RAND

The Impact
of Endocrine
Disrupting
Chemicals on
Wildlife

A Review of
the Literature
1985-1998

Sandy A. Geschwind, Elisa Eiseman,
Dalia Spektor, and Arlene Hudson

MR-1050.0-OSTP

April 1999

Prepared for the
Office of Science and Technology Policy

Science and Technology Policy Institute

This is a final report of a project. It has been formally reviewed but has not been formally edited.

RAND is a nonprofit institution that helps improve policy and decisionmaking through research and analysis.
RAND’s publications do not necessarily reflect the opinions or policies of its research sponsors.



PREFACE

This project analyzes the literature on endocrine disrupting
chemi cal s and the published evidence that endocrine di sruptors nay
inmpact wildlife in the field. Infornmation contained in this report wll
not only be useful to the policy nmaking and scientific conmunities, it
may al so be used to develop a nore informed perspective by the Ofice of
Sci ence and Technol ogy Policy, with respect to the followi ng activities:

a) defining paranmeters for including wildlife studi es when
updati ng and expanding the existing inventory of federally
funded research on endocrine disruptors;

b) further developing a national strategy for research on
endocrine disrupting chemicals and wildlife popul ations; and

c) providing input to the international scientific comunity
regardi ng what is known about the inmpact of endocrine
di srupting chemicals on wildlife.

The Science and Technology Policy Institute (fornerly the Critica
Technol ogies Institute) was created in 1991 by an act of Congress. It
is a Federally Funded Research and Devel opnent center sponsored by the
Nati onal Sci ence Foundati on and nmanaged by RAND, a non-profit
corporation created for the purpose of inproving public policy. Science
and Technol ogy Policy Institute's mssionis to help inprove public
policy by conducting objective, independent research and anal ysis on
policy issues, which involve science and technology in order to

1. Support the Ofice of Science and Technol ogy Policy and ot her
Executive Branch agencies, offices and councils,

2. Hel p science and technol ogy deci si on-makers understand t he
i kely consequences of their decisions and choose anbng
alternative policies, and

3. Inprove understanding in both the public and private sectors
of the ways in which science and technol ogy can better serve
nati onal objectives.

Sci ence and Technol ogy Policy Institute research focuses on
probl ens of science and technol ogy policy that involve nultiple

agencies. |In carrying out its mission Science and Technol ogy Policy



Institute consults broadly with representatives fromprivate industry,
institutions of higher education, and other nonprofit institutions.
Inquiries regarding Sci ence and Technol ogy Policy Institute or this

docunent may be directed to:

Bruce Don

Director, Science and Technology Policy Institute
RAND

1333 HSt., NW

Washi ngton, D.C. 20005

Phone: (202) 296-5000

Web: http://ww.rand. org/centers/stpi/

Email: stpi @and. org
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SUMVARY

Endocri ne di srupting chenicals have been inplicated as the cause of
many adverse outcones in wildlife populations, including changes in the
grow h, devel opnent, reproduction or survival of a variety of species.
However, few wildlife studies have actually denonstrated such adverse
effects under field conditions. Over one hundred chenicals have been
identified as endocrine disruptors to date, but consensus on the exact
list of potential disruptors does not exist. Consistent guidelines for
assessing the potential inpacts these chenmicals may have on wildlife are
al so | acki ng.

To address the question of whether these chemicals are adversely
affecting wildlife popul ations, a focused review of the wildlife
literature for the period between 1985 to 1998 was undertaken. A tota
of 83 review articles and prinmary studies were eval uated and i nfornmation
about sel ected study paraneters was entered into an on-1line database
devel oped for this project.

Study factors evaluated included: the taxa and species affected,

t he adverse health outcones noted, the geographic regions in which they
were found, and the specific endocrine disruptors of concern. Chenica
concentrations in the anmbient environment, as well as body burden

| evel s, were noted where available, in order to docunent |evels
associated with effects on wildlife.

Next, a set of policy questions of interest to OSTP was eval uat ed.
The results of this research are highlighted bel ow.

First, it was found that much of the literature reviewed on the
environnental effects of endocrine disruptors focused on studies
pertaining to birds and study sites that were prinmarily aquatic in
nature (primarily the Great Lakes region). The chemicals nost conmonly
noted as exerting an endocrine disrupting effect on wildlife include
netal s and organochl orines. However, based on the a priori literature
sel ection criteria developed for this project, it is not possible to
draw concl usi ons about whether these are the taxa nost seriously
af fected, and the chemicals of greatest toxicity, or whether they are

just the nost easily studied under field conditions. Further research
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and conparison with | aboratory studies will help bring focus to these
out st andi ng questi ons.

It is also too premature to draw concl usi ons about concentration
and dose-response rel ationships fromthe studies reviewed for this
project. In particular, many questions remain regarding the timng of
exposure and links to any adverse heal th out cones not ed.

A Scientific Evaluation Scoring System was devel oped for the
project in order to introduce a |level of consistency within the
literature review process and ensure that the scientific evidence
presented in the papers were eval uated objectively. The system
hi ghlights the fact that nost wildlife studies cannot achieve the |eve
of scientific certainty and acceptance as that attained by |aboratory
studies. |In part, this is due to the | ack of exposure data, as well as
the fact that Iinmted efforts are undertaken to control for other
confounding factors in field studies.

The criteria to ascertain causality are seldomnet in the wildlife
literature on endocrine disrupting chemicals. |In addition, it is
currently not possible to assess whether chemi cal mixtures are nore
problematic to wildlife species in the environnent than single
chemicals. Yet there is sone suggestive evidence that the devel opi ng
young are nore susceptible to exposure to endocrine disruptors than
mat ure organi snms, because the critical periods of devel opnent nay be
af fected by the absence of necessary hornones or the presence of
di srupting hornones.

Finally, approximately half (56% of the endocrine disruptor
studies on wildlife populations reviewed for this report were supported
by federal sources (either entirely or conbined with other sources).
Interestingly, even though the other half of the studies were not
federal ly funded, conclusions generated by this research are sinilar to
those of the Conmittee on Environnent and Natural Resources of the
President’s National Science and Technol ogy Council. This comittee
eval uated all ongoing federal research on endocrine disruptors during
the fiscal year 1996. Wiile there is sone overlap between the research
revi ewed by CENR and that which was reviewed for this project, the

source of funding does not appear to nake a difference in the focus of,



or concl usions associated with, wildlife research on endocrine
di sruptors.

Thus, the results show that while nuch is known about the harnfu
ef fects of sonme of these chemicals in controlled, or |aboratory
environnents, the results of studying their effects in the field are not
as clear cut. Though there is a biological basis upon which to assune
that chemical effects would be simlar in the field, other nediating
factors may inmpact their presence, route of exposure, or uptake by
wildlife species. |In nmany cases, these factors are either not
identified or not controlled for in field studies. Until nmany of these
i ssues are resolved, the question renains open as to whet her endocrine
di srupting chemicals are present in the environnent at |levels that may
cause adverse effects in wldlife.

Recent efforts will help to address a nunber of the unresolved
i ssues. One change is the trend towards the publication of nore
wildlife field studies over the last five years. 1In addition, there
appears to be a greater trend toward coordi nati on between agenci es and
ot her organi zations involved in endocrine disruption research (Reiter
et. al., 1998). Also, a nunber of studies appear to be conbining field
and | aboratory approaches in order to corroborate in the | ab what
appears to be occurring in the field. Last, nmethods are being devel oped
(such as ‘toxicity equivalency factors’, which allow for the
conparability of chenical concentrations within the environnent) to
facilitate conparison of these diverse field studies, which should
reveal adverse trends nore readily.

Future efforts should continue to focus on the foll owi ng issues:
first and forenost, there needs to be a consistent definition of
endocrine disrupting chemicals and their health inpacts. Second,
studi es shoul d begin to neasure or discuss the other potentia
confoundi ng variabl es that may contribute to the adverse effects noted.
Third, a better assessnent of chemical concentrations in the environnent
is needed. Finally, there are currently very limted nunbers of studies
avai | abl e on interspecies conparisons. Geater efforts should be nade
to target some of the research for specific species and chenica
exposure conbi nations so that conparisons wthin species nmay be nade

with greater reliability. The directions for future research described
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above woul d i nprove scientific understanding of inpact of endocrine

di srupting chem cal s.



ABBREVI ATI ONS

Synbol Definition
BHC benzene hexachl ori de
CDbC Centers for Disease Control
CENR Committee on Environnment and Nat ural
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chl ori ne- EQ chl ori ne equi val ent
DDD Di chl or odi phenyl di chl or oet hane
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DDE Di chl or odi phenyl di chl or oet hyl ene
DDT Di chl or odi phenyl trichl oroet hane
ED s Endocrine Disruptors
EPA Envi ronnental Protection Agency
FY fiscal year
HCB Hexachl or obenzene
HCE Hept achl or epoxi de
HCH 3- hexachl or ohexane
I‘CSO Let hal concentration, 50% kil
mg/ kg M1 1igrams per kil ogram
g/ | MIlligrams per liter
pa/ |l M crogramnms per liter
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S&TPI Sci ence and Technol ogy Policy Institute
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TEQ Toxi city equival ency factors
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1. 1 NTRODUCTI ON

BACKGROUND

Endocri ne di srupting chenicals represent a broad range of synthetic
chemicals that are suspected of interfering with hornones and di srupting
t he endocrine systemin humans and aninmals. The endocrine systemis
responsi ble for bodily regulation, in conjunction with other systens,
such as the i mune and nervous systens. (Hornones traveling through the
bl oodstream regul at e reproduction, growth, physical and nental
devel opnent and health.) Over one hundred chenical s have been
identified as endocrine disruptors to date, but consensus on the exact
list of potential disruptors does not exist.

