,209 Worldwide coverage of research in the life sciences from more than 9000 journals, as well as
Services, Latham, N.Y. 1969-present monographs, reports, and symposia proceedings. Subjects include microbiology, plant and animal

science, biochemistry, botany, environmental biology, experimental medicine, genetics, public
health, toxicology, virology, and other interdisciplinary areas. Citations from both Biological
Abstracts and Biological AbstractslRRM

CA SEARCH CHEMICAL ABSTRACTS SERVICE (CAS)

8,900,000 Bibliographic data, keyword phrases, index entries, general subject headings, and CAS Registry
19o7-present Number(s) for documents covered by Chemical Abstracts Service

HAZARDLINE OCCUPATIONAL HEALTH SERVICES, INC.

4,000 substances Provides chemical names, formula, CAS Registry Number(s), Registry of Toxic Effects of

Chemical Substances (RTECS) number, physical description, chemical and physical properties,toxicology, permissible exposure levels, symptoms of exposure, disposal methods, protective

procedures, test references, government regulations, and many other areas of information on
specific chemical substances

! MEDLINE NATIONAL LIBRARY OF MEDICINE

MEDLARS On- Contains references from more than 3000 biomedical journals published throughout the world.

_. Line Monographs and conference proceedings added in 1976. Corresponds to Index Medicus. Contains
7,000,000 full bibliographic citations and index terms for ali records. Some abstracts included. SDILINE, the

1966-present monthly update to the main file, used for current awareness service

CAS ONLINE CAS ONLINE Equivalent of the printed ChemicalAbstracts (CA). Bibliographic data, keyword phrases, index
J Chemical Abstracts Chemical Search entries, general subject headings, and CAS Registry Number(s) for chemistry-related publications

Service System from in 50 languages from 150 countries. Includes worldwide patent documents. Easy crossover to the
American Chemical Chemical Abstracts CAS CHEMICAL REGISTRY

Society Service
Columbus, Ohio 8,900,000

1967-present

CAS CHEM!CAL The world's largest file of substance information, including coordination compounds, polymers,

REGISTER incompletely defined substances, alloys, mixtures, and minerals. In each record the registry number
10,000,000 is linked to molecular structure diagram, molecular formula, CA index name, synonyms, and the ten

compounds most recent references in Ci,.,,mical Abstracts. Easy crossover to the bibliographic file

DIALOG EM BASE EXCERPTA MEDICA

Dialog Information 4,311,401 Abstracts and citations of articles from over 4000 biomedical journals published throughout the
Services, Inc. June 1974-present world. Covers entire field of human medicine and related disciplines
Palo Alto, Calif.

ENERGYLINE

Comprehensive coverage of 20 different energy-re_a_.ed areas, including environmental impact

EN VIROLINE

Covers the world's environmental information by indexing and abstracting more than 5000

mternational primary and secondary source publications reporting on ali aspects of the

environment, Also includes rulings from the Federal Register and patents from the Official Gazetta

INTERNATIONAL AMERICAN SOCIETY OF HOSPITAL PHARMACISTS

PHARMACEUT- More than 650 pharmaceutical, medical, and related journals are indexed and abstracted
ICAL
ABSTRACTS

175,587

1970-present
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areas of toxicology. To properly Table 1. Federal laws governing exposures to toxic substances
locus on these issues, it is neces- (grouped by year law became effective) a
sary to look at the evolutionary
history of toxicology information
files during the last 20 years. Legislation Agency b Area of concern

Such a review provides an under-
standing of the usefulness of spe- Comprehensive Environmental EPA Hazardoussubstances,pollutants

ciflc information flies as well as Response, Compensation, and andcontaminants
Liability Act (Superfund) (1980,

the quality assurance measures amended1986)

used in their creation. The histori- AsbestosHazardEmergency Response EPA S.sbestos
cal development of toxicology Act(1986)
information resources has Emergency Planning and Community EPA _ea.ardous substances, toxic

recently been adroitly addressed Right-to-Know Act (1986) chemicals, pollutants, and

elsewhere (Kissman and Wexler contaminants
Medical Waste Tracking Act (1988) EPA Vledical waste,o

1983; Wassom and Lu 1992).
Oil Pollution Act (1990) EPA Oil pollutants in water

State of the Toxicology
Literature and Problems aAdapted from Fed. Regis. 50 (50), 10373-10374, March 14, 1985, and Environmental Laws,

Bureau of National Affairs, 1985.

of access bcPSC,Consumer Product Safety Commission; DOL, Department of Labor; DOT,

The literature of toxicology and Department of Transportation; EPA, Environmental Protection Agency: FDA, Food and Drug
Administration; HHS, Department of Health and Human Services: HUD, Department of

the information contained in it Housing and Urban Development; NRC, Nuclear Regulatory Commission; NIOSH, National

are in, 'easing at an exponential Institute of Occupational Safety and Health; OSHA, Occupational Safety and Health

ratt_ (Lu and Wassom 1985). A Administration; USCG, United States Coast Guard; and USDA, United States Department of
Agriculture; DOE, Department of Energy.

number of bibliographic and/or

numeric on-line databases are recognition came the formation
available to assist investigators of two separate Presidential Sci-
engaged in scientific research ence Advisory Committees
and risk assessment to access the (PSAC) that issued in-depth
toxicology literature (Table 2). reviews and comnlentary regard-
To obtain maximum use of these ing the current and future needs
databases, users should consider with respect to the collection,
the strengths and weal'messes of storage, retrieval, and use of sci-
each. These factors must be rec- entific and technical information. Thesereportshada profound.'.ffect

ognized to ensure the most appro- These reports had a profound on the future of toxicology

priate application of the database effect on the future of toxicology information.

to find information for a particu- information that, up until the

lm need. For example, the 1960s, was primarily library-
emphasis placed on quality con- based and scattered among sev-
trol among these databases var- e-al large-scale multidisciplinary
ies. Rigid quality assurance indexing and abstracting services.
guidelines are not part of the These include Chemical

operational procedures of most Abstracts, Biological Abstracts,
databases, handicapping their Index Medicus, and Excerpta
(:ffective use. )_,1edica.A I)SAC report publish-

cd in 1963 entitled "Science,
Evolution of Toxicology Governmen!, and Information"

Databases stated, 'q"he technical community

During the 1960_, toxicology must recognize that handling
became recognized as a science tct.,.,_.,, mt(, m,atJon is a wo_tj,>,

- in its own right. Along with this and integral part of science"

,i
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Table 2. Sampling of secondary on-line bibliographic and/or numeric information sources containing
toxicological information

File, number of
Name records, and File description

period covered

LIFE SCIENCES CAMBRIDGE SCIENTIFIC ABSTRACTS

COLLECTION Abstracts of worldwide literature in the fields of animal behavior, biochemistry, ecology,
1,254,581 entomology, genetics, immunology, microbiology, toxicology, and virology

197g-present

MEDLINE See entry under BRS system

NTIS The National Technical Information Service (NTIS) is the central source for the public sale and
dissemination of U.S. government-sponsored research. The database consists of unclassified
government-sponsored research, development, and engineering reports, as well as other analyses

prepared by government agencies, their contractors, or grantees. The database corresponds to
Government Reports Announcements & Index.

OCCUPATIONAL U.S. NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH TECflNICAL

SAFETY AND INFORMATION CENTER

HEALTH (NIOSH) Includes citations to more than 400journal titles as well as over 70,000 monographs and technical
162,316 reports
1973-present

POLLUTION Pollution abstracts is a leading resource for references to environmentally related technical literature
ABSTRACTS on pollution, its sources and its control. Produced by Cambridge Scientific Abstracts, the database

corresponds to the printed Pollution Abstracts.

SCISEARCH INSTITU'IE FOR SCIENTIFIC INFORMATION

10,029,029 Multidisciplinary index to the literature of science and technology, including animal and plant

1974-present science, biochemistry, drug research, experimental medicine, and microbiology. Unique feature is
indexing cited papers. Corresponds to the printed Science Citatiott_ Irulex

MEDLARS CANCERLIT NATIONAL CANCER INSTITUTE

National Library of Cancer Literature Cancer therapy and chemical, physical, and viral carcinogenesis from Carcinogenesis Abstracts and
Medicine 806,157 Cancer Therapy Abstracts

Bethesda, Md. 1963-present

MEDLINE See entry under BRS system

RTECS NATIONAL INSTITUTE OF OCCUPATIONAL ItEAL'I'H AND SAFETY

100,000 chemicals Provides chemical names, formula, CAS Registry Number(s), RTECS number, physical description,
chemical and physical properties, toxicology, permissible exposure levels, symptoms of exposure,

disposal |nethods, protective procedures, test references, government regulations, and many other
areas of information on specific chemical substances

TOXNET A computeriz_ed system consisting of a collection of selected toxicology-oriented databases and

"lbxicoiogy Data information files.
Network Environmental Mutagen Information Center _MIC) File

Environmental Teratology Information Center fETIC) File
Development and Reproductive Toxicology (I)ART) File
Hazardous Substances Data Bank (HSDB)

Chemical Carcinogenesis Research Information System (CCRIS)
I I.S. Environmental Protection Agency Genetic Toxicology Database (Gene-'lbx)

Registry of Toxic Effects of Chemical Substances (RTECS)
Directory of Biotechnology Information Resources (DBIR)

"lbxic Chemical Release Inventory (TRI)
IJ.S. Environmental Protection Agency Integrated Risk Information System (IRIS)
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Table 2. Sampling of secondary on-line bibliographic and/or numeric information sources containing
toxicological information

File, number of
Name records, and File description

period covered

TOXLINE An extensive collection of toxicology information with references to human and animal toxicity
Toxicology studies, effects of environmental chemicals, pesticides, and pollutants, adverse drug reactions, and
Information On- analytical methodology. Abstracts and/or indexing terms included in addition to full bibliographic

Line citations. Information derived from secondary sources and special collections of material:
Current File: 1981- Environmental Mutagen Information Center (EMIC) File

present Environmental Teratology Information Center (ETIC) File
> 100,000 Epidemiology Information System (EPIDEM)
Backfiles Federal Research in Progress CFEDRIP)
(TOXBACK): 1980 International Labour Office (CIS)

and International Pharmaceutical Abstracts (IPA)
older material > NIOSHTIC (NIOSH)
1,160,000 Pesticides Abstracts (PESTAB)

Poisonous Plants Bibliography (PPBIB)
'Ibxicity Bibliography (from MEDLINE) (TOXBIB)

Toxicology Document and Data Depository (NTIS)
Toxicological Aspects of Environmental Health (BIOSIS)

Toxicology Research Projects (CRISP)
Toxic Substances Control Act Test Submissions (TSCATS)

TOXLIT and A collection of bibliographic citations and abstracts assembled by the Chemical Abstracts Service

TOXLIT 65 under the title of Chemical-Biological Activities (CBC). The specific focus of this collection is the

pharmacological, biochemical, physiological, and toxicological effects of drugs and other
chemicals

ORBIT PESTDOC DERWENT PUBLICATIONS LIMITED

System Development approximately Covers worldwide journal literature on pesticides, herbicides, and plant protection. Includes
Corporation 300,000 analysis, biology, chemistry, and toxicology

Santa Monica, Calif. 1968-present

RINGDOC DERWENT PUBLICATIONS LIMITED

Pharmaceutical Covers scientific journal literature on pharmaceuticals. Specifically designed to meet the
Literature information requirements of manufacturers. Includes papers from over 750 worldwide journals
Documentation

approximately 1.2
million

1976-present

VE'I"DOC DERWENT PUBLICATIONS LIMITED

Veterinary Covers journal literature concerning developmenL_ and usage of drugs, hormones, vaccines,
Literature growth promoters, etc., in farm and domestic animals. Includes analysis, chemistry, therapeutics,

Documentation pharmacology, toxicology, and management
approximately
96,000

1968-present
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(President's Science Advisory 1980; Akland and Waters 1983;
Committee 1963). In 1966, the Lu and Wassom 1985). The

PSAC published another report majority of the current toxico-
on the "Handling of Toxicologi- logical information files are
cal Information" (President's Sci- literature-based or oriented
ence Advisory Committee 1966). toward specific subject matter
This report defined toxicology such that a single record equals a

The notab& developnuents in this area
information as "Ali inlbrmation published paper, have been supported by

unprecedented quantum leaps in
descriptive of the effects of Other types of toxicological data- electronictechnoh_gy.
chemicals on living organisms or bases are available that are con-

their component subsystems" structed around a specificand further indicated the neces-

sity of a "... computer-based subject, such as a chemical. In
comprehensive exhaustive sys- such a file, a single record equals

one specific chemical. Such
tem for storage and retrieval of chemical-oriented flies can be
valid information on the interac-

classified as (1) numerical/tion between chemicals and bio-
factual_records contain data

logical systems." that has been peer reviewed or
These two reports set the direc- (2) numerical/factual_records
tion and development oftoxico- contain data that has not been
logical databases during the two peer reviewed. Examples of
decades since their publication, these two classificati(Jns are the
Correlated with the increased Hazardous Substances Data

need for and use of computerized Bank (HSDB) and lhc Registry
toxicology databases has come of Toxic Effects of Chemical
the appearance and proliferation Substances (RTECS) [TOXNET
of computer software and hard- 1991], respectively. These files
ware to facilitate manipulation of are discussed more fully in a
information in these dalabases, later secti_)n.

The notable developments in this
The variety of toxicology infor-

area have been supported by mation files and the increasing
unprecedented quantum leaps in number of computerized
electronic techn_logy. Furlher retrieval systems presents users
details regarding the evolving with two major problems: (1) the
nature of toxicolc;gy databases rapidly growing volume of acces-
and information flies are pro- sible literature and (2) the incom-
vided in anc_ther paper in these
symp(_sium pr_ceedings (Was- patibility c_fthe various com-

puter flies. To these two prob- 7"twmajority of the current

stm and Lu 1992). iems we add a Ihird, quality toxicok)gical informationfites areliterature-based or oriented toward

Types of Toxicology Databases assurance that will always be the specific suhjet'tmatter.
and Information Resources mc_stcritical and controversial of

ali.
As sh¢)wn in Table 2, an aITay of
loxic()h)gical and chemical infc)r- H_)wcan these pr_)blems be over-
marion resources arc available come Ic_maximize available

l¢_rthe researcher. Tlacsc resc_urces'?Fc_rIc_xic_logy, this
res_urces have been calal_gued can _mly be achieved by using
in other publicali_ns, and ti_e lh_se les(_u[ces thai have proven
reader sh_uld c_)nsull these publi- utility and mcril, in the f()llow-
cuti(:_ns!',._ra mc_rc ,c,,_mplete!i:;t ing :_ccti_ns we suggcs! ways t_
ing (Kissman 198(); Wass_m maximize lhc t_xicol_gy infor-
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mation resources now available, genicity, developmental toxicol-

Currently, only a small number ogy, or terato_enicity. These
of peer-reviewed or value-added sources are shown in Table 3 and
databases exist that are useful to are described in the following
individuals interested in the areas section.

of genetic toxicology, carcino-

Table 3. Short-term bioassays reviewed by the Gene-Tox Program

Assays Detecting Gene Mutation

Salmonella typhimurium (histidine reversion test) -- use of one or Chinese hamster ovary cells in culture -- gene mutation at HGPRT
more of the five standard strains (TA98, TA 100, TA 1535, TA 1537 locus

and TA 1538) Mouse lymphoma (L5178Y) cells in culture -- gene mutation at TK
Escherichia coli WP2 -- reverse mutation studies locus
Escherichia coli WP2uvrA -- reverse mutation studies Chinese hamster lung cells in culture -- gene mutation studies, ali lot

ttost-mediated assay studies Drosophila melanogaster-- sex-linked recessive lethal test

Body fluid assay -- urine Mouse spot test
Saccharomyces cerevisiae -- forward mutation studies Mouse specific locus test -- ali tests
Saccharomyces cerevisiae -- reverse mutation studies Plant gene mutation studies -- grtmping of tests with Arabadolxsis,
Schizosaccharomyces pombe -- forward mutation studies GIycine, tlordeum, Tradescantia, and Zea mays

Schizosaccharomyces pombe -- reverse mutation studies

Aspergillus -- forward mutation studies
Aspergillus -- reverse mutation studies

Neurospora crassa -- forward mutation studies
Neurospora crassa -- reverse mutation studies

Assays Detecting Chromosomal Effects

Saccharomyces cervisiae -- aneuploidy studies Mammalian cytogenetics -- ali male germ cell studies

Aspergillus--aneuploidy studies Mammalian cytogenetics -- in vivo oocyte or early embryo studies
Neurospora crassa -- aneuploidy studies Micronucleus test -- mammalian polychromatic erythrocyte assay, ali
Plant chromosome studies -- grouping of tests with Allium, Hordeum, species

Tradescantia, and Vicia Micronucleus test -- plant

Drosophila melanogaster aneuploidy studies -- whole sex chromo- Micronucleus test -- in vitro mammalian cell culture studies, nonhu-
some loss man

Drosophila melanogaster aneuploidy studies -- sex chromosome gain Micronucleus test -- in vitro human lymphocyte studies

Drosophila melanogaster aneuploidy studies -- sex chromosome loss Dominant lethal test -- rodents
Drosophila melanogaster heritable (reciprocal) translocation test l leritable translocation test -- rcxlents
Mammalian cytogenetics -- ali in vitro cell culture studies, nonhuman Mammalian cytogenetic.s -- in vitro cell culture studies, human

studies Mammalian cytogenetics -- in vitro lymphocyte or leukocyte studies,

Mammalian cytogenetics -- ali in vivo bone marrow studies, nonhu- human
man studies Mammalian cytogenetics -- in vivo bone marrow studies, human

Mammalian cytogenetics -- ali in vivo lymphocyte or leukocyte Mammalian cytogenetics -- in vivo lymphocyte or leukocyte studies,
studies, nonhuman human

Assays Detecting Other Types of Genotoxic Effects
Escherichia coli polA (W3110-P3478) -- ali tests without $9
Escherichia coli polA (W3110-P3478) -- ali tests with $9 Effects on mammalian sperm -- mouse sperm morphology studies
Bacillus subtilis rec (HI7-M45) -- spot test Effects on mamnmlian sperm -- rabbit studies

Bacillus subtilis rec (H 17A-45T) - spot test Effects on mammalian sperm -- mouse, FI assay studies

Saccharomyces cerevisiae -- gene conversion studies Unscheduled DNA synthesis in mammals -- in vitro studies, human

Saccharomyces cerevisiae .-- homozygosis studies through diploid fibroblast
r,.,-_,mbination Sister chromatid exchange -- in vitro studies, human cells

Aspcrgdltts -- crossing-over studies Sister chromatid exchange -- in vitro studies, human embryonic lung
Unscheduled DNA synthesis in mammals -- studies with rat primary fibrobhLsts (WI-38 cells)

hepatocytes Sister chromatid exchange -- in vitro studies, human lymphocytes
IJnscheduled DNA synthesis in mammals -- studies with mou.se germ Sister chromatid exchange -- in vivo studies, human lymphocytes

cells Effects on mamnalian sperm -- humlm studies

Sister chromatid exchange _.L'in vitro studies, nonhuman

Sister chromatid exchange -- in viw_ studies, nonhuman

Effects on mammalian sperm -- rat studies
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Table 3 (Continued)

Assays Detecting Cell Translbrmation and Carcinogenicity

Cell transformation studies -- BALB/c-3"I3 cells Cell transformation studies -- AKR/ME cells (mouse embryo cells)
Cell transformation studies I C3tl/10T1/2 cells Cell transformation studies J SA7/SHE cells (Syrian hamster embryo
Cell transformation studies -- mouse prostate cells cells)
Syrian hamster embryo m clonal assay Cell transformation Studies -- SA7/RAT cells (Fischer)

Syrian hamster embryo -- focus assay Mammalian carcinogenieity -- animal in vivo studies, nonhuman
Cell transformation studies -- RLV/! 706 cells (Fischer rat embryo

cells)

Value-Added or Peer- on chemical records in the

Reviewed Toxicology RTECS file,

Databases In the initial phase (Phase I) of
the Gene-Tox Program, 23 pan-U.S. EPA Gene-7ox Database
els (each consisting of 5 to 10 sci- TtwGene-TbxProgram is a systematic

Perhaps tile best illustration or entists) reviewed the existing evaluationof selected short-term

perspective on the issue of qual- literature from QRNL's Environ- bioassaysfor detecting mutagenicity

ity within the realm of tile cur- mental Mutagen Information and presumptive carcinogenicity.

rent toxicology literature comes Center (EMIC) information file

from the EPA's Genetic Toxicol- through mid-1979 and prepared
ogy (Gene-Tox) Program reports on the applicability and
(Waters and Auletta 1981). The perl_)rmance of each selected bio-
Gene-Tox Program is a system- assay (Table 3). The data were

atic evaluation of selected short- edited and placed in a computer
term bioassays for detecting file. During subsequent phases of
mutagenicity and presumptive Gene-Tox (l'hases II and III)the
carcinogenicity. Sponsored and literature through 1990 was
directed by the ()fl]cc of Testing reviewed l'_)rselected assays. To
and Evaluati_ within the EPA date, information on over 4600
()ffice of l'eslicid,cs and Toxic different chemicals has been
Substances, the EI'A uses Gene- entered into the database. The

Tox as a resc)urce in establishing distribution of tht_secompounds
standard genetic testing and among the various short-term

evaluation prc)cedures for the bioassays (64 genetic toxicology
regulation of toxic substances, and 9 cell transl_rmation)

Gene-Tox als_ helps tc_deter- reviewed by Gene-Tox is spo- lnJk,mzation on over 46(X)different
clu'tnicals has been entered into the

mine tile dil'¢Clion c)l"research radio. S_llle bi_assays have Gene-7'oxdatabase.
and deveh_pment in the field of results _m less than ten com-
genetic tc_xic_logy (Russell ct al. p_unds (e.g., lhc in viw_ sister
1984, l:lrusick and Aulelta, 1985, chrt_malid exchange test with
l)earfield ct al. 1991). human lymph_cytes has only

The Gene-Tox database, a prod- _me), whereas other bioassays,such as the Ames/Salmonella
uct of the Gene-'l_)x Program, is
now available on-line through tesi, have more lhan 2()00. Evalu-
the National IAbrary _f Medi- aled in viv_ carcin_genicily

resulls _n 392 comp_unds are
cine's TOXNET syslem (Vasta als(_ available in the (_ene-Tc)x
and Wexler 1985), ll_lk_rmatic_n file.
li'c)m(;ene-T_x is als_ included

in chemical rcc¢_rds ¢_1HSI)I_, The structural classil]cati_m ¢_I"

and local_r tags are alst_ placed ali (;ene-T_x evaluated com-
p_a_,nds,as they _ccu_ within a
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given bioassay, show an erratic lack of published data to prop-
clustenng pattern with respect to erly evaluate test results. These
their common structural charac- authors, in a survey of the litera-

teristics. This clustering or ::listri- lure, found that papers often
bution, of course, varies with omitted certain key information

respect to the number of corn- necessary for readers to make an
pounds tested in each bioassay, independent evaluation of the The criteria used for each specific

During the Gene-Tox process, reported results and conclusions, bioassay reviewed by Gene-lbx truty
some provocative insights into An appeal was issued to authors, be found in the variouspublished

the quality of the literature were reviewers, and journal editors to panel reports.
revealed, lt was shown that most recognize this problem and insti-

tute measures to correct it. Pri-
journals failed to maintain a
strict editorial policy with marily because of the Gene-Tox
respect to format, data presenta- Program's review of the 1960-
lion, and the inclusion or refer- 1979 literature and subsequent

recommendations on assay proto-
encing of key or essential

cols and data reporting, the per-
inlbrmation elements regardi ng

centage of literature published
such obviously vital items as spe-
cific details of agent(s) tested, during the 1980-1988 era and

used by Gene-Tox to update
control data, experimental results from the 1980-1988 lit-
design, and/or protocol used. erature for several selected
Because of these deficiencies,

only 52% of the papers reviewed assays increased noticeably. 75to 90% of the literature was used
were used in Gene-Tox; it is

indeed interesting that almost compared to the dismal showingof 8 to 25% from the 1969-1979
half (48%) of the literature was, literature.
for one reason or another, not

used. Some of the papers in this During the current update (Phase
latter category were not used III) of the Gene-qbx Program,
because they were either written panels of scientists are critically
in a foreign language, n_t pub- evaluating the reports published
lisl)ed in a refereed source, or did by the program for each bioassay
not contain original data. The and comparing the test results
majority, however, did not meet between specific assays or assay

lhc rigid criteria established by groups on a chemical-by- Panelsof scientists are critically
lhc various Gene-Tox review pan- chemical and cllenlical class evaluating the reportspublished by the
els. The criteria used I'()reach basis (Ray ct al. 1987). For this program for each bioassay and
specific bioassay reviewed by evaluation, attempts will be comparing thetest resultsbetween

,wecific assays or assay groups on a
Gene-Tox may be found in the made to deterxnine tile sensitivity chemical-by-chemical and chemical
various published panel reports of the tesls to specific classes of class basis.

li)r each bioassay. The number of chemicals and to itler)lify major
papers used varied with each strengths and weaknesses ()f each
panel and bioassay. For example, bi(mssay. The database resulting
the Chinese hamster ()vary fr(m) the Gene-Tox Program is
(CHO) cell gene mutation panel the mt)st comprehensive toilet-
used only 8% of the papers lion of evaluated genetic toxicol-
screened (Hsie ct al. 1981). ogy data available. Work is

under way to keep this database
l)cMarini and Shelby (1984)
recently commented on the state- updaled at regular intervals will)
_,q-the-scientific !itera!urc "_..n.dIbe material screened from papers in

tl_eEMIt..: tile selected l:rom the
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current literature. Thus far, tile on chemicals for which M¢)no-

Gene-Tox Program has evaluated graphs have already been pre-
over 46(R_1chemicals as tested in pared and/or new principles Ibr
1 or more than 23 genetic toxicol- evaluation become available,
ogy bioassays, reevaluations may be made at

subsequenl IARC meetings. If

btter,tational Ageno, for the new evidence warrants, TheIARCMonographs summarize
Research on Cancer Monographs revised Monographs will be evidence for the carcinogenicity of

In 1971, the Internatit real published, individualchemica&.

