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FOREWORD

Publ i ¢ Law 96-151 enacted Decenber 20, 1979, nandated the
Vet erans Adm ni stration to conduct "a conprehensive revi ew and
scientific analysis" of the worldwide literature on Agent O ange
and ot her phenoxy herbicides. This nandate was in response to an
I ncreasi ng awar eness anong veterans, the Congress, and the public
of the potential |ong-termhealth consequences of exposure to
t hese herbicides and the contam nant di oxi n. In Cctober 1981,
the Veterans Adm nistration published a two-volunme "Review of
Literature on Herbicides, Including Phenoxy Herbicides and
Associ ated Dioxins."™ Because of continued active research, a
t wo- vol une update covering the literature through Decenber 1983
was published in 1983. Each year since that tine the review has
been updated. The present two-volune update covers literature
t hat becane avail abl e during 1988.

This report was prepared by denment Associates, Inc. It is
an i ndependent assessment of the current state of know edge about
the health effects of phenoxy herbicides, their contamnating
polychlorinated di benzo-p-dioxin inpurities, and two other
her bi ci des (picloramand cacodylic acid) that were used in
Vietnam The publication of this document by the Veterans
Adm nistration does not signify that the contents necessarily
reflect the views and policies of the Veterans Administration.

Thé project director for denent Associates, Inc., was
VWayne D. Reichardt. The technical director and princi pal author
of the reviewwas Carl 0. Schulz, Ph.D. Qher contributing
authors were Sharon Segal, Ph.D., and Sanjivani D wan, Ph.D
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I. | NTRCDUCTI ON

This report consists of a bibliography and critical review
of scientific literature that became avail abl e during 1988 on the
health effects of the herbicides (including inpurities) used as
defoliants in the Vietnamconflict. This update conprises
Vol unes Xl II and XIV of an ongoing series of publications
entitled, Reviewof Literature on Herbicides, and Associ at ed

Dioxins." Volunes | and Il were prepared by JRB Associ ates and
publ i shed by the Veterans Admnistration in Qctober 1981.
Volurnes 111 and IV, covering literature published from 1981

t hrough 1983, were prepared by d enent Associates, Inc., and
publ i shed by the Veterans Admnistration in June 1984. Vol unes V
and VI, covering literature that became avail abl e during 1984,
were published by the Veterans Admnistration in 1985,
Volunmes M1 and 11, covering literature that becane avail abl e
In 1985, were published in 1986, Volunes | X and X covering
literature that becane avail abl e during 1986 were published in
1987, and Volunmes XI and Xl | covering literature that became
avail able in 1987 were published in 1988. In this report,
d enment Associates, Inc., has identified and reviewed information
that becane avail able during 1988 in order to update the
avai | abl e data base on the potential adverse health effects of
exposure to these herbicides and their contamnating inpurities.
An attenpt has been made to identify all scientific
literature (including unpublished reports) relevant to the
potential hunman health effects of the herbicidal preparation
commonly referred to as Agent (range, the herbicidal active
I ngredi ents 2,4-dichlorophenoxyacetic acid (2,4-D) and
2,4,5-trichlorocacetic acid and their esters, as well as
pol ychl ori nated dibenzo-p-dioxins (prinarily 2,3,7,8-tetra-
chlorodibenzo-p-dioxin, henceforth referred to as TCDD) known to
be contamnating inpurities of sone phenoxy herbicide
preparations, and the herbicides, picloramand cacodylic acid.



The scope of this review does not include literature dealing
exclusively with the chemstry, analysis, or environnental fate
and effects of these conpounds.

In order to identify relevant literature,  enent searched
on-line data bases for literature published since |ate 1987.
These searches covered the MEDLINE, TOXLINE, and SD LI NE dat a
bases of the MEDLARS on-line information system of the National
Library of Medicine. Aso, the on-line version of Qurrent
Gontents (ISI, Phil adel phia) covering all of 1988 was searched in
January 1989. Print-outs of these searches were screened to
Identify relevant resources not already included in the earlier
reviews.

Searching of on-line data bases is of |imted useful ness
because of a lag tine of approxi nately 6 nonths between
publication of scientific reports and their entry into on-1ine
data bases. Therefore, denent personnel nmanually screened
weekly issues of Current Contents, Life Sciences published by the
Institute for Scientific Information, Philadelphia, Pennsylvani a,
and biweekly issues of CA Sel ects: cCarcinogens, Mutagens, and
Ter at ogens published by Chemcal Abstracts Service, ol unbus,
Chio. (Jdenent personnel also screened approxi mately
20 scientific journals and current awareness publications
available in the AQenent l|ibrary.

A enent personnel obtained additional information at
scientific neetings, including the 1988 Annual Meeting of the
Society of Toxicology in Dallas, Texas, and at the regul ar
nmeetings of the Veterans Admnistrati on Advisory Coonmttee on
Health-Rel ated Efects of Herbicides. A so, in order to identify
any unpubl i shed docunents or docunents published in
unconventional resources, d enent personnel contacted scientists
who have been active in research on the health effects of phenoxy
her bi ci des and di oxi ns.



ITI. SUWARY AND CONCLUSI ONS

The annot at ed bi bl i ography that acconpanies this critical
review contains just over 300 citations to literature relevant to
the human health effects of herbicides used in Vietnam These
docurrent s becarre avail able during 1988. This year was very
simlar to the preceding three years in both the vol ume and
nature of the literature that was found. Just less than half of
the citations are abstracts or secondary sources, e.g., review
articles. A large percentage of the full-length docunents are
reports of studies of the nechanismof action of chlorinated
di benzo-p-dioxin (dioxins) and related conmpounds in experinental
ani mal s.

A uni que aspect of this update is that no docunments were
found relevant to the health effects of the herbicidal active
ingredi ents, picloram and cacodylic acid. These were conponents
of herbicides used in Vi etnam and known by their col or codes
white and bl ue, respectively. Few studies relevant to the hunan
health effects of these herbicides have been published in the
ensuing years. Al of the literature reviewed in this update of
the review is relevant to the health effects of the phenoxy
her bi ci des, i.e., 2,4-D and 2,4,5-T, and their contam nating
dioxin inpurities.

A. Health Studies Anmong Vi et nam Vet erans

Perhaps the nost significant new scientific information that
becane available during 1988 was the result of three major
studies of the health status of Vietnamveterans. One of these
was a nortality study conducted anmong M etnam veterans in
Wsconsin. The others were norbidity studies anong MV et nam
veterans; one conducted by the U.S. Centers for D sease Gontrol
(@) and known as the Vi et nam Experience Study (VES), and the
other was sponsored by the Anerican Legi on. G the three
studies, only the American Legion study was designed to relate



heal th status to herbicide exposure. The other two studies were
designed to examne possible health consequences of nilitary
service in Vietnam VMital status and causes of death were
ascertained in the Wsconsin study using state and federal
veterans' records and death certificates. The health status of
veterans in the Arerican Legion study was determned using a
self-administered questionnaire. |In the vEs, health status was
determned by tel ephone interview A random sanpl e of those
I nterviewed underwent a conpl ete nmedi cal and physi cal
exam nati on.

Despite their differences in objectives and methods, these
studi es conpl enent each other and, taken together, provide
val uabl e additional information on the potential |ong-term
consequences of nilitary service in Vietnamand the possible
interrel ationshi ps between herbicide exposure and other aspects
of the M etnam experience. The Wsconsin nortality study
provided additional evidence for the "healthy veteran effect,"
i.e., the preinduction nedical and physical screening of mlitary
recruits selects for individuals who are less likely to die from
chronic diseases such as heart disease and diabetes. This study
al so suggested that the nortality patterns anong all Vietnamera
veterans, whether they served in Mietnamor not, are different
fromthose in the general population and fromthose anong
mlitary veterans fromother eras. The excess nortality anong
Vietnamera veterans was due to causes that reflect habits that
are detrinental to health, including snoking and al cohol abuse.
Wien Vi et namveterans were conpared to veterans of the sane era
who did not serve in Vietnam there was excess nortality from
external causes, including nmotor vehicle accidents and sui ci des,
anong the Mietnamveterans. There were too few deaths of cancer
within the study population to allowconparison for specific
types of cancer between Vi etnam and non-\Vi etnamveterans. There
was excess nortality fromsoft-tissue sarcoma (SIS anong Vi et nam
veterans when conpared to the non-veteran popul ation, but this



could not be attributed to herbicide exposure in M etnam because
mortality from STS was al so el evated anong non-\i et nam vet er ans.

Both the VES and the Anerican Legion study convincingly
denonstrated that Vietnamveterans report nore current and past
heal th problens than non-Vietnamveterans. They also report nore
adverse reproductive effects and nore health problens in their
children. In the vEs, reported adverse heal th consequences
correlated wth recall of herbicide exposure; the health status
of Vietnamveterans who did not report herbicide exposure was
conparable to that of non-M etnamveterans. The physical and
medi cal examnation conponent of the VES failed to verify nmany of
the differences in health status that were suggested by the
results of the telephone interviens. The only differences
bet ween Vi et nam and non- Vi etnamveterans were hearing |loss, the
presence of occult blood in stools, |ower spermcounts, and
altered spermnorphology. This is not to say that reported
adverse health effects among Vietnamveterans are "all in their
heads." The perception of inpaired health by Vietnamveterans is
inportant of and by itself. It is also not possible to rule out
a biochemcal basis for this effect.