These chenicals are not only thought to be associated with certain
adverse effects in humans, such as the increase of cancer, infertility,
behavi oral abnormalities and neurol ogi cal disorders, they have al so been
i mplicated as the cause of many adverse effects in wildlife popul ations.
However, few studies have denonstrated the effects of endocrine
di sruptors on wildlife under field conditions.

The inmpacts of these chenmicals are of particular concern because
they may affect future generations. Unfortunately the use of these
chemicals is increasing. Wiile there is growing circunstantial evidence
regardi ng the inpacts of these chemcals that is fueling the public
debate (Wngspread, 1991, Col burn, 1996), there is still the need for
nore rigorous, objective scientific evidence to support policy and
action.

Det er mi ni ng whet her endocrine disruptors are adversely affecting
wildlife populations is a challenge, not only because of the many
unknowns associ ated with endocrine disruptors, but also because it nmay
be difficult to distinguish many of the endocrine disrupting effects on
grow h, reproduction, and devel opnent from other toxic effects or from
ot her non-chenical influences. |In addition, the hornonal systemis
sensitive to snall perturbations, which nay further conplicate field
studies and require a nore sensitive analysis of the timng of exposure

or inpacts of other synergistic effects.



PURPOSE

The purpose of this Science and Technol ogy Policy Institute (S&TPI)
project was to conduct a focused analysis of the available literature on
endocrine disruptors to determne how |ikely endocrine disruptors are to
affect wildlife in the field. Understanding the issues surrounding
endocrine disruptor effects on wildlife may then provide inportant
i nfornati on for determ ni ng whet her ani nal or human popul ati ons need to
be saf eguarded from environnental exposures. The nature and extent of
ef fects of human exposure to endocrine disruptors is not wel
est abl i shed, though hunans appear to have been affected by these
conpounds (W ngspread, 1991). Wile other agencies are currently
interested in the inpacts of endocrine disruptors on humans (Centers for
Di sease Control, National Acadeny of Science) the Ofice of Science and
Technol ogy Policy (OSTP) deternined that the scope of this particular
study the scope of this project would focus specifically on the wildlife
literature.

The results of this effort nay be used to i nform OSTP regardi ng: 1)
defining paraneters for including wildlife studi es when updating and
expandi ng the existing inventory of federally funded research on
endocrine disruptors; 2) further devel oping a national research strategy
for endocrine disrupting chenmicals and wildlife popul ations; and 3)
providing input to the international scientific comunity regardi ng what

is known about the inpact of endocrine disrupting chemicals on wildlife.

METHODS

In order to reviewthe current wildlife literature on endocrine
di sruptors, three specific tasks were undertaken: 1) devel opnent of a
mast er endocrine disruptors list; 2) a literature review, and 3)
creation of a database for data nmanagenent and as an anal ytic tool

These three tasks are descri bed bel ow.

Devel opi ng a Master Endocrine Disruptors List

A master |ist was conpiled in order to identify the current
chem cal s thought to have endocrine disrupting effects on wildlife.
This list then served as a guide for the literature review and anal ysi s
of wildlife field studies. To create this working |list of endocrine

di sruptors, nany sources were consulted and revi ewed, including materia



fromthe federal and state governnents, industry, environmental
organi zations, as well as published literature from i ndi vi dual
scientists and conference proceedi ngs. (EPA Federal Register List of
Endocrine Disrupting Chenicals, 1997, Illinois Departnent of

Envi ronnental Protection Endocrine Disruptors Strategy, 1997, Wrld
Wldlife Canada internet site, NAS Proposal #95-CLS-056-01, Col born
1995, Wngspread Conference Consensus Statement 1992, W ngspread
Conference |11, 1996, Special Report on Environnental Endocrine

Di sruption 1997, Environnental Endocrine Disruptors: A Handbook of
Property Data, 1997, Radian Intl., LLC internet site, Schnidt, 1994,
Lester and Lovera, 1996). Lists fromthese twelve sources were
conbi ned. A total of 102 chenicals were identified as endocrine

di sruptors fromthese sources.

The chemicals were then grouped into three distinct categories:
Group A, Goup B and Group C endocrine disruptors. |f the chem cal had
a docunented endocrine disrupting effect, if there was evidence of the
chemical’s likely presence in the environnent, and if there was evidence
to suggest that the chemical has had an inpact on wildlife, then it was
categorized as a “Group A" endocrine disruptor. |If the chenical was
ei ther not thought to be present in the environnent, and/or identified
on only one or two of the lists described above, then it was categorized
as either a “Group B" or “Group C' endocrine disruptor, depending on the
| evel of evidence available. Goup A contains a total of 79 chemicals,
Group B has 11 chenmicals and Goup Clists 12 chenmicals. Wthin these
groups, Group A contains prinmarily pesticides (N=57), organic chemcals
(N=19) and a few netals (N=3), whereas Groups B and C contain prinarily
organi ¢ chemicals. (Goup Bonly listed two pesticides and ni ne organic
chemicals and Goup C are all organic chemcals.) These chenmicals are

listed in Appendices 1-3.

Literature Review

The literature review was conducted in two phases. Phase |I focused
on the secondary literature, or review articles, pertaining to the
ef fects of endocrine disruptors on wildlife. This effort was conducted
in order for the teamto acquire a broad sense of the available

published literature and review it within alimted tine frame. In



order to conplete this task within the time frane allotted, it was
necessary to nake Phase | an extrenely focused effort with defined
boundaries. Thus, the literature selection criteria, while based on
sound scientific reasoning, were al so devel oped to hel p the project
acconplish its goals within the defined tinme constraints.

The goal of Phase Il was to review current primary wildlife field
studies. The focus of this phase of the project was to gather
i nfornati on about specific health outconmes and chenical concentration
| evel s associated with endocrine disrupting chenicals. Additionally, an
effort was undertaken to evaluate the level of scientific evidence
presented in the papers. A Scientific Evaluation Scoring System was
devel oped in order that the papers under review could be objectively
assessed for consistency across specified scientific criteria.

The two phases of the literature review are further described
bel ow.

Phase | (Cct-Dec, 1997):

Phase | invol ved devel oping a nethod for conducting a review of the
secondary literature pertaining to the effects of endocrine disruptors
on wildlife in an extrenely Iimted tine frame. Several published
reviews were selected as the nost conplete sources for the purposes of
this project (Special Report on Environnental Endocrine D sruption 1997
Kavl ock et. al. 1996, Ankley et. al. 1996, Wngspread Conference | 1992
W ngspread Conference Il 1995, Wngspread Conference |11 1996
W ngspread Conference 1V 1997). References cited in these reviews were
assessed for inclusion into the eval uation based on the criteria
devel oped to nake Phase | a focused effort. Six hundred and twenty five
citations were identified fromthese seven sources. Approximtely 100
articles initially appeared to neet the criteria |isted bel ow, based on
their titles or abstracts. After further evaluation, 42 articles were
reviewed that did neet the selection criteria. These citations and
their relevant information were then entered into an online database

devel oped for this project.



Phase |: Literature Selection Criteria

a)

b)

d)

The classes of wildlife reviewed included only Reptiles,
Mamal s, Birds and Fish. Anphibians and Invertebrates were
excluded fromthis phase due to tinme constraints.

The geographic area of interest was confined to North Anerica
where possible, unless there were particular events or other
geographi c regions that provided neani ngful additional data
on the effects of endocrine disruption on wildlife.

The Phase | literature review focused on chemicals listed on
the “Goup A Endocrine Disruptors |ist where possible, since
these chemcals were the nost likely to exert an affect on
wildlife.

Literature selected included field or other ‘non-I|aboratory’
studi es where possible. (In sone cases this was not possible
because studi es were conducted as conbination | aboratory and
field studies. In other cases, a review article mght

i nclude specific informati on about | aboratory studi es that
was useful for the database.)

The literature search was limted to the years 1985-1995,
English | anguage only. Again, this tinme frane was sel ected
to keep the review current, while still naintaining the

necessary focus during the defined tinme constraints.



Phase ||l (Jan-June, 1998)

Based on OSTP' s request, the next phase of the project focused on
identifying primary scientific studies on the effects of endocrine
di sruptors on wildlife. Nunerous scientific databases were reviewed to
identify the appropriate articles. Again, articles were identified
using a set of criteria agreed upon by OSTP and RAND to expand the
review tailored to OSTP's interests, while still naintaining the focus
In addition, it was agreed that we would develop criteria to determ ne
the level of scientific certainty to increase the |evel of objectivity
in the review process. The additional criteria set forth included the

fol | owi ng:
Phase I1: Additional Literature Selection Criteria

a) Reptiles, Manmal s, Birds, Fish and Anphibians for the years
1996- 1998;

b) Anmphi bians for the years, 1985-1995;

c) Literature containing data on concentration |levels of chemicals
in the environment;

d) Literature in which the docunented heal th outcone has been noted
as an endocrine disrupting effect;

Forty-one additional articles were selected for review and
inclusion in the database during Phase Il. Table 1 summarizes the paper
identification and sel ection process used for Phase Il. (W do not
include a simlar table for the Phase | sel ection process because Phase
| contained primarily review articles and therefore cannot be grouped

i ndividually by taxa.)

! The dat abases revi ewed include: Toxline, Zool ogical Record
Online, Biosis Previews, Environnental Bibliographies, Pollution
Abstracts, National Technical |Information Service



Table 1

Results of Phase Il Literature Search (1996-Present)
Taxa Titl es Found Abstracts Paper s
In Literature Request ed bt ai ned
Search for For Phase 11 That Met
Phase 1| Phase 11
Criteria
Fi sh 139 30 8
Anphi bi ans 126 43 13
Reptil es 35 8 2
Mamal s 26 23 2
Bi rds 90 77 16

Dat abase Creation

An Excel database was created as a data managenent and anal ytic
tool for both phases of the review. Al articles that were read and net
the defined criteria were entered into the database. Duplication, or
doubl e counting between review articles and primary articles, was not an
i ssue because the dates of the papers reviewed for Phase | and Phase |
were distinct.