Agency for Research on Cancer The IARC Mom_graphs are dis-
(IARC) initiated a program to tributed internationally to govern-
evaluate the carcinogenic risk of mental agencies, industries, and
chemicals to humans (Tomatis scientists. They are also offered
1988). The object of the program lo any interested person through
was to provide government World Health ()rganization publi-
authorities with expert indepen- cation _utlcts.

dent scientific c_pinions regard- Through August 1991 52 w_l-
ing environmental carci no-

umes of the Monographs and ser-
genesis through the publication

eral supplements had beenof critical reviews of carcino-

gcnicity and related data. The published. These w_iumes con-tain indexes both for chemical
aim of IARC is to evaluate possi- name and molecular fornmla as
ble human carcinogenic risk well as Chemical Abstracts Serv-
from detailed review and analy-
sis of pertinent literature. IARC's ice Registry Number(s). Morethan 960 chemicals or chemical
work is partially funded by the
National Cancer Institute. groups were reviewed by IARC

thrcmgh monograph w)l. 52. Car-
The IARC Mcmographs summa- cinogenicity evaluations have
rize evidence for tim carcino- not been made on all the cllemi-

genicity of individual chemicals cais reviewed because either no
and other relevant infc_rmation data were available or the data

on the basis of data c_mTpiled, available to IARC were judged

reviewed, and evaluated by a inadequate for evaluali_m. Spe-
working panel of experts, l'ri<_r- cialized infc_rmation files and

ity ix given to chemicals, groups databases developed at ORNl.,,
of clmmicals, _t industrial proc- sucll as EMIC, tile Environ-

esses for which there is at least mental Teratoh_gy Information
s_mm suggesli_m of carcinogenic- Cenler (ETIC) file, and the Gene-

ity, either frolll evidence of T_x database, are used routinely Morethan960chemicalsor chemical
hunlan exposure and/or observa- by IARC ill the production of gro_q_swerereviewedby IARC.
lions in animals, li sh_mld he their m_mographs.
e_qlr,l:a,,,,ized that tile inclusion of

In a survey _I"751 users c{m-
a p_u'ticulm"c_)mp()und in an

ducted ill January 1991, someIARC wflume d_es not necessar-

ily mean thai il sll{_ultlbe ctmsid- interesting facts regarding use _I"
tile moru_graphs were _btained.

ered carcim_genic tu_r does the
The mt)sl imp_)rlanl uses _)fthefact that a chemical is absent

lrcml an IARC review imply lhai m_m_graphs are ( 1) a source of
ii is n{_ta carcim_genic llazartl, cpidemic_h_gical studies (68%);
As new data bectm_e available (2) a general _werview _1carcin_-

genicity (03';4,),(3) detailed inl_r-
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matio,, on animal carcinogenic- prehensive Environmental
ity sludies (57%), (4) detailed Response, Compensation, and
information on other toxic Liability Act (CERCLA) of 1980
effects (48%), (5) an overview of (Superfund) and the Superfund
data on other toxic effects (34%), Amendment Reauthorization Act

(6) background inlormation for (SARA) of 1986.

regulatory action (32%), and (7) These records contain 140 different
application of evaluation in regu- Table 4. Data elements of toxicity/ dataelenu,nts.groupedintoten
latory action (18%). Overall, biomedical effects of the llazardous categories,

71% of the individuals surveyed Substances Data Bank, National
found the monograph a useful Library of Medicine
source of information (Vainio,

Toxicity summary
H., personal communication to Toxichazardrating

John S. Wassom, September 5, Antidote & emergency treatment
1991). Medical surveillance

Toxicity excerpts
Hazardous Substatlces Data Batik ltumantoxicity excerpts

Nonhuman toxicity excerpts
The Hazardous Substances Data

Bank (HSDB), formerly called ToxicityvaluesItuman toxicity values
the Toxicology Data Bank, was Nonhumantoxicity values

originated by the National Ecotoxicity values

Library of Medicine (NLM) in Minimum fatal dose level
the early 1970s. HSDB is a Populations at special risk
numerical/factual database com- Pharmacokinetics

Absorption, distribution and excretion
posed of over 4300 comprehen- Metabolism/metabolites
sive chemical records (Oxyman Biological half-life

et al. 1970, Vasta and Wexler Mechanism of action

1985, TOXNE F 1991). These Interactions

records contain approximately ..................................................................

140 different data elements, The information used in an
which are grouped into ten care- I-ISI)I_ record is selected from

gories and administrative infor- secondary sources such as stand-
marion. These categories include ard reference books, handbooks,
pharmacological and toxicologi- criteria documents, and mono-

cal data (e.g., LDs0 values), envi- graphs and is supplemented with
r()nmental and ()ccupational information ft'ore other on-line
information, manufacturing and databases, such as T()XI_.INE,
use data, regulatory information, etc. The data extracled from sec-

and analytical meth()ds, as well ()ndary s(')races""are reviewed
Data extracted from seconda rv sources

as information on the chemical quarterly by a scienlilic review are reviewedqmJrterly bya scientific
and physical properties of each panel (SRI') of experts convened reviewpatu, l.

chemical. Components included by lhc NI_M. Members of tlm
in lhc t()xicoh)gy category are SRI' are professional t()xic()lo-

sh_)wn in Table 4. Substances gists, industrial hygienisis, and
selected for HSI)B include l_igh- environmental engineers ft'ore
volume producti_m c_rexposure academia or industry. Additional
clmmicals, drugs and pesticides information from pertinent litera-
cxllibiting potential toxicity _)r ture (secondary or primary and
adverse effects, and (_lhcr sub- c_msensus statement) may be
stances subject to regulati_m selected/developed by the SRI'
under '*'".,_provisi_m:q _f the Com
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and incorporated into an HSDB viding concise, easily accessible
record to ensure that the record data useful to environmental

contains the xnost relevant and engineers precede detailed envi-
ac:curate information known ronmental and toxicological
today. Readers cat] obtain further review sections. These sun]ma-
information on HSI)B or ries include chemical names and

TC)XNET by contacting Special- synonyms, registry numbers; Oneof the objectives is toevaluate
ized Information Service, Toxi- physicochemical data; infi_rma- the healthhazards associatedwith
cology Information Program, tion on reactivity and handling acturalor potential contamination of

National Library of Medicine, precautions; soil-water persist- drinking water supplies.

8600 Rockville Pike, 13ethesda, ence; pathways of exposure;
Ml_)20894. health hazard data; environ-

mental standards and criteria;

The U.S. Air Force htstallation and state, l'ederal, and European
Restoration Toxicology Guide Economic Community regula-

The Toxicology Guide was spot- tory status.

sored by tile U.S. Air Force. A The toxicology review sections
collaborative effort with the for each chemical in the IRP

Harry G. Armstrong Aerospace Toxicology Guide include
Medical Research l.aboratory at detailed information on acute,

Wright-Patterson Air Force Base subclu¢mic, and chronic toxicity
resulted in live, peer-reviewed data, as well as information on

volumes, written and compiled developmental toxicity, geno-
by technical staff of the Biomedi- toxicity, and carcinogenicity.
cai and Environmental Inform]- Environmental information for

lion Analysis Section of the each chemical encompasses envi-

Health and Safety Research l)ivi- r()nmental fate and exposure
sic)n of ()ak Ridge National Lab()- pathways and fate and transp()rt
rat_)i'y, in soil/groundwater. A section on

()no of the objectives _l"tile U.S. biological monitc_ring for eacl]
Air Force lnstallati_m P,_'st_ra- metal-ccmtaining ccmlpourld is

irlclutled. Compounds wereti_n Program (IRl') is to provide
individuals responsible for the included in this w_lume based on
management and implementation production w_lume and usage,

existing regulatory c_ncern for_I the IRP with inl_rmation to
evaluate lhc heallh hazards ass(_- the specific C(_lllp()und, and tile Tta" toxicology review section._"itu:lude

elated with actual (_rp_tential available l(_xic(_l(_gicdata. detailedinfonnation on acute,subchronic, and chronic toxicity data,
C_)lllaminaliorl c_I drinking water lnl_rnlalicm (_11tile U.S, Air as well as information on

supplies. Volumes 1 througll 4 of F_u'ce IRP T_xicology Guide develoHru'ntal t._icity, genotoxicity,

the U.S. Air Felt'ce IRl' Toxicol- may be obtained lr_m: Han'y (;. andcarcitu,genicity,

_gy (;uide c_mtain inlk_xxn',ltion Armstr_mg Aer_space Medical
_)t_70 chemicals anti c_mTplex Reseax'ct'_l.ab_)ratory, Human
mixtures _I envir_mnlenlal c_m- Systems l)ivision_ Wright-
cern t_ tile I.d.S.Air Ft_rcc. V_I- l'attcrson AFB, ()H 45433-6573,

ume 5 _f the IRP T_xic_l_gy _r lli_metlical and Environ-

(_uide c_nlains similar inl'_rma- mental inI'_rmali_m Analysis,
tion on seven metals and _wex" Health and Safely Reseax'ch l)ivi-
8() environmentally significant si_n, ()ak Ridge Nati_nal l+abora-
c_mpounds ct_nl;.tining Ihest: reel- t_ty, ()uk Ridge, TN 37831-6(15().
als. i)ala sttmmary st:clients pr_-
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Teratology/lkevelopmental than ever to answer such ques-
Toxicology tions as, How do we extrapolate

No specific evaluated or peer- animal data for human applica-tion? and How do we conduct a
reviewed database for teratology

valid predictive study?
or developmental toxicology
comparable with those Ibr Evaluated data should be the

genetic toxicology or carcino- basis of predictive scientific
genicity is available by which efforts and must be a part of any Wefind ourselves struggling with the

questionsofhowto interpret
individuals can access test results database building/maintenance information.
on specific agents. There is a effort. We have addressed the
clear and urgent need for a value- issue of evaluated data and infor-

added database for teratology or marion resources for the field of
reproductive and developmental toxicology, specifically for three

toxicology that is structurally of its major components -- gene-
similar to the Gene-Tox data- tic toxicology, carcinogenicity,
base. Until this happens, indi- and teratology. ORNl_,, through
viduals who need to access development of specialized
evaluated data from these areas value-added information sys-
of research will have to rely on terns, is contributing signifi-
review articles, book.,;, IARC cantly to the process of

Monographs, or the primary providing knowledge bases for
literature, specific toxicological disciplines

by addressing the problem of
Summary and duplication of effort and the sav-

Conclusion ing of resources (such as time
and money). Unfortunately,

With today's high-tech communi- because funds for the mainte-
cations systems saturating us nance of these databases have

daily with enormous amounts of been reduced, the ability to make
information from around the factual health risk assessments is

world, it is very easy to suffer in jeopardy. Those who need
ft'dm information overload. We access to reliable data/informa-

find ourselves struggling with tion must ensure that funding for

the questions of how to interpret the development of specialized Because fi4nds for thetpufintenanceof
information. What does it mean (value--added and peer-reviewed) thesedatabasestuJvebeen reduced,

lc)rus? What should we do about databases and/or information the ability to makefiwtuai healthrisk

ii? How do we discern high- files is propoiaional to that allo- assessmentsis injeopardy.
quality from lesser-quality infor- cared for research. Table 5 lists

marion? Particularly in the scien- key resources that we recom-

lil]c arena, the daily production mend for use in accessing toxi-
_I data is enormous and the need cology inlbrmati(m.
for lfigh-quality data is greater

I
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Table 5. Recommended sources a for accessing the toxicology literature

Genetic toxicology
Recommended source lhr access to primary literature

Environmental Mutagen Information Center flies available through the National Library of Medicine's
(NLM) TOXNET system (74,(XX)records). This file covers literature published from 1968-1991

Recommended source Ibr evaluated (peer-review) data
a. Gene-Tox through NLM's TOXNET system (4600 chemicals)
b. International Agency for Research on Cancer Monograph, Supplement 7, 1987 (950 chemicals)
c. Hazardous Substances Data Bank ( 4200 chemicals)

Teratology/reproductive/developmental toxicology
Recommended source Ibr access to primary literature

Environmental Teratology Information Center liles available through the NLM TOXNET system Ibr litera-
ture published from 1950-1987 (46,000 records); literature published since 1988 may be obtained from
NLM's Developmental and Reproductive Toxicology file, also available on TOXNET

Recommended source for evaluated (peer-review) data
Although several books and monographs are available summarizing experiments, no comprehensive peer-
reviewed computerized database is publicly available currently (through 1990). However, selected studies
that derive health risk assessment parameters arc compiled by the U.S. Environmental Protection Agency's
(EPA) Office of Health and Environmental Assessment's Chemical Unit Record Estimates Database. Cur-
rently, this is an internal EPA file

Carcinogenicity
Recommended source Ibr access to primary literature

No specific inlbrmation file dew,ted solely to this area of research is available. Bibliographic information
is found scattered throughout numerous biological-oriented information files

Recommended source for evaluated (peer-review) data
a. International Agency for Research on Cancer monograph (52 volumes covering over 960 chemicals)
b. Gene-Tox database available ihrough the NLM TOXNET system (392 chemicals)

General toxicoh_gy
Recommended source l_r access to primary literature

NLM's T()XLINE and TC)XI+lT systems

Recommended s_urce for evaluated (peer-review) data
a. Hazardous Substances Data Bank available through lhc NI.,M TOXNET system
h. U.S. Air Force Installation Rest_ration Toxicology Guide, available through DTIC No. Vol. 1:
AI)A219797, Vol. 2: AI)A214999, Vol. 3: ADA215(_)I, Vt>l.4: ADA 215002, and Vol. 5: ADA 238093

(Vc_lumcs 1-4 covers 70 organic chemicals and Vt>lume 5 ctwers 6 metals wilh 87 environmentally signi_
cant metal-containing compounds)

;tF_r un explanati_m _l the inI't_rmali_m files, tlalubases, _r c_m_puler systems refelxed t_ in this table, see
Table 1.
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II I I

EPA and the Federal Technology Transfer Act:
Opportunity Knocks

Annette M. Gatchett, Larry Fradkin, Michael Moore, Thomas Gorman, and Alan Ehrlich,

U.S. Environmental Protection Agency

In 1986, the Federal Technology Transfer Act (FTrA ) was established to promote a closer, collaborative relationship between
federal government agencies and the private sector. With the increasing need for new cost-effective technologies to prevent and
control pollution, both the U.S. Environmental Protection Agency (EPA) and private industry are encouraged to facilitate the
transfer of knowledge and technology under this Act. The FTTA removed several of the legal and institutional barriers to
cooperative research that existed before the Act's passage. Through the FTTA, the government strives to promote the movement of
its products, processes, skills, and knowledge into the private sector for further development and commercialization by encouraging
the exchange of technical personnel and the sharing offacilities and other resources. Collaborative efforts between industry,
federal agencies, and academia are made possible through cooperative research and development agreements (CRADAs).
Forty-two CRADAs and five licensing agreements have been initiated with EPA under this program. This paper provides an
overv&w of this new and innovative program within the EPA.

Introduction Innovative technologies may
flow in either direction between

Both federal agencies and the government and the private

sector. EPA's FTI'A program rec-
the private sector find an ognizes that exciting and innova-increasing need for new

cost-effective technologies to pre- live research is being performed
vent and control pollution. In the in private, as well as agency labo-

ratories. Through the FIT& thepast, however, legal and institu-
tional barriers have prevented governmen, strives to promote

the movement of its products,government and industry from
collaborating in the development processes, skills, and knowledge
and marketing of these technolo- into the private sector for further ThroughtheFTTA,thegovernment
gies. The FFFA 1986 (P.L, 99- development and commercializa- strives topromotethemovement of its

502) established a program tion by encouraging the prodacts, processes, skills,and
designed to promote a closer, col- exchange of technical personnel knowledge intotheprivate sector for

laborative relationship between and the sharing of facilities and further development andcotmnercialization by encouraging

federal government agencies and other resources. By permitting theexchange oftechnicalpersonnel
the pooling of resources with andthesharing of facilities andotherthe private sector. Under the

I-"qTA, each governmental industry, universities, founda- resources.
lions (profit and nonprofil), andagency that conducts research is
other federal, state, and local gov-encouraged to facilitate the trans-
ernmcntal agencies, the federal

lcr of knowledge and technology
to the private sector. In the EPA, government is seeking to over-

come many of the barriers thatthe Office of Research and
have impeded the development

Development's (ORD) Office of and commercialization of
Technology Transfer and Regula-

federal ly-developed, innovative
tory Support (OTTRS) is re,_spon-
sible for implementing the PTI'A. technologies in the past.
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Participation in the FITA pro- • The Bayh-Dole Act of 1980.
gram can benefit many parties

• The Federal Tectmology
and allow the private sector to Transfer Act of 1986.
become more competitive in
both domestic and international • Executive Order 12591,

markets. The I_qTA tlas encour- April 10, 1987, as amended by
aged federal laboratories to Executive Order 12618,

7]_e FTTA has encouraged federal
assess the scientific and commer- December 22, 1987. laboratoriestoassessthescientific

cial potential of their ongoing The Stevenson-Wydler Act andconmzercialpotential of their
ongoing and planned projects to

and planned projects to deter- required ali federal agencies con- determinewhethera privatesector
mine whether a private sector ducting research and develop- organization might be interestedin
organization might be interested ment to include teclmology entering into a collaborativeeffort.
in entering into a collaborative transfer in their mission, lt also
el'Iota. The collaboration, which

required federal agencies to
may involve the conception establish an Office of Research
and/or development of an idea or

and Technology Applications to
invention, is usually fornmlized identify technologies and ideas
by tile signing of a CRADA. with potential applications in
CRADAs are one of the primary other settings. The Bayh-Dole
mechanisms through which the

Act pernutted government-
exchange of infornmtion and owned laboratories to grant
technology takes place under the

exclusive licenses to patents andI-,TI'A. CRADAs often contain
permitted universities, non-

provisions regarding licensing of
profit, and small businesses to

the final product. Licensing of an obtain titles to inventions devel-
innovative technology may take

oped with government support.
place independenlly of a The third statute, the Federal
CRADA in accordance with the

Technology Transfer Act of 1986
Bayh-Dole Act of 1980 and the

amended the Stevenson-Wydler

t_TI'A" Act and empowered federal agen-

Federal Technology ties to give their laboratory direc-
tors authority lo enter into

_'_lransjer Act CRAI)As. The CRADA could
include advance agreements onSince its inception, EPA's mis-
title and license to inventions

sion has been to protect human
health and the environment. No resulting from the CRAI)A,

tq'TA also required thai a signifi-other department or agency of
cant pollion of license royaltiesthe federal government has this
be paid t_ federal laboratoriesfunction as a prilnary mandate.

As an institution, EPA is largely and their emph_yee inventors
cc)ncerned with fulfilling regula- whether tile invention came out 7"Iu,FTI'AaL_opromotesof a CRAI)A or was licensed colhHmrationbetween federal
I()ry l'unclions Ihal have been agencies and govermtu, nt-operated

ll|andated by federal legislation, using tile procedure of tile Bayh- h_boratoriesand other governnwnt
I)ole Acl. Tile I'T_A als_ pro- arulnongovernmententities.Tim EPA I_q'TAprogram is based
tn_tes c_ll aberration bet ween

primarily on three pieces ¢_Ilegis-
federal agencies and gCwernment-lali_m and lw_ execuli,ve _rtlers:
t_peratetl laboralories and olher

® The Slevet_son-Wytllcr Tech- gtwernmenl and ntmgtwernmenl

nology Inmwalicm Act t)f entities. Tim primary mechanism
1980. through which such collabora-

li_m takes piace, the CRAI)A,
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was established by the I-'TTA. FTTA AgreementsExecutive Order 12591, as

amended by 12618, reiterates the EPA has been entering into coop-
purpose and goals of the FTI'A. erative agreements with other

agencies and organizations for

Scenarios of Technol- years. These cooperative agree-

ogy Transfer ments have been a prime funding UnderEPA's FTTA program,
vehicle between EPA's ORD co-development of technologies by

Under EPA's FITA program, laboratories and nonprofit organi- governmentandtheprivate sector can
co-development of technologies zations. However, CRADAs takeplace in a variety of ways.

by government and the private authorized by FTTA are an
sector can take place in a variety entirely new kind of cooperative
of ways. For example, technolo- agreement.
gies developed entirely in EPA

A CRADA is an agreement thatlaboratories can be transferred to

the private sector for further provides a written and legalframework for collaborative
development and/or commerciali- efforts between federal laborato-
zation. Also, technologies con-

ries and private sector coopera-
ceived or developed in the tors. CRADAs are one of the
private sector may be further
developed or improved upon primary mechanisms throughwhich collaboration between the
jointly by EPA and the coopera-
tor using EPA and cooperator government and the private sec-

tor takes piace under the FTTA.personnel, equipment, and facili-
As previously mentioned,

ties if the development work is
CRADAs permit EPA Labora-within the mission of the labora-
tory/Office Directors to pool

tory. Likewise, technology co- resources with state and local
developed by both the govern-

governments, universities, andment and the private sector can
private industry to develop or tobe further developed and com-
extend federally funded technolo-mercialized by private industry.
gies to the commercial market-

In each of these scenarios, the piace. In addition, a concept or
EPA and the cooperator could technology that a cooperator
enter into a CRADA, which originates may be developed or
would set forth the terms of the extended through the use of a
collaboration. The CRADA is an CRADA.

adaptable document; the specific
terms will vary with each col- Under the Bayh-Dole Act, EPA

• _. may also enter into licensinglaborative ellc ft. For example,
EPA may share technical exper- agreements Ibr the commercial
rise, facilities, equipment, sup- marketing of independently Thelicensingactivityisprimarilya
plies, or any combination developed, federally-owned tech- businessactivity and thefinal, written

thereof, with the cooperator. The nologies. The licensing activity recordisa legal documentcalleda
cooperator may provide the same is primarily a business activity licensing agreement.

and the final, written record is a
resources to the government, and
also has the option of providing legal document called a licensing

agreement. A license represents adirect funding to a particular pro-
contractual business relationship.jeer. The go,,ernmenl, however,
between a seller (EPA), who

is not permitted to provide direct
authorizes a buyer to use tile

funding to the co¢_perat(_r, seller's invention or intellectual
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property rights. Most often in the rights to market and commer-
commercial arena, this transfer cialize new technologies
of intellectual property rights is developed through .joint
tbr financial gain. Whether a research.

licensing agreement evolves • Agreement flexibility•t'rom a CRADA or from inde-
CRADAs are flexible enough

pendently developed federally- to fit the goals of many differ- UnderEPA's FT,rAprogram,
owned technologies, FrFA ent sizes and types of compa- however, the overriding goal is the
requires the return of royalties to niPs. development and application of
the laboratories for technology environmentally-beneficial products
transfer activities, and to the • Decentralized structure. The and technologies.

inventors. FTI'A gives authority to Labo-
ratory/Office Directors for

Advantages to administering the program.

CRADAs This accelerates the agreement
process.

There are many advantages to
industry in signing a CRADA or Current Program
licensing agreement. These agree- Information
ments make possible the sharing
of technical expertise, equip- Since 1989, EPA's FTrA pro-
ment, facilities and supplies, gram has been expanding rap-
Under EPA's FIq'A program, idly. To date, 42 CRADAs and 5
however, the overriding goal is licensing agreements have been
the development and application signed. Tables 1 and 2 are lists of
of environmentally-beneficial the present participants. The list
products and technologies, of agreements includes the lead

laboratory within EPA, the coop-

CRADAs provide the following erator and a brief description of
advantages" the technology being transferred.