The individuals who conducted the Anerican Legion study
attenpted to determ ne herbicide exposure objectively anong the
study cohort. This study showed that the distribution of
reported herbicide exposure among M et nam veterans was hi ghly
skewed with many veterans experiencing relatively little
exposure. The analysis of data also indicated that reported
her bi ci de exposure was highly correlated with conbat invol venent,
to the extent that studies of the health effects of herhbicide
exposure that do not control for conbat exposure nust be
interpreted with caution. Nevertheless, the Anerican Legion
study showed that many perceived health effects were
I ndependent|ly related to reported herbicide exposure when conbat
exposure was controlled for.



B. Cancer

No new studies of the relationship between herbicide
exposure in Vi etnamand cancer becane avail abl e duri ng 1988.
Studies of the relationship between specific cancers and
occupat i onal exposure to herbicides in agriculture or forestry
gave inconsistent results. Responding to persistent criticismof
earlier studies that showed statistically significant
associ ati ons between occupati onal exposure to phenoxy herbi ci des
and STS and non-Hodgkin's lymphoma (NHL), Hardell and coworkers
publ i shed the results of a new case-control study of SIS in
Sneden. This new study also showed a statistically significant
associ ati on between STS and herbi ci de exposure. However, the
odds ratio (R was smaller than that in the earlier study,
possibly reflecting reduction of bias attributable to the use of
controls who had not been di agnosed as having cancer in the
earlier study. Both a cohort nortality study and a case-control
study of NHL in Sweden failed to reveal any associ ation between
this form of cancer and phenoxy herbicide exposure. The case-
control study did, however, show an association between this
cancer and exposure to organic solvents, and it suggested that
NHL | ocalized in cutaneous tissues mght be related to phenoxy
her bi ci de exposure. A cohort nortality study of NHL in
Yor kshire, England, that was not designed to ascertain phenoxy
her bi ci de exposure suggested that NHL m ght be associated with a
variety of different environnmental factors whose only conmon
| i nkage may be interference with i mmune function.

Two cohort nortality studies conducted anong enpl oyees of
the Dow Chem cal Conpany in M dl and, M chigan, found no cases of
STS or NHL anong enpl oyees engaged in the nanufacture of 2,4-D or
anong enpl oyees with a history of chloracne, presumably resulting
from exposure to chlorinated dioxins and rel ated conpounds. The
study of workers engaged in the manufacture of 2,4-D found an
I ncreased risk of cancer at ill-defined sites, but the
significance of this catch-all category of cancers is not clear.



The study of workers with a history of chloracne reveal ed an
excess of deaths due to strokes.

Anortality study was conducted anong individuals in Japan
who had a history of chloracne and related synptons caused by the
I ngestion of cooking oil contamnated with PCBs and contam nating
chlorinated di benzofurans. A prelimnary report issued in 1968
suggested an increased risk of |iver cancer anong these
| ndi vi dual s when conpared to the popul ation of Japan as a whol e
and to the popul ation of the two prefectures in which the
subjects resided. There was also an increased risk of chronic
nonnal i gnant |iver disease in this group. Further study to
examne the relationship between the anmount of contamnated oil
consuned and cancer risk is underway. These results are of
particular interest in view of aninmal studies that show increased
i ncidence of liver cancer after oral admnistration of dioxins
and furans.

Ani nal studies that were described in the last year
indicated that 2,3,7,8-TcDD has the potential to cause cancer in
hansters, a species that is relatively resistant to the acute
|ethal effects of this conpound. A secondary report of a study
of the chronic toxicity of 2,4-pin rats indicated that there was
a significantly increased incidence of astrocytomas in rats given
the highest dose but that this finding was "not biol ogically
significant." A published report of this study was not avail able
for review

Several epidemologic studies that may contain rel evant
I nformation about the relationship between cancer and exposure to
phenoxy herbicides and/or dioxins are in their final stages and
shoul d be published in the near future. One of these is the
Sel ected Cancers study being conducted by the CDC. This is a
case-control study designed to study the association between
specific cancers such as SIS and NHL with mlitary service in
Vietnam Another is a study of health effects anong workers who
are or were exposed to chlorinated dioxins in the United Sates



being conducted by the National Institute for Qccupational Safety
and Health (NIOSH).

C. Cenetic Hfects

No new studies on the potential genetic effects of phenoxy
herbicides or their dioxin inpurities becane avail abl e during
1988. Assays for nutational activity in bacteria and nmanmmal i an
cells in culture were negative for 2,4-D, 2,4,5-T, and TCDD.
These studies add to a substantial body of evidence that
I ndi cates that none of these conpounds is directly nutagenic. An
In vivo study indicated that TCDD was not nutageni c or
clastogenic in liver cells in mce. A single study of the in
vivo effect of 2,4-D on bone nmarrow cells in rats suggested that
2,4~D causes chronosonmal aberrations. The significance of this
finding for human health is unclear.

D.  Reproductive and Teratogenic Effects

The results of the VES indicated that W etnam veterans
reported nore adverse reproductive and child health outcones in
tel ephone interviews than did non-Mi etnamveterans. A review of
hospital birth records, however, indicated that Vi et namveterans
were not at increased risk of fathering children with birth
defects. A subsample of Vietnamveterans in this study did have
a |lower nmean sperm count and altered sperm norphol ogy conpared
wi th a subsanpl e of non-Vietnamveterans. The significance of
this finding is not clear. In the Amrerican Legi on study,
responses to a self-admnistered questionnaire indicated that
mscarriage rates were independently and significantly associ ated
with reported herbicide exposure in Vietnam No questions
designed to identify birth defects were included in the
questionnaire. There was no associ ation between reported
her bi ci de exposure and difficulty in conception, tine of
conception of first child, birth weight, or sex ratio of



offspring. The reporting of mscarriages nust be interpreted
with caution in view of possible recall bias.

An epidemiologic study of reproductive outcomes in New
Brunsw ck, Canada, suggested a possible association between birth
defects and stillbirths with exposure to agricultural chemcals.
However, the nmethod of determning exposure and the |ack of
information regarding specific agricultural chemcals to which
people in the province mght have been exposed render these
findings irrelevant to the question of health effects of phenoxy
her bi ci des. Two surveys of reproductive outcones in areas that
were contamnated wth dioxins failed to reveal any associations
between this contamnation and adverse reproductive effects. A
study of children born to wonmen who consuned cooking oil
contamnated with PCBs and chlorinated di benzofurans in the
Yucheng incident in 1979 reveal ed |lower birth weights,
hyper pi gnent ati on, conjunctivitis, neurologic changes, and
abnornalities of the gingiva, nails, teeth, and |ungs when
conpared to the children of unexposed nothers. Indications of
del ayed devel opnent and behavioral alterations were al so evident.
Conparison of these children to children of nothers with simlar
body burdens of PCBs indicated that the effects were probably the
result of exposure to dibenzofurans. The findings are inportant
In that they are consistent with experinmental evidence indicating
that exposure of pregnant aninals to polychlorinated dibenzo-p-
dioxins and furans cause structural and devel opnent defects in
their of fspring.

The results of studies in experinmental aninmals indicate that
prenatal exposure to relatively large anounts of 2,4-D and
2,4,5-T produces neurochemical and behavioral alterations in
neonates. A nunber of studies of the effects of TCDD in
experinmental aninmals indicates that this conpound and
structurally simlar conpounds interact with steroid hornone
receptors including estrogen and androgen receptors leading to
conpl ex and not yet fully understood responses. It is clear from



t hese studies, however, that the endocrine systemmay be a
sensitive target for these conpounds.

E. FHEfects on the |Imune System

There were no differences between M et nam veterans and non-
Vietnam veterans with regard to indicators of imune status or
function in the VES This study was not designed to assess the
role of herbicide exposure. Studies of hunman popul ati ons who nmay
have been exposed to environmental dioxin contam nation suggest
an associ ati on between such exposure and altered popul ati ons of
T-cell subsets, but these are not reflected in neasures of i mune
function. The clinical significance of these findings is not

cl ear. Recent ani nal studies have been designed to elucidate the
nmechani sm by which TCDD and related conpounds alter immune
function in experinental aninals. No cl ear nechani sm has been

est abl i shed.

F. QNeurobehavioral Efects

Studies of Vietnamveterans reveal ed significant differences
in indicators of psychol ogi cal well-bei ng when conpared to non-
Vi et nam veterans. However, there is no objective evidence that
this is associated wth herbicide exposure. Measur es of
neurol ogic function failed to reveal significant differences.
Studies of neurologic function in a popul ati on exposed to di oxin
when it was accidentally released in Seveso, Italy, showed no
significant differences when conpared to a control popul ati on.
Studies in experinental aninals indicate that the central nervous
systemis an inportant target for the acute toxic effects of
2,4-D, but the significance of these effects to humans
experiencing chronic exposure to relatively |ow concentrations of
this conpound is not known.
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G GQher Toxic Effects

Three case reports of acute intoxication resulting fromthe
i ngestion of large quantities of commercial formulations of
phenoxy herbicides resulted in remarkably simlar clinical
descriptions. The course of poi soning was consistent wth severe
central nervous system depressi on and rhabdomyolysis |eading to
respiratory failure and acute kidney failure.