Information entered in the database included effects of endocrine
di sruptors on determ nants of growth, devel opnent, reproduction and
survival in wildlife. Data on body burden or anbient concentrations of
the chem cal s were al so sought. Once the relevant information was
entered, the database was sorted using nunmerous variables in order to
conduct the analysis. For exanple, the |ayout of the database enabl ed
us to identify which endocrine disrupting chenicals had been repeatedly
cited as a concern and at which concentration |evels, which species were
studi ed nost often, and which adverse health outcones were nost conmonly
noted. Equally inmportant, the database was also used to identify where
the major gaps in the literature appeared to be. A total of 83 papers
were entered into the database for this project. This database is now
avail able to OSTP and may serve as a nodel for further anal ysis or
expansi on. Please refer to Appendix D for a full listing of the

vari ables included in the Excel database file.



2. LI TERATURE REVI EW FI NDI NGS

The anal ytic strategy focused on addressing seven policy questions

of interest to OSTP. These questions are presented bel ow and then

addressed sequentially in this chapter

1.

Wthin the wildlife literature, where is the scientific

evi dence strongest for the effects of endocrine disruptors in
the environnent: by organism chenical, site or outcone?

Are concentrations of endocrine disrupting chemicals in the
environnment significant? |s there any information in the
wildlife literature that |inks environmental concentrations
to the effects, e.g. dose response rel ationships?

What is the state of scientific evidence in the literature
revi ened?

What can be said regarding the ‘association versus
‘causation’ of exposure to endocrine disrupting chem cals and
adverse health outcones noted in wildlife?

I's there evidence to suggest that chemical mxtures are nore
probl ematic than single chemicals in the environment?

Is there field evidence to suggest that devel opi ng young are
nore susceptible to exposure to endocrine disruptors than
mat ure or gani sns?

Are there differences in enphasis between federally funded
research and ot her research pertaining to endocrine

di srupting chemicals in wildlife? How do the results from
this review conpare with reviews of federally funded

research?



1. Wthin the wildlife literature, where is the scientific
evi dence strongest for the effects of endocrine disruptors in the
environnent: by organism chemical, site or outcone?

Taxa

The majority of papers reviewed focused on Birds (N=34). The
nunber of papers on Fish and Manmal s were sinilar in nunber (N=16 each),
wher eas fewer papers focused on Anphi bians (N=13) and Reptiles (N=4)
(Figure 1). It must be stressed that the nunber of papers reviewed for
each taxon does not necessarily reflect the level of scientific evidence
for that taxon. Rather, the distribution of papers is likely to have
been affected by our a priori selection criteria, (such as the focus on
field studies, or North Arerica). For exanple, bird egg collection
m ght be nore easily conducted in the wild than observation of |arger
mamal s, such as polar bears. This hypothesis m ght hel p explain why

field studies of birds might be nore prevalent for this project.
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Figure 1
Total Nunmber of Papers Reviewed by Taxa

40 -

(N = 34)

(N =18) (N =18)

Amphibia Aves Mammalia Pisces Reptilia

Chemical s

Forty-nine different chenmicals were identified in the papers
reviewed, with 27 being studied nore than once and 22 being studied only
once (Table 2). The nost often studied chem cals included PCBs, which
were examined in 32 different studies, DDT and its metabolites which
were exam ned in 25 studies, and nmetals (including alum num cadmi um
copper, iron, lead, nercury, seleniumand zinc) which were exam ned in
22 studies. Since these chenicals do not usually occur in isolation in
the environnent, nost field studies exam ned these chenicals as part of
conplex m xtures. Therefore, it was difficult to discern the margina

ef fects of individual chenicals since they were part of mixtures. The
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ef fects of individual chenicals were usually studi ed under controlled
conditions such as in |aboratory studies. It is likely that the
endocrine disruptors nost frequently cited in this report were noted
nore for their persistence in the environnent rather than because they
are considered the nost serious or nost widely used. 1In fact, sone of
t hese chenicals are no | onger manufactured and others are being phased
out for certain industrial uses in the United States.

Table 2

Chemicals Studied In Endocrine Disruptors Publications

Chem cal Nunber of Studies in
Wi ch Cheni cal Appears*
PCBs 32
DDT and its netabolites 25
Metal s (al umi num cadm um copper, iron, 22

| ead, mercury, selenium zinc)

Di oxi ns 17
Dieldrin 11
Fur ans 10
Chl ori ne-eq 9
PAH, Li ndane, nonarachl or 5
Hexachl or obenzenes, O ganochl ori nes, 4

Oxychl ordane, M rex

Hept achl or epoxi de, Kepone, Dicofol, b- 3
Hexachl or ohexanes, Methoxychl or, Chl ordane

2,4-D, Atrazine, Cyanazine, Estradiol, 2
Hydr ocar bons (Petrol eum, O ganohal ogens,

Toxaphane

Al decar b, Al kyl phenol ethoxyl ates, Arsenic, 1

BHC, b-sitosterol, Carbofuran, Cesium 137,
Chl or obenzene i soners, Cobalt-60, Diazinon
Endosul fan, Endrin, Ml athion, Perylene (jet
fuel), PHAH, Phthal ates, Pol ychl ori nated
Napht hal enes, sewage, Stignmastanol

Tanmoxi phen, Trifluralin, Vinclozolin

*Of the 83 studies eval uated, sone covered multiple chemcals. Therefore, the nunmber of
total studies identified in Table 2 is greater than the nunber of studies reviewed
(N=83) .
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Study Sites

In addition to North American sites, some non-North American
| ocations were exanined in sonme papers. Qut of 125 study sites
reviewed, 69 different site |locations were reported. The nobst conmnonly
studied sites included the Great Lakes, which were exanmined in 16
studies; the Baltic Sea, which was exanined in 8 studies; G een Bay,
Wsconsin and the St. Lawence River, which were each exanined in 4
studi es; and Al aska, the Arctic, California, Lakes Apopka and Woodruff,
Florida, and Prince Edward Sound, Al aska, which were each examined in 3
studies. Eighty-two (66% of the study sites were aquatic in nature,
such as bays, rivers, |akes, seas, harbors, and straits. Ni neteen study
sites were froma single review article (AK, CA CO CT, FL, MA, MD, NV
OR, R, SC, TX, WA, WY, Australia, Finland, Geat Britain, Ontario,
Quebec) (Blus, 1996). Thirteen studies were perforned solely in the
| aboratory, while 24 studies were perfornmed in both the field and in the
| aboratory (Field/Laboratory). PCBs, the nost commonly studied
chemicals (32 studies), were studied at 24 different sites (Figure 2).
DDT and its netabolites, the second nost comonly studied group of

chemicals (25 studies), were studied at 42 different sites (Figure 3).
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Figure 2

Location of Field Studies Published on the Effects of PCB' s on Wldlife,
1985- 1998
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Figure 3

Location of Field Studies Published on the Effects of DDT and its
Met abolites on Wldlife, 1985 - 1998
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Heal t h Qut cones

The literature reviewed for this study focused on a few general
categories of health outcomes. The prinmary outconmes noted in the
l[iterature include nortality and | esser adverse effects, such as
reproductive failure, congenital malformations and other size and
skel etal changes (Table 3). |In part this can be explained by the
selection criteria we used for the literature review. Studies reporting
heal th outcones believed not to result directly from exposure to
endocrine di sruptors--such as cancers not associated with the
reproductive/ endocri ne system-were excluded fromthis review. The
chemicals nmost frequently associated with these effects include netals

and the organochl orines (Table 4).
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Table 3
Endocrine Disruptors and Associ ated Health Qutcones Described in

Widlife
General Category Positive Negative Total
G oupi ngs St udi es St udi es (N)*
(Heal t h out cone subgroups descri bed) (N)* (N
Congeni tal mal fornations 20 22 42

(i ncl udes congenital

mal formations “all”,

“reproductive”, and “other”, enbryonic
alterations, and genetic changes)

I nmune function effects 6 2 8
Mortality 31 15 46
(i ncludes enbryonic nortality and adult

nortality)

Adver se reproductive outcones 32 20 52

(i ncl udes demascul i ni zed nal es, decreased
hat chi ng success, hornonal changes,
mascul i ni zed fenal es, decreased reproductive
performance and del ayed sexual maturation)

Si ze/ skel et al changes 22 16 38
(includes growth retardation, size changes
and skel etal abnormalities)

*Some studies reviewed assessed nore than one health outcone, therefore
t he nunbers of positive studies and total studies identified in Table 3
are greater than the nunmber of studies reviewed (N=83).
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Tabl e 4
Endocrine Disruptors and the Most Conmmon Heal th Qut cone Subgroups Described in Wldlife

Heal t h Studies Studies Total* Chemi cal s Speci fic Qutcones Speci es
Qut cone Positive Negative
(N) (N)
Mortality 19 10 29 Metals, DDT, chlorine - Decreased/early Amphi bi ans, birds,
(enbryoni c) eq, dieldrin, dioxins, hatchability, manmal s, fish
furans, |indane, difficulty producing
al um num PCB's, vi abl e of fspring,
t oxaphene decreased litter

si ze, increased

i nterrupted
pregnanci es, early
stage nortality

Mortality 12 5 17 DDT, cadm um copper, Decreased survival Bi rds, mammal s, fish
(adult) iron, mercury, zinc, and maturation
PAH, toxaphene, early nortality

di el drin, dioxins,
furans, nercury,
sel enium PCB's

Size 19 7 26 BHC, chlorine-eq, DDD, Eggshel | thi nni ng, Amphi bi ans, fish
Changes DDE, DDT, DDT, or gan/ body wei ght manmal s, fish

dieldrin, dicolfol, changes, wei ght reptiles

TCDD, furans, HCB, HCE, reduction, enbryo

| i ndane, mal at hi on, | ength reducti on,

mrex, netals, mass at

or ganochol ori nes, met anor phasi s, egg

oxychl or dane, PCB's, mass abundance and

PHAH density
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Tabl e 4
Endocrine Disruptors and the Most Common Heal th Qutconme Subgroups Described in the Wldlife (cont.)