• Access to high-quality science Currently, approximately 25
tlu'ough EPA's 12 research CRADAs and 5 licensing agree-
laboratories. Many of these ments are in negotiations.
laboratories offer an attractive

A variety of organizations partici-combination of world-class
pate in this program. Participants

personnel with state-of-the-at1 encompass a broad range of
equipment and full), permitted organizations Iiore private indus-
facilities, try, academia, and trade associa-

® Expanded working relation- t.ions. Figure 1 represents the
ships between EPA and the pri- types of organizations working
vate sector. Interaction with us. The majority of partici- As we lookaheadat theeconomic
between tile two parties pro- pants are small and large size growth withinour m_tion, thereis a

buslnes_ es. Many companies are faced with ttwvides a stx'onger knowledge •' • "s _" need for stability and competitiveness.

base for problem solving capa- lack of resources, suchas scientific

bilities during tectmology FTTA and the Future expertise in a particular field, or highly
_ specialized equipment.

development. As we look 'ahead at the eco-

. Exclusive agreements for nomic growth within our nation,

developing new technologies, there is a need l'or stability and
-_ .11, ° " • • • •Companies, under some c_ xnpetntxveness. Many compa-

CRADAs, are given exclusive niPs are faced with the lack of
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Table 1. Signed FTTA Agreements--U.S. EPA Cooperative Research and
Development Agreements (CRADAs)

Office/Lab Cooperator Technology/Purpose of CRADA

ORD/HQ Exxon Corporation, USA Development and demonstration of the feasibility of accelerating
the rate of biodegradation of oil spill residues on Alaskan Shores

ORD/OEETD/AEERL ABB FLAKT, Inc. Development of absorbents for air pollution control technology

ORD/OEETD/AEERL iAladdin Steel Products, Inc. Further the development and commercialization of an EPA-patent
for gas-enhanced woodstove technology for reducing emissions

into the atmosphere

ORD/OEETD/AEERL Nalco Fuel Tech, L.P. Determining the sulfur dioxide and nitrogen removal efficiency by
the EPA-patented calcium-based and urea-based sorbents

ORD/OEETD/AEERL Nalco Fuel Tech, L.P. Development of a combination Selective Catalytic
Reduction/Selective Non-Catalytic Reduction process for nitrogen
oxides emissions in combustion effluent

ORD/OEETD/RREL Chapman, Inc, Use of EPA's mobile in-situ soil containment technology for
treating hazardous wastes

ORD/OEETD/RREL Cold Jet, Inc. Evaluate dry ice particle blasting and other abatement processes
for the removal of lead paint

ORD/OEETD/RREL Drysdale and Associates, lhc. Development and evaluation of automatic sensors and data

acquisition equipment for drinking water treatment plants

ORD/OEETD/RREL Levine-Fricke, Inc. Lab and pilot scale study of biodetoxification waste treatment

technology for degrading solid

ORD/OEETD/RREL Lewis Publishers, Inc./CRC Press, Inc. Development of a cost and performance model for safe drinking
water clean-up technologies

ORD/OEETD/RREL Vulcan Iron Works, Inc. Use of EPA's mobile incinerator for destruction of hazardous
wastes

ORD/OEETD/RREL Water Quality Association Evaluation of a home water softener on the corrosiveness of water

ORD/OEPER/CORVALI.IS-ERL Niagara Mohawk Power Company Use of a Biological Earthworm Assay to evaluate the efficiency of

a thermal desorption technique

ORD/OEPER/RSKERL Coastal Remediation Company Development of bioremediation process to remove alkylbenzene
contamination through injection into subsurface of a nutrient mix

ORD/OEPER/GULF BREEZE, FL- Electric Power Research Institute Identification of a bioremediation technique to remediate mercury
ERL contaminated freshwater environments

ORD/OEPER/GULF BREEZE, FL- Southern Bioproducts, Inc. Development of microbial isolates to degrade toxic chemicals
ERL

ORD/OEPER/GULF BREEZE, FL- Southern Bioproducts, Inc. Performance of research on bioremediation of wood treatment
ERL waste sites

ORD/OHP-,JHERL E.I. DuPont de Nemours and Company Visual function research testing of a mixture of aliphatic dibasic
esters

ORD/OHR/ttERL Pathology Associates. Inc. Use of the SENCAR Mouse Assay for identifying complex
mixtures in drinking water treatment plants

ORD/OHR/HERL Spiral Systems Instruments, lne. Development and utilization of automated and semi-automated

microbial mutagenicity assays

ORD/OMMSQA/AREAL Autoclave Engineers, Inc. Development and/or improvement of methods that use
programmable pyrolysis for the analysis of trace organic species
that occur in a condensed or other phase in the atmospheric
environment

ORD/OMMSQA/AREAL Dow Corning Corporation Investigation of environmental effects on damage to coatings and
sealants used on automotive products

ORD/OMMSQA/AREAL Ford Motor Company Use of EPA's Environmental Chamber Facility for evaluating
effects of environmental fallout on automotive products

ORD/OMMSQA/AREAL Frandon Enterprises, lhc. Development of a tesi kit method for lead

ORD/OMMSQA/AREAL Georgia Institute of Technology ltydraulic model study for improved ocean outfall design at
Boston ttarbor

ORD/OMMSQA/AREAL NuTech Coq_oration Design, development, production, and testing of automated gas
chromatographic injection equipment to determine organic
compound.s in ambient air

(continued)
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Table 1. Signed FTTA Agreements--U.S. EPA Cooperative Research and
Development Agreements (CRADAs)

Office/Lab Cooperator Technology/Purpose of CRADA

ORD/OMMSQA/AREAL Perkin-Elmer Corporation Development and improvement of physical and chemical methods

for trace contaminant analysis, automated canisters sampling for
gaseous contaminants, and diffusion monitoring technologies

ORD/OMMSQA/AREAL Rohm & Haas Company Paint substrate exposure study using covering-spray devices

ORD/OMMSQA/EMSL-CI American Water Works Association Biotechnology and tissue culture methods for monitoring viruses
Research Foundation in ground water

ORD/OMMSQA/EMSL-CI Fisher-Scientific Company and R.T. R&D of solid matrix quality control samples
Corporation

ORD/OMMSQA/EMSL-CI NSI Technologies, Inc. R&D of liquid organic standards and preparation, verification,

distribution, and stability of these samples

ORD/OMMSQA/EMSL-CI Perkin-Elmer Corporation Development of sampling methods for the PCR technology

ORD/OMMSQA/EMSL-CI Spex, Inc. R&D of inorganic reference materials and preparation,
verification, distribution, and stability of these materials

ORD/OMMSQA/EMSL-CI Supelco, Inc. R&D of liquid organic standards and preparation, verification,

distribution, and stability of these samples

ORD/OMMSQA/EMSL-CI Ultra Scientific, Inc. R&D of organic reference materials and preparation, verification,

distribution, and stability of these samples

ORD/OMMSQA/EMSL-LV Dow Coming Corporation Use of EPA's Indoor Air Chamber to test a Dow-developed
instrument

ORD/OMMSQA/EMSL-LV Fiber Chem, Inc. Development of fiber optic chemical sensors

ORD/OMMSQA/EMSL-LV Hewlett-Packard Company Development of advanced laboratory instrumentation for exposure
;analysis

OAR/NVFEL & US CAR Ehv. Res. Consortium (Ford, i Develop new technology to identify evaporative emissions and
ORD/OMMSQA/AREAL GM, Chrysler, Navistar) and State of CA hat'd-to-detect low-level exhaust emissions from cars and trucks

OSWER/OUST _In-Situ, Inc. Development of a field method for testing soil and water for VOCs

OSWER/OUST OEETD/RREL Shell Oil Company Evaluation of vacuum extraction technology for USTs

OW/OGWDW/TSD CH2M Hill Southeast, Inc. Use of EPA mobile packed column air stripping technology for
treating drinking water contaminants

Table 2. Signed FTTA Agreements--U.S. EPA LICENSING AGREEMENTS

Office/Lab Cooperator Technology

ORD/OEETD/AEERL ABB FLAKT, Inc./University of Texas Licensing of absorbents for air pollution control technology

ORD/OEETD/AEERL GenLime Group, L.P. Licensing of Limestone Injection Multistage Burner process for

reducing sulfur emission from coal plants

ORD/OEETD/RREL Boyle Engineering, Inc. Licensing of EPA patent on butylamine group-containing ion
exchange resins for water purification

ORD/OEPER/Athens Bio-Rad Laboratories, Inc. l.icensing of method for interfacing between a liquid chromatograph

and a mass spectrometer for conditioning liquid stream from the

chromatograph to the spectrometer

ORD/OEPER/GBERL SBP Technologies, Inc. Licensing of two EPA-patents on biological relnediation of creosote-

and similarly-contaminated soil and ground water

200 Access/Use Info Resources Assess He'alUlRisk Chem Exp,as'93



resources, such as scientific

expertise in a particular field or

highly specialized equipment.
Partnerships among industry, aca-

demia, and the federal govern- small business
ment bridge the gap between the

market oriented private sector academia
and the environmental protection

prospective of EPA. Industry trade associations
often lacks resources, such as

time and money, for the develop-
ment of new technologies. This,
in turn, may impede or inhibit medium business
the development of a viable tech-
nology. If the U.S. is to become large business

more competitive internationally,
our industries, universities, and

the federal government must join
forces and work together toward

a common goal. The FTrA per-
mits speed in development and Fig. 1. Types of FITA agreement cooperators.
commercialization of innovative

technologies. In our changing
world and economy, this is cru-

cial to our economic growth and
stability.
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Information Resources for Assessing Health
Effects From Chemical Exposure: Office of
Pesticides Programs

Penelope Fenner-Crisp, U.S. Environmental Protection Agency

The U.S. Enviromnental Protection Agency (EPA) Office of Pesticide Programs is trying to develop a complete picture dfa
chemical's toxicity and exposure profile, lt is also important to share information in the office 'stiles because pesticides,
particularly as a conseqt¢nce of agricultural use, find their way into places not necessarily intended.

IFRA 88 refers to the last fewer than expected based upon
time major amendments preliminary evaluations.
were made to the Federal

Insecticide, Fungicide, and The room next to my EPA office
Rodenticide Act. FIFRA 88 con- contains the world's mother lode

rains some significant directives of toxicology data: the largest
for the Environmental Protection database in the world on human

Agency (EPA). Over the last 20 health effects of pesticides. My
years, Congress has asked EPA colleague, Anne Barton, has the Wemust identify the data gaps that
tOre-register ali pesticides that same sort of information avail- areinadequatelyfilled.
had been registered prior to able to her on environmental fate
November 1984. Re-registration and ecological effects. I think the
was attetnpted in 1972 and 1976, only other database that might
both times with meager results, closely compare in size is that of
In 1988 Congress "asked" again, the World Health Organization's
but this time mechanisms were Expert Panel, which derives

included to acquire financial sup- Acceptable Daily Intakes for pes-
port Ibr resources. They also ticides. This is part of the work
gave a time frame in which to of the Joint Meeting on Pesticide
accomplish this task; it must be Residues in cooperation with the
complete by 1997. This means Food and Agricultural Organiza-
we must identify the data gaps tion in recommending Maximum
that are inadequately filled, lt Residue Limits (international

also means thai registrants of pes- food tolerances) to Codex Ali- Thelargest database in theworld
ticide products will have to gen- mentarius Commission. on humanhealtheffects of

crate new data as appropriate. You would think that ali of this pesticidesis locatedatEPA.

The agency then must review information ought to be more
these new data and prcwide an than enough for the Program to
opinion regarding the validity of make decisions with respect to
the data with respect to continu- the registration, re-registration or
ing registration of the product, cancellation of the uses of a pesti-
We started out with about 80(1 cide. Generally, the Office has

active ingredients but now are had a relatively parochial attitude
down to close t_)half of that, on thai p(_int. Little information
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in addition to the industry- and during the year I have been
sponsored data has been consid- in the Office of Pesticide Pro-

ered and integrated into our risk grams, I have prompted interest
The Special Review pr_u:ess, which

assessments and regulatory deci- in them among my co-workers. may lead to the banning or
sions. This practice may be saris- We are gathering this informa- cancellationof a chemical, tends to
l:actory for registration purposes tion for incorporation into the focus on older chemicals.
because usually, there are few database comprised of data sub-
data available from outside mitted to us by the registrants, lt
sources on the new(er) chemi- is also important, as the law per-
cals. However, the re-registration mits, for us to share information

process covers only those pesti- in our files with the rest of you
cities registered before 1984. The because pesticides, particularly
Special Review process, which as a consequence of their agricul-
may lead to the banning or can- tural use, find their way into
cellarion of a chemical, also places not necessarily intended.
tends to focus on older chemi- We also find them at waste sites

cals; thus, additional information such as Superfund sites. We find
on these is likely to exist. We them as a result of agricultural
receive many new studies during run-offin our surface waters, and
the course of re-registration and in groundwater, whether or not it
we often must ask for new data is being used Ibr drinking water.
in the Special Review process. So, certainly other program
Even so, to conduct a high- offices in EPA and our sister Fed-
quality risk assessment we must eral agencies, as well as the state
consider not just the sponsor's and local governments, have sig-

data, but also information on the nificant interest in both the toxic- lt is important for us to share
chemical from other sources as ity and environmental fate of infortm_tion in ourfiles because
well as data on agents in the pesticides. We hope to soon pro- pesticides find theirway into
same chemical class to use for vide that information to you in a places not necessarily intended.

structure activity analysis, more expanded manner than we
have in the past, and we canlt is important that we develop a

complete picture of a chemical's gather from you the information
toxicity and exposure profile. 1 you may have collected, particu-
see it as a challenge to us in the lady on exposure, to assist us in
OI'lice of Pesticide Programs to developing sound regulatory

decisions.
make use of the many data bases
described during the last few
days. I have been aware of them,
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Air Risk Information Support Center

Chon R. Shoaf and Daniel J. Guth, U.S. Environmental Protection Agency

The Air Risk lnfortm_tion Support Center (Air RISC) was initiated in early 1988 by the U.S. Environmental Protection Agency's
(EPA) Office of Health and Environmental Assessment (OHEA ) and the Office of Air Quality Planning and Standards (OAQPS) as a
technology transfer effort ttmt would focus on providing information to state and local environmental agencies and to EPA Regional
Offices in the areas of health, risk, and exposure assessnu'nt for toxic air pollutants. Technical information is fostered and dissemi-
nated by Air RISCs three primar), activities: (I) a "hotline," 12) quick turn-around technical assistance projects, and (3) general
technical guidance projects.

Introduction health effects and risk assess-
ment questions as well as needs

I!1985, EPA announced its Ibr quick turn-around technical
ational Air Toxics Strat- assistance projects. The Air

gy, which included provi- RISC "hotline" is also a data- Technicalinformation is fostered
sion of technical assistance to base for general technical guid- anddisseminatedby AirRISC'sthree primary activities.

ance projects. Quick turn-aroundstate and local agencies; Air
teclmical assistance projects areRISC is a formal mechanism for
usually more limited in theirprovision of this assistance (Guth

and Victery 1989). Air RISC is scope of health effects and expo-
sure population. General techni-managed by a steering committee
cai guidance projects include acomposed of 6 voting members
wide variety of activities in riskfrom OAQPS, 5 voting members

from OHEA, 1 voting member assessment, risk communication,
and training.from the Center for

Environmental Research lnforma- "Hotline"
tion, and 1 advisory member
each from the Health Effects The Air RISC "hotlinc" provides

Research Laboratories, state and an initial quick response t_

local agencies, regional offices, inquiries Iiore state and local
and the EPA library. The steer- agencies and EPA Regional
ing committee chairperson is Offices. Responses are based on
rotated yearly between the Envi- health and exposure information Responses are basedon healthandexposure information available
ronmental Criteria and Assess- available lluough the expertise of through the expertise ofAirRlSC
ment Office at the Research Air RISC staff, resources (docu- staff, resources(documems,

Triangle Park (ECAO-RTP) and ments, databases, and library), databases,and library), and

OAQPS. and contractors. Experts in a contractors.
variety of areas can answer ques-

Technical information is fostered tion,_ft-cml the caller directly or
and disseminated by Air RISCs provide the appropriate informa-
three primary activities: (1) a lion resources. Calls may also be
"hotline," (2) quick turn-around referred to other EPA staff mem-

technical assistance prc_iects, and bets with the appropriate
(3) general technical guidance expertise. The "hotline" oper-
projects. "llae "holline" provides ales Monday through Thursday
inquirers with quick rcsl_mses on from 8:0{) a.m. to 5:(X)p.m. and
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Friday from 8:00 a.m, to 4:00
p.m. Anyone on the staff of a
?-x:aior state air pollution control _ ,"

agency or in the EPA Regional ' il '! 3 [ 0 .

inquiries. _ / " _ 4,
j 7 l 1 ! 1 , 2 ,2 _

"Uotline" calls m'elogged into a : ] [ / l 1 1 @7_
database by the receiving EPA ' " / 1 , 9 - '_ 11 "{ ) ' ' '( 7," 23'_ 2{DC)staff member. Information stored '_ 55 ",, I. ¢ 5

includes the date of request; the ', ,,,_ , i .. _ . ' " r...', 25'i'
staff member receiving the call; " 10 ] --] _ ' " 12 .(

\, / 6 / ] 1 _ / 1 '_ '. - '--. ', ._lai i \ "-7the requestor's nanle, address, af-

filiation, and phone number; the .,/ , t /-- i 1 [ s " s I
11( '. _', ",

type (state, local, or federal) of ',, 11 \ "'.... 22 _ , !2 /call; the subject and pollutant of ,.' \ ' ..

concern; the completion date; ' _\ \ / "/

hours to complete; and an ab- l .._ ",..... , _
stract of the call. The abstract in- 6 t
eludes a narrative description of .......
the call along with pertinent
names, telephone numbers, and
copies of con'espondence gener-
ated by the call. The database is Fig. 1 l.ltilization of Air RISC by state agencies February 1988fl_rough
used to store information and as May t199()'
an infommtion resource, lt can agencies from 25 states made /

be used to save time and provide inquiries of Air RISC. There /7 consistency when responding to were I(X)2 calls from state, kx:ai,
similar requests, lt is also used and Regional Offices, repre-
as a management tool l_r review- senting 89% of the total calls.
ing and reporting the status of Air Thus, the clientele for Air RISC

RISC calls, description of clients is largely, as intended, state and Thegreatestnumber¢fquestions

which use Air RISC, the subject local agencies and EPA Regional aboutsingle chemicalsconcerned
of calls, and lime spent by EPA Offices. dioxins,asbestos,benzene, styrene,

fomuddehyde, methyk,ne chk_ride,
staff supporting Air RISC. Fig- The greatest number of questions chromitun, hydrogen sulfide, arsenic.
urc 1 shows the number of Air about single chemicals concerned aM miru, ralfil,ers.

RISC cases by type IYom its dioxins, asbestos, benzet e, sty-• , ,I,l_ ,

inception tc)May 1990. During rene, fornmidehyde, methylene
this period, scientists at (,)HEA chloride, clu'omiurrL hydrogen
and OAQPS resl'xmded to 1131 sulfide, arsenic, and mineral ft-

Air RISC calls from ali sources, bers. Questions regarding com-
State agencies made the greatest plex mixtures were asked most
use of the service, l.tx:al agency frequently, however. General
anti EPA Regional ()tlice use is questions _mhealth effects, car-
about equal, but less than state cinogenic unit risk estimates,
agency use. Air RISC utilizatitm documents, t)r regulatory status
by state over the same period is were als() asked frequently.
shown in Fig. 2. States with very

active air pollution ctmtrol efforts The "hotline" has identified vari-
made more requests lt) Air RISC ous quick turn-around tectmical
as indicated by lligher numbers assistance projects needing ct)m-

on the nmp. Seventy-three 1()cal pletion, and the "hotline" data-
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base has been used to identify
general technical guidance pro-

Air RISC Cases by Type:assessment that need to be

addressed to meet the needs of February 1988-May 1990
tl_estate, local, and Regional
Oilice requestors (inter alia, tire
burning and asphalt fumes). , ........................................................

Quick Turn-Around Federal J

44

Technical Assistance
1

Regional 196
In some cases,an in-depth evalu-
ation or retrieval of information

may be more helplhl than a rapid State 613
response. In such cases, detailed

tecimical assistance projects may Local 193
be required. If resources and
time are adequate, such projects
will be initiated. Technical assis- Other mm 85
tance projects can be carried out Jim......... _..............._1.................,...............L........ _..............,........ J
in the following subject areas: o 100 200 300 400 500 600 700

assistancei n understanding expo- Number of Cases
sure and risk assessmentmethod-

,,

ologies; review and interpre-

tation of toxicological literature; Fig. 2. Air RISCcasesby type.
and review of site-specific expo-
sure assessments, risk assess-

mcnts, or bt_th for adequacy of * Hexachlort_butadiene_health
methods used and related inter- effects

pretation features. • Triethylamine_health effects

The Air RISC quick restxmse pro- , Coal dust_health effects .4 list of some of the projects
ject mechanism typically utilizes using quick response by Air RISC.
contractors when EPA staff are * Butyl cellusolve_health

effects
not available to do the necessary

research or review. EPA staff • Review of aluminum facility
then review the contractor's prod- health/risk 'assess"-n'_ent_plan
ucts. These projects are most

• Review of toxicity of alkanesoften generated by "t+otline" re-
quests. The following is a list of and alkenes

some of the projects using quick , Chemical carcinogenicity data
response' from Kentucky Air Toxics Pro-

• Review of draft health impact gram
protocol from incinerati_m in • Review of risk assessment

Quincy, Massachusetts work plan fi_t"point sources -

• Comparisem ¢_tupper bound Chattanooga, Hamilton County

confidence limit and maxi- * Review _l'exposure assess-
mum likeliht_od estimate ment l_rii_m t_l gast_line docu-

• Review of carNm disulfide mcnt

d_x:ument for Virginia
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• Review of exposure assess- reviewed, but additional emis-

merit portion of gasoline docu- sions data and dose-response ,
ment relationships are needed.