Studies of hepatic function in individual s who were exposed
to dioxins or furans suggested that these may result in subtle
alterations of sone enzyne activities, including those involved
i n porphyrin netabolismand in the netabolismof aryl
hydrocarbons. There is some evidence that susceptibility to
these effects is genetically controll ed.

A brief abstract indicated that occupati onal exposure to
di oxi ns m ght be associated with changes in cerebral blood flow
This report is intriguing in light of findings in an
epidemiologic study that workers wi th exposure to dioxins were
nore likely to die of strokes. Studies of the effects of dioxin
in experinental aninals indicated that relatively large single
doses of TADD alter the p-adrenergic responsiveness of the heart.
An additional study indicated that subchronic exposure of rats to
2,4-D resulted in inpaired kidney function.

H. Tissue Residues of Chlorinated Dibenzo-p-dioxins

The results of several studies during the past few years
have indicated that concentrations of dioxins in human bl ood and
adi pose tissues nay be reliable qualitative indicators of
rel ati vely heavy exposure to these conpounds or to phenoxy
her bi ci des contamnated with these conpounds in the past.
Results of studies that were published in 1988 confirmned
prelimnary reports that the concentrations of dioxins in blood
sanples fromVi etnamveterans were not different fromthose in
bl ood sanpl es from non-Vi et namveterans or the general
popul ation. Wile a few individual s who nay have been heavily

11



exposed to phenoxy herbicides in Vi etnamhave el evated
concentrations of dioxin in their blood up to 20 years after
exposure, this approach is not useful for assessing relative
her bi ci de exposure among a sufficiently large popul ati on of
Vietnamera veterans for a definitive epidemiologic study of
associ ation between herbicide exposure and health effects.
Furthermore, limted results fromindividual s exposed to dioxins
In Seveso, Italy, suggest that present tissue |evels of dioxins
are not strictly correlated with the severity of signs and
synptons of the exposure in the past. This indicates that there
Is individual variability in either the rate of elimnation of
these conpounds fromthe body or in sensitivity to the toxic
effects of these compounds.

12



M. HEALTH BEFFECTS G- PHENOXY HERBIA DES AND THH R I PR TI ES

A Sudies of the Health Satus of M etnam Veterans

During 1988 the results of three maj or epi demol ogi ¢ studies
anong M et nam veterans becane avail able. Together they con-
tribute a great deal of information relevant to the |ong-term
health effects of participation in that mlitary action. The
first of the studies discussed in this section is the MV et nam
Experience Sudy (vEs), which was conducted under the direction
of the Lhited Sates CGenters for DO sease Gontrol (USDC
1988a, b,c, 1989). The second study was sponsored by the Arerican
Legion (Stellmanet al. 1988a,b,c). The third study (the
Wsconsin study) was actual |y conpleted in 1986, but the final
report was not published in the open literature and only becane
available in 1988 (Anderson et al. 1986).

Wil e the studies had certain conmon aspects, i.e., they
conpared Vi etnamveterans to veterans of the sane era who did not
serve in Vietnam it is inportant to recogni ze that each had
different objectives and differed in approach. The first two
studies (MBS and Anerican Legion) were studies of veterans!'
health at the tinme of the study (norbidity studies), while the
Wsconsin study was a nortality study. The American Legion study
relied solely on a self-administered questionnaire to ascertain
heal th effects and exposure, whereas a subsample Of subjects in
t he VES underwent nedi cal and physical examnations in addition
to being interviewed by tel ephone. The VES was conducted using a
random sanple of mlitary records to identify enlisted nmen who
served one tour in Vietham The Arerican Legion study was
conducted anmong a sanpl e of American Legion nenbers in siXx
states. Both the VES and the Wsconsin study were designed to
relate health outcones to mlitary service in M etnamand made no
effort to relate observed effects to herbicide exposure per se.
The Anerican Legion study, on the other hand, was designed to
study the relationship of health status to both herbicide and

13



conbat exposure. These studies are described and reviewed in
detail in this section, and the results pertinent to specific
health effects, i.e., psychol ogi cal and social status and
reproductive outcones, are summarized in those sections of this
chapter that deal with those end points.

1. The Vi et nam Experience Sudy (VES.

In 1979 and 1981 (ongress passed |egislation that directed
that appropriate studies be conducted to ascertain the health
status of Vietnamveterans because of concern that aspects of the
Vietnam experience nay have had l|asting adverse health
consequences anong these veterans. (ne result of that
legislation has been a series of epidemiologic investigations
conducted by the CDC referred to collectively as the veterans'
heal th studies. '

As originally designed the veterans' health studies had
three conponents. The first of these was the Agent O ange
Exposure Study. This study was intended to ascertain exposure of
Vi et namveterans to Agent Orange and other herbicides and to
relate that exposure to potential adverse health effects.

Initial attenpts to ascertain herbicide exposure involved the use
of mlitary service records conbined with records of when and
where herbicide spray mssions took place (the HERBS tapes).
These records were deened inadequate for this purpose prinarily
because mlitary service records were not sufficiently detailed
to pinpoint the location of specific servicenen at specific
times. Also, investigators found little correlation between

i ndi vidual recall of exposure and evidence of such exposure from
mlitary records and the HERBS tapes. Wth the devel opment of
anal ytical techniques that permtted the detection of mnute
quantities of chlorinated dibenzo-p-dioxins in the bl ood,
investigators at CDC conducted a pilot study to determ ne whether
concentrations of these conpounds in the blood of Vietnam
veterans mght serve as a reliable indicator of herbicide
exposure (Mrshall et al. 1987, USCDC 1988d). The results of
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this pilot study reveal ed no correl ati on between serum | evel s and
any other evidence of herbicide exposure. The results of the
extensive attenpts by CDC to ascertai n herbici de exposure have
been reviewed by a nunber of experts fromall branches of the
U.S. governnent. Based on a concurrence that it is not possible
to ascertain herbicide exposure anong Vi etnamveterans reliably
and objectively, the Agent O ange Exposure Study has been

cancel led (US(DC 1989).

The second conponent of the veterans' health studies, the
Sel ected Cancers study, is a case-control study of several
specific types of cancer that have been potentially linked to
phenoxy herbici de exposure. This study is scheduled to be
conpleted in 1989 and the results reported in 1990 (WBSDC 1989).

The third conponent of the veterans' health studies is the
VES. The VES is a historical cohort study designed to conpare
the health status of veterans who served in Vietnamw th that of
veterans of the sane era who did not. The VES has both a
nortality conponent and a norbidity conponent. The results of
the nortality study were published in 1987 (USDC 1987) and were
critically reviewed in Volume XI of this review (denent 1988).
Briefly, this study indicated that Vi et namveterans had
significantly lower nortality from di seases of the circulatory
system and significantly higher nortality from external causes
than did non-Vietnamveterans. Mrtality due to cancer was
simlar in the two groups, but there were too few cancer deaths
in either cohort to allow neani ngful statistical analyses for any
specific type of cancer.

The results of the norbidity study portion of the VES were
publ i shed in 1988 and 1989 (USCDC 1988a, b,c, 1989). The criteria
for inclusion in the VES is that an individual nust be a nale
veteran who entered mlitary service for the first tine during
the Vietnamera (1965-1971) and have served a single term of
enlistnment with a mninumof 16 weeks of active duty. Only
veterans who were in pay grades E-1 through E-5 at di scharge were
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i ncluded. Individuals who were classified as "duty soldier" or
"trainee" were not included in the study. The goal of the study
was to interview 6,000 Vietnamand 6,000 non-Vi et nam vet erans and
to conduct conpl ete nedi cal exam nations of 2,000 in each group.

The actual nunbers of individuals included in this study are
shown in Figure 1. The sanple of 48,513 records that were
initially screened was identified by conputer using a random
nunber generating program The tel ephone interviews were
conducted by trained interviewers working at conputer term nals.
Responses were entered directly into a conputerized data base.
The interviewers were not aware of whether the individual they
were interview ng had served in Vietnamor not until late in the
interview Interviews |lasted 32 mnutes on average and contai ned
questions about past and present health status, past and present
psychol ogi cal and behavioral status, and denographi c descri ptors.

A random sanpl e of interview subjects was invited to undergo
a full medical and psychol ogi cal evaluation at the Lovel ace
Medi cal Foundation in Al buguerque, New Mexico. This exam nation,
whi ch lasted for 2 days, included a conplete nmedical history, a
general medi cal exam nation, a dernatol ogi c exam nation, chest X-
ray, pulnmonary function test, skin hypersensitivity test using
seven recall antigens, a series of neurodi agnostic tests, bl ood
and urinalysis including determnation of T and B cell subset
popul ations, and a series of psychol ogi cal diagnostic tests.
Sermen sanples were collected froma small subgroup of each cohort
for anal ysis.