Heal t h Studies Studies Total * Chem cal s Speci fic Qutcones Speci es
Qut cone Positive Negative
(N) (N
Repr oducti ve 14 11 25 Al decarb, carbofuran, Compl ete reproductive failure, Anmphibians, birds,
Per f or mance chl ori ne-eq, DDE, decreased nunber of hatchlings, mamuals, fish
dieldrin, TCDD, endrin, fledglings or eggs, decreased
furans, fertility, egg |aying del ayed,
hept achl or epoxi de, fewer territories/nests
I i ndane, mal at hi on, establ i shed
al um num nercury,
sel eni um
organochl ori nes, PCB's,
PHAH, PCN s
Hor nonal 12 4 16 17b-Estradi ol Decrease in sex steroids, Manmmal s, fish,
Changes atrazine, b-sitosterol, induction of vitellogenin, reptiles
cyanazi ne, DDE, DDT, i mpai red estrogen receptor
di cof ol , endosul f an, function, male-to-fenale
kepone, nercury, reversa

met hoxychl or, PAH
PCB' s, 'sewage',
t anoxi phen

*Sonme studies reviewed assessed nore than one health outcone. Therefore, the nunber of total studies
identified in Table 4 is greater than the nunber of studies reviewed (N=83).
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In summary, birds were the nost frequently cited taxa, netals and
organochl orines the nost frequently cited chemicals, aquatic sites the
nost frequently studied | ocations, and enbryonic nortality, size
changes, and adverse reproductive performance the nost frequently cited
health outcones in this literature review of endocrine disruptors in
wildlife. However, based on the a priori literature selection criteria
devel oped for this project, it is not possible to draw concl usi ons about
whet her these are the taxa nost seriously affected, the chenicals of
greatest toxicity, the sites of greatest occurrence, the health outcones
of greatest concern, or whether they are just the nost easily studied
under field conditions. Further research and conparison with | aboratory

studies will help answer these renmining questions.

2. Are concentrations of endocrine disrupting chemicals in the
environnent significant? |s there any information in the wildlife
literature that |inks environmental concentrations to the effects, e.g.
dose-response rel ationshi ps?

This literature review | ooked at two types of neasures of endocrine
di srupting chemicals and wildlife exposures: “Body burden,” or the
amount of chenical that was docunented in the species during the study;
and “anbi ent concentration,” or the amount of the chemnical documented in
the environnent in which the species lived, ate or nested during the
research period

The advant age of eval uating the body burden of a chemical is that
there is little question that the species was exposed to a particul ar
chemical. Analytical techniques can deternine the anount of a chemica
that is present or stored in the body or shells of a particular species
during a specific point in tinme. However, nany of the chemicals that
fall into our endocrine disrupting classification have very different
t oxi coki netic properties. Wile many of the chenicals, such as the
organochlorines tend to be stored in the fatty tissue and can be
detected for long periods of tinme, other chemcals, or their
net abolites, are not.

St udi es designed to evaluate the health consequences of chemnicals
at different concentrations tend to be | aboratory studies, where the

doses of chenicals can be carefully controlled. Those studies that did
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note a dose-response relationship in the field are referenced in Table
5.

The ranges described for tissue |levels associated with effects vary
from bel ow the detection |l evel (ND) to .008 ppb for organochl orines and
4,000-27,000 ppm for nercury. However, negative effects were noted at
even hi gher concentrations in sonme studies, such as those results
published by Hart, et al., (1991) and Zi mernman, et al. (1997; Table 5).
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Table 5

Chemi cal Concentrations and Dose- Response Rel ati onshi ps
Aut hor Chemi cal Speci es Concentration Dose- Response Qut comne Negative Studies
(Converted To ppb) Concentration
(Sanme Chenl Speci es,
Converted To ppb)
Henschel , 1995 TCDD great blue ND-.00881 ppb eggs dose-response rel ationship Hart, 1991, 10 ppb eggs
heron noted over 5 year study. As
| evel s increased, increased
cerebral asymmetry noted
Wi te, 1995 TCOD wood duck . 014-. 127 ppb eggs dose-response rel ationship
noted wi th nesting success,
hat chi ng success and duck
production
G asman, 1995 chlorine eq, Caspi an 3,460- 3,780 ppb eggs inverse exposure-response Mora, 1996, (Caspian
DDE tern rel ati onship associated with Tern/ DDE), 110 ppb eggs
mul ti pl e organochl ori ne
exposure and T-cell function
Tillet, 1992 TCDD, PCB doubl e 100- 1, 480 ppb eggs strong dose-response Zi mer man, 1997 2, 000-
crested rel ati onshi p between bi oassay 113,000 ppb extractabl e
cor nor ant derived TCDD-EQ in eggs and l'i pi ds
egg nortality
Wi ner, 1996 nercury r ai nbow 4, 000, 000- 27, 000, 000 | arge single dose
trout ppb net hyl nercury nore toxic than
chroni ¢ accumul at ed dose,
decreased activity and
appetite, increased nortality
Mahaney, 1994 hydr ocar bons green tree 10, 000 ppb, Tadpol e growth significantly
(pet rol eun frog 55, 000 ppb, | ower at 2 | ower
100, 000 ppb concentrations. Wight gain

over tine showed decreasing
trend with increasing oil
concentrati ons.
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Docunmented heal th effects based on anbi ent concentrati on data were
also linmted, though data to deternine effect and no effect levels were
avai |l abl e for four endocrine disruptors of concern: Al dicarb, Lindane,
| ead and PCBs. Aldicarb, at concentrations between 1.5-3.0 ppmin
drinking water was correlated with decreased fertility in the conmon
qguail (Coturnix coturnix), but had no effect on egg production or
eggshel | thinning (Jansen, 1996). Similarly, concentrations of Lindane
between 1.0 -9.0 ppmin drinking water were associated with decreased
i ncubation tines, reduced egg mass and decreased hatchability in the
Conmon Quail, but had no effect on egg production or eggshell thinning
(Jansen, 1996). Concentrations of |ead, documented at 1.0-12.0 pg/l in
spawni ng ponds, were thought to be associated with enbryonic nortality
in the Spotted Sal amander (Anbystonma nmacul atum), whereas concentrations
of 0.05 pg/l appeared to have no effect on enbryonic nortality (Bl em
1991). PCBs in the diet of salnobn at a concentration of 500 ng/kg for
90 days reduced growth by 40% while 50 ng/ kg had no effect on growth
(Niim, 1996). Likewise, 2.9 ng/l PCBs in the diet of trout for 90 days
appeared to reduce growth by 10% while 0.2-1.5 ng/l had no effect on
growmh (Niim, 1996). 1In addition, 8.0-15.0 ng/l PCBs in the diet and
wat er of Fathead M nnows (Pinmephal es pronelas) was the 96 hour LCsp,
while 0.3-2.8 ng/l caused no nortality (Niinm, 1996).

One of the major difficulties in nmaki ng dose-response, general body
burden, or even anbient conparisons in wildlife studies is that
collectively, these studies do not focus on any particul ar species or
chem cal of concern. Therefore, it is extrenely difficult to conpare
across doses and outcones, because it is rare to encounter nore than one
or two articles that have eval uated the sane species and chenica
exposure. For exanple, in this review alone, there were 154 positive
ef fects described and 104 negative effects cited for different endocrine
di sruptor exposure and species conbinations. And in only extrenely few
cases were the same adverse health outcones detected in the studies that
eval uated sinilar species and chenical exposure comnbi nations.

Anot her point is that many of the body burden studies appear to
focus on the lipophilic chenicals, such as the organochl orines (PCB s
and DDT). However, there are sone chenicals (such as pernethrin) that

are defined as endocrine disruptors but do not share these persistent
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properties. Unfortunately there are only linited studies docunenting
the effects fromthese | ess persistent chenmicals with evidence of
chenmical concentration data in the field.

In sum it is premature to draw concl usi ons about dose-response
rel ati onships for the studies reviewed for this project. Wat is not
al ways clear froma field study is how | ong the speci es has been exposed
and whether it is the exposure under study that accounts for the
presence of the chenmical in the body. Though certain of the studies did
eval uate body burden in wildlife, many questions renain regarding the
timng of exposure and links to any adverse health outcones noted. Few
studi es specifically described ‘ dose-response’ relationships, but rather
focused only on positive or negative results. Anbient concentration
data were also linted. And collectively, there does not appear to be a
focus on any particul ar species or chemcals of concern, naking it

difficult to conmbine data from vari ous studies

3. Wiat is the state of scientific evidence in the literature
revi ewed?

In order to introduce a degree of consistency within the review
process, a scoring systemwas devel oped to objectively evaluate the
| evel of scientific evidence present in the papers under review
Therefore, all studies eval uated under Phase Il of this project (primary
research papers) were given a Scientific Evaluation (SE) score. Though
this scoring systemstill requires further evaluation and refinenent,
the criteria did allow the reviewers to ensure that simlar criteria
were being utilized when reviewing the literature. SE scores range from
0-5, where scores of 4 or 5 are evidence of greater scientific certainty
in conclusions while | ower scores represent |esser scientific certainty
or evidence. The Scientific Evaluation criteria and scoring systemare

shown in Table 6.
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Table 6

Scientific Evaluation Criteria

Scientific Criteria Evi dence Score Evi dence Score
Is it a single chem cal or Singl e 1 M xt ure 0
m xt ure?
Is timng fromexposure to Yes 1 No 0

out cone di scussed?