• Review of New Hampshire Based on a request by Region 8,
method for deriving ambient Air RISC performed a risk
air guidelines assessment pertaining to a steel

• Summaries of toxicity data for mill in Utah. Joint participation Generaltechnicalguidance projectsare
7 chemicals for Oregon State by CTC involved characteriza- of broad reaching toxicological,

tion of emissions from integrated exposure,or riskassessment concern.
agency steel mills. A document describ-

General Technical ing the steel-making process,

Guidance Projects process stream emissions, andcancer and noncancer health
The third major purpose of Air effects of the emissions was

RISC is the completion of t_en- prepared.

eral technical guidance projects. Air RISC is also involved in tech-
These projects are of broad reach-

nical guidance projects such asing toxicological, exposure, or
risk assessment concern, and producing a Glossary. of Terms

Related to Health, Exposure, and
sometimes are pert0nned with Risk Assessment. This document
the joint collaboration and sup-
port of the Control Technolog) is a resource for state, local, and
Center (CTC). Regional Office personnel who

deal with toxic air pollutants. A
Air RISC and the CTC supported Directory. of Information
a project for the State of Flor- Resources Related to Health,

ida's Department of Environ- Exposure, and Risk Assessment
mental Regulation on emissions of Air Toxics was prepared by
and health effects of burning agri- Air RISC to assist state, local,

cultural black plastic. Test and Regional Office personnel.
burns, emission sampling, and Air RISC also offered three-day
simulated burnings were funded workshops on risk assessment
by CTC, and Air RISC funded and risk communication for stale

the mutagenicity testing of the and local air pollution control

emissions by the Ames test. No agency personnel. The work-
mutagemc potential was found in shops provided sessions on

the vapor or particulate emis- health anti exposure assessment,
sions, but concentrated extracts toxicology, and risk assessment.

of the particulate sample were More in-depth sessions cover pul-
moderately mutagenic. Muta- monary toxicology, inhalation Workshops providedsessions on

genie potential was similar to reference concentration (Rf C) healthandexposureassesstnent,
toxicology, and risk assessment.

emissions from residential wood methodology, noncancer risk
burning as determined from the assessment, pharmacokinetics,
literature, and the most recent agency con-

Air RISC supported a project cepts in cancer risk assessment.
wluch reviewed the health effects hnportant concepts in risk com-

of asphalt fumes. CTC provided munication, such as public
information on asphalt produc- inw_ivement, explanation of tech-

nical issues, risk perception, con-tion and emissions according to
its use. The heallh effects of ducting public meetit,gs, and

dealing with the media were alsoemitted chemicals were
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covered. Based on the premise resource requirements. Air RISC
that odor or sensory irritation is also supporting a project that
may be related to pulmonary will provide g_idance to agen-
damage or damage to other cies for including risk communi-
organs, a project characterizing cation and public involvement as
the odor threshold, sensory irrita- pan of air toxics programs.

lion, and critical target organ of A project to provide guidanceto
several hundred air toxics was References state and local air pollution

started by Air RISC. Guth, D. J., and W. Victery. 1989. officials whoperform site- specific
Air Risk Information Support Center risk assessments for point sources

A project to provide guidance to StatusReport, February 1988-June is underway.
state and local air pollution offi- 1989,U.S.EnvironmentalProtection

cials who perform site-specific Agency, Air Risk Information Support

risk assessments for point Center, Research Triangle Park, NorthCarolina, EPA 450/3-89-32.
sources is under way. Carcino-
genic and noncarcinogenic risk
assessment methodologies will
be outlined with areas of conflict
and unresolved differences in

methodologies resolved by pres-
entation of various options and
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I I Illl III

Chemical Substructure Analysis in Toxicology

Robert O. Beauchamp, Jr., Center for Information on Toxicology and Environment

A preliminary examination of chemical-substructure analysis (CSA) demonstrates the effective use of the Chemical Abstracts
compound connectivity file in conjunction with the bibliographic file for relating chemical structures to biological activity. The
importance of considering the role of metabol& intermediates under a variety of conditions is illustrated, suggesting structures that
should be examined that may exhibit potential activity. This CSA technique, which utilizes existing large files accessible with enline
personal computers, is recommended for use as another tool in examining chemicals and drugs.

hemical Substructure chemical structure can affect the
Analysis (CSA) has biological activity. CSA may
become a highly employ many techrfical disci-

sophisticated procedure as illus- plines including organic chemis-

trated by its use in the field of try, medicinal chemistry, Important chemiCalstructural
toxicology and other biomedical molecular modeling, pharmacol- features sh'mid be consideredwhere
disciplines. If a chemical, drug, ogy, biochemistry, pharmacoki- chemicalbondsare disrupted and
or pesticide is modified during netics, pathology, and veterinary new structures formed that maybind

to biological substrates such as
use or exposure, the intermedi- and human medicine. Some of proteins, by enzymatic coupling,
ates become part of the analysis, the principal benefits from CSA oxidation-reductionreactions,or

For example, in pharmaceutical of test compounds under various acidbaseequilibrium.

or toxicological research, chemi- experimental or environmental
cals are exposed to different conditions are to (1) predict
kinds of biological media and chemical conversion, (2) deter-
may be subject to metabolic con- mine chemical reactions, (3) elu-
version. CSA techniques in toxi- cidate metabolism, and (4) relate
cology are similar in many chemical structure to biological
aspects to development of a novel activity.
drug in which a basic chemical
structure of a known drug may be
changed to yield a more active
and efficacious product. Chemi- CHEMICAL SUBSTRUCTURE ANALYSES
cal structural features of test com- IN TOXICOLOGY

pounds may vary with functional

groups, physical dimensions, BENEFITS
hydropathicity, electrophilicity,
nucleophilicity, or susceptibility • PREDICT CHEMICAL CONVERSION
to enzymatic modification, to • DETERMINE CHEMICAL REACTIONS
mention a few. These are impor-
tant features to consider where • ELUCIDATE METABOLISM

chemical bonds are disrupted and • RELATE CHEMICAL STRUCTURE TO BIOLOGICAL
new structures formed that may ACTIVITY
bind to biological substrates such
as proteins, by enzymatic cou-
pling, oxidation-reduction reac-

tions, or acid base equilibrium. Fig. I. Benefits of chemic'&substructure analysis.
Such alterations of the basic
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In the early analytical stages of fields of the separate records
CSA, after establishing the exact along with the substructure
structure of the model test com- searches giving the user a very
pound and any contaminants, the l_werful tool. The foregoing
potential metabolic sequence record fields that contain dil'fer-
should be delineated in order to ent terms can be utilized in prepa-
lbcus on a set of chemical struc- ration of a search statement.

Computerized techniques have
lures. If the metabolic sequence Terms may be utilized to broaden contributedgreatly to the CSAprocess
of the text compound has been or narrow the search. Boolean during tt_ past decade.Thechemical
established previously, the CSA logic can be applied to multiple connectivity file compiled by the
can be directed to structures asso- terms to focus on a particular set ChemicalAbstractsService(CAS)

currently contains over eleven million
elated with the reported metabo- of compounds, recordson reported substances.

iites. Certain lunctional groups After a set of chemical structure
may be susceptible to "biomedi- records is retrieved from these,"
cal" modification and should be

search queries in the Reg file, the
considered at this initial stage of

records may be examined for
CSA along with closely related cited structures to determine
chemical derivatives.

whether the compound searcll
Computerized techniques have sllould be expanded or limiled to
contributed greatly to the CSA specific structural configura-
process during the past decade, tions. The final chosen set of
The cllemical connectivity file compounds from the Reg file can
compiled by the Chemical then be searched in a second bib-
Abstracts Service (CAS) cur- liographic file also available on
rently contains over 11 million STN---CHEMICAI_,
records on reported substances. ABSTRACTS FlibE (CA file) in
Incorporated into each record is which a particular activity such
the connectivity code for each as metabolisnl or toxicology is
compound in which every atom searched for in abstracted
and its adjacent attachments can publications.

be searched singly _r in multiple The CA file contains the com-

combinations (i.e., chemical sub- plete bibliographic record for
structures). This large chemical
1i1¢is available online through publications abstracted by CAsince about 1965 and contains
the Scientific and Technical

approximately 5 million refer-
lnl'ormation Network (STN) ence citations. The reference cita-
under the title--REGISTRY

Iions include aulhor names, The CA file contains the complete
Flibe (Rug file). Thr'. rec_rds in

Iii !eS, d(Icu nleill sources pl us bibliographic recordfi_r publications
this lile include n_t only single other setu'chable fields--d_cu- abstracted by CAsir_'eabout 1965

arul contains approximately 5 million
c_mpounds hut mixlures, sails, menl type, major subject sections reference ritations.
polymers, adtlilic_n comp¢_unds, (such as loxicoi¢_gy, pharmacol-

and coordinati¢m compounds, ogy, etc.), publication year, Ian-
Each record contains Registry guage, abstract, keywords and
Numbers (RN), names, syno- index terms, l_roximity term
nyms, molecular f(_rmulae, slruc- searclling can be employed also
lural diagrams, and the I_lal in which search terms must be
number of references thai may be

p_siti_ned either in the same
queried in the CAS bibliographic index field _r different lieltls and
lilts. In addition, lhc Rcg Iiic can

in a prescribed order, l_olean
be searclled R_rw_ttl fragments h_gic can he applied l_ the search
simultaneously in several index
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terms in searching the CA file as tially yields a smaller number
with the Reg file. For example, a of compounds in the substruc-
set of compounds (substructure ture set.
set from Reg file) can be

Ultimate activity structure: Deter-searched in the CA file and the
mine the probable chemicalseparate bibliographic references

queried for specific biological structure causing adverse
activity such as inhalation toxic- effec or pharmacological Phenylbutazone (PBZ), or

ity in the rat. action (may be final conju- butazolidine, was selectedas a
gated product excreted/ proto_pe to illustrate the CSA

procedure as outlined in the foregoing
Before performing a CSA search released or an intermediate section.Thisdrug has beenusedas an
of the computer flies, selection resulting from biotransforma- anti-inflarmnatory agentsince thelate
of the chemical substructures tion, etc.). 1940s.
based on the "parent" compound

should be carried out according Preliminary CSA Study
to the following general proce- Phenylbutazone (PBZ), or buta-
dure. zolidine (Fig. 2), was selected as

Step 1 -- a prototype to illustrate the CSA
procedure as outlined in the

Test compound: Examine the foregoing section. This drug
compound for chemical class has been used as an anti-

(e.g., amine, acid, alcohol, or inflammatory agent since the late
epoxide), potential for bio- 1940s. Many references are avail-
transformation or metabohsm able in the open literature report-
(e.g., enzymatic reduction/ ing its activity in various animal
oxidation, or coupling), reac- species and under a variety of
tivity with substrates (e.g, conditions. Numerous variations

water, DNA, or peptides), and in the basic chemical configura-
bonding characteristics (e.g., tion of PBZ have been synthe-
covalent, H-bonding, pi bond- sized and tested for alteration in

ing, or van der Waals). activity. Also, this drug was
Test compound intermediates: reviewed recently by the Peer

Modify the chemical structure Review Panel of the National
of the test compound accord- Toxicology Program (NTP)
ing to reported metabolic data Board of Scientific Counselors

or probable conversion prod- and Technical Reports Review
ucts based on analyses in the
first step. The complete struc-
ture of test compound can be
entered in the Reg file and Ph _Ph
modified by either addition or _
deletion oi' chemical frag- N .... NI !

ments. Starting with the origi- ] I
nal compound has the
advantage of visually follow- 0 0
ing the conversion steps. Also,
this approach focuses _,n the
point._,;of attachment or chemi-

cal change and usually
includes a larger portiere of Ihe

test compound, which poten- Fig. 2. Strucutre of phenylbutazone.

Access/Use Info Resources Assess He',dthRisk Chem Expos '93 213



Subcommittee for its potential n-butyl alpha-substituted malo-
toxicity and carcinogenicity, nic acid ester. In the CSA the
Evaluation by the Peer Review chemical structures of the start-
Panel indicated the following ing materials also should be con-
conclusions from a 2-year bioas- sidered for clues to metabolite
say gavage study with rats and structures and possible tech-
mice (NTP 1990) : niques for modifying the test

The chemical structure of PBZ is

1. Equivocal evidence of carcino- compound, composed ofa pyrazolidine
heteroc_, clic ring that has been

genie activity in male rats Metabolism of PBZ has been substitutedinfive positions.
(F344/N)--renal cell ade- studied in numerous biological
nomas and carcinomas, systems and the chemical sites

associated with metabolic trans-2. Some evidence of carcino-
formation have been noted. As

genic activity in female rats
(F344/N) --transitional cell yet, no particular metabolite has

been designated as the putativecarcinomas in kidney. Nephro- structure associated with dis-

toxic to rats. closed carcinog,_'nicity. Toxic
3. Some evidence of carcino- components of the test com-

genic activity in male mice pound may be elucidated by
(B6C3Fl)--increased blocking the reactive sites
incidence of hepatocellular observed in the metabolism

adenomas and carcinomas, sequence or by admi nistering

4. No evidence of carcinogenic- large doses of a certain metabo-
lite and observing any changes inity in female mice (B6C3FI)

at elevated exposures (150 or toxicity. From the metabolic

300 mg/kg in corn oil). sequence data reported for PBZ,
there are six principal reaction

These conclusions have been sites: (I) hydroxylation of the
accepted relative to animal toxic- phenyl groups in the para-
ity by the National Institute of positions, (2) omega-I oxidation

Environmental Health Sciences of the butyl chain yielding a
(NIEHS) and were subsequently butanone or butanol, (3) omega-
released in a NTP report (March 2 oxidation of the butyl chain
1990). forming a beta-hydroxybutane,

The chemical structure of PBZ is (4) ring cleavage of the pyra-

composed of a pyrazolidine bet- zolidine ring between the 4- and
erocyclic ring that has been sub- 5- positions and subsequent for-
stituted in five positions. The mation of a laclone ring with the
heterc_cyclic ring contains two hydroxyl group _I lhc butyl Fromthemetabolicsequencedata
nitrogen atoms adjacent to each chain, _5) hydroxylation of the 4- reported for PBZ.thereare sL_

_ther in the 1- and 2- positions, position of the pyrazolidine ring, principal reaction sites.
and (6) Iornmtion oi"glucuro-TWo unsubstiluted phenyl groups

me positioned at the 1- and 2- nides/sulfates at possible reactive
sites. Depending on the biologi-posiUons on the nitrogen atoms,

two keto groups at 3- and 5- cal conditions, it is possible for
positions, and an alkyl straight C- more than one of these metabo-
chain (butyl) at the 4- position of lites to be present or even more

than one reactive site lo be modi-
the heterocyclic ring. I'BZ may
be synthesized by the reacti¢m ¢_f fled simultaneously in the origi-
1,2-diphenylhydrazine and the nal parent compound.
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From this metabolic information, the Reg file queried for the
the CSA is focused on certain diphenylhyrazine (DPH) sub-
chemical substructures for analy- structure, Registry numbers may
sis of PBZ. Several of these sub- be used to enter structures in the

structures have been searched in Reg file and then modified
the Reg file and then submitted according to the desired struc-

to the CA file for possible bio- lure. A sample search was per- Twoprincipal substructures of PBZ
logical activity. The following formed with only 5% of the file, were selected for initial investiga-
procedure is suggested as a and this search projected 53 to lion. Thefirst structureis symmetr-
model in conducting a CSA and 477 compounds in the full 10 icaldiphenylhydrazine. Thesecond

selected principal substructure
relating structure to activity, million-compound file. A com- consists offive-or six-membered
TWOprincipal substructures of plete search gave 136 com- 1,2-dinitrogen heterocyclic rings and
PBZ were selected for initial pounds. When this structure set phenyl groupsoneachof the ring

was searched in the CA file, 492 N-atomsand ketogroupsonthe
investigation. The first structure references were found. This refer- heterocyclic rings adjacent to each of
is symmetrical diphenylhy- the ring N-atoms.ence set was then restricted to
drazine in which definite atoms

the Ibllowing word fragments:
or substituents have been desig- [murat?, mutag?, carcino?, ned-
hated. This subsuucture repre-
sents ring cleavage of the plas?, terato?, metaboli?, or
pyrazolidinedione ring and DNA]. The total number 492was reduced to 34 references.
retains the two phenyl groups on
adjacent ring N-atoms. The Figure 3 lists the three deriva-

fives with indicated toxicity asphenyl groups may be substi- derived from this search
luted only in the para-position, as
suggested by hydroxylation lim- procedure.
ited to these positions.

Diphenylhydrazine RN=122-66-7
The second selected principal rt H

 u soc uror @_!,__@six-membered 1,2-dinitrogen het- ----- N
erocyclic rings and phenyl
groups on each of the ring N- Mutagenicity; CA 104:143623
atoms and keto groups on the het-
erocyclic rings adjacent to each 4,4'-ltydrazobenzenedisulfonamide RN = 4392-55-6
of the ring N-atoms. The five- o H H o

membered heterocyclic ring is a NH-- _, •_r_,_

pyrazolidine-3,5-dione, and the : ] _ k'__.___ ii
six-membered heterocyclic ring c, o
is a pyridazi ne-3,6-dione. These Immunecross-react ivity

two heterocyclic ring structures CA91.117287
were queried separately in the
conlputer Reg file to obtain sets 1,1 '-13iphenyl-4,4'-diamine sulfatemixturewithdiphenylhydrazine

H H

of compounds possessing the ____l I_@ RN = 60108-63-6

desired chemical substructure N_
characteristics. The sets were

(CA file) to determine any H2N- NH2-H2SO4

reponed toxic activities.
Carcinogenicity; CA 85:105041

The STN ,.ysteln was entered
through a computer terminal
(IBM PC/XT) with a modem and Fig. 3. DPH substructure derivatives and toxicity.
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The second set of proposed 4-(Piperidinomethyl)phenylbutazone RN = 74152-34-4

chemical substructures was que- Ph j Ph
ried in the Reg file (i.e., pyra- "N _ N

zolidinedione and pyridazine- _ _/_

dione) and a set of 1355 com- O O

pounds was obtained. PBZ was N
eliminated because it is not con-
sidered one of the substructures

leaving 1354 derivatives. (Refer- 4-Hydroxymethylbutazolidinehemisuccinate RN= 27470-51-5

ences to toxicity of PBZ can be Ph jPh
performed in a single search and NN ----- Ni I

should not be considered with _l L

o _20

the chemically modified compo-
nents.) Searching this substruc-
ture set of 1354 compounds in - OCO(CH2 ) 2COOH

the CA file gave 1769 refer- 4.[(4-Methyl-l-piperazinyl)methyllphenylbutazone RN = 27315-91-9
ences. This reference set was

then limited to the following Ph Ph
terms: carcino? neoplas? " N _- N j

mutat? mutag? terato? DNA, _ _.._

metaboli? or genet?. Only 358 O _J___ Oreferences were cited. Examina- N/---NN _ CH 3
tion of this set of references indi- n-Bu X____J

cared that only six derivatives

(for pyrazolidinedione) were Ketophenylbutazone RN= 853-34-9
reported to be mutagenic. The
structures for these derivatives Ph i Ph

_Nare shown (Fig. 4). _ N"I I

In the course of this analysis, a O_k,,,,. _C9
novel software program entitled
METABOLEXPERT (available H2COCH3

from CompuDrug USA, Inc.,
EO. Box 202078, Austin, _ Oxyphenylbutazone RN = 129-20-4

78720) was examined to deter- _1_"_ OH
mine whether metabolic Ph

sequences could be predicted _N _ NI I

based on similar reactions /J,. _,.._

observed with structurally O_"-H'_n _ Orelated compounds. Preliminary

results are being examined with 1,2 Diphcnyi-4-12-(phenylsulfinyl)ethyll-3.5-pyrazolidinedi°neRN=.57-96-5
this novel approactl, and it repre-

sents a general technique that Ph ,/Ph
may be useful in investigating \lq -------lq

metabolic sequences. Ouchi and I I

Wipke (1978) used the program _0 0
to predict metabolites of xenobi-
otic compounds. As more inlbr- Ph'_s H
mation is introduced into each of II
these computer systems, the prob- 0

ability increases of predicting Fig. 4. Muu_genicpyrazolidinedione substructures.
metabolic transformation for a
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candidate chemical. Such a sys- large flies accessible with online
tem would be highly useful to personal computers, is recom-
the biochemist studying the phar- mended for use as another tool in

maceutical or environmental examining chemicals and drugs.
activity of compounds.
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Information Resources and the Correlation of

Response Patterns Between Biological End Points

Heinrich V. Mailing, National Institute of Environmental Health Sciences

and John S. Wassom, Oak Ridge National Laboratory

This paper focuses on the analysis of infortvuation for mutagenesis, a biological end point that is important in the overall process of
assessin_s possible adverse health effects from chemical exposure.

From 1966 until 1972, John " • '

mutagenesis," but in this paper
Wassom and I worked the old-fashioned term of

together in the Biology "mutagenesis" will be used.
Division of the Oak Ridge
National Laboratory (ORNL). In During the last 20 years,
1968 at the request of the Envi- mutagenesis came to be known During the last 20years, muta-' as the 'little brother" of carcino- genesis came tobe knownas the

ronmental Mutagen Society, we genesis. This particular relation- "littlebrother"of carcinogenesis.started the Environmental

Mutagen Information Center ship is especially true for the
field of risk assessment.

(EMIC) that you have heard

about during this meeting, espe- Mutagenesis has been mainly
cially at the poster session. Since used during the last two decades

as a diagnostic tool to predict the
I left Oak Ridge in 1972, my
work has been such that I have carcinogenic potential of agents,

n¢_tbeen directly involved with especially chemical agents. The
the problems associated with majority of these short-term
inl_rmation management and mutagenicity test systems have

come and gone as they haveuse. This symposium has
fallen into disgrace and nonuse

brought me back to Oak Ridge as a result of data that indicate
once again to talk and think

the inability of these systems toabout these issues and has been a
function as predictive tools for

pleasant homecoming for me.
identifying potential human car-

In this short presentation, we cinogenic agents. Scientists and

would like to fi_cus on the analy- health administrators s_mlelimes
sis of information _m one spe- get disillusi_med when this hap-
cific biological end point that is pens because lllere is ilo quick Scientistsand healthadministratorssometimes get disillusioned because
importanl ill the overall process and easy nlcalls to idenlify such there is no quick and easy ttwans to

of assessing possible adverse hazards. We think, however, that identify potential hunum
health effects from chemical when the issue of emph)yment of carcinogenic agents.

exposure. This important end rnutagenicity assays t_ identify

point is mutagenesis. Many peo- potential carcinogenic agents is
pie today use the broader term put int_ historical perspective, it
"genetic toxicology" lc_describe lakes s_mle of the edge _fI lhc

the research area that attempts to disappointment.

identify agents lhat induce This paper gives a brief histori-
genetic damage rather than cal overview of sh_rt-term
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mutagenesis test systems and the ably simple to do and were quick
problems of (1) interpreting and inexpensive.
inf_rnlation obtained from them

Today, with tile literature and

to correlate response patterns data compilation capabilities of
among them and (2) comparing EMIC, it would be easy to sur-
these end points to other biologi- vey the literature for data on the
cal end points such as carcino-

muiagenicity of tile pesticides Stuart-termmutagenesis test

genesis. This historical perspec- being reviewed by tile Mrak ._stem._colru" andgo.
rive will be used to see wllere ali Commission. However, in the
this may lead in the future. summer of 1968, EMIC was not

Shotl-tertil mutagenesis test in existence, so we found our-
systems come and go, as informa- selves working long hours in a
lion available frtml the EMIC hotel room in New Jersey, read-

documents show. In John Was- ing the papers that had taken us
sore's talk, tile creation of EMIC so long to l_cate and copy for the

was correlated with high interest purpose of sumnmrizing tile
in the field of tuutation researcll mutagenicity data on pesticides.

and the proliferation of assay sys- Most of the data we reviewed
terns developed for the purl_se were for pesticides evaluated in
of identifying agents that induce either the Allium or Vicia test.
genetic damage (Mailing and This large compendium was
Wassom 1977). assembled without the aid of a

In 1968, John and 1were asked computer. The tables that
resulted from this review and

to serve on the Mrak Commis-
evaluation effoxl served as the

sion thal was formed to evaluate

hazardous effects of pesticides, principal component of tile Mrak
The l'c)rnlation of this cotnmis- Comnlission Rep_rt (1969). This

laborious data analysis projectsiren marked one of tile first seri-
led us to several ct)nclusions.

t)us attempts lt) assess tile
First and m_)st imp()rtant (if all, it

potential adverse health effects
til a specific gr()up til"chemical helpetl t()s()lidify ()ur Illinking
agents. At that time, file need or about tile impt)tlance of our

involvement in establishing an
imps)rrance of inel uding met abo-

information and data gathering
lic activation as part ¢_fthe

lacility for the lield of mulagene-
experimental pr¢_mc¢_!for in vitro

sis. EMIC was formally organ-
mut:_genicity assays was n¢_tyet ized in 1969 al ()RNI,'s l_ioi¢)gy
appreciated (altht_ugh it was l)ivisitm tt_serve the area of
Ih_)ught about) and tile Ames/
_altllonella Illici'os(_nle tesi sys- mutagelleSis. Foilunately |'cii"tile This kzrge compendium wa,_"

112111did not exist. Nevertheless, field of inulalitlll research, this assembledwithoutthe aid tfa
activity is still in t}pet'ati_n today, ctnnputer.

hundreds of' ctmipountls were

being tested l_r genetic activity 21 years later. Elizabeth Von
Halle presented a poster ablaut

in a variety t_l"easy-to-use sys-
toms. Prevalent am_mg these EMIC at this meeting. The Mrak

Comnlissitm report also made ii
early systems were two plant

assays, Allium cepa anti Vicia cletu"that the Allium and Vicia
.[_d_a,that measure lhc ability _)I tests did n_l distinguish between
lesl agents t_ induce chn_a,A_- the active t_t tile inert ingredients

til peslicitle tnixluxes. This t'eve- I
stm_e aberrali_ms in t't)_)ltips. latitm c_mlributcd t_ tile eventual i

"n_cse tesi systems wexe reas_m- fall li_)tu grace _)1lhese tw_)tesi i
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systems -- which is somewhat ers to make similar observations,
similar to what has happened in including my own statement that
more recent times with the carcinogens mainly induce base-

Ames/Salmonella microsome pair substitution mutations that
system, result in the production of

After the Allium and Vicia test changed but functional proteins

systems failed to meet expecta- (Malling and de Serres 1969). Researchersandhealthadministra-tors started to correlate the

tions, many other assay systems Today, we know that both of mutagenicity and carcinogenic
arrived on the scene; the most these statements are still valid as activity of compounds by simple
notable of these new test systems examples of possible types'of qualitative naeans.

was the Ame_Salmonella genetic events or mechanisms
microsome assay (Kier et al. that may lead to the initiation of
1986). the carcinogenic process but they

are not exclusive. There are

With this system, researchers and many other mutagenic eventshealth administrators started to
that could be causative factors in

correlate the mutagenicity and the initiation and development of
carcinogenic activity of com-
pounds by simple qualitative neoplastic growth. As a result of

further research on the question
tneans by assigning each com- of whether ali mutagens are car-
pound either a "+," "-," or a
"+/-" to indicate its mutagenic cinogens, it was discovered that

some carcinogens were not
and carcinogenic activity, mutagenic at all. Even though
A little more sophistication was this came as a surprise and disap-
added to this type of comparative pointment to some, it is some-
compilation when the degree of thing that should have been
mutagenic activity for com- expected (Mailing and Chu
pounds was indicated by assign- 1974).
ing them .various numbers of

Why did we choose to use the
"+"s according to their muta- simple method of using "+"s and
genie potential. Needless to say, "-"s to analyze data when we
such compilations produced a
highly subjective information knew this method was limitingand when it was clear that we
base. lt was soon learned that

chenficais have different degrees were not using ali the availabledata'? This was d_ne_because it
of mutagenic specificity, some

was the only approach we knew
low and some very high. Even

that could be easily used with thewith the Ames/Salmonella

nlicrosome assay, investigators information systems available at There are many other mutagenic
that ti me. events that could be causative

were finding chemicals that factors in the initiationand
would induce quite a high level In 1979, 10 years after the forma- development of neoplastic growth.

of mutations in one of the five tion of EMIC, a program sup-
standard test strains bul not in ported by the U.S. Environ-
tl_eothers. This observation led mental Protection Agency was
l)r. Bruce Ames, who developed initiated that helped revolution-
tiffs popular and widely used test ize our thinking about the useful-
system, to make the statement ness _f short-term mutagenicity
that carcinogens areframeshift test systems to predict carcino-
mutations. This same specificity genesis and to identify agents
was noted in other mutagenesis capable of inducing heritable
assays and prompted ¢_therwork- genetic damage. This program
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came to be known as the Gene- conside.ation the different tests

Tox Program, or Gene-Tox for that have been performed with
short, and this activity is ongoing that chemical, then data analysis
(Waters 1979; Green and Auletta would be made easier and more
1980; Waters and Auletta 1981; systematic, lt has been proposed
Ray et al. 1987). The extensive that this activity number may be

data collection and review effort related to carcinogenic potency in I979, a programwasinitiatedthat
of Gene-Tox provides a unique (Nesnow 1990). helped revolutionizeour thinking

about the usefulness of short-term
resource of peer-reviewed Another of the techniques pro- mutagenicitv test systems.
genetic toxicology test data on posed in the quest to obtain . rover 4600 chemicals evaluated in

usable methods to enhance our
one or more of 73 short-term bio-

ability to review and analyze
assays. These data can be util- data was developed by Waters
ized as a primary source of

and colleagues (Garrett et al.data/inlbrmation Rtr more
1984, 1986; Waters et al. 1988a).

in-depth analysis and review
This technique is called the

studies, graphical activity profile (GAP)
Out of the Gene-Tox Ih'ogram method and provides a visual por-
came the idea of combining the trait of the genetic activity fi_ra
"+"s and "-"s from different given chemical as a fianction of
mutagenicity test systems to see dose (Waters et al. 1988b). Dr.
what combinations correlated Michael Waters presented a
best with the carcinogenicity of a paper on this method and "hands-
compound. This type of data on" experience with the GAP

analysis became rather convo- computer program was available
luted, but something positive during the poster session of this
came out of it. lt was found that symposium. The graphical plot-
by combining data from the ting of the lowest effective dose
Ames/Salmonella microsome for each chemical with a positive
assay and from the rodent micro- response and the highest ineffec-
nucleus test, one could obtain the tive dose for chemicals with a

best battery for predicting car- negative response provides an
cinogenicity. Without Gene-Tox, easy means to depict test data
such an observation would not individually htr each test system.
have been possible. In this technique, there is no

During the last few years, several attempt to combine data t?om
various test systems. In other

techniques have been proposed words, this method does not mix
to aid in the review and analysis
of biological test results. One apples and oranges. This system Seven_ltechniques havebeen

such method was suggested by has one important feature_the proposed to aid in the reviewand
Dr. David Brusick (Brusick data points used in plotting a avmlysis ofbiok_gicaltest results.

chemical's activity profile is
1987), and Committee 1 ttf the selected from a set of references
International Commission for

Protection against Environmental obtained frtml the published lit-
Mutagens and Carcinogens erature, and these references arelinked to the GAP data in an
(ICPEMC) (Lohman el al. 1990).
The thinking behind this pro- accompanyi ng information file.