The final report of the VES norbidity study fills five
vol unmes and two suppl enents (USDC 1989). The results have been

sumarized in three full-length journal articles (USDC
1988a,b,c). A conplete description of the results is beyond the
scope of this review In their summary of the study results, the

authors reported that the Vi etnam and non-Vi et nam vet erans were
quite simlar in current denographic and soci al characteristics.
In the interviews the Vietnamveterans reported nore current use
of prescription drugs and nore current and past di seases and
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synptons than did the non-Vi ethamveterans. These di seases and
synpt ons i ncl uded hypertensi on, benign growhs, chloracne and
other skin conditions, gastrointestinal ulcers, liver conditions,
and inpaired ability to father children. The Vietnam veterans

al so reported nmore health problens anmong their children.

The physical and |aboratory exam nation portion of the study
reveal ed few differences between the two cohorts and failed to
confirmnost of the differences reported in the tel ephone
interviews. Mietnam veterans did have nore hearing loss and nore
Vi et nam veterans had occult blood in their stools conpared to
non-Vi etnam veterans. Senen analysis reveal ed | ower nmean sperm
counts and |ower proportions of norphologically normal sperm
cells in Vietnamveterans. The reproductive portion of the study
showed no difference in the nunber of children fathered by nmen in
the two cohorts, and there was no difference in the rate of birth
defects. Anmong Vi et namveterans, 15% reported synptons
consistent with post-traunmatic stress disorder, and current
psychol ogi cal problens were nore preval ent anong Vi et nam vet er ans
t han anong non-Vi etnam veterans. The study results showed t hat
Vi et nam veterans who reported herbicide exposure reported nore
post servi ce synptons and di seases and nore birth defects anong
their children than did Vi etnamveterans who did not report
her bi ci de exposure. Vietnamveterans who did not report exposure
to herbicides reported diseases and synptons at a rate very
simlar to that of non-Vietnamveterans. As described above,
her bi ci de exposure could not be objectively confirmed.

The results of the MV et nam experience study for
psychol ogi cal and reproductive end points are discussed in those
sections of this chapter. The VES is a carefully desi gned and
conducted study and is relatively powerful because of the |arge
nunbers in both cohorts. The authors did point out several
inherent limtations, however. First, the long el apsed tine
since the Vi et nam experi ence may have affected the accuracy of
recall of specific exposures and situations. Second, a |arger
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proportion of the Vietnamveterans accepted the invitation to
participate in the nmedi cal exam nati on phase than di d non-Vi et nam
veterans. Third, there was no indirect neasure of herbicide
exposure. Finally, the "M etnam experience" enconpasses a w de
variety of different and conpl ex individual situations, and the
cohort is probably quite heterogeneous with regard to maj or
factors such as exposure to conbat and chemcals. The authors
per formed numerous anal yses designed to reveal systematic bias in
the study and found no evidence of such bias. The najor
conclusions of the study are consistent with those of simlar
studies.

2. The Anerican Legion St udy.

The results of a cross-sectional survey of the psychol ogi cal
and physical well-being of Vietnamera veterans who were nenbers
of the Anerican Legion were published as a series of articles in
1988 (Stellmanet al. 1988a,b,c). The objective of this study
was to exam ne possibl e associations between psychol ogi cal and
physi cal health and exposure to conbat and/ or phenoxy herbi ci des
in Vietnam The cohort of Mietnamera veterans was constructed
by creating a conputer file of all American Legion nenbers in six
states ((olorado, Chio, Maryl and, Pennsylvania, |ndiana, and
M nnesota) with less than 20 years of continuous nenbership as of
Qctober 15, 1983. A sanple of one-seventh of these nanes was
selected at random Returnable postcards were nailed to the
sanple to ascertain whether their dates of mlitary service fell
within the Viethamera (1964-1975). Non-Vi etnam era veterans
were elimnated fromthe sanple. The renai ni ng sanpl e was broken
down by state, and a list of names was sent to the six state
Departnents of the Anerican Legion. "Volunteer researchers" in
each state were then asked to contact the |ocal Post nenbers in
the sanple to determne whether they were Vi etnam era veterans
and whether they had served in Southeast Asia during the M etnam
era. Each volunteer was asked to contact individuals on his |ist
until he had identified 15 Sout heast Asia veterans and 15 non-
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Sout heast Asia veterans who were willing to participate in the
study. Detailed questionnaires were nailed to all Vietnamera
veterans identified by the researchers.

The sole instrunent used for this survey was a self-
administered questionnaire, Which took from45 mnutes to 1 hour
to conplete. Anong other purposes, the questionnaire was
designed to determne relative exposures to herbicides and to
conbat. The nethodol ogy for determning herbicide exposure has
been described in an earlier paper (Sellnan and Stell man 1986,
see Volume X of this review). The questionnaire contained a |ist
of about 100 locations in Vietnamwhere troop activity was known
to have centered. Respondents were asked to give the dates at
whi ch they served at any of these locations. Using the HERBS
tapes show ng the dates and locations of all herbicide spray
mssions in Vietnam the authors devel oped an integrated
her bi ci de exposure index for each respondent based on all spray
mssions that occurred within a 15-kiloneter radius of the
| ocations where the veteran had served, weighted inversely
according to distance and exponentially according to elapsed tine
fromthe spray mssion. Conbat exposure was determned from
responses to eight questions about extent of eneny fire and |ife-
threatening situations.

The questionnaires were al so designed to obtain infornation
on denogr aphi ¢ characteristics; snoking, drinking, and drug use;
social and behavioral outcones; and health status. The questions
on health status were designed to assess general and reproductive
heal th status as wel| as ascertain the preval ence of certain
specific synptons. Respondents were asked to identify physician-
di agnosed health problens as well as a nunber of other conditions
and synptons, e.g., skin discoloration or acne, that have been
associ ated with exposure to phenoxy herbicides or their dioxin
contaminants. (Questions about reproductive health were designed
to evaluate potential difficulties with conception, specific
birth outcomes, and naternal smoking and al cohol use.
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Responses to questions regardi ng physical and psychol ogi cal
status anong Vi et namveterans were conpared to those anong
Vietnamera veterans who served in areas other than Sout heast
Asia; odds ratios were conputed to determne the relative risks
for each condition or reported synptom |In addition, respondents
who served in Vietnamwere classified into categories (three
each) reflecting relative exposure to herbicides and conbat, and
the responses were anal yzed for correlations with either of these
variables. Joint effects of conbat and herbicide exposure were
anal yzed using multiple regression, logistic regression, and
anal ysis of variance.

Atotal of 6,810 men conpleted the questionnaires.
these, 2,858 (42.0% had served in Vietnam The area of service
could not be determned for 19 respondents. Conbat scores ranged
from8 to 40. There were 1,209 Vietnamveterans in the |ow
(8—15) category, 1,084 in the medium (16-25) category, and 552 in
the high (26-40) conbat category. Herbicide exposure indices
conputed for 2,087 Vietnamveterans ranged from 0.0 to 9.9
There were 947 men in the low (0.0-0.097), 583 nmen in the medi um
(0.098-0.308), and 557 nen in the high (0.308-9.9) herbicide
exposure categori es.

Wien the responses of Vi etnamveterans were conpared to
those of Vietnamera veterans who served el sewhere, the odds
ratios for nedically diagnosed heart disease, venereal diseases,
and benign fatty tunors were statistically greater than 1.0.

This was also true for the self-reported conditions of "skin rash
wth blisters," w®change in skin color,” and "increased
sensitivity to light." Anmong Vi et namveterans whose exposure to
herbi cides could be categorized, there was a statistically
significant trend of increasing odds ratios wth exposure for the
di agnosis of benign fatty tunors and the self-reported Synptons
of adult acne, skin rash with plisters, and increased sensitivity
to light. Conbat exposure was significantly associated with the
reported di agnoses of high blood pressure, stomach or duodenal
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ul cer, benign fatty tunors, arthritis or rheunmati sm hepatitis,
genitouri nary problems, nervous systemdi sease, and naj or
injuries. Because benign fatty tunors were associated w th both
her bi ci de exposure and conbat, this response was anal yzed
further. Both exposures were found to be independent predictors
of the diagnosis.

In addition to specific diagnoses and synptons, groups of
self~-reported synptons were conbined into five separate "synptom
scales" referred to as "faint," "fatigue," "aches," "colds," and
"skin" and conbi ned responses within each of these scales were
anal yzed. The odds ratios for all five of these "synptom scal es”
were significantly greater than 1.0 when Vi etnam veterans were
conpared to non-Vietnamveterans. Al so each of the five "synptom
scales” was significantly associated w th both herbicide and
conbat exposure anong M etnamveterans. Analysis of variance
I ndi cated that herbicide and conbat exposure were independent
predi ctors of each "synptom scale." The results of anal yses of
the responses pertaining to psychol ogi cal outcones and to
reproductive effects are discussed in the sections devoted to
those effects below It should be noted that only 11 nedi cal
conditions were nentioned by at |east 0.5% of the respondents.
Medi cal conditions that had too few responses to tabul ate and
anal yze incl uded cancer.