I's the outcone based on acute or Acut e 1 Chroni ¢ 0
chroni c exposure?

I s evidence froma | aboratory or Yes 1 No 0
control | ed study avail abl e?

Are concentration data avail abl e Yes 1 No 0
and descri bed?

Figure 4 presents the distribution of Scientific Evaluation scores
for the 41 papers included in the Excel Database for Phase Il. The
di stribution of papers is not uniformacross scores. Rather, the papers

are wei ghted nost heavily around SE scores of 1 and 4.
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Figure 4
Di stribution of Scientific Evaluation Scores
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Next, the distribution of SE scores was conpared agai nst ‘study
type’. Studies were grouped into three general categories, “field”
only, “laboratory” only, or a conbination of “field/laboratory”. The
“field/laboratory” category includes studies that either had two
conponents, 1) a field conponent, and; 2) a verification or follow up
| aboratory conponent, or studies in which aninals were kept captive in
field-like settings. These types of studies were called
“field/laboratory” so that the nore controlled field studies were

eval uated as a separate category fromother field studies (Figure 5).

26



Figure 5
Scientific Evaluation Scores by Study Type
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The distribution of scores varies both within and between study
type. The field studies have the | owest SE scores, with 89% of the
papers receiving a score of 1 or 2, and no papers receiving a score in
the 4 to 5 range. An inportant factor contributing to these | ow scores
is the lack of solid exposure data, including the tining, concentration
and type of exposure (acute versus chronic).

In conparison, the | aboratory studies have the hi ghest SE
scores (SE=5) within a study type, but this is based on a small nunber
of papers. Thus, using the objective criteria stated above, the ability
to corroborate findings in a |aboratory or controlled setting appears to
greatly enhance the I evel of scientific evidence presented in the
l[iterature. Alnost by definition, wildlife field studies cannot achieve
the sane | evel of certainty. However, with greater care in identifying
confoundi ng factors and focusing the research in nore controlled
settings, the quality of wildlife studies will also attain a higher
degree of scientific certainty and acceptance.

Finally, the distribution of SE scores was stratified
according to taxa. Unfortunately papers on manmals and reptiles were
too limted (n=2) to allow for adequate analysis. 1In general, it
appears that the fish studies received higher SE scores whereas the
anphi bi an scores were lower (Figure 6). This nmay in part be expl ai ned

by the fact that fish appear to have the | argest fraction of studies

27



that fall into the |aboratory or field/laboratory categories. In
addi ti on, much of the endocrine disruptor research has targeted the
contam nated waters of the Great Lakes region, which is the |argest
freshwater reservoir in the world. This research, which focuses on the
contam nated fish in this region, has been ongoing for decades and is
perhaps nore refined than research focusing on sone of the other taxa
studied for this project. One reason nmay be that certain fish are good
i ndi cator species for understanding the effects that endocrine

di sruptors may be exerting.

To sumari ze, the SE scores devel oped allowed for a nore consistent
and objective analysis across the literature reviewed for Phase Il of
the project. Not surprisingly, the scores highlighted the fact that
field studies had the | owest |evel of scientific certainty, prinmarily
due to their lack of chem cal exposure data, whereas the |aboratory
studi es had the highest |evel of scientific certainty. Further efforts
to inmprove information on confounding factors, chem cal concentrations
and other data will help wildlife studies attain a high degree of
certainty and acceptance in the future.

Figure 6

Scientific Evaluation by Taxa
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4. \Wat can be said regarding the ‘association’ versus ‘causation’ of
exposure to endocrine disrupting chem cals and adverse heal th outcones

noted in wildlife?
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The nmet hod of deternining whether an agent, or in this case, an

endocrine disruptor, is causing an outconme of concern is not an exact

sci ence.

Rat her, a set of generally recognized criteria is used to

infer causality (Kelsey, et al, 1986).

Specifically:

1. The hypot hesi zed cause should be distributed in the popul ation
in the sane manner as the disease.

2. The incidence of the disease should be significantly higher in
t hose exposed to the hypothesized cause than in those not so
exposed.

3. Exposure to the hypot hesi zed cause should be nore frequent
anong those with the disease than in controls w thout the
di sease when all other risk factors are held constant.

4. Tenporally, the disease should foll ow exposure to the
hypot hesi zed causati ve agent.

5. The greater the dose or |ength of exposure, the greater the
l'i kelihood of occurrence of the disease.

6. For sonme di seases, a spectrum of host responses should foll ow
exposure to the hypot hesized agent al ong a | ogical biologica
gradient frommld to severe.

7. The association between the hypothesi zed cause and di sease
shoul d be found in various popul ati ons when different nethods
of study are used.

8. (O her explanations for the association should be ruled out.

9. Elinmnation or nodification of the hypothesized cause or of the
vector carrying it should decrease the incidence of the disease
(e.g., control of polluted water).

10. Prevention or nodification of the host’s response on exposure
to the hypothesi zed cause shoul d decrease or elimnate the
di sease (e.g., imunizations).

11. When possible, in experinmental settings the di sease should
occur nore frequently in aninmals or hunans appropriately
exposed to the hypot hesi zed cause than in those not so exposed.

12. Al of the relationships and findings shoul d nake bi ol ogi ca

and epi dem ol ogi cal sense
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Clearly, nost, if not all, of the above criteria are seldomnet in
wildlife field studies on endocrine disruptors. At this point, rmuch of
the available wildlife data arise fromspecific events in distinct
| ocations, from“major accidental spills” and/or “continuous dunping” of
contam nants into the environnment. Exanples include the Exxon Val dez
oil spill (Kocan 1995, Hose 1996) or rel eases of PCBs in the Geat Lakes
region of the United States (Leatherland 1992). Certainly sone studies
have docurmented health effects in different species. Sone have even
noted the presence of environnmental concentrations of endocrine
di srupting chem cals. However, even in cases where there is
circunstantial evidence, nany of the criteria required to attribute
causality are not net. For exanple, there is a case identified
downstream of the Kraft MIIl entry point (Davis, 1992), where the
downstream Fenhol | oway River is inpoverished in fish species and the
only species present contains a high percentage of nasculinized fenal es.
In conparison, all other downstreamentering tributaries, streans and
springs are rich in fish species and show no indication of
mascul i ni zation. In this case, criteria such as tenporality, or
speci fying that the exposures preceding the outcone, as well as the
elimnation of other explanations for the association have not been
descri bed.

In nost cases it is difficult to establish a clear cause-and-effect
rel ati onshi p where nunerous chenical and non-chemnical stressors m ght be
responsi ble, either alone or in conbination, for a particular health
effect. Many environnental factors produce (or “are associated with”)
toxicity. For exanple, in natural aquatic ecosystens, variations in
wat er tenperature, hardness, pH, and dissolved oxygen are just a few of
the variables that nay either directly contribute to an adverse health
outcome in wildlife, or my nodify the effect of endocrine disrupting
chemicals. To conplicate matters, in nany cases the nagnitude of these
effects either alone, or as nodifying factors, is unknown.

In summary, nost, if not all, of the above criteria are never
present in wildlife field studies on endocrine disruptors. At this
point, nmuch of the available wildlife data arises fromspecific events
in distinct |ocations. However, even in cases where there is

circunstantial evidence, nany of the criteria required to attribute
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causality are never net. The strongest evidence for causation derives
fromlaboratory studies for species where it is possible to replicate
their natural environnent, as well as adninister controll ed exposures.
However, there are currently very linited data avail able even for sane
speci es |laboratory studies. In addition, not enough is currently known
about the threshold doses, |atency periods, or the range of possible
heal th outcones for each species. Wile this is not a unique problem
and is true for understanding the effects of many non-endocrine

di srupting chemicals in the environnent, the state of the science on
endocrine disrupting effects on wildlife in field studies is currently
insufficient to be able to attribute causation. Still, many of the
studi es reviewed do generate clues regarding the effects of these
chemi cal s and their nechani sns of biological disruption, however they
should only be identified as risk factors associated with the outcones

noted, until nore is understood about their true effects.

5. Is there evidence to suggest that chem cal nixtures are nore
probl ematic than single chenicals in the environnent?

Before the effects of chemical nixtures may be eval uated, the
i mpact of single chem cal exposures nust be understood. Currently, the
research on endocrine disruptors has not been able to clarify the
ef fects of single chenical exposures on different species, partially due
to the confounding fact that nost endocrine disruptors in the
environnent are usually part of conplex mxtures of chenicals. Mre
i nfornati on i s needed regarding the nechani sns and sites of action of
si ngl e conpounds, as well as on their entire range of possible outcones.
Met hodol ogi cal advances are al so necessary to conpare the toxic effects
of exposures to different conpounds across different species. New
research is beginning to address this issue, with the devel opnent of
toxicity equival ency factors (TEQ to conpare toxicity between chenica
conpounds (Cook, 1997).

The inmpact of chenmical mixtures on wildlife is clearly an area that
needs further attention. As described in other areas of environmental
health, the effects of chemical m xtures can produce synergistic effects
dependi ng on the type of nixture and whether they have common or

di fferent nodes of action. Further research is needed to integrate
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i nformation on individual chemcals, in order to obtain data to allow
devel opnent of predictive nodels for the effects of nultiple chem cals.
G ven the level of uncertainty described above, it is not possible to
assess whether chemical mixtures are nore problematic than single

chemcals in the environment at this tine.

6. Is there field evidence to suggest that devel opi ng young are
nore susceptible to exposure to endocrine disruptors than nmature
or gani sns?