This means that ii the h_west
p_sed technique was that if each

effective dose used t_ generale
chemical under study was given

tile data p¢_inton the graph is
an activity number that takes into

questioned or ii"use of the initial
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genotoxic rate pet"concentration 3. At what doses'?

unit is preferred, the original pub- 4. At what body site, etc.?lication cited in the associated
inlormation file can be consulted With this information we could

and modifications made as also link carcinogenicity data

necessary, with mutagenicity data that

could be used to answer ques- One of the best ways to describe the
The mutagenicity of a chemical, tions such as, What features and mutagenicity of a chemicalis
as pointed out earlier, is some- conditions characterize nongeno- through use of a pattern orprofiletimes used as an indicator for car-

toxic carcinogens? and Which of thatdepicts the responseoi'the

cinogenicity, and one of the best these may trigger carcinogenic chemicalinvarioustest systems.
ways to describe the mutagenic- activity? Having answers to
ity of a chemical is through use

these questions could provide us
of a pattern or profile that depicts the basis to formulate a workable

the response of the chemical in carcinogenesis model
various test systems. If a parallel

system existed for carcinogene- With such a combined database,
sis, we would not have to rely on other questions could also be
"+" or "-" to analyze carcino- more adroitly pursued. Are there

genicity data; we would be able correlations between tumori-
to consider and think more genie specificity with respect to
intently about the patterns strain, species, tissue, etc.? Are
observed in the data. Some car- there ton'elations between the

cinogens lmve shown an increase types of induced tumors and the
in the incidence of tumors above pattern or mutagenicity for a spe-
the spontaneous level in one tis- cific chemical or class of chemi-
sue, while at the same time show- cals'?

ing a lower than spontaneous One of the greatest challenges,

yield in another tissue or body with respect to making maxi-site of the same animal. This tea- mum use of the current informa-
ture is clearly evident in the car- rion and data, is to have available

cinogenicity test data amassed by the kind of data analysis tools
the National Toxicology Pro- that will allow the development
gram (NTP). The NTP has rules

of meaningful risk assessments.
tor handling cases of this type in Currently, the GAP technique is
order to arrive at a "+" or "-" for one such tool that merits serious
the chemical being tested. If the consideration for application to

technique to generate graphical most areas of toxicology where Oneof the greatest challenges is to
activity profiles from carcino- the adverse effects of a chemical haveavailablethe kindof data
genesis data were available to or class of chemicals are being analysis tools that will allow the
analyze the NTP data, it would reviewed and evaluated, lt has development of meaningful risk

not be necessm'y to have such been pleasing to learn at this assessments.
rules when working with patterns symposium (in the pt_ster by
_r profiles. If we had tlm capabil- Elizabctll T. ()wens et al.) at,out
ity of generating such patterns t_l the application of the (lAP meth-
response Ii_rchemicals evaluated odology to the analysis of
li_r carcinogenicity, we would be resp_mse patterns obtained with
able to exph_re such questions as chemicals evaluated for the

1. What type of tumt_rs were induction of developmental
induced by these chemicals? and/or reproductive toxicology

end pt_ints. The initial results2. In what animals/strain/sex?
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from these studies are published Garret:, N. E., H. F. Stack, and M. D.
Waters. i986. Evaluation of the genetic

ill the journal Teratology activity profiles of 65 pesticides. Mutat.
(Kavlock et al. 1991) Res. 168:301-25.

Green, S., and A. Auletta. 1980. Fxlito-
As we look to the challenges of rial introduction to the reports of the
the future, more information will Gene-Tox Program. An evaluation of

bioassays in genetic toxicology. Mutat.
be generated and developed Res.7a:165-68.
regarding the ad_,'_rse health Kavlock, R. J., J. A. Greene, G. !.,
effects of chemicals. Toxicity Kimmel, R. E. Morrissey, E. T. Owens,
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Activity profiles of developmental toxic-
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able including the accumulation implementation. Teratology 43:159--85. The capability to study patterns in
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Information Resources for Assessing Health
Effects From Chemical Exposure: Challenges,
Priorities, and Future Issues

Sidney Siegel, National Library of Medicine

Issues related to developing information resources for assessing the health effects from chemical exposure include the question of
how to address the individual political issues relevant to identifying and determining the timeliness, sc&ntific credibility, and
completeness of such kinds of information resources. One of the important ways for agencies to share information is through
connection tables. This type of software is present_ being used to build information products for some DHHS agencies. One of the
challenges will be to convince vendors of data of the importance of trying to make data files available to communities that need

them. In the future, information processing will be conducted with neural network.Y, object-oriented database management systems,
and fuzzy-set technologies, and meta analysis techniques.

ver the 100 years that together is not limited by com-
_Quantitative Structure- purer technology but the ability
Activity Relationships to address the individual political

(QSARs) has been evolving, it issues relevant to identifying and
has taken interesting shapes, determining the timeliness, scien-

forms, and directions. I would tific credibility, and complete- Tworesourcesare now in
like to update your knowletige in ness (and thus, the usefulness for development: one is a Directory of

this area so that you can consider decision making) of information RiskAssessmentProjects, theother
is a Directory of "Exposure

when to apply these decision sup- carried by such resources. In the InformationResources.
port methods and identify for not distant future we hope to pre-
you some information resources sent to the Committee to Coordi-
currently or soon to be in devei- nate Environmental Health and

opment. Two such resources are Related lh'ograms (CCEHRP)
now being developed. One is a Council a concept Ibr the devel-
Directory of Risk Assessment opment and deployment of a
Projects--sponsored or con- directory of epidemiology

ducted by Department of Health research projects supported by
and Human Services (DHHS) DHHS. CCEHRP is under the

Agencies. Once this directory is DHHS Assistant Secretary.
up and running, it will be coordi- Overtheyears tens of millions of

nated with an EPA-sponsored Over the years, tens of millions dollarshavegoneinto epidemiology

risk a:_sessment compilation of dollars have gone into studiesthathave "slipped throughthe cracks."
project, epidemiology studies that have

"slipped through the cracks" and

The other project is an inventory thus, their usefulness is impossi-
of exposure-related data systems ble to determine. Directories
sponsored by federal agencies make ii possible to share this
Ihat will encompass the entire information across the federal

federal establishment and go as establishment and into the pri-
possible into state health and vate sector. Appropriately struc-

environment agencies. The chal- tured, maintained and deployed
lenge in putting such directories
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directories will reduce duplica- cost for tile software mcv,lules
lion of such effo_as, that comprise tile ATSI)R imag-

We are ali burdened with the ing system. But the capabilities
are intriguing, they adw_nce tile

necessity to handle the flow of slate-of-the-art, and should be

huge amounts of data and infor- studied for their potential useful-
marion that come through our

organizations because of our ness to other organizations. TheinuJging L_ystemcan efficiently

regulatory or scientific functions. ! would like to give you some andeffectively capture infi, rmation

One federal agency that I have history related to what we have from &_runu'ntsrelevanttoATSDR.
been involved with over the last been dancing around over the

2 years has been the Agency for last couple of days_the ability
Toxic Substances and Disea_ to accomplish structure or sub-

Registry (ATSDR). I first went structure searches. Before Bill
to help them address their docu- Farland was at EPA, Linda and
ment and information manage- some of the participants here for

ment problems---one govern- this symposium were at EPA. At
ment person helping another gov- that time we had some interest-
ernment agency. At that time ing negotiations and dialogue
there was storage trailer after with Chemical Abstracts Service
storage trailer of paper that had (CAS) concerning federal use of
been generated thai was relevant CAS information files and the
to the human health assessments CAS connection tables. At one

done by ATSI)R around National meeting which was gelling no
Priorities List (NI'L) waste sites, where, one of us at the table, to

1asked a simple question, break the impasse, turned to Dale
"What's your disaster recovery Baker, the head of CAS, and
procedure, if this stuff is said, "What we should seriously
destroyed?" The response was, consider doing is nationalizing
''We don't have any." What I the CAS Registry system". Weil,
would like to describe briefly is you should have seen the look on

an imaging system that they have his face; ii was interesting. Not
since put into piace, of which I long after that Marilyn Bracken,

will emphasize one component, the Deputy General Council of
The imaging system can effi- EPA, and I ended up in the con-
ciently and effectively capture ali gressionai office of a repre-
ATSDR relevant information sentative of the state of Ol_io and

onto optical disk through use of were asked to explain why we

laser scanning technology _no were trying to destroy a particu- Suchsystemsare intriguing,
matter what kind of paper it is lar organization in Columbus, advancethe state-of-the-art, and
on, no mailer what the lonl. The ()bio. The remainder {)1thal shouldbe studiedfiJr their potential

available optical disk capture exchange was interesting. At thai usefutn,.ss.
teclmology makes this easy. The time we were n_)lable to make
special lea_.ureof this m_dule _I" use _I CAS connectmn tables in
their HAZI)AT system is that ii any c{_st-effcctive way. N{_wthe
c{mtains font independent soft- world has ro{wed {_nand some
ware that allows any frame on elegant, standardized software is
the optical disk to be selected available that can build c_mnec-
and translated into the machine lion tables which are not CAS

format required by most word dependent. Technically, many of
processing s_fftware packages, us are now going in this direc-
Righi now there is a significant lion. The use olc{mnecti{m
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tables descriptive of chemical sible now. Some of the things
structures will be one important that w,: heard about joint yen-
way for us to share information tures with the private sector
across federal, state, and private should be seriously considered.
sector organizations as means to These approaches are important
more precisely identify data use- because the application of mod-
ful in decision making. We are els to actual human and environ-

If anything is going to increase the
now using this type of software mental health problems will be a efficient and effective accomplish-
to build information products for significant part of the decision- merit of risk assessment, it willbe
some of the DHHS agencies. I making efforts in the future, the capability to arrive at relevant
think that is going to be an There is no need to go in and numbers, numbers on which

reasonable bounds can be placed as
increasingly important means of reinvent the infamous wheel. As to their timeliness and credibility.
management support for many of a matter of fact, one of the Greek
us. philosophers several thousand

I have also mentioned over the years ago said, 'If we do not
make use of the information of

last few days my interest in
numeric files that can be derived past ages, the world will remain

from toxicologic experimenta- in infancy." There is no need to
tion. If anything is going to remain in infancy now, because

we have the technical capabilityincrease the efficient and effec-
to share information and to study

tive accomplishment of the
the data of other investigators. In

assessment or management of
the past, decision-making has

risk it will be the capability to
made heavy use of what is called

efficiently identify relevant num-
bers which are derived from delphitic techniques. In this

standardized toxicity evaluation approach, a group of experts sitaround a table and hassle each
proceduresmnumbers on which other to arrive at a consensus
reasonable bounds can be placed decision that is reasonable. Too
as to their timeliness and credibil-

ity. Experiments have been done often, the decision may be based
on the strength of personalitiesthat show that building such files

is simply a production-line prob- within the group rather than onrelevant data. We would like to
lem. The challenge will be to
convince vendors of information get you interested in helping us

evolve machine-readable flies
of the importance of making this

relevant to the "mechanism of Joint ventures with the private sectorkind of data file available to com-
action" of chemical agents in bio- shouldbe seriously considered.

munities thal need it. Once num- Theseapproaches are important
bers are available, it is possible logical systems and to biological becausethe applicationofmodelstomarkers which indicate effects
to begin to identi fy and under- actualhumanandenviromnental

thai may be induced or super- health problems will be a sign_cantstand the use of various kinds of
seded by exogenous agents. We part of the decision nmla'ng process

models applicable to analysis of need to show how these files of in the future.
the data. In the past we haven't
had the capability to identify and data, and information relate to

one other and eMciently and
exchange models relevant to
addressing various scientific effectively support decision mak-
problems or to develop forums to ing. At the poster sessions you

saw the application of computer-help us better understand the use-
based technology called expert

fulness of a model, including
bounding interpretati¢m of results systems. Expert systems are just

the very first blush of what will
derived ft'ore applicaticm of the

be coming. Here, you saw vari-
model. These approaches aa'ep¢_s-

It_,-'
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ous versions of relational data information and to talk about the

base management systems, probability of what the results
including Hypertext. In the not will mean will be dependent on
distant future, _vewill be able to the scientific expertise that is, in Let's notget bogged down in a

apply information processing part, here in this room. The semanticswamp.
means called "neural network- future is within our grasp. Let's
ing" and"object-oriented not get bogged down in a seman-
DBMS," "fuzzy-set" technolo- tic swamp. Instead, let's talk
gies, and "meta analysis tech- about which way to go from
niques." The ability to sort the here.
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Concluding Remarks: Where Do We Go From
Here?

William H. Farland, U.S. Environmental Protection Agency

Where do we go from here in terms of access and use of information resources in assessing health risks from chemical exposure? We
will need to look at new applications of relevant information available to programs at the federal, regional, and state levels and try
to develop additional hands-on tools that will allow ali of us to do our jobs. The application of available information to program
decision-mala'ng and to risk management is one of the most important things that confronts us.

hese concluding remarks personal perspective of where
will address the question, 'here' is.
"Where do we go from

here in terms of access and use Characterizing the state of the
of information resources in field in information sciences is

assessing health risks from not simple; it's an issue that we Wehaveto let themknowwhatinformation we have, what
chemical exposure?" We have face ali the time. We have a tre- information we don't have,andthe
dealt with this topic for the past mendous amount of information, waythatwe havetaken information

two and a half days. First, we we have the scientific commu- availability intoaccountinour
learned that, because science and nity with which to interact, we decision-makingprocess.

risk assessment are evolving, we have the regulatory decision-
need to look toward the future, making process, and we have the
We will need to look at new public with whom we have to

applications of the relevant infor- communicate our decisions and
mation available to programs at policies. We have to let them
the federal, regional, and state know what information we have,
levels and try to develop impor- what information we don't have,
rant additional hands-on tools and the way that we have taken
that will allow ali of us to do our information availability into

jobs. The application of available account in our decision-making

information to program decision- process. We have to deal with the
making and to risk management challenges, the priorities, and the
is one of the most important future issues regarding informa-
things that confronts us. To a cer- tion access and use.

rain extent, we have a perspec- With regard to priorities, one
tive based on what we have thing I think is most important,
learned from this meeting, a per- which we heard discussed in hnportance of the timeliness of the

data.
spective that suggests we must detail yesterday, is the impor-
proceed. Before we proceed, tance of the timeliness of the

however, there are a few ques- data. How are we going to be
tions that must be asked. One of able to keep up with the informa-
these is, "Where do we go from tion that is being generated out
here?" We have talked about there in the scientific commu-

where 'here' is over the lasl few nity, and how are we going to get
days, but I want to give you my it into a form that we can use?

What kinds of time sensitivities
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are we going to build into the amount of information is not
databases so that we make use of available at this point.

the most current information? Another important question with
Use of the most current informa- regard to analytic capability is
tion in our decision-making proc- how should we actually express
ess is the only way we are going and understand uncertainty in the
to get the scientific community work we do? How can we evalu- We must develop enhanced analytical

to stand behind us or support our ate databases to understand the capabilities and combinethese
capabilities in new ways to evaluate

decisions. What are some of the uncertainty inherent in specific thepatternsthat mightemergeonce
priorities and priority-setting decisions? wehave adequately lookedat
mechanisms we might use to particular topics of interest.
determine the type of informa- During this symposium, we have
tion that ought to be evaluated heard about different approaches
and included in databases? This to risk assessment that included
whole issue of timeliness and looking at new biological end

quality of information is an points. The fields of neurotoxi-
extremely important priority for cology, immunotoxicology, and
us in terms of the future, ecological effects, in general, are

going to be areas we will have to
Speed and ease of access to in_ftr- include in the risk assessment
marion has been characterized

process. To do this, we are going
over the course of this sympo- to have to develop new databases
slum: user friendliness and

or new approaches to databases.
advances in hardware and soft- In addition, we are looking
ware to facilitate dealing with the toward various ways to quantify
quality and quantity of informa- our risk assessments both in
tion. One of the things that I am these new areas as well as in
often told by people in the field some of the older areas. New
is that they would like to see

approaches for quantifying data
improvements in the portability will be needed, and the useful-
of information systems. In other ness and acceptance of these
words, they would like to be able approaches will depend on being
to have the information system able to go back to the original
accessible to them in the field or

data and evaluate the impact of
on-site via portable hardware. the newer approaches and com-
These perspectives are going to pare them with CUtTent
be extremely important as we approaches.
begin to deal with access and use
of information in the future. Will the new approaches facili- Thefields ofneurotoxicology,

tate improved risk assessment? inununotoxicology, and ecological
In the most recent sessions, we effects, in general,are going tobe

Will concepts such as reference areas we will have to include in thehave talked about enhanced ana-
doses or plausible upper bounds riskassessmentprocess.

lyrical capabilities and the impor- on risks still be used? Will the
tance of combining these capabi- information make better or best
lities in new ways to evaluate the estimates of risk possible in the
patterns that might emerge once future? What will the output of
we have adequately looked at these approaches to these assess-
particular topics of interest. We ments look like'? These questions
must also be looking to use such are particularly important to con-
an approach to supplement our sider in both the short and long
evaluations of chemicals or other

term in regard to the access and
agents for which a tremendous
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use of information in the risk In looking at such systems as the
assessment process. Integrated Risk Information

The advances being made in sci- System (IRIS), the Chemical
Unit Record Estimates (CURE)ence create a challenge for the

future. We have enough trouble database, and other systems that
have been available during thisdealing with information as it

comes out today. The new and symposium, it is evident that Criticaldecisionsare needed
different types of scientific infor- some critical decisions are regarding whatkindsof information

needed regarding what kinds of wouldbe mostuseful. Howmuchismarion being produced very
often don't fit our current risk information would be most use- enough?

ful. How much is enough'? Whatassessment paradigms nor do
amount of information is perti-they necessarily fit our current
nent to users, and what amount

approaches to database manage-
ment or development. Scientific overloads systems to such an

extent that people will not useadvances are to some extent
them simply because there is toodriven by the better and more
much material Ibr them to readefficient use of the available

inlormation and through develop- or too much analysis left for
ment of better risk assessment them to do? As information
models, but the new information specialists, we must deal with the
that results often increases the expanding information base and

the level of sophistication neces-uncertainties of these assess-
ments and models, sary to make the system an effec-

rive tool. This question pertains
Clearly, the expanding informs- both to the level of the tools and

tion bases are going to be impor- the transfer of the resultant prod-
tant. John Wassom spoke about ucts. This is technology transfer
the trends in scientific publics- as it relates to traitfing in infor-
tions that should be taken into marion management, in risk

account. For example, in the assessment, and in concepts of
genetic toxicology literature the risk communicationmsome of

frequency of publications peaks the things discussed here over
in the mid-1980s and then drops the last few days.
off. How should such a trend be

This type of meeting provides aconsidered in making decisions
rare forum for discussion. Theabout what information to use to

build databases, and how should ability t() talk with others and
such trends be tracked? What share experiences is useful. How-

journals should be included in ever, symp()sia end. We need t()
databases? What inf()rmation lind ways t()share the experience

should be h)oked at, and how me among an increasingly sophisti- Weneed tofind waystosharetheexperienceamonganincreasingly
linfitations in our inf()rmation cared user group. For example, sophisticated user group.

we need tC)avoid reinventing thesystems to be explained tc) users
, S_once these kinds ()f decisions wheel ()n site-specific as, ess-

ments. Even though these activi-have been made? Although we
ties are 'site-specific' and shoulddon't often access the European
be carried out by local agencies,information base, it may be use-
a tremendous amount of informa-ful to do so as we evaluate data

and (he expanded databases tion is contained in those site-
available, specific assessments, and many

_)lthe elements have broader

applicati()n. How d() we get this
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type of information out? The research in the inlbrmation man-
issue here is not only communi- agement community. Such feed-
cation to the scientific commu- back helps information managers

nity, which is experienced to to determine what needs to be
some extent with our databases, done in terms of research, data

but also how these databases can collection, or data management

be used in dealing with the to support the risk assessment Howdowe identify, thosecriticaldata
public, process. This will continue to be needsandbringthem tobearin terms

an issue in the future. The ques- ofinfornuJtion numagetnentandthen
One of the things that came up in

lion on this parUcular issue is, riskassessment?Linda Tuxen's talk was the fact
"From whom do we take our sig-

that EPA had initially made a nals?" How do we determine the
conscious decision to develop critical data needs? How do we
IRIS as an internal database so

factor what we have heard from
that the agency could better inter-
act with the external community, our state and federal colleagues

here? How do we identify tho_
As the agency has been
extended, stretclaing its limits by critical data needs and bringthem to bear in terms of informa-
decentralizing risk assessment

lion management and then, even-
and providing more inlbrmation
to the public, these tools also had tually, risk assessment?
to be extended. However, the The end of our panel discussion
tools were not designed to pro- led very nicely into this discus-

vide information that is ready to sion of changing technology
be handed directly over to the because one of the things that !
public; the current tools would wanted to mention was the opti-
be confusing t,.)the public and, in cai disk, or CD-ROM, approach
a lot of cases would be, if not dis- to management of information.
couraging, perhaps misleading to We are looking at this within my
the public, lt is important, then, own program in a number of
to understand how to use these areas_in some cases just to
tools and how to communicate make our own documents more

better, not only with the scien- readily available to us. Currently,
tific community, but also with many of the exposure assess-
the public--not giving the half- ments that have been done over
answers that they often hear the years in the Exposure Assess-
about what risk assessment can ment Group arc being captured
tld. We need lo be more skilled in on CD-ROM. This technology

dealing with the available infor- will be extremely useful in terms
mation and someh¢_w move _I accessing thal information and 1"heopticaldisk, or CD-ROM.
toward an understanding t_l"lhe providing ii It_pe_ple t_ use as approachto ttumagenu'ntof

uncertainties in lhc inl_rmation axlexposure-assessment library, infontuJtion is l_eing developed.