Qeat care nust be exercised in interpreting the results of
this study. The authors recogni zed and di scussed many of the
limtations that are inherent in both the design and the conduct
of the study (Sellnman and sStellman 1986, Stellnman et al. 1988a).
The study is a cross-sectional, self-reported survey of health
status as of 1983. A though past nedi cal probl ens were addressed
In the questionnaire, there is the possibility of bias in the
recall of past health problens. There was no attenpt to verify
any reported diseases or conditions by exam ning nedi cal records
or conducting nmedi cal examinations. By 1983, M etnam veterans,
especi al | y those associated with veterans' organi zations, had
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anpl e opportunities to be inforned of many potential |ong-term
consequences of conbat experience and/or exposure to phenoxy

her bi ci des. Thus, they mght be nore likely to recall related
synptons or problens in their own experience. It is also

possi ble that their recollection mght be inaccurate of the tine
and location of mlitary service as nuch as 20 years in the past.
This inaccuracy woul d not be expected, however, to result in a
systenmatic bias. The authors al so addressed the questions of
representati veness and bias in selection of the ultimate study
popul ation. They pointed out that American Legion nmenbers are
probably not representative of Vietnamera veterans in general.
Potential bias in the selection of Vietnamveterans by the

"vol unteer researcher” in each of the posts is inpossible to
evaluate. Furthernore, the response rates anong those to whom
the questionnaire was nmail ed ranged from 52.5% in Pennsylvania to
64.1% in Mnnesota. The authors attenpted to anal yze whether the
| ow response rate mght bias the results by conparing responses
from posts where the response rates were very low to responses
from posts where there were high response rates. No significant
differences were found in either neasures of health status
neasures or measures of conbat and herbi ci de exposure,
suggesting, but not confirmng, that the status of those who did
not respond was simlar to those who did.

Little significance can be attached to reported correl ations
bet ween health effects and herbi ci de exposure in the study. The
nmet hodol ogy used to assess herbi ci de exposure was |ess rigorous
than that attenpted and abandoned as unreliable by the COC. The
use of only 100 locations in Vietnamallows w de |latitude for
exposur e. The strong correl ati on between herbicide exposure
i ndex and conbat exposure seen in this study is not renarkable in
that these may not be independent variables and both rmay be
subject to recall bias despite the authors' assertions to the
contrary. At best this study adds support to findings of the VES
that veterans who recall nore herbicide exposure report nore
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adverse health effects. In the Anerican Legion study neither the
exposure nor the health consequences were objectively verified.

QG her epidem ol ogi ¢ investigations have equated mlitary
service in Vietnamw th exposure to herbicides. Two aspects of
the Anerican Legion study are of interest in interpreting these
studies. First, possible exposure of Anerican troops to
her bi ci des shows a very skewed distribution with the vast
majority of troops reporting little or no exposure. Second,
her bi ci de exposure was very highly correlated w th conbat
experience. Therefore, sophisticated statistical analysis was
required to investigate the independent influence of these two
vari abl es on subsequent health status. Both of these facts tend
to support criticisns of earlier epidemologic studies of Vietnam
veterans. It is possible that causal relationships between
adverse health effects and exposure to Agent range in Vietnamin
"negative" studies are obscured because of the inclusion of |arge
nunbers of subjects with little or no herbicide exposure. O the
ot her hand, borderline positive findings such as increased risks
of NHL and | ung cancer anong Mari nes who served in Vietnham
(Breslin et al. 1987, 1988) mght be attributable to the
confoundi ng vari abl e of combat-related stress.

3. JThe Wsconsin_study

An extensive epidemologic investigation of nortality
patterns anong Vi etnamera veterans in Wsconsin was conpl et ed by
Anderson et al. in 1986, but the results of this study were not
published in the open literature. Using the Wsconsin Depart nent
of Veterans Affairs DD-214 Mlitary Service Separation File, the
authors identified a study popul ati on of 122,238 veterans who had
served a mnimumof 6 nonths on active duty in the period from
January 1, 1964 until Decenber 31, 1975 (the Vi etnamera). The
sane data base was al so used to subdivide the study popul ation
into two categories, Vietnamveterans and non-Vi et nam vet er ans.
The vital status of the veterans in the study popul ati on was
ascertai ned using the Wsconsin Departnent of Veterans Affairs
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QG aves Registration File (which al so contained information on
service dates, theater of service, and branch of service),
Wsconsin Center for Health Statistics Death Index Tapes (which
al so indicated veteran status), and the U S. Veterans
Adm ni stration BIRLS data base. Causes of death were determ ned
fromabstracts of death certificates contained in the Death |ndex
Tapes. Standardized nortality ratios (SMRs) for causes of death
were calculated using four different referent popul ati ons. These
were the US population as a whole, the entire Wsconsin
popul ation, all Wsconsin non-veterans, and all Wsconsin
veterans. SMRS were calculated for all Wsconsin Vi etnamera
veterans, Vietnamveterans, and non-Vi et namveterans conpared to
each of these referent groups. A so, SMs for seven causes of
death were cal cul ated by conparing Vi etnamveterans to non-
Vi et nam veterans.

Conpari son of Wsconsin Vietnamveterans with the US
popul ation as a whole and the entire Wsconsin popul ati on
reveal ed no statistically significant excess SMs for any cause
of death. SMRs were significantly lower than 100 for all causes
of death and for all cancers as well as for a nunber of specific
causes of death, including cancer of the respiratory system | ung
cancer, and cardi ovascul ar di seases. Wien Vi etnamveterans were
conpared to Wsconsin non-veterans, there was a significant
excess of deaths fromsuicide (SWR = 118). Wen Vi et nam vet er ans
were conpared to all Wsconsin veterans, there was a
significantly elevated SVMR (289) for cancers of other |ynphatic
tissues. Gorrpar'i sons between Vi et namveterans and non-Vi et nam
veterans were nade only for seven cause-of-death categori es.
These were all causes, and all cancers, all cardiovascul ar
diseases, all external causes of death, all accidents, all notor
vehi cl e accidents, and suicide. The SMR for all external causes
of death, all accidents, and all notor vehicle accidents were
significantly elevated for Vietnamveterans in this conpari son,
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while there were no differences between the groups in deaths from
all causes and from cancer, cardiovascular disease, or suicide.

An interesting aspect of this study was that nortality
patterns were simlar anong all Vietnamera veterans in Wsconsin
whether or not they had served in Vietnam Mortality patterns
among all Vietnamera veterans were quite different fromthose in
any of the four referent popul ations, however. These differences
for the most part reflected the "healthy veteran" effect as
mani fested by deficits in the sMrs for all causes of death, all
cancers, all respiratory and cardiovascul ar diseases, all
metabolic and nutritional diseases, and nmany other causes. There
were no statistically significant excess SMRS in any of these
conparisons. The authors pointed out that the healthy veteran
effect was always slightly nore pronounced in non-\Vi et nam
veterans than in Viethamveterans. This aspect of the study
provi ded no evidence that Vi etnamveterans were nore likely to
die of SIS or NHL than were non-Vi etnamveterans or the
popul ation at large. There were only nine deaths due to SIS in
the Vietnamera cohort, four in Vietnamveterans and five in non-
Vi et nam vet er ans.

As part of the same epidemol ogic investigation, the authors
conducted a proportionate nortality study to | ook for
associ ations between veteran status and any specific causes of
death (Anderson et al. 1986). All deaths from 1960 through 1979
were identified fromthe Wsconsin Center for Health Satistics.
The veteran status of each deceased individual was determn ned
fromthe same records as those used in the sMRr study described
above. Al Wsconsin veterans' deaths were conpared to Wsconsin
non-veterans' deaths by sex and race. A so, deaths anong
Wsconsin Vi etnam veterans and Wsconsi n non-\W et nam vet er ans
were conpared to Wsconsin non-veterans and to \Wsconsin veterans
from ot her eras.

Wien white nale M etnamveterans were conpared to non-
veterans, proportionate nortality ratios (PMRs) were
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significantly elevated for cancer of the pancreas (PMR= 280),
all external causes of death (125), all accidents (127), notor
vehicl e accidents (140), and suicide (122). There were also a
nunber of PMR deficits including those for all [|ynphopoietic
cancers (61). Wien white mal e Vi etnamveterans were conpared to
all other white nmal e veterans, PMS were significantly el evated
for SIS (PMR = 1530), diseases of the genitourinary system (261),
all external causes of death (105), all accidents (108), and
nmotor vehicle accidents (117). Wen white nal e vietnam veterans
were conpared to white nal e veterans of the Vietnamera who did
not serve in Vietnam (non-\ et nam veterans), PMS were
significantly elevated for cancer of the pancreas (554), all
genitourinary diseases (292), and pneunonia (204). The PMR for
SIS in this conparison was 147, which was not significantly
different from 100. The total nunber of deaths due to STS anong
Wsconsin Vi et namveterans was five.