The notion that the devel opi ng young are nore susceptible to
exposure to endocrine disrupting chem cals than mature organi sns nakes
scientific sense. There are critical periods in the life cycle where
adverse organi zational and or activational effects can occur via the
absence of necessary hornones, or the presence of a disrupting hornone.
Organi zational effects are typically permanent effects that nost likely
occur during a critical period of devel opnent, such as during sex
differentiation, whereas activational effects nmay occur during
maturation (Bern, 1992). Thus, inappropriate alterations of hornone
| evel s may cause pernmanent or transient effects, depending on the timnng
of exposure.

There is sone limted evidence fromthe field suggesting that the
early stages of devel opnent are the critical periods sensitive to the
ef fects of endocrine disruptors. |n one study, spawning fish seened to
be nore susceptible than juveniles to sone endocrine disruptors (Dahl
1980). Sinilar results were obtained in a study on the effects of PCB' s
in |lake and rai nbow trout (Wl ker, 1992). Also, certain |aboratory
st udi es have denonstrated that exposures of the devel opi ng young and
organi sns in-utero may be a contributing factor to outcones observed in
wildlife populations (Bern, 1992). One consequence of exposure to
environnental estrogens early in developnent is the fem nization of the
mal e reproductive system which occurs at both structural and genetic
| evel s (McLachl an, 1992). Though this evidence is suggestive, it nust
be stressed that no conprehensive and accurate exposure data are

consistently available fromfield studies.
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7. Are there differences in enphasis between federally funded
research and other research pertaining to endocrine disrupting chemcals
inwldlife? How do the results fromthis review conpare with those from
reviews of federally funded research?

Alimted anal ysis was conducted to assess the distribution of
fundi ng sources for the studies reviewed in Phase Il of this project.
Fundi ng sources were grouped into five categories: U S. federal sources;
state and | ocal sources; private sources, which include both private
foundations, as well as private corporations; other governnents, such as
Canada and The Net herl ands; and unknown sources, (for papers that did

not cite a funding source) (Figure 7).
Fi gure 7
Fundi ng Sour ces

56%

Federal State/Local Only Other Private Sources Unknown
only/Combined Governments
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More than 50% of the studies were perfornmed in research institutes
and universities and were supported either entirely by federal funds or
by a conbination of federal and other funding sources. Oher
governments funded 19% of the studies evaluated, but it nust be stressed
that the literature selection criteria for this project focused
primarily on North Anerica and therefore, does not fully represent the
scope of research conducted or funded by other governnents. Only 12% of
the studies reviewed for Phase |l were funded entirely by private
sources - one study was funded by industry; the renmaining were funded by
private foundations. A few studies (4% were funded at the state or
| ocal level. The renmaining studies, |abeled ‘unknown,’ were articles
that did not identify their funding sources.

This anal ysis was then conpared with the recent eval uation of
research on endocrine disruptors conducted by the Conmittee on
Envi ronnent and Natural Resources (CENR) of the President’s Nationa
Sci ence and Technol ogy Council. This council is charged with ‘ensuring
that science and technol ogy are considered in the fornulation of federa
policies and that federal organizations have coordi nated sci ence and
technol ogy budgets and prograns’ (Reiter et al, 1998). The CENR
eval uated all ongoing federal research on endocrine disruptors during
the fiscal year 1996 and focused their efforts on identifying research
gaps and devel oping a coordi nated i nteragency plan to address research
needs of high priority.

Many of the conclusions identified by the CENR are similar to those
of this report. Specifically, the CENR found that the range of wildlife
speci es studi ed shoul d be expanded. Al so, studies that gather
i nfornati on on the normal endocrine patterns in wildlife and their role
in regulation of differentiation are needed. |In addition, there is a
need to expand the endpoi nts beyond effects on reproduction and
devel opnent. The CENR al so concl uded t hat research focused on sentine
speci es and biomarkers will assist in characterizing the level of risk
and the full range of biological responses associated with exposures to
endocrine di sruptors.

The simlarity in sonme concl usions reached between the CENR and our
evaluation may in part be explained by the fact that there is sone

overl ap between the studies reviewed by the CENR and the studies

34



reviewed in Phase Il for this project (which both include federally
funded studi es conducted during FY 1996). What is nore interesting,
however, is the fact that alnost 50% of the studies reviewed for our
effort were not federally funded. While it is likely that there are
sonme researchers who may be receiving both federal and other funds, it
does not appear that there is a difference in focus or concl usions
associ ated with the source of funding for wildlife research on endocrine

di sruptors.
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3. DI SCUsSI ON

Wi le there are sone positive and recent changes in the focus and
direction of the endocrine disruptor literature as it pertains to
wildlife, there are still a nunber of challenges that need to be
overcone before the state of the science will be at a point to nake
definitive statenents regarding the inpact of these chenicals on
wildlife in the environment.

First and forenost, there needs to be a consistent definition of
what endocrine disrupting chenicals are and how their health inpacts are
defined. There is currently little consensus on how to evaluate the
adverse effects attributed to endocrine disruptors. For exanple, nmany
speci es have different critical periods of sensitivity to effects from
exposure. Therefore, an endocrine disruptor may only act as such for
certain species, or during certain periods of the life cycle. In
addition, effects may be prinmary, such as a direct affect froman
exposure, versus an effect that is further renoved in tine and
devel opnent. For exanple, consider the indirect effect of alterations
in pHlevel in a pond due to acid precipitation. The changes in pH nmay
result in the release of certain netals, thereby affecting certain
species during critical stages of devel opnent. At what point is the
effect attributed to the netal, as opposed to the primary insult or
exposure (pH)? Until these issues are nore clearly defined, the
research will continue to reflect an inconsistent attribution to the
ef fects of endocrine disruptors on wildlife popul ations.

Second, many of the studies do not neasure or discuss the other
potential confounding variables that may contribute to the adverse
effects noted. Factors such as water chem stry, canopy density, weather
conditions, or general population declines within species, are just a
few exanpl es of variables that may or nmay not be evaluated. This too,
limts the possibility of draw ng concl usions regarding the inpact of
specific chemcals on wildlife.

Athird related issue is that many of the studies |ack the m ni mum
criteria considered essential for a well designed study. |In addition to

not controlling for some very inportant variables, many field studies
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| ack other aspects of scientific design necessary to understand the
rel ati onshi p between exposures and adverse health outconmes. For
exanpl e, many field studies do not or cannot define whether the exposure
preceded the outcone of concern. In addition, when an identified
endocrine disruptor is part of a chem cal nixture, sone studies cannot
det ermi ne whether the endocrine disruptor is responsible for the
observed effect, or whether the mxture itself nmay be responsible for
t he adverse health outcone. Finally, many studies |lack controls as
conparison groups. All of these study design issues contribute to the
fact that the state of the wildlife literature is not at a point where
definitive cause-and-effect rel ationshi ps between endocrine di sruptor
exposures and health outcones nay be drawn.

Fourth, a better assessnent of chenical concentrations in the
environnent is needed. Only a feww ldlife studies report on the
anbi ent concentrations of chemicals in the field or quantify the body
burden of these chenmicals in different species. Wthout these data it
is impossible to estinmate to what degree the species have been exposed.
Yet, even with such estinmates available, problens are evident. Anbient
concentration data may not represent the exposure truly associated with
the adverse effect--it might only be the chenmical that is detectable
during the tinme of the study or that has renai ned persistent over tine.
Body burden data may be difficult to assess in field studies, and even
if obtained, may al so not represent the rel evant exposure unl ess anbi ent
concentration data are collected during the sane study. Surprisingly,
very few field studies report both anbient and body burden
concentrations. Cearly, the data on chenical concentrations and
exposure, while difficult to assess, are truly the nmissing link in many
of the wildlife studies to date.

Finally, there are very limted nunbers of studies available that
al | ow conparisons of the sane species. |Instead, hundreds of studies
focus on a wide variety of species and chenmicals, thus limting the
scientific comunity's ability to evaluate the data for consistency in
out conmes and trends reported.

Even with the chall enges reported above, there are still sone
positive changes that appear to be occurring. One such change is the

trend towards the publication of nore wildlife field studies over the
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last five years. Wth the proliferation of such research, nore clues
wi Il be generated regarding the inmpact endocrine disruptors have on
wildlife. 1In addition, there appears to be a greater trend toward
coordi nati on between agenci es and other organi zations involved in
endocrine disruption research (Reiter et al., 1998). It is likely that
such coordination will result in a nore focused research agenda and will
result in overcom ng a nunber of the challenges raised above. Also, a
nunber of studi es appear to be conbining the field and | aboratory
approach, in order to corroborate what appears to be occurring in the
field. These hybrid studies not only result in research that can be
nore easily reproduced in the future, but also allow for better contro
of confoundi ng vari abl es and chem cal concentration assessnment. Lastly,
net hods are bei ng devel oped (such as ‘toxicity equival ency factors’,
which allows for the conparability of chemical concentrations within the
environnent) so that these diverse field studies may be nore easily

conpared in the future and adverse trends will becone nore apparent.
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4. CONCLUSI ON

Is there currently enough scientific evidence to conclude that
endocrine disrupting chemicals are adversely affecting wildlife
popul ations? Wiile controlled | aboratory investigations denonstrate
that certain synthetic and naturally occurring chenmicals can affect the
endocrine systens of birds, fish, mammals, reptiles and anphi bi ans, the
evidence is not clear for simlar exposures in the environnent. There
are few definitive studies establishing that endocrine disruptors affect
wildlife under field conditions. Thus the concern for effects on
wildlife is based on a preponderance of circunstantial evidence and the
reasonabl e possibility that endocrine disruptors could cause harnfu
effects to wildlife. Mny factors, including the effects from endocrine
di sruptors, could be responsible, either alone or in conbination, for
sone of the outcomes noted in the literature reviewed for this report.
Therefore, while there is a biological basis upon which to assune that
the chemical effects would be similar in the field, other nediating
factors may inpact their presence, potential for exposure or uptake in
the wild. This is not unlike our understandi ng of many non-endocrine
di srupting chemicals. Until many of these issues are resolved, the
controversy over whet her endocrine disruptors are present in the
environnent at levels that may cause adverse effects in wildlife renains

an open questi on.
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5. DI RECTI ONS FOR FUTURE RESEARCH