so thal we can deal with the pub- We ht_pe that we will be able to
lic in a really straightfi_rward tlt_that with m_t'e of t_ur docu-
manner about the risks or nletllS. In addition lo thai, we

hazards that might be identified have talked about pulling the
from the available inf_rmation. IRIS system on this type of a
Again, this is a real challenge, database along wJlh other types

of information that could be used
We have talked about the con-

as a ct_mpanitm to IRIS (e.g., risk
cepl of the feedback between the

assessment guidelines when they
risk assessment process and lhc c_me out and risk communica-
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tion infi)rmation). These things in some of this funding. In tile
will be very useful to us in terms next few days, we will be talking
_,fdisseminating information and with our senior agency ollicials
making the information more about a Chemical Manul'actures
usable to decision makers. In Association initiative to deter-

addition to this, a real advance nune what role industry might

has been demonstrated at this have in both supporting and help- Wemust spread the burdenof
meeting with regard to changing ing us with the critical review of supportover a broader base by.
technology, in terms of both soft- some of the information that looking at somenewwaysto
ware and hardware for data man- goes into the IRIS system. This leveragefunding.
agement. However, just about represents an extension of and in-

the time we get comfortable with creased participation by the user
one system, someone comes community, wllich is recognizing
along with a new and better one. the value of these types of t_ls.
The systems we are using now We hope that over time this will
will be outmoded or obsolete in lead lo funding.
the future. Somehow, we have to

The final issue, in terms of the

plan for this ew_lution as we pro- future, is public perception. The
ject future data management and

public perception issue is not just
use. one of public perception of risk
l_everaged funding is extremely assessment, but public percep-
important. We must spread the litre t_l tile scientific community
burden of supp_rt for the types and its ability t_ deal with the
t_l"things thai we have been talk- current prt_blems thai are facing
ing about--access and use of the public. This is imp_rtant in
information, expcricnce, etc,_ terms _l"_ur ability (1) t_ reach
_wer as broad a base as we can. consensus i_n issues and dissemi-

This means thai we have to look nate infi_rmation that is particu-

at new ways of leveraging. We larly useful to the communities
Iiave to look at experienced that need to make hard decisions

information/research centers and with regard to the public and (2)
determine how we can generate to instill some confidence in the
the necessary revenue to keep public thai the inh_rmation that
them going. We d_m't want to they use is the best that's avail-
l_se tile databases Ilmr have been able (i.e., inft_rmati_n'tthat will

deveh_ped _wer time simply be widely supp_rted by scien-

because tile newness has worn lisls). ()he _I" tile tlicist discourag- The public perception issue is not one
_ffl',We have tt_ he in a positi_u_ ing things thai can happen in _gjustpublicperceptionof risk
tt_use the lypes _JlI_ls thai y_u terms t_fpublic percepti_m is assessnu, nt, but public perception of

lleard abt_ul this tliC_rlling. Tile when the public hears divergent the scientific conununit), andits ability
to deal with problent_ facing the

Federal Techn_k_gy Transfer Act t_pini_n abt_ul a risk issue. A sci- public.
II-,TI"A)initiative has pr_wided a entisl li_m_ the EPA, l_r instance,
g_d opp_rlunity l'_r us I_ think makes a statement ablaut a par-

ab_)ut s()me new ways to lever- licula,r issue, and Ihen lhc public
age funding. In n_y t_wn pr_- hears an_ther well-respected set-
gram, we have hud un t_pp_n'- enlist taking a very different pt_si-
tunity tt_ address this with rega_d Iilm _tl lhc issue and 1he public

l_ informali_m c_llecli_m; ii"we just th_esr_'t ut_tlerstand wh_ I_
can build a stt_ng em_ugh case in believe. H_w tll_we go ablaut Iry-
inl'_rmalitm management and ing t_ gel c_msensus p_silions
use, we will als_ bc able t_ bring dcvel_pcd? Although ! am m_t
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particularly 'afraid of getting con- intbrmation use and access. I per-
sensus around a position that sonally have found this meeting
may not be absolutely the best or to be extremely beneficial; I
absolutely right, I am concerned think that most of the people
that we don't stifle information who have talked with me over

by just trying to present a unified the last couple of days have also

approach to the public. That is found it useful. Thequestion of whetheror notwe

something that we need to look I would like to take just a can continueto makeprogressin
at in the terms of future issues, thisfield will depend on public

moment to thank the Organizing perception of our ability to use the
The question of whether or not Committee again for putting this information that they have paid for

we can continue to make pro- meeting together, particularly the and tomakethe right kinds of

gress in this field will depend on Biomedical and Environmental decisionswithregard to risks.
public perception of our ability Information Analysis Section
to use the information that they staff at the Oak Ridge National

have paid for and to make the Laboratory who worked so hard

right kinds of decisions with to make this meeting a success.
regard to risks. If we lose the In addition, 1think it is important
public confidence with regard to Ibr us to recognize the people
either of those two points, we are who manned the posters and the

going to lose the potential of hav- demonstration sessions, because
ing risk assessment be a driving I believe that these were some of
lk_rcein decisions. Decisions will the most important parts of this
be made for other reasonsBas, meeting. These sessions gave us
for instance, some of the congres- the opportunity to try some new
sional initiatives that have been things and do some hands-on

developed, lt is a real fear for us work. I do not want to leave out
in terms of the future, but it is the speakers and the other partici-
something that we can deal with. pants for their efforts in making

the symposium a success. As you
These are some of my personal

no doubt hear from my remarks,
thoughts with regard to some of the answer to rite question,
the priorities and challenges and "Where do we go from here,"
future issues I see with respect to

will depend on you.
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lion information), These things in some of this funding. In the
will be very useful to us in terms next few days, we will he talking
of disseminating information and with our senior agency oflicials
making the information more about a Chemical Manufactures
usable to decision makers. In Association initiative to deter-

addition to this, a real advance mine what role industry might

has been demonstrated at this have in both supporting and help- Wemust spread the burdenof
meeting with regard to changing ing us with the critical review of supportover a broader base
technology, in terms of both soft- some of the inibrmation that looking at some new waysto
ware and hardware for data man- goes into the IRIS system. This leverage funding.

agement. However, just about represents an extension of and in-
the time we get comfortable with creased participation by the user
one system, someone comes community, which is recognizing
along with a new and better one. the value of these types of tools.

The systems we are using now We hope that over time this will
will be outmoded or obsolete in lead to funding.
the future. Somehow, we have to

The final issue, in terms of the

plan for this ew_lution as we pro- future, is public perception. The
ject future data management and public perception issue is not justuse.

one of public perception of risk
Leveraged funding is extremely assessment, but public percep-
important. We must spread tile tion _f the scientific connnunity
burden of supp_rt for the types and its ability to deal with the
t_l things thai we have been talk- current problems that are facing
ing about--access and use of the public. This is important in
inf_rmation, experience, etc._ terms of our ability ( 1) to reach
_wer as broad a base as we can. consensus on issues and dissemi-

This means that we have to I_ok hate inlormalion that is particu-
at new ways of leveraging. We larly useful to the communities
have to look at experienced that need to make hard decisions
inlbrmation/research centers and with regard to the public and (2)
tletermine h_w we can generate to instill some confidence in the
the necessary revenue to keep public that the inf_rmation that
them going. We don't want to they use is the best thal's avail-
h_se the databases thai have been able (i.e., infi_rnlation that will

developed over time simply be widely supp_rted by scien-

because tile newness has worn fists), ()lie _l" tile lllOst discourag- Thepublic perception issue is not one
t_l'f. We have to he in a positi_n ing things thai can happen in of just public perception ofri,_k

It_use tile types t_ftt_)ls thai y_u terms of public perception is assessment, but publicperception of

heard ablaut this murning. The wllen tile public hears divergent thescientific communiS, and itsability
to deal with problent_ fiwing the

Federal Tccllnoh_gy Transfer Act opini_m about a risk issue. A sci- public.
(FTI'A) initiative has pt_wided a enlist lr_m tile EPA, l_r inslance,
g_od _pp¢_rtunily li_r us t_ think makes a statement ablaut a par-
ab_)ut S()Lnerlew ways t_)lever- titular issue, and lhell the public
age funding. In my t)wn pr()- hears ant)ther well-respected sol-
gram, we have had un _)pp()r- enlist Inking a very differenl p()si-
lunity t_)address lllis wilh regmtl tic)n ()n the issue and the public
t() inf_)rtnati()n c_)llectit)n; if wc .just th)esn't untlersland wh()I()
can build a slr()ng en()ugh case in believe. H()w ii() wc g() ab()ut try-
inf_)rmati_)nmanagement anti ing I_)gel c_)nsensus p_)siti()ns
use, we will ais_ be able t_ bring devel_ped'? Alth_ugh ! am n_t
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particularly afraid of getting con- information use and access. I per-
sensus around a position that sonally have Ibund this meeting
may not be absolutely the best or to be extremely beneficial; 1
absolutely right, I anl concerned think that most of the people
that we don't stifle information who have talked with me over

by just trying to present a unified the last couple of days have also

approach to the public. That is found it useful. _ question of whetheror not we
can continue to make progress in

something that we need to look I would like to take just a thisfield willdependonpublic
at in the terms of future issues, moment to thank the Organizing perception of our abilityto use the
Tile question of whether or not Committee again for putting this information that they have paid for

we can continue to make pro- meeting together, particularly the andto nmkethe right kinds of

gress in this field will depend on Biomedical and Environmental decisionswith regard to risks.
public perception of our ability Information Analysis Section
to use the information that they staff at the Oak Ridge National

have paid for and to make the Laboratory who worked so hard

right kinds of decisions with to make this meeting a success.
regard to risks. If we lose the In addition, I think it is important
public confidence with regard to for us to recognize the people
either of those two points, we are who manned the posters and the
going to lose the potential of hay- demonstration sessions, because
ing risk assessment be a driving I believe that these were some of
force in decisions. Decisions will the most important parts of this
be made for other reasons--as, meeting. These sessions gave us
l_r instance, some of the congres- the opportunity to try some new
sional initiatives that have been things and do some hands-on

developed, lt is a real fear for us work. I do not want to leave out
in terms of the future, but it is the speakers and the other partici-

something that we can deal with. pants for their efforts in making
the symposium a success. As you

These are some of my personal no doubt hear from my remarks,
thoughts with regard to some of the answer to the question,
the priorities and challenges and "Where do we go from here,"
future issues I see with respect to

will depend on you.
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Biomedical and Environmental Information

Analysis Section: Computing Resources
Sherry C. Campbell, Roswitha T. Haas, Donald G. Kilgore, and Kathy C. Miller,

Oak Ridge National Laboratory

he Biomedical and Enviromnental Information Analysis (BEIA) Section has a wide variety of
resources available for its computing tasks. The section owns several processors which are net-
worked on a Local Area Vax Cluster, These machines include a VAX 3500, a VAX 3100, a

MicroVAX II, and a VAX I 1/785. The in-house software includes ORACLE and BASISplus database man-
agement systems (DBMS; 9hd FOCUS, a fourth-generation programming language. Additionally, BEIA
relies heavily on PCs and has developed applications that use spreadsheets, database managers, expert sys-
tem shells, desktop publishing software, CAD/CAM software, and computer graphics software. The BEIA
resources are also linked to the central Marlin Marietta Energy Systems, Inc., computing resources, which
include a whole gamut of processors currently available from high-end VAXs to IBM mainframes to the

Cray supercomputer. Plans are also being developed for obtaining a massively parallel processor for use in
developing applications in the area of large full-text database processing. The software available on these

resources, which can be used primarily for information technology problems, includes DBMSs such as DB2,
INQUIRE, ENTERPRISE, and SYSTEM 1032.

.°°°°°°,,°,o°o.,°°,.°°°..,o°,°,,°°,.,°,.+°.,°.,.°,o

Application of Expert System Shells to the Areas
of Health, Safety, and Environmental
Accountability

Kathy C. Miller, Roswitha T. Haas, Donald G. Kilgore, and Helen A. Pfuderer,

Oak Ridge National Laboratory.

n cxpcrl, _)rkn¢_wledgc-bascd, system c_msists c_l"two basic parts: the expertise or lolowledge, which
is conlaincd in some f_rm _I"ruic set, and the inference engine, which contains the computer instruc-
titans that guide the rcus_ming t_rchaining px't_ccssthrtmgh the rule base Additional peripherals may

be incorpt_r_Jted into the applicati_m, including databases, spreadshecls, report generators, electronic forms,
text pr(_cessc_rs,etc.

The MaJ'tin Marietta Energy Systems, lhc., (Energy Systems) Expert Systems Education and Application
Development Team has developed several expert systems relating to human health, safety, and environ-
mental acctmnlal:ility. These include tile NEPA Envirtmmcntal Review and C¢mlpliance Reporting System,
the RCRAFFSCA Advis¢_r,and the Air Permits Expert System.

The NE_'% Envir¢mmcntal Review and Compliance Reporting System is an expert advisor that assists in the
preparalitm of d¢_cumcntali¢m l_r c(mlpliancc wilh National Environmental lh'otcction Act t'NEt'A) require-

J
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2 continued .............................................

ments, as well as other Department of Energy (DOE) and Oak Ridge National l_aboratory (C)RNL) stand-
ards, e.g., Best Management Practices Standards, as riley apply to activity efforts at ORNL.

The RCRA/TSCA Advisor is designed to be used both as a computer-based instruction tool for training in
compliance is,,;uesbased on the Resource Conservation Recovery Act (RCRA) and the Toxic Substances
Control Act (TSCA) and as a field-deployed advisor on these issues in actual work environments at Energy
Systems.

The Air Permits Expert Systems is designed to generate accurate, reproducible, uniform air permit applica-
tions, which are then electronically delivered to the Division of Air Pollution Control, Department of Health
and Environment, State of Tennessee.

Another system, the Project Quality Assurance Plan Advisor, which is in development, will address the envi-
ronmental issues of concern tc)DOE, the Environmental Protection Agency, and others as projects are
planned and completed at Energy Syslems.

ROADMAPS to Information Sources on EPCRA

Section 313 (TRI) Chemicals
John S. Leitzke and James F. Darr, U.S. Environmental Protection Agency

OADMAPS is a database that directs people interested in Emergency Planning and Community
Right-to-Know Act (als() known as SARA Title III) Sect. 313 (Toxic Release Inventory) data to
additional information. The first part of the database allows searching by specific chemicals for

infi)rmation on cancer, health and environmental effects, federal regulations, general information docu-
ments, and state air and water regulations and monitoring infi)rmation. Other parts of the databa_ allow
searching for chemicals by type of information. Bring a high-density fi)rmatted diskette to obtain a copy of
the program.

HARDWARE: IBM-AT or 286 .based or compatible PC.

S()I-'TWARE: MS-I)C)S 2.1 or greater, 12 KIt RAM t_r greater.

°..°°.°,,°°0.°,.o°.,.,°..°.,,,,0,....,,,i,....ot.,.

EPA/OTS Information Resources

Linda A. Tr,vers, U.S. Environmental Protection Agency

he U.S. Envil'_mmental i'r_tecticm Agency (El'A) (_fice of Toxic Substances has many information
products and databases that are utilized in assessing health risks flt)ni chenucal exposure. The poster

¢ , "), ,1,0.pre_ntati_m will highlight twt__f these dalai ases. C;EMS (Geograpllical Exl_sure Modeling Sys-
tem) and TRI (T_xic Release Inventory).

I
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GEMS is an interactive computer system developed to support integrated exposure assessments, lt provides
a set of tools without requiring the user to be familiar with most aspects of computer science and program-
ming. GEMS integrates graphics, mapping, statistics, file management, modeling, and chemical property
estimation with a user-oriented and easy-to-learn interface.

TRI is a publicly accessible database mandated by Congress in SARA, Title I!I or the Emergency Planning
and Community Right to Know Act of 1986. lt contains an annual inventory of releases of specified toxic
chemicals to ali environmental media (air, water, land). TRI is available on the National Library of Medi-

cine's TOXNET system and is searchable using both user friendly menu screens and direct command line
language. EPA was directed to make the inventory available either through computer telecommunications or
via other means. The other means products include CD-ROM, COMfiche, magnetic tape, and floppy disks.
Ali of these products are available through NTIS or GPO.

Dose-Duration Plot

Christopher H. Cubbison, U.S. Environmental Protection Agency

D 2PLOT is designed to plot the results of dissimilar experiments in a common format of dose and
exposure duration. This permits comparison of studies using a variety of species, exposure dura-
tions, dosing scenarios, and other variables. Details of dose and duration are entered on the data base

along with extensive data on the toxicological endpoints, target organs, number of animals tested, number of
animals responding, quality of data, bibliographic information, and comments. Data are searchable on ali
fields except comments. Results are plotted by Human Equivalent Duration (fraction of a human lifespan)
vs. Human Equivalent Dose (mg/kg) for oral exposure or Expanded Concentration Scale (mg/m 3) for inhala-
tion exposure. The type and severity of effects are indicated by the data points. Optionally, the software will
plot boundary lines which encompass ali adverse effects (Adverse Effects Region) and ali no-effect-levels
(No-Adverse-Effects Region). Areas outside these regions indicate where no data exist. Overlap between
regions constitutes a Region of Ambiguity. Guidelines for use of the identified "regions" are under
development.

, . , . . . , . , . , , . , . . , . . . . , ° . . , . , , . . , , , . , , , , , . , , , . , , , , , ,

Toxicology Information Response Center:
Customized Information Acquisition

Kimberly G. Slusher, MaD' W. Francis, and Ida C. Miller, Oak Ridge National Laboratory

T " _S ) "_

he Toxicol(_gy Informatitm Rc, p( nsc Center (TIRC) serves as a national and internati_mal center for
the collecti{m, analysis, and dissemination _I"toxicology-related inl'ormati_m _m a variety of chemi-
cals, including food additives, pharmaceuticals, industrial chemicals, environmental pollutants,

heavy metals, and pesticides. We also have the capability of designing, building, and maintaining custom-
ized databases and writing and publishing reports. TIRC is sp_msored by tile Nati_mal l_ibrary of Medicine.
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The U.S. Environmental Protection Agency's
Integrated Risk Information System (IRIS)

Linda Tuxen and Jacqueline Patterson, U.S. Environmental Protection Agency

he Integrated Risk Information System (IRIS), developed by the U.S. Environmental Protection
Agency (EPA), contains summary information related to human health risk assessment. IRIS, which

is updated monthly, is the agency's primary vehicle Ibr communication of chronic health hazard
information that represents EPA consensus positions following comprehensive review by intra-agency work
groups, lt is a useful information resource tool that points the user to the underlying human and/or animal
data used to support the agency's consensus opinion. IRIS contains chemical-specific information in sum-
mary format for over 400 chemicals and provides a description of the basis for the hazard assessment and a
discussion of the uncertainties in that assessment. An IRIS chemical file is initiated when consensus is

reached on an assessment for carcinogenic or noncarcinogenic end points and contains the summary for that
assessment. Other information, such as drinking water health advisories and EPA regulatory actions, is
included. IRIS is primarily intended to provide guidance to EPA personnel in making risk management deci-
sions. However, in 1988 it was made available to the public and can currently be accessed via several
different methods: telecommunications link with a commercial carrier (BT Tymnet), through the Public
Health Network to Public Health Foundation members, on the National Library of Medicine's TOXNET sys-
tem, and on diskettes from the National Technical Information Service (NTIS). For more information on

IRIS, contact IRIS User Support at 513-569-7254 or write IRIS User Support, ECAt/EPA (MS-114), 26
West Martin Luther King Drive, Cincinnati, Ohio 45268.

Graphical Activity Profiles in Genetic Toxicology
and Developmental Teratology

Elizabeth T. Owens, Oak Ridge National Laboratory, and

T. Owens Vaughan, H. Frank Stack, Marcus A. Jackson, Robert J. Kavlock, and

Michael D. Waters, U.S. Environmental Protection Agency

or many years two specialized information centers, the Environmental Mulagen Inl_rmation Center
(EMIC) and the Environmental Teratology lnf_rmation Center (ETIC), have provided easy access to
information available in the fields of genetic and developmental toxicology. Because of information

growth and time and money constraints, it has become increasingly difficult to adequately review and
assimilate relevant literature on any one subject. To address this problem, the Environmental Protection

Agency's Health Effects Research Laboratory (HERIn), using resources from EMIC and ETIC, has provided
l_r the extraction of specific data to generate Graphical Activity lhof ties (GAPs).

GAPs provide a way to demonstrate the genetic or developmental activity _f a c_m_pounti, both qualitatively

and quantitatively. Each profile is plotted from data available in the open literature and keyed to a three-
letter code indicating the test system, e.g., animal, activation, time frame, and the end point examined. The
lowest effective dose (I_ED) or highest ineffective dose (HID) is obtained from references reviewed for each
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code and is translated into the logarithmic dose unit [LDU(ij)] for a given test system (i) and chemical (j) as
represented by the expressions:

LDU(ij) = ---iogLo(dose) Ibr HID,

LDU(ij) = 5-1oglo (do_) for LED.

Using these data, a pictogram of the agent's activity, including its quantitative and qualitative parameters, is
generated. The activity can be displayed phylogenetically or according to biological end point.

These extractions and profiles can reduce the effort necessary to determine the potential risk of an agent. Pro-
file information can also be used to compare results across multiple assay systems; to compare the activity
of different agents, including calculation of relative potencies; to aid in structure-activity studies; and to iden-
tify research needs. GAPs are novel and useful tools for characterizing an agent's biological activity at a
glance.

Human Genome Management Information System
Betty K. Mansfield, Anne E. Adamson, Roswitha T. Haas, Donald G. Kilgore,

Michael D. Mayes, Elizabeth T. Owens, Judy M. Wyrick, and Laura N. Yust,

Oak Ridge National Laboratory

he Human Genome Management Information System (HGMIS), cosponsored by the U.S. Depart-
ment of Energy (DOE) and the National Institutes of Health (NIH), has roles in the International
Human Genome Project to:

(1) assist agencies that administer genome research in communicating issues relevant to the human
genome project to contractors and grantees and to the public and

(2) provide a forum for exchange of infonnation among individuals involved in genome research.

To fulfill these communications goals, HGMIS is producing a bimonthly newsletter, DOE Human Genome
Program reports, an information database, and technical reports. HGMIS updates and maintains the mailing
list database compiled for the human genome programs of both DOE and NIH. Additionally, HGMIS acts to
orient and refer those persons seeking assistance to sources tllat can provide appropriate information. These
documents/services are available to ali persons upon request and provide both the interested scientist and lay
person with information in this rapidly moving, mulfidisciplinary project.

• The newsletter, Human Genome News (ISSN # 1050-6101), provides readers with technical and general
interest articles, meeting reports, news items, funding announcements, and meeting and training calen-
dars. Working in collaboration with the international Human Genome Organization, HGMIS also reports
international genome project news.

• The status of the DOE Human Genome Program is described in the Human Genome 1991-92 Program
Report, which includes research highlights, narratives on major DOE research efforts, abstracts of
research in progress, and figures and captions provided by investigators.

• The information database is being developed as a text management and user conferencing mechanism
and contains lexl from program rep_rts and newsletters as well as bibliographic data li'ore both lhc scien-
tific and popular literature.
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Chemical Unit Record Estimates Database

David J. Reisman and Christopher T. DeRosa*, U.S. Environmental Protection Agency and

Ma_. W. Francis, tda C. Miller, Robert S. Stafford, Andrew A. Francis, Cheryl B. Bast, and

Po-Yung Lu, Oak Ridge National Laboratory

he Chemical Unit Record Estimates (CURE) database, developed by the U.S. Environmental Protec-
tion Agency (EPA) in cooperation with the General Toxicology Program of Oak Ridge National
Laboratory (ORNL), organizes information related to health risk assessment. In 1987, the Office of

Health and Environmental Assessment (OHEA) of EPA began an extensive project to provide data to
researchers in a variety of output formats and to computerize the quantitative health risk assessment docu-
mentation in a format that would support information transfer. The Chemical Unit Record Estimate (CURE)
database is an on-line interactive database that provides (1) a compilation of numeric health risk estimates
and accompanying experimental data, including data on target organs and on critical and secondary effects
at varying doses; (2) side-by-side comparison of various related risk data; (3) an historical collection of
health risk estimates generated by OHEA over the past 10 years on approximately 1400 chemicals; and (4)
the ability to provide numeric output data sets of previously compiled research for testing current and future
health risk assessment predictive models. The software and database design allow for rapid updating and for
the addition of new data fields to both old and new records. The CURE database presently resides on an
IBM mainframe computer at ORNL. PC versions of CURE have been developed and offer alternatives to
on-line interaction with the mainframe computer. Both versions of the CURE database will be available for
demonstration.

*Now affiliated with Agency for lbxic Substances and Disease Registry.