The authors of these studies concluded in their overall
sumary that the studies were consistent with the findings of
other veteran studies in that qualifying for mlitary service
(passing the preinduction medical screening) is reflected in
reduced risk of nortality due to many chronic diseases (the
heal thy veteran effect). The findings also reflected excess risk
anong veterans for causes of death that reflect |ifestyles that
are detrinental to health, namely lung cancer, enphysena, and
cirrhosis of the liver. Vietnamveterans showed increased risks
for death fromexternal causes, including notor vehicle accidents
and suicide, over any other group. The authors suggested that
these causes of nortality mght be indicative of increased stress
experienced by the veteran population. The increased risk of SIS
seen in Vietnamveterans could not be attributed to service in
Vietnamor exposure to Agent (range because the sane increase was
seen in non-Vi et nam vet er ans.

This study is simlar in design to studies conducted anong
Vietnamveterans in New York Sate (Lawence et al. 1985), in
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Massachusetts (Kogan and clapp 1985, 1988), and anong all U S
veterans (Breslin et al. 1987, 1988). Like those studies, the
validity of this study depends on the conpl et eness and accuracy
of the records that were used to establish the cause of death and
mlitary service records. Causes of death in this Wsconsin
study were taken fromdeath certificates and, therefore, are
subject to error especially for causes of death that are
difficult to diagnose and/or classify. It appears that the
Identification of veteran status and whether or not veterans
served in Vietnamwas based on better data in this study than in
either the Massachusetts or the New York studies. The
statistical power of this study (as of the others) is limted
because of the small nunber of deaths attributable to specific
causes. Thus, for exanple, in the SMR portion of this study
comparisons between Vi et nam and non-M et nam veterans could only
be acconplished for seven relatively common causes of deat h.
These studies are not likely to detect snmall but inportant
excesses of nortality from relatively rare diseases.

4. Summary and Concl usi ons

Three nmaj or epidemiologic studies of veterans of the Vietnam
era becane available for reviewin 1988. Two were norbidity
studies, and one was a nortality study. These studies differed
fromeach other in both objectives and design, but there was
enough overlap that certain general conclusions can be drawn from
them Frst, it is quite clear fromboth the VES and the
Arreri can Legion study that Vi etnamveterans perceive that they
are less healthy than veterans of the sane era who did not serve
in Metnam VM etnamveterans report nore synptons of inpaired
physi cal and psychol ogi cal status, seek nore nedical care, and
report nore medi cal and psychol ogi cal probl ens than do non-
Vi etnamveterans. The results of the VES indicate, however, that
medi cal and physical examnation reveals few differences between
Vi et nam and non-Vi etnhamveterans. The American Legion study did
not have a nedi cal exam nati on conponent. '
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The VES was not designed to relate health effects to
exposure to herbicides while serving in Vietnam The Ameri can
Legion study attenpted to assess herbicide exposure and its
relation to adverse health effects and found a nunber of
correl ati ons between herbici de exposure index and reported heal th
status. However, there is no evidence that the herbicide index
is a valid objective neasure of exposure. Neither study provided
any suggestive evidence that there were increased incidences of
cancer anong Vi etnamveterans or individuals exposed to
herbicides.

The Wsconsin nortality study was not inconsistent with
other nortality studies among Vi etnamveterans. This study
showed that veterans of the Viethamera were less likely to die
of common causes than non-veterans (the healthy veteran effect),
although this effect was not as great in Vietnamveterans as in
veterans who did not serve in Vietnam Veterans of the Vi etnam
era were nore likely to die of external causes than were veterans
of other eras and non-veterans. Conparisons between M et nam
veterans and veterans of the same era who did not serve in
Vi etnamcould only be nmade for several conmon causes of death.

Vi etnamveterans were nore likely to die of external causes

i ncl udi ng accidents than non-Vi etnamveterans. 1In the
proportionate nortality portion of the study Vietnamveterans
were nore likely to die from accidents and suicide than any other
conpari son group. This study did not provide any evidence of
excess nortality fromcancer in Vietnamveterans conpared to non-
Vi et namveterans but the nunbers of deaths from cancers of
specific sites were too snmall to allow neani ngful conparisons.

Al so there was no attenpt in this study to ascertain exposure to
herbicides.

Taken together these studies are consistent with the results
of earlier studies of Vietnamveterans. These individuals report
nore health probl ens, and their psychol ogical well-being is worse
t han non-Vi etnamveterans. However, objective neasures of health
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status do not reveal many significant differences. There is
little evidence that any l|asting health consequences can be
related reliably to herbicide exposure. The suggestion that

her bi ci de exposure and conbat exposure may be closely related
inplies that this is an inportant source of confounding in any
epi demol ogi ¢ study of M etnam veterans in which conbat exposure
was not assessed.
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B. (Cancer

No new studies of the relationship betwen cancer and
mlitary service in Vietnamother than those di scussed in Section
A above becane available during 1988. The VES, Anerican Legion,
and Wsconsin studies were not specifically designed to | ook at
cancer. |In the Wsconsin study, there were five deaths
attributed to STS anong Vi etnamveterans, but the PMR for this
cancer was not significantly different from 100 when conpared to
non- Vi et namveterans and to non-veterans. In none of these
studies was there a significant difference between Vi et nam and
non-Vi etnamveterans in the reporting, diagnosis, or nortality of
cancer. The renai ning studies of cancer in humans that becane
avai lable in 1988 were of popul ations exposed either to phenoxy
her bi ci des during their manufacture or use, or to chlorinated
di oxins and rel ated conpounds as a result of environnental
contam nation. These and ani mal studies relevant to the
carci nogeni c potential of phenoxy herbicides and/or their dioxin
contamnants are discussed in the renainder of this section.

1. Studies of Humans

Epidemiologic studies conducted in Sweden in the |ate 1970s
suggested an associ ati on between SIS and exposure to phenoxy
her bi ci des (Hardell and Sandstrom 1979; Eriksson et al. 1981).
Al t hough several other reports have suggested increased incidence
of this classification of cancer anong peopl e exposed to phenoxy
her bi ci des, a nunber of carefully designed and conduct ed
epidemiologic investigations published in the intervening years
have failed to support such an association (Balarajanand Acheson
1984; Smth et al. 1984; Hoar et al. 1986; Wkl und and Hol m 1986;
Wods et al. 1987). The possibility of such an associati on has
been the subject of ongoing debate. The authors of the original
Swnedi sh studi es decided to conduct a new case-control study in
order to see if they could reproduce their earlier findi ngs"”“---.
(Eriksson and Hardel |l 1988; Hardell and Eriksson 1988a).
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Al'l cases of SIS that were di agnosed from 1978 t hrough 1983
In mal es 25—-80 years of age were identified fromthe Regi onal
Cancer Registry in Umea, Sweden. Only histopathologically
di agnosed cases were included. D agnoses were not confirned at
the tinme of the study. Each case was natched to four |iving
referents and two deceased referents by age and by county of
residence at the tinme of diagnosis. A second referent group was
created by identifying 190 individuals fromthe sane Regi onal
Cancer Registry who had been di agnosed as havi ng sone form of
cancer other than SIS nalignant lymphoma, or nasopharyngeal
cancer during the sane tine period as the SIS cases were
diagnosed. Al living cases and referents were asked to conplete
a nail ed questionnaire. For deceased cases and referents, the
questionnaire was nailed to next-of-kin. Tel ephone interviews
were conducted by blinded interviewers to conplete inconplete
r esponses or cl arify unclear responses. The criterion for
classifying an individual as having been exposed to phenoxyacetic
acid herbicides was at least 1 day of exposure at least 5 years
bef ore diagnosis of cancer or the tine of the interview

G the 55 cases of SIS identified fromthe Cancer Registry,
18 were alive and 37 were deceased at the tinme of the study.
Among the referent group with other types of cancer, 112 were
living and 78 were deceased. Questionnaires were conpleted for
54 of the 55 cases of STS, 208 of 220 living referents, 103 of
110 deceased referents, and 179 of the 190 referents w th other
forns of cancer. Nne (16.7% of the cases net the criteria for
exposure to phenoxy herbicides conpared to 18 (8.7% of the
living referents, 4 (3.9% of the deceased referents, and 14
(7.8% of the referents with-other forns of cancer. There were
no differences between |iving and deceased cases and cancer
referents in the percentage that reported exposure to phenoxy
herbicides. The relative risks for SIS anong i ndivi dual s who
were exposed to phenoxy herbicides were 3.3 [95% confi dence
limts (AQ) = 1.4-8.1] when cases were conpared to |iving and
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deceased popul ation referents and 2.2 (0.9-5.3) when cases were
conpared to referents wth other forns of cancer. If eight cases
of "uncertain diagnosis" were renoved fromthe anal yses, the
relative risks increased to 3.7 (1.5-9.1) and 2.4 (1.0-5.9),
respectively. The authors reported no association between SIS
and exposure to chlorinated phenols although very few cases of
referents were exposed to this group of chemcals.