This review of the literature on endocrine disruptors represents a
focused | ook at the continually increasing research in this area. Even
fromthis focused review, however, it was possible to identify severa
gaps in the state of the science on endocrine disrupting chemicals in
wildlife and directions for future research

As discussed, we found a | ack of research that identified
t hreshol ds and dose responses for chenicals that have endocrine
di srupting effects. There were data on no-effect and effect |evels for
only four of the 69 different chenicals studied (refer to Policy
Question #2) and these data were very limted. However, w thout
control | ed dose-response experinments to definitively determ ne the
t hreshol d where these chenicals begin to show endocrine disruption, it
is difficult to point to concentrations of these chenicals in the
environnent that may be harnful to wildlife. In addition, wthout
knowi ng the precise concentrations of chemicals in the environnent that
are responsi bl e for endocrine disrupting effects, it is difficult to
di stingui sh between effects caused by anthropogeni ¢ sources and
natural ly occurring phytoestrogens. Therefore future research should
focus on acquiring data on chenical concentrations of endocrine
di sruptors in the environnent--both at baseline levels and al so after an
exposure has occurred. Additionally, a franework to review research on
endocrine disruptors would go a long way toward addressing our inability
to aggregate data fromthe vari ous studies.

Anot her area of investigation that warrants further attention is
whet her effects attributed to endocrine disruptors are really occurring
t hrough a nmechani sm of action unique fromthat of other toxic chemcals.
For exanple, one effect commonly attributed to endocrine disrupting
chemicals is enbryonic nortality. However, nmany toxic chem cals that
have no endocrine disrupting properties, such as cyani de, botulinum
toxin and strychnine, nay al so cause enbryonic nortality. Another
effect comonly attributed to endocrine disrupting chemcals is cancer
However, many carci nogeni ¢ chemcals, such as benzene and radon, have no

endocrine disrupting properties.
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Currently nmost work on endocrine disruptors in wildlife is focused
on local problens of interest to individual investigators, resulting in
a hodge- podge of studi es on nunerous chemicals across nunerous taxa and
speci es. This nmakes conparisons of the effects of endocrine disrupting
chemicals very difficult. |In addition, very few studies conbine field
observations with controlled | aboratory experinents. Wthout these
conbined field/laboratory study designs, it is difficult to: 1)
det erm ne dose-response effects; 2) establish threshold |evels of
concern; and 3) discern the effects of individual chemcals that are
usual ly found in conplex mxtures in the environnment. The directions
for future research descri bed above woul d be beneficial to understanding

of endocrine disrupting chem cals.
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APPENDI X A: ENDOCRI NE DI SRUPTOR LI ST, GROUP A
Conmon Nane Sub Group CAS Number | UPAC/ Scientific Name ** Type
Common Nane *
DBCP 96-12-8 1, 2- di br ono- 3- chl or opr opane N
2,4,5-T 93-76-5 2,4,5-trichl orophenoxyacetic acid H
2,4-D 94-75-7 2, 4-di chl or ophenoxyacetic acid H
Al achl or 15972- 60-8 |2-chl oro-N-(2, 6-di et hyl phenyl ) - N H
(et hl xynet hyl ) acet am de
Al dicarb 116- 06- 3 nmet hyl - 2- (net hyl t hi o) pr opi onal dehyde o- N
(et hyl car banoyl ) oxi ne
Al drin 309- 00- 2 hexachl oro-1, 4, 4a, 5, 8, 8a- hexahydr o- endo-
1, 4- exo0- 5, 8- di et hanonapht hal ene
Amitrol e 61-82-5 3-amino-1,2,4-triazole H
(Am notri azol e)
Atrazi ne 1912-24-9 chl or o- 4- (et hyl ami no) - 6- (i sopropyl am no) - H
S-triazine
Benonyl 17804- 35-2 |net hyl - 1- (but yl car banoyl ) - 2- F
benzi ni dazol ecar banat e
Li ndane a- BHC 319-84-6 (1-a,2-a,3-b,4-a,5-b,6-b)-1, 2, 3,4,5, 6- I
hexachl or ocycl ohexane
Li ndane b- BHC 319-85-7 (1-a,2-b,3-a,4-b,5-a,6-b)-1, 2, 3,4,5, 6- I
hexachl or ocycl ohexane
Li ndane HCB 118-74-1 hexachl or obenzene I
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Conmon Nane Sub Group CAS Number | UPAC/ Scientific Name ** Type
Common Nane *
Li ndane g- BHC (True 58-89-9 g- benzene hexachl ori de I
Li ndane)
Li ndane g- HCH 58-89-9 (1-a,2-a,3-b,4-a,5-a,6-b)-1, 2, 3,4,5, 6- I
hexachl or ocycl ohexane
Li ndane a- HCH 319-84-6 a-1, 2, 3,4, 5, 6- hexachl orocycl ohexane I
Li ndane b- HCH 319-85-7 b-1, 2, 3, 4, 5, 6- hexachl orocycl ohexane I
Bi sphenol - A 80- 05-7 4, 4' - di met hyl met hyl enedi phenol C
butyl- to p- nonyl phenol (104-40-5 4-nonyl phenol C
nonyl phenol s
butyl- to p- octyl phenol ([1806-26-4 4- oct yl phenol C
nonyl phenol s
butyl- to p- sec- 99-71-8 p- sec- but yl phenol C
nonyl phenol s but yl phenol
butyl- to p-tert- 98-54-4 4-tert-butyl phenol C
nonyl phenol s but yl phenol
butyl- to p-tert- 80- 46-6 p- (a, a- di et hyl pr opyl ) phenol C
nonyl phenol s pent yl phenol
Cadmi um 7440-43-9 cadmi um M
Car baryl 63-25-2 1- napht hyl - N- et hyl car bamat e I
Chl or dane 57-74-9 1,2,4,5,6,7, 8, 8-octa-8, 8-octachl oro- I
3a, 4,7, 7a-t et rahydro-4, 7- net hanoi ndan
Chl or obenzene 108-90-7 Chl or obenzene C
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Conmon Nane Sub Group CAS Number | UPAC/ Scientific Name ** Type
Common Nane *

Cyanazi ne 21725-46-2 |Chl or 0- 4- (1- cyano- 1- et hyl et hyl ) ami no) - 6-
(et hyl ami no)-s-triazine

DDT 50-29-3 2, 2-bi s(p-chl orophenyl)-1,1, 1-
trichl or oet hane

DDT metabolite DDD 72-54-8 2,2-bis-(4-chl orophenyl)-1, 1- I
di chl or oet hane

DDT netabolite DDE (p, p' - DDE) |72-55-9 2, 2-bi s(4-chl orophenyl)-1, 1- I
di chl or oet hyl ene

Di cof ol (Kel t hane) 115-32-2 1, 1- bi s- (chl orophenyl ) -2, 2, 2- I
trichl or oet hanol

Dieldrin 60-57-1 (1a-a, 2-b, 2a-a, 3-b, 6-b, 6a-a, 7-b, 7a- a) -
3,4,5,6,9, 9- hexachl or o-
1a, 2, 2a, 3, 6, 6a, 7, 7a- oct ahydro- 2, 7: 3, 6-
di met hanonapht h[ 2, 3- b] oxi r ene

di oxi n ( PCDD) 2,3,7,8-TCDD (1746-01-6 2,3,7,8-tetrachl orodi benzodi oxi n C

Endosul f an 115-29-7 6, 9- net hano- 2, 4, 3- I
benzodi oxat hi epi n, 6, 7, 8, 9, 10, 10-
hexachl oro-1, 5, 5a, 6, 9, 9a- hexahydr o- 3-
oxi de

Endrin 72-20-8 1, 2, 3, 4, 10, 10- hexachl or o- 6, 7- epoxy-
1,4,4a,5,6,7,8, 8a-octahydro-1, 4- endo-
endo- 5, 8- di net hano- napht hal ene