11 ...................................................

Environmental Mutagen Information Center File
Elizabeth S. Von Halle, Kathleen H. Mavournin, Bradford L. Whitfield, Ma_. Ann C. Davidson,

Karen A. Weaver, and John S. Wassom, Oak Ridge National Laboratory

he Environmental Mutagen Infi)rmation Center (EMIC) was created in 1969, a time when geneticists
were becoming more concerned about the pos, _ble genetic effects of environmental agents. These
concerned geneticists founded the Environmental Mutagen Society (EMS), and its first charge was

the formation of a register of chemicals tested for mutagenicity in different systems IMutation Research 8
(1969), 671]. This registry was the beginning of EMIC.

Today the EMIC file contains over 72,000 indexed publications reporting on more than 22,000 chemical,
physical, and biological agents. The file has developed during the last 21 years to respond to the needs of

genetic toxicologists, regulators, students, and educators. In addition to test objects used and agents tested,
indexing has evolved to include assay systems and end points, cells cultured, types of cells treated and

observed (somatic or germ), and agents used as contrails and inducers.

The U. S. Environmental Protection Agency (EPA), with the help of the staff at EMIC, used the file as a
basis for the GENE-TOX lhogram, which continues to evaluate chemicals tested in validated assay systems.
EPA's Health Effects Research Laboratory in North Carolina has used EMIC as a s_mrcc _1"data and exper-
tise for the generation of Graphic Activity Profiles.
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EMIC is funded by EPA and the National Toxicology Program of the National Institute of Environmental
Health Sciences through the National Library of Medicine. The file is available on the NLM's TOXNET
and TOXLINE systems.

Environmental Teratology Information Center File
Geraldine S. Danford, Shigeko Y. Uppuluri, and Florence M. Holland,

Oak Ridge National Laboratory

he thalidomide incident and the awareness of environmental effects on human health in the 1960s
resulted in a great increase in the volume of scientific papers dealing with teratology. The Environ-
mental Teratology Information Center (ETIC) was established in 1975 tc)collect, index, and comput-

erize systematically the literature in this research area. This work continued actively until the end of 1989.
The ETIC file that covers the literature published during the 1950-1989 era may be accessed via the
National Library of Medicine's TOXLINE and TOXNET systems. The ETIC file is still maintained and is
used to support several ongoing projects at the Laboratory. There are now more than 50,000 entries from
over 3700 sources in the ETIC file. Copies of complete original documents are available for each entry.
Each ETIC entry represents a publication ft'dm the open literature. For a paper to be accepted for the ETIC
database, it must discuss the testing and evaluation of the developmental toxicity or repr_luctive effects of
an agent whether the results are positive, negative, or inconclusive. Agents may be chemical, biological, or
physical, and may also include dietary deficiencies and disease conditions in the mother. ETIC focuses
mainly on the administration of an agent to a pregnant animal and the examination of the offspring at or
near birth for either structural or functional anomalies. Also contained in the ETIC file are reports of
epidemiological studies and clinical cases in humans, testing methods, in vitro studies, proposed rapid
screening methods, placental transfer studies, reproductive and/or fertility studies, and studies of the repro-
ductive effect of agents administered before pregnancy.

3 °.,°°..°ooo,°.°.°°,,.°,.o.,_o°°.°°°°,.,°,°°.,,,,o,,

Gene-Tox Agent Registry File
Roswitha T. Haas, Oak Ridge National Laboratory,, and

Angela E. Auletta, U.S. Environmental Protection Agen_:v

he Gene-Tox Agent Registry File is the primary data compilati()n ()f the U.S. Envir()nmcntal lhotec-
fion Agency's Genetic Toxic_)logy Ihogram, a multiphase elf_rt to evaluate the effects of chemical
agents in selected sh()rt-tcrm bioassays fl)r gcnc)toxic activity. The file contains results for over 46(X)

chemicals, extracted from the literature published l'r(ml 1968 to the present. Panels of scientists who are
authorities on particular test systems read publications in their respective fields and made decisions on the

effect of test agents. The file resides in the ORLOOK dala management system, run by an IBM 3033 com-
puter.
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The biological information in the file is qualitative and is listed as positive, negative, or non-definitive
results for 73 bioassays. These 73 tests can be grouped by gene mutation, chromosome aberration, other
genotoxic effects, and in vitro cell transformation assays. The chemical information is contained in two
main classification schemes, one by functional groups and one by ring systems.

The file is used to determine the sensitivity of each bioassay in response to specific classes of chemicals and
to devise specialized batteries of assays that detect the various types of genetic damage induced by specific
classes of chemicals.

Genetic Toxicology Chemical Structure File
Roswitha T. Haas, Mary. Ann C. Davidson, and K. S. Rad, Oak Ridge National Laboratory

he Genetic Toxicology Chemical Structure File is part of the U.S. Environmental Protection
Agency's Genetic Toxicology Program, a multiphase effort to evaluate the effect of chemical agents
in selected short-term bioassays for genotoxic activity. The database contains information on over

4600 chemicals.

The structure file uses the ChemBase database management software for personal computers from Molecu-
lar Design Limited to store chemical structure diagrams in addition to conventional database fields such as
Chemical Abstracts Service Registry numbers and names. For structure entry, the diagrams are drawn with a
mouse. The structure field can be searched for the occurrence of structure fragments.

The structure file is used to identify groups of chemicals with common substructures, to find structure-
activity relationships, to visualize structures, and to print structure diagrams and tables of structure diagrams
Ibr viewgraphs, slides, and publications.

Environmental Restoration and Waste

Management Data Bases
Park T. Owen, Linda F. Goins, and Nancy P. Knox, Oak Ridge National Laboratory

n 1979 the U.S_ Department of Energy (DOE) established the Remedial Action Program Information
Center (RAPIC) at Oak Ridge National Laboratory to provide technical information support to the U.S.
Department of Energy s Remedial Action Programs, which comprise Formerly Utilized Sites Remedial

Aclion Program (FUSRAP), Surplus Facilities Management Program (SFMP), and Uranium Mill Tailings
Remedial Action Program (UMTRA). In addition to these ongoing programs, RAPIC also serves the other
groups within the DOE Office of Environmental Restoration. Specific information activities that RAPIC
performs to support the DOE programs include maintaining a computerized bibliographic database contain-
ing approximately 70(X)ann()tated references; publishing an annual bibliography, Nuclear Facility Decom-
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missioning and Site Remedial Actions, A Selected Bibliography, ORNL/EIS- 154; maintaining a document
repository and providing copies of requested publications; and performiog manual and computerized
searches of the technical literature. The most important RAPIC function is serving as a focal point for reme-
dial action information. With these extensive resources at its command, RAPIC is in a unique position to
provide a comprehensive information base to the remedial action and environmental restoration community.

6 ................................+............,.....

Development of Applicable or Relevant and
Appropriate Requirements (ARARs) for
Remediation of Hazardous Waste Sites Under

Superfund
Elizabeth L. Etnier, Patricia S. Hovatter, Sylvia S. Talmage, Rose S. Weaver, Linda M. Houlberg,

Robert II. Ross, Oak Ridge National Laboratory, and

Robert Muhly, * U.S. Army, Toxic and Hazardous Agency

he U.S. Environmental Protection Agency (El'A) has established the National Priorities List (NPL)
to prioritize for the states and the public those waste sites in the United States that have known or

threatened releases of hazardous pollutants or contaminants into the environment. The U.S. Depart-
merit of Energy (DOE) Oak Ridge Reservation (f)RR) was listed on the final NPI_ on November 21, 1989.

The U.S. Army currently has 17 installations listed on the final NPL. As a result of this listing, remediation
at these sites must proceed according to the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) of 1980, the Superfund Amendments and Reauthorization Act (SARA) of 1986,
and the National Contingency Plan (NCP).

SARA specifies that remedial actions for cleanup of hazardous substances comply with applicable or rele-
vant and appropriate requirements (ARARs) or standards under federal and state environmental laws. Inher-
ent in the interpretation of ARARs is the assumption that protection of human health and the environment is

ensured. ARAR reports are currently being developed htr the DOE ORR anti the U.S. Army. These reports
highlight the chemical-, location-, and action-specific issues of concern for each waste site.

• Current organization Army F_nvironmental Center

Access/llse Info Resources Asses,,;l lealth Risk (?hem l.lxpos '93 247



Selection of Indicator Chemicals at Hazardous
Waste Sites

Patricia S. Hovatter and Robert E. Gibson, Oak Ridge National Laboratory,

and Robert Muhly, * U. S. Army

ccording to the Environmental Protection Agency (EPA) methodology outlined in the 1989 Risk
Assessment Guidance for Superfund the first step in the baseline risk assessment at Superfund sites
is data collection and evaluation, which involves the selection of indicator chemicals. This proce-

dure identifies the chemicals that pose the greatest potential public health risk at a site and is based on site
monitoring data, chemical toxicity information, and environmental persistence and mobility of the chemi-
cals. A computer program (CASIC), using Lotus 1-2-3 spreadsheets, was developed to automate the routine
features of the procedure. Initially, a concentration-toxicity screening method is used to obtain a ranking of
the relative risk for each detected chemical in a specific environmental medium. A risk factor for each
chemical is calculated as the maximum detected concentration in the particular medium times a toxicity fac-
tor, which is the reference dose for noncarcinogens or the carcinogen potency factor for carcinogens. The
most current toxicity factors are obtained from either the EPA Integrated Risk Information System (IRIS)
database or the quarterly EPA Health Effects Assessment Summary Tables. The top-scoring chemicals in
the screening procedure, along with any detected chemicals for which toxicity factors are currently unavail-
able, are subsequently analyzed to establish a potential list of indicators for final selection. Final selection of
indicators is then based on evidence of human carcinogenicity, frequency of occurrence in environmental
media, exceedance of acceptable intake values, exceedance of background levels, and the migration poten-
tial and environmental persistence of the chemicals.

• Current organization Army Environmental Center

Less-Than-Lifetime Risk Assessment: Estimation
of No-Effect Levels for Nonlethal Toxic End

Points by Analogy to Acute Toxicity
Cheryl B. Bast and Robert E. Gibson, Oak Ridge National Laboratory, and

Christopher H. Cubbison and Christopher T. DeRosa, * U.S. Environmental Protection Agency

ata necessary l_westablishing human nCH_bservcd-adverse-effect levels (N()AEI.s) are not available
for many chemicals, whereas acute toxicity data are often readily available. If the existence of a rela-
tionsllip between acute t_,xicity data anti N()AEI_s were to be established l_,r th(,sc chemicals for

which both types of data exist, it w()uld then be p_)ssiblc to estimate a N()AEI. for s¢)me chemicals li)r which
only the acute toxicity data exist. ()vcr 1I(XIchemicals from the Chemical Unit Record Estimates (CURE)

database of the U.S. Environmental l'x'otccti¢)n Agency were classilicd acc¢)rding tC)the 3()- ()r 69-class
scheme used l'_)rthe (;cnc-T¢)x lh'¢)gn'am.N¢)-cffecl levels and acute toxicity data (fr()m the Registry ()fToxic
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18 continued ............................................

Effects of Chemical Substances) were incorporated into a less-than-lifetime database, and the
Iog(LD5o/NOAEL) was determined. The percentage of chemicals included by a given ratio was then calcu-
lated for various chemical classes for oral exposure in rats. Data suggest that both the Ll)50s and NOAELs
are normally and independently distributed. The upper limit for a NOAEL can be estimated by the use of a
factor of 10,000 to 100,000, but the probability is high that the no-effect level will be underestimated by sev-
eral orders of magnitude.

*Now affiliated with Agency for Toxic Substances and Disease Registry

PATS: Packaging and Transportation Safety
Program Data Base

Ruth M. Gore, Andrea A. Richmond, Miriam J. Welch, and Richard R. Rawl,

Oak Ridge National Laborawry

he l)epartment of Energy Assistant Secretary for Environment, Safety, and Health is charged under
DC)E Order_5480.3 with safety_" overview responsibilities for the packaging and transportation of haz-
ardous materials,_ substances, and wastes_'at ali DOE facilities.• The Packaging and Transportation

Safety (PATS) Program is the means by which these responsibilities are addressed. Oak Ridge National
Laboratory (ORNL) serves as the integrator for the PATS Program.

The PATS database was initiated in 1989 to organize information related to DOE packaging and transporta-
tion safety activities, lt contains specific site information regarding DOE facilities, appraisal visit schedules
and reports, appraiser names, training, and expertise.

The database is maintained on a PC using dBase II1 and Clipper software. The user can select reports based
on such things as hazardous class, site/facility names, and appraiser name.

Toxicology Guide for Installation Restoration
Program Application

Rot_ert A. Young, Po-Yung Lu, Mat 3, W. Francis, and Robert H. Ross,

Oak Ridge National Laboratory, and
G. W. Jel_son and J. W. Fisher, Wright-Pattetwon Air Force Base, U.S. Air Force

nder the Installation Restoration Program, the U.S. Air Force is required to prtwide comprehensive
chemical pr_files oI"tt_xic t_rhazardous chemicals commonly f_und at Air Force installations. Four
volumes (25(X)pages) of peer-reviewed rept_rts covering 70 chemicals will he used by ali Air Force

Access/l Ise Inl'_Resources Assess !letdth Risk ('hem l:.xpos'93 249



20 continued .............................................

installations (both domestic and overseas), nearby communities, and state and local governments. This Toxi-
cology Guide provides two categories of information: (1) concise summaries and (2) in-depth evaluations.
The summaries include substance identification, 'air w/v conversion factors, reactivity and physico-chemical
data, pathways of exposure, persistence in soil/groundwater systems, health h_ard data, handling precau-
tions, environmental and occupational standards and criteria, and regulatory status (federal, state, and Euro-
pean Economic Community directives). The evaluations include environmental l:ate, human health effects
(carcinogenicity, teratogenicity, genotoxicity, short- and long-term toxicity), and sampling and analysis
information. A fifth volume covering six metals of concern is in preparaticm.

Hypertext System Demonstration: Information on
the Symposium and BEIA

Gloria M. Caton and Suzanne E. Joy, Oak Ridge National Laboratory

A hypertext demonstration provides information on the symposium on Access and Use of Informa-
tion Resources in Assessing Health Risks from Chemical Exposure, the Biomedical and Environ-
mental Infi)rmation Analysis (BEIA) Section, and local area attractions.

The mission of BEIA and the expertise and capabilities of 13EIA staff members are summarized. Informa-
tion is given on the following groups and their projects: the Human Genome and Toxicology Group, the
Chemical Hazard Evaluation and Communication Group, the Environmental Regulaticms and Remediation
Group, and the Information Management Technology area.

Activities of the Federal-State Toxicology and
Regulatory Alliance Committee

Rot_ert Cantilli, U.S. Environmental Protection Agency

T _ • •

he Federal-State Toxicoh)gy anti Regulal_ry Alliance (_.tin,millet (FSTRAC) was ft_rmed in 1985 to
facilitate cooperation between federal and state rcgulat_rs anti risk assessors on drinking water
issues. FSTRAC is composed _l"representatives l'r_mistate health anti environmental agencies, the

U.S. Environmental Protection Agency (EPA), ()ffice _I lhinking Water, and EI'A regi_mal programs.
FSTRAC brings together professi_mais with many tliffercrll areas of expertise t_)develop weli-r_mndetl, inte-
grated approaches t_>risk assessment and standard-setting issues, in a broad sense, EPA sp_msors FSTRAC
to foster cooperation am_mg states, and between stales and El'A; pnwide a setting for inf_rmal and fi_rmal
discussions of c_m_mon pn>blems; improve c_msistency between federal and state approaches to setting
drinking water standards _r guidance; obtain feedback on federal or state guidance and standards; and dis-
cuss l:actors inlluencing state risk assessment and regulatory pre,grams. Specific activities and products _f

FSTRAC include wt)rksh¢_ps on risk assessment nlctllt_tlolt_gies ctmlmtmly used by EI'A and states; panel
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22 continued ..............................................

discussions between FSTRAC members on practical solutions to risk assessment problems; guidance docu-
ments on chemical mixtures in drinking water; a summary of state and federal drinking water guidelines and
standards; an electronic seminar series in which states and EPA share inlYwmation on recent risk assessment

developments through teleconferencing; a guidance document on assessing noningestion exposures to drink-
ing water contaminants; and a risk communication bibliography and a number of nation-wide surveys on the
occurrence, regulations, and guidance for drinking water contaminants.

The Rodent Dominant Lethal Assay
Bradford L. Whitfield, Oak Ridge National Laboratory.

he rodent dominant lethal assay is one of the short-term genotoxicity tests selected by the U.S. Envi-
ronmental Protection Agency for inclusion in the Gene-Tox Program (other posters at this meeting
describe the Gene-Tox Program). This poster provides details of the dominant lethal assay and uses

the Gene-Tox evaluation of this assay as an example of the ability of the Biomedical and Environmental
Information Analysis (BEIA) Section Human Genome and Toxicology (HGT) Group to provide scientific
and infomlation support to other groups and government agencies.

The Environmental Mutagen Information Center (EMIC), one coml_nent of HGT, has for 21 years been

identifying, collecting, and extracting the technical information from the published literature in genetic toxi-
cology. This extensive computerized database and the expertise of the EMIC staff are instrumental in the
continuing success of the Gene-Tox lh'ogram.

Published literature on the dominant lethal assay had already been identified, and copies of the publications
were available at EMIC; thus it was quick and easy to obtain a subset of the literature dealing with this
assay. After an initial screening of the literature by the EMIC stall copies t_fthe pertinent papers were dis-
uibuted to the Gene-Tox panel of experts fi_r critical evaluation. The EMIC staff member assigned to the
panel contributed both as a scientist and as an information specialist. The final report of the panel was pub-
lished in open literature, and the results were entered into the Gene-Tox database at ORNI_. Newly publish-
ed data are evaluated and added t_ the database on a c_mtinuing basis.
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In Vivo Micronucleus Assay in Mammalian Bone
Marrow and Peripheral Blood

Kathleen H. Mavournin, Oak Ridge National Ixd_oratory;

David H. Blakey, Department of National Health and Welfare, Canada;

Michael C. Cimino, U.S. Envtronmental Protection Agency;

Michael F. Salanume, Ontario Ministry of the Environment, Canada; and

John A. Heddle, York University, Canada

he protocol recommended for the micronuclcus assay in mammalian bone malvow has been revi_d
and simplified. The number of sample times has been reduced lo _me t_rtwo, depending upon the dos-
ing protocol. The minimum number of cells to he scored per treatment group has been increased to

20,000 to increase the ability of the assay to detect a dtmbling of the control micronucleus frequency. Use of
both male and female animals is recommended. Scoring of micronuclei in polychromatic erythrocytes of

peripheral blood is included as a variation tfr the bone n_urrowassay, lhablished dala on chemicals tested by
the micronucleus assay have been reviewed and are summarized.

5 .°°°°°_°°.°.°°°.°°°°..o.°o°°°°.°,...°...*°°*°°°°*"

Inhalation Reference Dose Methodology:
Development, Dosimetric Adjustments, and
Human Equivalent Concentrations

Chon R. Shoqf and Annie M. Jarat_ek. U.S. Environmental Protection Agency

nlormati_m rcs_urces arc the critical basis l'_r initiating inhalati_m reference th_sc (Rfl)i) development.
The inf_,rmali,,n rei,'ieval melh,,d includes a c,,mpleie and cu,'renI lil¢,'alur¢ setu'ch, inf_,rmali,,n ahsirac-
lion, dalahase" conslruclion, and compilali_m of lhc c_mcenlralion-resp_mse- dala. When"such an inf(wma-

item retrieval mcth_d is coupled with a physiologically-based d_simeiry m_tlel, human equivalenl concen-

Irali¢ms integral l¢_lhc Rfl)i deveh_pmenI princess can he derived. Critical studies chosen I'r¢mllhc literature
searches pr_)vide the necessary inf¢)rmalion _)nheallh elfecl.s I()which extrap_)lali()n melh_xls l'()rhigh-l()-
I¢)wdose, animal-to-human exlrap¢)lalions, and n¢)rnlal-I_)-susccptihle suhp_)pulati¢)ns are applied. The c()n-
cenlralion response database sh()uld yield Ul¢ n_)-()hserved-adverse-efl'ecl level (N()AEI.)¢_r the h)west-
()hscrvcd-advcrs¢-¢fl'ecl level (I.()AEI.). ()Iher neccsstu'y dala include characteristics _)1"lhc aer()s()l ()r gas
(mass medial acr¢)dynamic diameler, ptuli¢l¢ dislrihuli()n, lemperalure, pressure) and lhc appr¢)priale respira-
I¢)rytract region (exlralh¢)racic, trache()hr_)nchial, pulm()nary, ¢_rI()lal) _)r()lher _)rga_imanifesting lhr.'I()xic
el'fcel. Data bases _)I"animal and human physi()h_gical, anal()mical, and melab¢)lic paramelers will c()nlinue
tc)play an imp()rtant r¢_l¢in reducing uncerlainly in lhc Rfl)i by pr¢)vidJnginl'()rmati¢)nf()r malhemalical
m_)tlels ()f empirical dala and physi_l_gically based pharmac_)kinelic ill(_tlelxI_)supp_)r_ tl_)ximetricadjust-
mcnts and tru)re accurale risk c.slimatcs. (This ahstratzl tl()es m)t necessarily rell¢cl t".I'Ap_)licy.)
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Animal Testing Alternatives: A Selected
Annotated Bibliography

Robert S. Stafford and Po-Yung Lu, Oak Ridge National Laboratory,

and George J. Cosmides, National Libra,. of Me4icine

he scientific community is concerned about animal welfare and is also sensitive to public concen3s
regarding how and why animals are used in biomedical research and toxicological testing. Although
it is unlikely that alternatives to animal methods or in vitro methods will ever satisfy all the require-

merits of research and testing, a_lernatives to the use of intact animals (vertebrates) are being developed.
Research on methodolol,Y is aimed at refinement of procedures to reduce pain and discomfort, reduction in

the number of exp,_f_-n_ntal ani,c_ls qecessary for scientifically valid results, and replacement of intact ver-
tebrat,.,_ when scientifically acceptable alternatives can be verified and validated.

The purpose of this series of quarterly bibliographies is to provide periodic literature surveys in a format
that facilitates easy scanning. Citations with annotations relating to the method are organized under catego-
ries such as cell culture or a specific target organ. The bibliographies feature selected citations that deal in
some predominam ray with methods, assays, tests, or procedures that may be useful alternatives to intact
vertebrates. The citations are selected and compiled after monthly on-line searching of appropriate bibliog-
raphic databases t,n the computer system of the Nati_, .,1Library of Medicine. These bibliographies are
available, free t,f charge, to interested organizati_,ns or individuals.

7 °°°° ..... °°°°°°°°°°°°..,°°°°°°,°.°.°°,°°°.°.°°.°,°°°

Superfund Technology Support Center for Health
Risk Assessment

Pei-Fung Hurst, W. Bruce Peirano, and Christopher T. DeRosa, *

U.S. Environmental Protection Agency

n December 1989, the ()ffice of Health and Envirt_nmental Assessment (OHEA) was designated, in a
mem,,randum _I unders_andin_ ! _tween the ()ffice of Research and Development (ORD) and the
Office _,f St,lid Wa'._teand Emergency Response (()SWER), as the location h,r the Superfund Techr!cal

SupI'mrt Center (TSC) h,r human llealth risk issues. The Environmental Criteria and Assessment Office
(ECA()) will functitm as the ft)cal point to_.._,rdinate ()HEA- t,r agency wide assistance in this area. A hot
line has been established [FTS 684-73(_() t,r (513) 569-730_)1 to facilitate the ct,mmunication between the

TSC and the Superfund risk asscsscws.

()HEA Ims a l,,ng hislc,ry of pr_,viding suppt,rt tt_different regulatory prr)gr mis, has experience with chemi-
cal review and tt,xicity evaluation, and has an excellent wt,rking relationsilip with other ORD labs and pro-
gram offices. These l'acV.,rsplace ()HEA in a unique position for providing assistance in health risk
assessment. This assistance will he ctmducted in c,mjunction with the Tt,xics Integration Branch (TIB) t,f

tilt ()ffice _,fEmergency and Remedial Respt,nse (()ERR)in t,rder that fulure research and SupcrfiJnd
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27 continued ..............................................

program issues may be identified and to ensure consistent responses to policy questions and specific situ-
ations with broad application. In order to encourage interaction and information exchange, OHEA and
TIB/OERR will convene a risk assessment round table with the regions. Regional representatives are encour-
aged to participate in the monthly Risk Assessment Teleconference for Superfund (RATS) with TIB and
OHEA to ensure that consistent approaches are applied across ali National Priority List (NPL) sites and to
identify policy issues.

The specific function of the health risk TSC is to provide a rapid response to specific questions by telephone
and written follow-up, when appropriate, to regional toxics integration coordinators (RTICs), remedial pro-
ject managers (RPMs), on-scene coordinators (OSCs) and regional Superfund staff relating to chemical-
specific health information. Contractors may also contact the TSC with site-specific Superfund questions,
but may be required to route the question tlu'ough their RTIC, RPM, etc. In any event, the_ people will be
notified of the question and the response.