The authors concluded that this investigation confirned
their previous findings of an association between exposure to
phenoxyacetic acids and STS It is interesting to note that the
relative risks found in this study are considerably |ower than
those found in the earlier studies, i.e., 5.3 (2.4=-11.5) In
Hardel | and sandstrom (1979) and s.1 (2510.4) in Eiksson et
‘al. (1981). Furthernore, the relative risk for STS when cases
were conpared to referents with some other form of cancer (2 2
Is not statistically significant and is conparable to the
relative risk of 1.6 (0.7-3.3) reported by Smth et al. (1984)
who also used a referent group conprising individuals wth other
forns of cancer. The rationale for using referents with other
forns of cancer is to reduce the possibility of recall bias
because individuals with cancer may be nore likely to recall
chem cal exposures that mght be responsible for their disease.
The decrease in relative risk observed by Hardell and Eriksson in
their recent study when cases are controlled to referents with
cancer instead of general population referents suggests that
recal | bias night play sone role in this and their earlier
studies, but it does not fully account for all of the
association. Hardell and Eriksson did not include specific
information on the design or content of the questionnaire that
they used to ascertain exposure. This lack of detail, which was
al so characteristic of their earlier publications, precludes the
| ndependent eval uati on of other potential sources of recall bias
or of potential confounding variables.
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An epidemiologic study of SIS anong agricul tural and
forestry workers in Saeden was critically reviewed in Vol unme | X
of this review (Wklund and Hol m 1986). That record-Iinkage
study was subsequently published (Wklund et ai. 1987p). The
aut hors have expanded the study to include an analysis of the
i nci dence of malignant lymphoma in the cohort (Wklund et al.
1988). The design is identical to the earlier study of SIS
except that the tunors included were Hodgkin's disease (H) and
NH.. The cohort consisted of 354,620 Saedi sh nen who were
enpl oyed in agricultural or forestry occupations at the tine of
the 1960 Saedi sh census. The cohort was subdivided into six
subcl assifications identified as |and/animal husbandry,
horticulture, other agricultural occupations, silviculture,
tinber cutting, and other forestry occupations. The reference
cohort consisted of 1,725,845 Snedi sh nen of the sane age who
were enployed in economc activities other than agriculture or
forestry in 1960.

The relative risks for NHL in the total study cohort and in
the six subcohorts ranged from0.66 to 1.11 and did not differ
significantly from 1.0. Furthernore, there was no tine-related
trend in relative risk in the total cohort or in any of the
subcohorts. There were statistically significant elevations in
the relative risks (rr) of HD in two of the subcohorts, namely
other agricultural occupations and silviculture, RR= 174
(1.08-2.61) and 2.26 (1.25-3.69), respectively. A statistically
significant increase in risk with time was al so observed in these
two subcohorts but not in the total cohort.

The subcohort, other agricultural occupations, is a
m scel | aneous category so this subgroup was further broken down
into reindeer husbandry, fur farmng, other animal care (not
livestock), veterinary work, ot her rel evant occupations, and
other agriculture. Wen broken down in this manner, the relative
risk for HDwas statistically elevated only among those enpl oyed
in fur farmng. Atotal of 36 cases of HD were reviewed nore
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carefully in order to seek clues as to the cause of the disease.
G the 15 cases of HD anong nen enpl oyed in silviculture, eight
were enpl oyed i n managenent or admnistration. Al five cases in
fur farners were anong nen engaged in the raising of mnk. All
four workers wth HD who were classified as enpl oyed in other
aninmal care were poultry farnmers. The renaining 12 cases of HD
had m scel | aneous occupations such as cenetery worker and

| andscape gar dener.

The results of this study do not support an association
bet ween exposure to phenoxy herbicides and an increased risk of
NH.. The increased risk of HD within two subcohorts is unlikely
to be related to herbicide exposure as there is little reason to
believe that the individuals in these subcohorts were nore
heavily exposed to herbicides than nen in the other cohorts. |If
there is a common factor anong individuals with an increased risk
for HDin this study it mght be the handling of aninals other
than |ivestock.

The design of this study was criticized in Volune | X of this
revi ew because of its classification of exposure on the basis of
enpl oynent in 1960. The authors addressed this and ot her
criticisns in the discussion section of the present paper. The
authors stated that the loss of sensitivity due to the definition
of the cohorts based on enpl oynment status in a single year was
snmal | because only 13% of those who were enpl oyed in
agriculture/forestry in 1960 were not enpl oyed in those
categories in 1950 and only 8% of the conparison cohort were
enpl oyed i n agriculture/forestry in 1950. Furthernore, a mail
survey of a subgroup of the study cohort indicated that at | east
25% of them had used phenoxy aci d herbicides one day or nore
during the period from 1950 to 1980. However, actual herbicide
exposure was not further characterized in either cohort. In
conclusion, this study does not support an associati on between
exposure to phenoxy herbicides and an increased risk for NH.

The increased risk for HD seen in two subcohorts in this study is
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unlikely to be associated with exposure to herbicides. Because
of the lack of detailed and specific infornation on herbicide
exposure in both the study cohort and the reference cohort, this
study cannot be considered to be definitive evidence for a |ack
of association between phenoxy herbi ci de exposure and nal i gnant
lymphoma.

A case-control study of NH. in Sweden was described by
dsson and Brandt (1988). The authors interviewed 167 adult
mal es who were treated for NHL in the Departnent of ncol ogy at
the University of Lund Hospital between 1978 and 1981. The
interview was designed to obtain a |ifetine occupational history
wi th special enphasis on exposure to organic sol vents,
chl or ophenoxyaceti c aci d herbicides, and chlorophenols. Two
different control groups were used. (ne consisted of 50 nmen from
the same geographical region as the NHL patients who had served
as controls in a case-control study of Hodgkin's disease. The
other consisted of 80 men fromall areas of Saeden who had been
identified as controls in a case-control study of SIS

Daily exposure to organic solvents for a mninumof 1 year
was significantly associated with an increased risk of NHL in
this study (R= 3.3, 95%cr = 1.9-5.8). There was a significant
trend toward increasing risk with increased duration of exposure.
The authors found no association between risk of NHL and exposure
to either phenoxy herbicides or chlorophenols. However, there
was a significant association between |ocalized skin | ynmphona and
exposure to phenoxy herbicides (R = 10.0).

The authors noted that the interviewers were not blinded as
to the case or control status of interviewees. Al so, the use of
healthy controls raised the possibility of recall bias regarding
exposure. Nevertheless, the authors felt that limting the
definition of solvent exposure to a mni mumof one year woul d
mnimze errors in recall. The authors also felt that the
concl usi ons of the study were strengthened by an apparent dose-
response relationship and by the observation of a medi an |atency
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of 21 years. These results may be relevant to interpretation of

other studies of a possible association between NHL and exposure

to phenoxy herbicides in that exposure to organic solvents may be
a confoundi ng vari abl e in those studies.

Cartwright et al. (1988) described the results of a case-
control study of NHL in Yorkshire, England. The objective of
this study was to examne a wi de variety of factors, including
lifestyle, famlial connections, and medical and occupational
histories, for potential involvenent in the etiology of this
class of cancers. It was not a specific study objective to |ook
at the association of this formof cancer with agriculture, in
general, Or W th exposure to phenoxy herbicides and their
associated dioxins, in particular. Al cases of NHL that were
di agnosed in Yorkshire hospitals with histopathology | aboratories
bet ween Cctober 1979 and Decenber 1984 served at the basis for
the identification of the cases for this study. Individuals who
had died at the tine of the study or for whomthe di agnosis of
NHL could not be confirmed froma review of diagnostic nateri al
by a panel of pathologists were excluded fromthe study. The
controls for this study were selected froma popul ati on of
patients fromthe same hospitals who had been di agnosed w th some
di sease or condition other than NHL during the sane time period.
Controls were matched to cases on the basis of residential health
district, sex, and age (¥3 years). Subjects w th cancer and
control subjects were interviewed by trained interviewers using
standardi zed questionnaires. Interviewers were aware of the
di agnosi s of the individual being interviewed.

A total of 437 subjects with cancer and 724 control subjects
were interviewed. There was a slightly increased risk (R =
1.13) for NHL among individual s who had worked in agricul ture but
this increase was not statistically significant. The odds ratio
for NHL anong individuals who had been exposed to fertilizers,
pesticides, and/or herbicides bordered upon statistical
significance ((R=1.3, 95% Q. = 1.0-1.8). However, the
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questionnaire was not designed to break out herbicide exposure
fromthe other agricultural chemcals in this category. Thus,
the nost that can be said about this study is that it is not
I nconsi stent with other epidemiologic studies that have suggested
possi bl e associ ati ons between NHL and agricul tural professions
and exposure to phenoxy herbicides. Perhaps of nore potenti al
interest was the finding of associations between a nunber of
di verse exposures and previous mnedi cal history and NHL. These
I ncl uded exposures to wood dust and epoxy glues. The authors
suggested that a common aspect of these factors was the
possibility of disturbed or aberrant imune function. This
hypothesis is intriguing in view of the extensive ani nal evidence
that chlorinated di benzo-p-dioxins are potent inmmune suppressors.
. However, it is equally likely that the random associ ati ons seen
in this study are sinply the result of nultiple conparisons.
Hardel |l et al. (1987) published a report of a case-control
study of Kaposi sarcoma in AIDS patients. The study was designed
to investi gate a potential etiologic role for dioxin-contam nated
products, including phenoxy herbicides, in AADS. They found no
significant difference in exposure to dioxin-containing products
between AIDS patients with Kaposi sarcoma and controls. In
contrast to this study, Vineis and Zahm (1988) published a letter
to the editor suggesting that risks of Kaposi sarcona nmay be
elevated in individuals exposed to phenoxy herbicides and calling
for further epidemol ogic investigation of such an association.
Bond et al. (1988) have published the results of a nortality
study anmong 878 workers who were enployed in the nanufacture,
esterification, amnation, fornmulation, and/or packaging of 2,4-D
her bi ci des. The cohort was identified fromthe enpl oynment
records of the Dow Chemcal Conpany facility in Mdl and,
M chi gan, and consisted of all enployees who worked in any of
four different plants where these operations were conducted
during the period from 1945 through 1982. The enpl oynent records
for each individual in the cohort were reviewed by industrial
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hygi eni sts who assi gned an exposure score to each based on job
classification and the nonths enpl oyed in each job. Each job
classification was assigned to one of three exposure categories,
hi gh, medi um or | ow

Mortality by specific causes of death in the cohort was
determned from pDow's vital status registry, which contains
causes of death as listed on death certificates for all of Dow's
current and forner enployees. Mrtality rates within the cohort
were conpared to rates within the U.s. white nal e popul ation as a
whol e and also to nortality rates anong all other nal e enpl oyees
of Dow Chemcal CGonpany. The nortality data were al so anal yzed
by production area, duration of exposure, and cunul ative exposure
indices. A latency period of 15 years was assunmed for the
pur pose of anal ysis.