Esf enval erat e 66230-04-4 [[S-(R*,R*)]-4-chloro-a-(1-

nmet hyl et hyl ) benzeneaceti ¢ acid cyano(3-
phenoxyphenyl ) met hyl ester
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Conmon Nane Sub Group CAS Number | UPAC/ Scientific Name ** Type
Common Nane *
Fenoxycarb 72490-01-8 |et hyl -(2-(4-
phenoxyphenoxy) et hyl ) car bamat e
Fenval erat e 51630-58-1 [cyano- ( 3- phenoxyphenyl ) net hyl - 4- chl or o- a- I
(1- et hyl et hyl ) benzene acetate
Fur ans ( PCDF) 2,3,7,8-TCDF [51207-31-9 |2,3,7,8-tetrachl orodi benzof uran C
Hept achl or 76-44-8 3,4,5,6,7,8, 8a- I
hept achl or odi cycl opent adi ene
Hept achl or epoxi de 1024-57-3 2,3,4,5,6,7, 7- hept achl or o-
1a, 1b, 5, 5a, 6, 6a- hexahydr o- 2, 5- net hano- 2H
i ndeno[ 1, 2- b] oxi rene
| prodi one 36734-19-7 |[3-(3,5-dichl orophenyl)-N(1-nethylethyl)- I
2, 4-di oxo- 1-i mi dazol i di necar boxamni de
Kepone (Chl ordecone) 143-50-0 1, 1a, 3, 34, 4, 5, 5, 5a, 5b, 6- I
decachl or ooct ahydr o- 1, 3, 4- met heno- 2H
cycl obut a[ c, d] pent al en- 2- one
Lead 7439-92-1 | ead M
Mal at hi on 121-75-5 di et hyl I
[ (di met hoxyphosphi not hi oyl ) t hi o] but anedi o
ate
Mancozeb 8018-01-7 manganese (11) ethyl enebis F
(di t hi ocar banat e)
Maneb ( EBDC 12427-38-2 |manganese et hyl enebi st hi ocar banat e F
fungi ci des)
Mer cury 7439-97-6 mer cury M
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Conmon Nane Sub Group CAS Number | UPAC/ Scientific Name ** Type
Common Nane *
Met honyl 16752-77-5 |[methyl N |
(et hyl am no) car bonyl ) oxy) et hani ni dot hi oa
te
Met hoxychl or 72-43-5 2, 2- bi s(p- et hoxyphenyl)-1,1, 1- I
trichl or oet hane
Metiram 9006-42-2 tris(am ne) (ethyl enebi s(dithiocarbamato)z F
inc(2+)(tetrahydro-1, 2,4, 7-
di t hi adi azocene- 3, 8-di t hi one), polyner
Metri buzin 21087-64-9 [4-am no-6-(1, 1-di net hyl et hyl)-3- H
(methylthio)-1,2,4-triazin-5(4H)-one
M r ex 2385-85-5 1, 2,3,4,5, 5-hexachl oro-1, 3-
cycl opent adi ene di ner
Ni trofen 1836- 75-5 2, 4-di chl or o- 1- (4- ni t rophenoxy) benzene H
Cct achl or ost yrene 29082-74-4 |pentachloro(trichl oroethenyl)benzene
Oxychl or dane 27304- 13-8 |octachl or epoxide I
Par at hi on 56- 38- 2 di et hyl - p- ni t rophenyl nonot hi ophosphat e I
PBB (mi xture) 67774-32-7 |pol ybroni nat ed bi phenyl C
PCBs 3,3,4,4 ,5 /5 |26601-64-9 3,3 ,4,4,5,5 -hexachl or obi phenyl C
hexachl or obi ph
enyl
PCBs 3,3 ,4,4,5- 25429-29-2 (3,3',4,4',5-pentachl orobi phenyl C
pent achl or obi p
henyl
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Conmon Nane Sub Group CAS Number | UPAC/ Scientific Name ** Type
Common Nane *
PCBs 3,3 ,4,4 - 32598-13-3 [3,3',4,4' -tetrachl or obi phenyl C
tetrachl orobip
henyl
PCBs Arocl or 1254 |27323-18-8 |[pol ychl ori nated bi phenyl s C
Pent achl or ophenol 87-86-5 2,3,4,5, 6-pent achl or ophenol C
(PCP)
Permet hrin 52645-53-1 |[(1RS)-cis,trans-3-(2,2-dichlorovinyl)- I
2, 2-di net hyl cycl opr opanecar boxyl at e
Pol ycar bonat es C
Pyr et hr oi ds allethrin 584-79-2 2- et hyl - 4- oxo- 3- ( 2- pr openyl ) - 2- I
cycl openten- 1-yl 2, 2-di net hyl - 3- ( 2-
met hyl - 1- propenyl ) cycl opr opanecar boxyl at e
Pyr et hroi ds cypermethrin |52315-07-8 |3-(2, 2-dichl oroet henyl)-2, 2- I
di net hyl cycl opr opanecar boxylic acid
cyano( 3- phenoxyphenyl ) net hyl ester
Sel eni um 7782-49-2 Sel eni um M
Styrene 100-42-5 vi nyl benzene C
Toxaphene 8001-35-2 m xture of many chemical s I
t rans- Nonachl or 39765-80-5 |4, 7- met hano-1H i ndene, 1,2,3,4,5,6,7,8, 8- I
nonachl or o- 2, 3, 3a, 4, 7, 7a- hexahydro-, (1-
a, 2-b,3-a,3a-a,4-b,7-b, 7a-a) -
organotin conpounds |tributyltin 56- 35-9 bis-(tri-n-butyltin) oxide B,
(TBT) F.C
organotin conpounds |tributyltin 2155-70-6 tributyl (2-nethyl - 1- oxo- 2- B
met hacryl at e propenyl ) oxy) st annane
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Conmon Nane Sub Group CAS Number | UPAC/ Scientific Name ** Type
Conmmon Nane *
organotin conpounds |[triphenyltin ]900-95-8 triphenyltin acetate B
acetate
organotin conpounds |[triphenyltin |76-87-9 triphenyltin hydroxide B
hydr oxi de
trifluralin 1582-09-8 a,a,a-trifluoro-2,6-dinitro-N, Ndipropyl - H
p-t ol ui di ne
Vi ncl ozol i n 50471-44-8 |[3-(3, 5-Di chl orophenyl) -5- et henyl - 5-
met hyl - 2, 4- oxazol i di nedi one
Zi neb 12122-67-7 |zinc ethyl ene-1, 2-bi sdi t hi ocar bamat e F
Ziram 137-30-4 zi nc di net hyl di t hi ocar banat e F
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APPENDI X B

ENDCOCRI NE DI SRUPTOR LI ST, GROUP B

Common Nane Sub Group Conmon |CAS Nunber* | UPAC/ Sci enti fic Nanme** Type
Nanme
2, 4- Di chl or ophenol 120-83-2 4, 6-di chl or ophenol C
Chl orpyri fos (Dursban) 2921-88-2 phosphorot hi oi ¢ acid o, o-di ethyl o-(3,5, 6- I
trichloro-2-pyridinyl) ester
Di f 1 ubenzuron 35367-38-5 [N-((4-chlorophenyl)am no)carbonyl)-2, 6- I
di fl uor obenzani de
Pht hal at e but yl benzyl 85-68-7 1, 2- benzenedi car boxyl i ¢ acid butyl C
pht hal at e ( BBP) phenyl met hyl ester
Pht hal at e di - n- butyl 84-74-2 1, 2- benzenedi car boxylic acid dibutyl ester C
pht hal at e (DBP)
Pht hal at e di - n- pentyl 131-18-0 1, 2- benzenedi car boxylic acid, dipentyl C
pht hal ate (DPP) ester
Pht hal at e di cycl ohexyl 84-61-7 1, 2- benzenedi car boxyl i ¢ acid, dicycl ohexyl C
pht hal ate ( DCHP) ester
Pht hal at es di hexyl phthal ate [84-75-3 1, 2- benzenedi carboxyl i ¢ acid, dihexyl ester C
( DHP)
Pht hal at es di et hyl phthal ate |84-66-2 1, 2- benzenedi carboxylic acid diethyl ester C
( DEP)
Pht hal at es di et hyl hexyl 117-81-7 1, 2- benzenedi carboxyl i ¢ acid bis(2- C
pht hal at e ( DEHP) et hyl hexyl) ester
Pht hal at es di propyl phthal ate [131-16-8 1, 2- benzenedi car boxyl i ¢ acid, dipropyl C
(Dpr P) ester
Cheni cal Abstracts Service Registry numnber Type
** | nternational Union of Pure and Applied Chemistry 53 B: Biocide
I: Insecticide
H:  Herbi ci de
N:  Nenat oxi de
F:  Fungaci de
C. Industrial Organic
Cheni ca
M  Meta




APPENDI X C.

ENDCOCRI NE DI SRUPTOR LI ST, GROUP C

Conmon Nane Sub Group Conmon Nane | CAS Nunber * | UPAC/ Sci entific Name** Type
I ndeno(1, 2, 3- cd) pyrene 193-39-5 o- phenyl enepyr ene C
p- ni trotol uene 99-99-0 4-ni trotol uene C
PAH acenapht hene 83-32-9 1, 8- et hyl enenapht hal ene C
PAH ant hr acene 120-12-7 par anapht hal ene C
PAH benz(a) ant hr acene 56-55-3 1, 2- benzant hr acene C
PAH benzo(a) pyr ene 50-32-8 3, 4- benz[ a] pyrene C
PAH benzo(b) fl uor ant hene 205-99-2 3, 4- benzof | uor ant hene C
PAH benzo(k) fl uorant hene 207-08-9 8, 9- benzof | uor ant hene C
PAH benzophenone 119-61-9 di phenyl ketone C
PAH chrysene 218-01-9 1, 2,5, 6-di benzonapht hal ene |C
PAH phenant hr ene 85-01-8 phenant hr ene C
pyrene 129-00-0 benzo[ def ] phenant hr ene C
Cheni cal Abstracts Service Registry numnber Type
** | nternational Union of Pure and Applied Chemistry 55 B: Biocide

I: Insecticide

H:  Herbi ci de

N:  Nenat oxi de

F:  Fungaci de

C. Industrial Organic

Cheni ca
M  Meta




APPENDI X D: DATABASE VARI ABLES

Fi rst aut hor

Second aut hor

Year of publication

Proj ect revi ewer

Source (Wngspread |, Wngspread II, Wngspread IIl, Wngspread 1V,
Ri sk Assessment Forum  EPA Wor kgroup/ Ankl ey, EPA Wr kgr oup/ Kavl ock
ot her)

Paper type (primary, review, reanalyzed, other)

Scientific certainty score (1-5)

Chemi cal nane

Study site

Taxa (aves/birds, mammalia/ mamal s, pisces/fish, reptilial/reptiles,
anphi bi a/ anphi bi ans)

Scientific name (genus, species)

Conmon nane

Gender

Study type (field, laboratory, field/laboratory)

Exposure route

Devel opnental stage at time of exposure

Application rate

Anbi ent concentration

Body burden

O her

General outcone

Speci fic outcone

Study result (positive, negative)

Comment s
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