Clarification and interpretation of the Rnsk Assessment Guidance for Superfund (RAGS) will be coordinated
with the TIB. OHEA will also consult with other offices and programs, when necessary, to respond to multi-

faceted questions such as route-to-route extrapolation, dermal risk parameters, and less-than-lifetime expo-
sure. Coordinated responses will also be provided on hez,,lth-based trig_-_ersand cleanup levels and
justification for surrogate cleanup levels based on default assumptions.

Utilization of the TSC is expected to be extensive. The TSC is already responding to between six and ten
calls per day prior to any extensive publicity. This TSC has been designed for maximum flexibility in order
to respond to a wide variety of assistance requests. With the help of the TIB, the Regional Forum and other
agency offices, the TSC should prove extremely valuable to the entire Superfund program by providing
timely, consistent, state-of-the-science answers to complex questions.

*Now affiliated with Agency for "ibxic Substances and Disease Registry.

8 °,.,oo°,.°.,,,,o°.o,*°oo,,°°°,,,,,o°,*o°..°,,,o,*,

Chemical Hazard Assessment

Robert H. Ross, Cheryl L. Bast, Ma_. L. Daugher_. , Kowetha A. Davidson, Rosmarie Faust,

Andrew A. Francis, Patricia S. Hova_.t'er, Dennis M. Opresko, Sylvia S. Talmage and

Robert A. Young, Oak Ridge National Laborato_, and

Christopher T. DeRosa, * Harlal Choudhur3,, V. J. Cogliano, Christopher H. Cubbison, and

Bennett G. Smith, U.S. Environmental Protection Agency

he as. cssmcnt of the health and environmental hazards posed by the environmental release of chemi-
cals is an information-intensive princess. An assessment can be qualitative, quantitative, or a combi-
nation _1 b_[h, lhc latter being m_st common. Qualitative assessments convey the risk of exposure to

a cllemical t<)the extent that the p_)lential hazards arc cletu'ly identified, but expc)sure levels of concern are
nt)t derived. ()n the _ther hand, quantilative imztu'dassessments arcpr¢_cesses by which levels _)fconcern
arc derived. The methodoh)gy lt_rc_mducting hazard assessments involve computer-aided scans o1"the litera-
lure, selecti_)n _l ali relevant Imman and animal studies that make up the database, selection of key studies
that identify and characterize the critical effect and dose-response relatit)nships, and use of dose-response

da|a points in specific equations (_rcompuler m_>delslo calculate the specific risk values. An example of a
qualitative hazard assessment is the carcinogen classification schemes used by lhc Environmental Protection
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Agency and the International Agency for Research on Cancer. Examples of quantitative assessments include
reference doses, slope factors, reportable quantities, and water quality criteria. Because each of these quanti-
tative risk assessments can be derived on the basis of a single well-conducted study, access lo ali available
information is essential to ensure that 'ali relevant studies have been considered.

*Now affiliated with Agency for Toxic Substances and Disease Registry

Mutagenicity Testing Guidelines for the U.S. EPA
Office of Toxic Substances (OTS)

Michael C. Cimino and Angela E. Auletta, U.S. Environmental Protection Agency

he U. S. Environmental Protection Agency (EPA) Office of Toxic Substance presently has 22
mutagenicity test guidelines, either existing, proposed or in draft. 20 have been published in the Fed-
eral Register (FR), and 19 appear in the Code of Federal Regulations (CFR). Eleven guidelines are

widely used by OTS. The Ames guideline is considered current state-of-the-art and it is not scheduled for
update. The in vitro gene mutation test is also widely-used; the L5178Y cell line is being split out as a sepa-
rate assay, and the CHO and AS52 cell lines are also likely to be split out. The Drosoplula sex-linked reces-
sive lethal (SRL) test, used in Sect. 4 test rules, will likely be replaced with alternative test(s), and is not
scheduled for up-date. The visible SLT, the 3rd-tier test rule standard, is considered state-of-art; minor modi-
fications have been proposed in the FR. The biochemical SLT has been proposed as un alternative to the vis-
ible test; a final guideline should be published by January of 1990. The in vitro chromosome aberration test
is widely-used; these are currently undergoing revision. The in viw) spermatogonial chromosome aberration
test is new for OTS. The rodent dominant lethal is widely-used, and will be revised soon. The heritable
translocation test is a 3rd-tier standard in test rules, but is considered state-of-ma and is not scheduled for

update. Although intended as recommendations for conducting the subject assay for submission of data to
EPA, OTS guidelines, along with relevant modifications, become test standards when cited in a test rule.

30 ...................................................

Material Safety Data Sheets for Hazard
Communication

Sibvll M. Hutmer, Betty, W. Kline, Po-Yung Lu, and Linda B. Pierce,

Oak Ridge National Laborator3,, and

James R. Crawl, Environmental Health Center, Nolfolk, U.S. Navy

he Occupatic)nal Safety and Health Administration Hazard Communication Standard 29 CFR
19(X).1200 requires manufacturers, distrihut_ws, users, and impcwters tc_c_nTmunicate infcwmation to
employees _m ali hazartl_ms chemicals used in lhc w(wkplace in the l'_x'mc_l"Material Safety Data

SITeets (MSI)S). Als_, Superfuntl Am¢.ndmcnt !_.eauth,._:'izalicmAct, Title I!!, Sccti_n:_ 311 and 312, cites
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t

MSDS as a means of fulfilling community right-to-know reporting requirements. The Oak Ridge National
Laboratory (ORNL) uses the Hazardous Substances Data Bank, the U.S. Environmental Protection Agency
Gene-Tox Data Base, other pertinent databases, reference books, and manufacturers' information to prepare
MSDS. Selected MSDS are peer-reviewed to ensure that they accurately reflect what is known about the
chemical or trade name products. Currently, information on 2661 pure chemicals and 5136 trade name prod-
ucts is available through a menu-driven retrieval system developed using INQUIRE on an IBM mainframe
computer, which allows on-site or off-site access. The MSDS at ORNL are kept current by updating such
selected data elements as threshold limit value, toxicity, and cancer rating. In addition, a total of 2000
MSDS have been prepared for the U.S. Navy and Army to be incorporated into the Department of Defense
Hazardous Materials Information System. Information obtained primarily from manufacturers' MSDS has
been enhanced to update threshold limit values, toxicity, and cancer ratings.

DART and Other Information Resources in

Developmental and Reproductive Toxicology
Carole A. Kimmel, Environmental Protection Agency, Stacey J. Arnesen and Henry M. Kissman,

National Library of Medicine, and

Bernard A. Schwetz, National Institute of Environmental Health Sciences

he DART (Developmental and Reproductive Toxicology) database is a new bibliographic database
intended to provide a comprehensive collection of the available literature in developmental and
reproductive toxicology. DART is a continuation and expansion of the ETIC (Environmental Teratol-

ogy Information Center) database, which was established originally by the National Institute of Environ-
mental Health Sciences (NIEHS) and produced by Oak Ridge National Laboratory (ORNL). Currently,
DART contains references to literature prirr.arily in developmental toxicology dating from 1989; ETIC cov-
ers literature of similar scope from 1950 to 1988. Both DART and ETIC (as ETICBACK) are available on
line via the National Library of Medicine (NLM) TOXNET (Toxicology Data Network) system. DART is
currently funded by NIEHS, the Environmental Protection Agency (EPA), and the Agency for Toxic Sub-
stances and Disease Registry (ATSDR), through agreements with NLM, which provides support and over-
sees the maintenance of the database. The scope of DART will be expanded soon to include other areas of
reproductive and developmental toxicology that have not been covered previously; at least 3600 references
will be added each year, both from NLM's MEDHNE database (approx. 60%) and from non-MEDLINE
sources, such as books, meeting abstracts, technical reports, and journals not indexed for MEDLINE. These
records will contain abstracts, MeSH (Medical Subject Headings) indexing, and complete chemical index-
ing. A summary of other information resources available in developmental and reproductive toxicology

(e.g., REPROTOX, Shepard's Catalog, TERIS, etc.) also will be provided.
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The Ames/Salmonella Microsome Assay for
Genotoxicity

Mary M. Brown and Elizabeth S. Von Halle, Oak Ridge National Laboratory, and

Angela E. Auletta, U.S. Environmental Protection Agency

he number of chemicals for which published data in the Salmonella assay (SAL) have been evalu-
ated and entered into the GENE-TOX EPA database is 2469. Of these, 666 are reported to be SAL+
(positive), 416 SAL+-* (positive with metabolic activation), and 18 SAL+ (positive without metabo-

lic activation and negative with metabolic activation). Collectively, 1100 chemicals were positive in the

SAL assay, 880 negative, and 489 were inconclusive. Comparative results between chemicals tested in SAL
and a variety of other test are available in Gene-Tox database. For example, of the 2469 compounds tested

in SAL, 326 results Ii}r animal carcinogenicity (CCG), 108 for mutations in Chinese hamster lung cells
(V79), 122 for sex-linked recessive lethals in Drosophila (SRI_.), 156 for cell transformation in mammalian
cell systems (CT). The number of noncarcinogens reported in the Salmonella database increased from 14 in
the original Gene-Tox review to 58 in the present update. These data are used to compare sensitivity, speci-

ficity, concordance, and predictivity in the different test systems with carcinogenicity in animals. Compari-
sons are also made of test results of genotoxicity in Salmonella with genotoxicity in eucaryotes.

When the limited positive and negative results for animal carcinogenicity (CCG+L and CCG-L) are
removed from the calculations, the sensitivity (78.36 to 82.93%) and concordance (76.07 to 80.00%) of the
Salmonella test increased without a significant decrease in specificity (65.52 to 65.00%). Elimination of

these data from the comparisons results in values for sensitivity, concordance, and specificity values similar
to those obtained with pre-1979 data when only 14 noncarcinogens were available for comparison.

Combining genotoxicity data obtained from the V79 and SRI_.test systems with the Salmonella data does
not improve the correlation with carcinogenicity. The cell transformation data do not correlate as well as the
Salmonella data with carcinogenicity but do have a higher predictivity for noncarcinogens, although this
value is only in the 50% range.

Proposed Changes to the Toxic Substances
Control Act (TSCA) Tier Testing Scheme for
Mutagenicity

Angela E. Auletta and Michael C. Cimino, U.S. Environmental Protection Agency

nder the Toxic Substances Control Act (TSCA) EI'A may require testing in the areas of "carcino-
genesis, mutagenesis .... and unreasonable risk.., to health or the environment." Chemicals are
tested for gene" and chromc_somal mutation using tier schemes designed lo detect intrinsic mutagenic-

fly, determine if the chemical reaches the gcmad and interacts with germ cell I}NA, and detect the induction
of heritable mutations in mammals. P{_sitive responses in key tests also set'vk as triggers to a bioassay. The
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33 continued ..............................................

gene mutation scheme begins with an Ames assay. An in vitro test for gene mutation is performed if the
Ames assay is negative. A positive response in either test triggers a Drosophila sex-linked recessive lethal
(SRL) test; a positive SRI_.response triggers a visible or biochemical-specific locus test. The cytogenetics
scheme begins witti an in vitro cytogenetics test. An in vivo cytogenetics test is performed if the in vitro
assay is negative. A positive response in either test leads to a dominant lethal test; a positive dominant lethal
response leads to a rodent heritable translocation test. A bioassay is triggered if both the Ames and the SRI_.
tests are positive or if the in vitro gene mutation test or the in vitro or in vivo cytogenetics tests are positive.
lt is proposed to combine the first tier of both schemes, to replace the SRI_,test with a test or tests for direct
effects on gonadal DNA such as the induction of UDS or SCE in testicular tissue, to eliminate the single test
trigger to a bioassay, and to have any combination of tests leading to a bioassay include a positive response
in an in vivo test for chromosomal damage.

4 *,,*,°**°*****************************°***,,******

Radiological Site Characterization Surveys and
Data Analyses

Mary S. Uziel, Lois M. Floyd, and Judy W. Crutcher, Oak Ridge National Laboratory

he Measurement Applications and Development (MAD) Task Group of the Biomedical and Environ-
mental Information Analysis Section, Oak Ridge National Laboratory, has the primary responsibility
of writing technical reports based on radiological characterization surveys conducted by the Environ-

mental Measurements and Applications Section. At the request of the U.S. Depatlment of Energy (DOE),
these investigative surveys are performed to determine whether a site is currently contaminated with radio-
active residues derived from activities related to past projects of DOE or its predecessors. 1

The surveys may encompass both indoor and outdoor examination of the site with direct and transferable
measurements of alpha, beta, and gamma radiation levels; gamma scans; and collection of samples for
radionuclide analyses.

Responsibilities of the MAD Task (;roup include pataicipalion in field surveys, analyses of site data, inter-
pretation of results, digitization of survey site maps using CAD programs, development of computer pro-
grams to facilitate statistical analyses and graphical presentation of data, and rect_mmendations for
ct_rrective actions where appropri ale.

II)dE programs SUl)ptxting the MAD Ta.sk Group include the Formerly Utilized Sites Remedial Action Program, the Remote Surphts Facilities Man-

agement l'rogram, the Environmental Restoration l'rogram, and the Environmental Regulations Program.
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Biomedical and Environmental Information
Analysis Section Communication Resources:
Printed and Electronic

Gloria M. Caton, Linda M. Houlberg, Marilyn E. Langston, and Judy M. Wyrick,

Oak Ridge National Laboratory

iomedical and Environmental Information Analysis (BEIA) pers¢ nnel from different groups work
together using technical, editing, and desktop publishing skills lo produce scientific publications for
a variety oi' projects and sponsors (internal and external). Technical information, research results,

and research news are prepared and summarized in readily accessible formats for investigators, managers,
and other interested parties. Examples of products from these integrated elforts include the following:

• Newsletters: Radon Research Notes, Human Genome News, ESHNEWS, and Ceramic Technology for
Advanced Heat Engines;

• Reports: Environmental Regulatory Update Table, Weekly Federal Register Digest, 1990 Inventory of
Federal Hazardous Waste Activities at ORNL, Spill Prevention Control Countermeasures and Coniin-
gene3: Plans at ORNL, and ORNL Part B RCRA Permit Application for Remote-Handled Transuranic
Concrete Cask Storage Facili_;

• Books and Manuals: Environmental Guidance Reference Books, and VP-Expert: Rule-Based Expert Sys-
tent Development Toolfor Personal Computers, Course Workl_ook;

• Regulatory Posters: "Drinking Water Regulations" (with federal current/pre,posed drinking water crite-
ria and the stricter state criteria); and

• Hypertext Interactive Communication (sue demonstration describing symposium, BEIA, and local
area attractions).

36
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Environmental Guidance Program: Reference
Books and Regulatory Update Table

Cynthia G. Heckman, Linda M. Hmdt_erg, Marilyn E. Langston, Patricia A. Nikbakht,

Marti S. Salk, and Julia M. Stockstill, Oak Ridge National Lat_oratory

he mission ¢_Ithe Envir_,nmenlal Guidance Pre,gram, based al l)epaz'Imenl _,1"Energy (i)()E) head-
quarters in WashingtCm, ! .(.. is I¢_pre,vide guidance to I)()E in cCmlplying with variCms environ-

menial laws and regulalions. The Reference l_¢_¢_ksand Regulalory Update Table are rwe) t¢_olsused
I¢)pruvide this guidance. The l,teference ll_)_kspr()vide infcwmali_m_mmajc)renvir(mmenlal statutesand
their implemenling regulali(ms thai appear I() he m()sl relevant Io I)()E aclivilics. The 14b()()ksare revised
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36 continued ..............................................

and distributed to DOE and contractor staff annually, although this may occur more often when required by

major new developments in statute regulatory programs. The books are divided into four sections: Sum-
mary, Legislative History and Statutes, Implementing Regulations, and Updates. These reference books pro-
vide a convenient up-to-date source of information on each of the major environmental statutes. The
Regulatory Update Table provides information on regulatory initiatives of interest to DOE operations and
contractor staff with environmental management responsibilities. The table tracks regulatory developments
and is updated each month with information from the Federal Register and other sources, including direct
contact with regulatory agencies. Each table entry provides a chronological record of the rulemaking process
for that initiative with an abstract and a projection of further action.

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . •
o

Air Risk Information Support Center (Air
RISC)--Technical Support to State and Local
Agencies for Risk Assessment

Chon R. Shoal and Daniel J. Guth, U.S. Environmental Protection Agency

he Air Risk Information Support Center (Air RISC) was initiated in early 1988 by the Environ-
mental Protection Agency (EPA) Office of Health and Environmental Assessment and the Office of
Air Quality Planning and Standards (OAQPS) as a technology transfer effort that would focus on

providing information to state and local environmental agencies and to Environmental Protection Agency
(EPA) regional offices in the areas of health, risk, and exposure assessment for toxic air pollutants. Provi-
sion of technical assistance to the state and local agencies is key to supporting their greater regulatory role
as envisioned in the EPA's National Air Toxics Strategy announced in 1985. Technical information is fos-
tered and disseminated by Air RISC's two primary activities--technical assistance and guidance projects on
air toxic, health, and educational issues and staffing a "hot line" to provide immediate response to state and
local inquiries. Technical assistance and guidance projects have included a wide variety of activities in risk
assessment and risk communication, short-term assessments of hydrogen chloride, a glossary of terms
related to risk assessment, a directory of information resources related to risk assessment, and training

courses on risk assessment. In the 2 years since inception, the scientists at the Environmental Criteria and
Assessment Office and OAQPS have responded to 1131 calls from state and local agencies. (This abstract

does not necessarily reflect EPA policy.)
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Risk Assistant

John Schaum, Environmental Protection Agency and

John Young, Hampshire Research

isk Assistant is a microcomputer-based software system being developed by the Environmental Pro-
tection Agency (EPA) in conjunction with Hampshire Research for the purpose of conducting risk
assessments, lt is designed to be applied to specific sites and chemicals. The user inputs the chemi-

cal concentration data at the point of exposure, and the system retrieves the relevant toxicological data, pro-
vides defaults for the various exposure parameters, and produces a report summarizing the results and

important assumptions. The system uses a pull-down menu interface with on-screen help covering both
operational and scientific information, lt requires an IBM-XT equivalent or higher machine. The currently
available version is a Beta-type, and a final release is scheduled for late 1990.

Development and Application of Numeric Files
Derived from Toxicologic Experimentation

Sidney Siegel, National Library of Medicine

resented as a poster session will be rationale for the development and maintenance of information
resources to be supportive of the efficient and cost-effective accomplishment of the assessment and
management of risk.

Identified and outlined are issues relevant to the development, use, and acceptance of numeric files derived
from published toxicologic experimentation.
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Agenda

(Ali platform sessions for the sympo6ium will be held in the Auditorium of the American Museum

of Science & Energy. poster sessions will be held in the Ballroom of the Garden Plaza ltotel. The

American Museum of Science & Energy i._ located behind the Garden Plaza tlotel.)

Tuesday Evening, June 26, 1990

5:00-8:00 Registration (Garden Plaza Hotel)

Wilma J. Barnard, Conference Secretary, ORNL

Poster Setup

Entertainment

Moon Miller, Spring City, Tennessee

Wednesday Morning, June 27, 1990

7:00-8:00 Registration (Garden Plaza Hotel)

Wilma J. Barnard, Conference Secretary, ORNL

8:00 Symposium Introduction and Overview,

Po-Yung Lu, ORNL

(American Museum of Science & Energy)

Welcome Stephen V. Kaye, ORNL;
William H. Farland, EPA

8:10 Introduction, meeting overview, and purpose
Po-Yung Lu, ORNL

8:25-10:30 Chemicals, Health Effects, and Information Needs

Introduction Pr-Yung Lu, ORNL, Chair

8:30 The problem of living ,i a world contaminated with
chemicals

Robert L Metcalf, University of lllinnis

9:00 The environmental laws regulating chemicals

Jeffrey M. Gaba, Southern Methodist University

9:30 Information needs for risk assessment

Christopher T. DeRosa and Rita S. Sclzoeny, EPA

10:00 Information needs Ibr risk management/communication

David A. Bennett, EPA
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10:30-10:45 Break

10:45-12:15 Toxicology Information Resources, Challenges, and Needs

Introduction John S. Wassom, ORNl.,, Chair

10:45 Evolution of toxicology information systems

John S. Wassom, ORNL

11:15 Information and technology: a coexistence without limits,
a beginning with no apparent ending...

David J. Reisman, EPA

11:45 The challenge of information access

Linda A. Travers, EPA

Wednesday Afternoon, June 27, 1990

12:15-1:30 Lunch

1:30-3:05 Application of Toxicology Information for Establishing
lh'iorities for Chemical Testing, Hazard Ranking, and
As_ssment

Introduction Babasaheb R. Sonawane, EPA, Chair

1:35 Structure-activity relationships (SARs) to assess new
chemicals under TSCA

Angela E. Auletta, EPA

2:05 Quantitative genetic activity graphical profiles for use in
chemical evaluation

Michael D. Waters, EPA

2:35 Interagency Testing Committee cllemical selection process

John D. Walker, ITC

3:05-3:20 Break

3:20-5:30 Guidelines Used to Assess Toxicological Haz_,_-,'

Dorothy E. Patton, EPA, Chair

3:30 EPA's program for risk assessment guidelines: Overview

Dorothy E. Patton, EPA

4:(X) Cancer classification issues

Jeanette Wiltse, EPA

4:30 Quantilication issues

Michael L. Dourson, EPA

5:(X) Exposure issues

Michael A. Callahan, EPA
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Wednesday Evening, June 27, 1990

5:45-7:30 Poster Session/Demonstrations (Garden Plaza Ballroom)

Refreshments and Entertainment

Moon Miller, Spring City, Tennessee

Thursday Morning, June 28, 1990

8:00-10:00 Poster Session/Demonstrations (Garden Plaza Ballroom)

10:15-10:45 Rapporteur Summary Sidney Siegel, NLM

(American Museum of Science & Energy)

10:45-5:30 lnh)rmation Applications

Introduction Christopher T. DeRosa, EPA, Chair

11:00-3:00 Panel discussion on how information resources are used

by federal agencies in risk assessment applications

Penny Fenner-Crisp, EPA, Rapporteur

ATSDR Deborah A. Barsotti

DOD-US Army William E. Legg

DOE-ORO Timothy W. Joseph

El:A-Region III Riclzard Brunker

FDA Angelo Turturro

Thursday Afternoon, June 28, 1990

12:00-1:30 Lunch

NIOSH Leslie T. Stayner

NTP James K. Selkirk

USDA-FS Dennis R. Hamel

USDA-FSIS Wesley A. Johnson

2:20-3:00 Questions from audience

3:(X)-3:30 Break

3:30-5:30 Panel discussion t)n h()w inf()rmati()n resources are used

by state agencies in risk assessment applications

Stephen M. Dizio, Califi)rnia, Rapporteur

Califi)rnia Stephen M. Dizio

C()nneclicut David R. Brown

illinois Clark S. Olson

l+()uisiana St+zanne M. Gardner

Massachusetts Carol Rowan West
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New Jersey Gloria B. Post

Tennessee Bonnie S. Bashor

5:00-5:30 Questions from audience

Friday Morning, June 29, 1990

8:00-9:25 Information Files and Data Base tor Evaluating Health
Hazards From Chemical Agents (American Museum
of Science & Energy)

Introduction Linda A. Travers, EPA, Chair

8:05 Rapporteur summary of session on information
applications

Federal agency perspective: Penny Fenner-Crisp, EPA

State agency perspective: Stephen M. Dizio, California

8:45 EPA data bases for risk assessment

Lt'nda Tztren, EPA

9:05 ORNL data bases for health effects assessment

Po-Yung Lu, ORNL

9:25-12:30 Information Resource Development/Integration/
Communication/Transfer for Assessing Health Effects

from Chemical Exposure

Introduction Robert H. Ross, ORNL, Chair

9:30 Application of the Federal Technology Transfer Act to
health risk assessment

l_z:rryFradkin and Christopher T. DeRosa, EPA

10:00-10:10 Break

10:10-12:00 Panel discussion on information resources for assessing

health effects from chemical exposure: Challenges,
priorities, and future issues

William 14.Farland, EPA, Moderator

Deboralz A. Barsotti, ATSDR

Penny Fenner- Crisp, EPA

Chon R. Shoaf, EPA

11:(X)-I1:15 Break

Bonnie S. Bastlor, Tennessee

Robert O. Beauchamp, Jr., CITE

Heinrich V.Mailing, NIEHS

Sidney Siegel, NLM

Linda A. Travers, EPA
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Friday Afternoon, June 29, 1990

12:00-12:30 Questions from audience

12:30-1:(X) Concluding Remarks: Where I)o We Go From Here'?

William H. Farland, EPA

I:(X) Adjournment

2:30 ()RNI_ ()verview (()ptional)

Truman D. Anderson, ()RNI_
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