For the entire cohort, 1963 was the medi an year of first
exposure to 2,4~D. Over half of the cohort was first exposed
nore than 15 years before the study. The nean duration of
exposure was 3 years, and one-third of the cohort held jobs
classified in the high exposure category at one tine or another.
The total person-years at risk was 16,297 with an average foll ow
up of 18.6 years. There were 111 deaths anmong the cohort by the
end of 1982. The standardized nortality ratio for all causes of
death was 100 when the cohort was conpared to the US white nmal e
popul ati on. There were 26 deaths due to cancer in the cohort
conpared to 22.6 expected (SMR= 115, 95% (L = 75—168). There
were no deat hs due to SIS or nasopharyngeal, stomach, |iver, or
brain cancer within the cohort. The SMRs for cancer of the |arge
intestine (212) and for cancers of the |ynphatic and
hematopoietic systens (202) were el evated but were not
significantly different from 100. There was one death
attributable to HD (SMR = 265, 3—-1472). There were no deat hs
attributable to NHL. The cancers of the |ynphatic and
henat opoi eti c systemwere | eukem a and lymphosarcoma oOr
reticulosarcoma. The only SMR that was significantly different
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from 100 in the cohort was that for cancer of other and
unspecified sites (SR = 306, 101-729). This category is a
catch-all category for rare, mscellaneous cancers. A review of
the death certificates for the five individuals who died with
this classification of cancer reveal ed no misclassification of
cancers that m ght have been brain cancer, HD, or NH.

For causes of death other than cancer, there were el evated
SMRs for cerebrovascul ar di sease (SWR = 132), gastric and
duodenal ulcer (SMR = 151), diseases of the genitourinary system
(S\R = 158), and accidents (SWR = 136). None of these was
statistically significant. Wen the cohort was conpared to ot her
mal e workers at the Dow facility, the relative risks were 1.24
(95% Q. = 0.84-1.83) for all cancers, 1.21 (0.62-2.34) for
| ynphati ¢ and hematopoietic cancers, and 2.01 (0.84—4.80) for
cancer of other and ill-defined sites. Al of the nen who died
of lynphatic and hemat opoi eti ¢ cancers or cancers of other or
il1l-defined sites had worked at one tine in a plant known as the
2,4-D plant. However, the authors found no trends of i ncreasing
risk wth increasing duration or intensity of exposure.

This study shows no statistically significant excess risk
for any cause of death except cancer of other and ill-defined
sites. This finding is difficult to interpret because this
classification is a catch-all category for a variety of poorly
characteri zed cancers. It is unlikely that these five cancer
cases had a common etiology. The study gives no evidence for an
i ncreased risk of sTs, NHL, stonach cancer, or brain cancer anong
wor kers exposed to 2,4-D.  Though not statistically significant,
the el evated SMs for cancer of the large intestine, |ynphatic
and henat opoi eti ¢ cancer, and cerebrovascul ar di sease are
noteworthy. Also, it is interesting to note that the so-called
"healthy worker effect” is not apparent in this study. The
nortality rates in workers exposed to 2,4-D are conparable to
those inthe US population at |large and higher than those in
the other nal e enpl oyees of Dow Wth 87% of this cohort still

42



alive, it is inportant that surveillance of this cohort be
continued. Finally the small nunber of subjects in the cohort
and the relatively few deaths due to rare forns of cancer nake
this study relatively insensitive for detecting snmall but
significant increases in risk for specific causes of death.

In another nortality study conducted anong enpl oyees of the
Dow Chem cal Conpany in Midland, Michigan, Bond et al. (1987)
reviewed the nedical records of 2,192 nen who nay have been
exposed to chlorinated di benzo-p-dioxins during their enploynent.
Each enpl oyee was placed in one of four categories reflecting
whet her or not they had ever had chloracne since their first
exposure. The categories were "definite," "probable,"
"possible,” and "none." The nortality experience anong those who
probably or possibly had chl oracne was conpared to nortality
patterns anong those who possibly or never had chloracne and to
nortality patterns within the US white nale population as a
whole.

There were 322 enpl oyees categorized as definitely or
probabl y havi ng had chloracne. Anmong these there were 33 deat hs
conpared to 39.5 expected on the basis of the US white nale
popul ati on. There were six deaths from cancer versus 8.9
expected. None of the cancers were of the nasopharynx, stonach,
liver, soft tissues, or |ynphatic or hematopoietic tissues.
There were four deaths fromvascular lesions of the centra
nervous system (stroke) in the chloracne group conpared to 1.9
expected. This cause of death was not elevated in the group
wi thout chloracne (10 observed vs. 15.6 expected). However, the
SMR was not statistically different from 100. Cancers of the
| ynphati c and henmat opoietic tissues and cancers of other and ill -
defined sites were slightly elevated in the group w thout
chloracne, but these sMRs (177 and 192, respectively) were not
significantly different from 100.

This study contributes significant new information to the
question of the relationship between exposure to chlorinated
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dioxins and cancer. There is little doubt that the workers with
chl oracne experienced significant exposure to dioxins at sone
point in the past. S nce this type of exposure has been
carefully controlled in recent years, it is also likely that a
nunber of years have passed since these exposures took place.
Thus, two conmon criticisns of epidemiologic studies of the
associ ati on between cancer and di oxi ns, nanely inadequate

evi dence of exposure and insufficient |atency, are probably not
applicable to this study. Nevertheless, there were no cases of
STS, or lynphatic or hematopoietic cancers within this cohort.
Conti nued surveillance of this cohort is inportant both for
nmonitoring additional cancer nortality and for continued
monitoring of the incidence of strokes.

Qeen (1987) published a brief prelimnary report of a
cohort nortality study of forestry workers enpl oyed by a Canadi an
public utility from 1959 to 1982. The cohort consisted of 1,222
men enpl oyed for 6 nonths or nore who were exposed to phenoxy
herbi cides including 2,4-D and 2,4,5-T during brush clearing and
vegetation control activities along power lines and at power
stations. The identity of the control popul ation that was used
to calculate sMRs for this cohort was not stated in this brief
report. Mortality due to cancer in this cohort was not different
fromthe reference popul ation (18 deaths vs. 16.4 expected,

SVMR = 110). There were no deaths in the cohort due to either SIS
or NHL. Mortality due to diseases of the circulatory system

ot her causes, and accidents was reduced in the cohort relative to
the reference popul ation, but these differences were not
statistically significant. The reason that the author published
a prelimnary report, however, was that nortality due to suicide
was significantly increased in the cohort (SWR = 212, CL =
126—298). Wien the cohort was broken down into categories based
on duration of exposure, the SMRs for suicide were significantly
el evated anong workers with relatively short (less than 5 years)



and with nmedi um (5—14 years) durations of exposure but not anong
workers with long (nore than 16 years) exposure.

Wil e this study indiéates no associ ati on between exposure
to phenoxy herbicides and increased nortality due to cancer, the
| ack of detail regarding tﬂe ascertai nnent of exposure, the
formati on of the cohort, aid the nature of the reference
popul ati on precl udes i ndependent eval uation. The aut hor poi nted
out that the cohort was still relatively young w th 96% bei ng
under 55 years of age. The finding of excess deaths due to
suicide in the cohort is of interest in viewof simlar findings
of excess nortality due to suicide anong MV et namveterans (see
Breslin et al. 1986 in Volune X of this review and Ander son et
al. 1986).

Kuratsune et al. (1987) provided a prelimnary report on the
results of a nortality study among victins of Yusho disease in
Japan. The popul ati on consisted of 1,821 peopl e who were
classified as having consuned rice oil that was contamnated wth
pol ychl ori nated bi phenyls (PdBs) in 1968. Subsequent research
has suggested that many of the signs and synptons of acute
poi soning in these people were attributable to chlorinated
di benzofurans that resulted from the thernmal deconposition of
PCBs during heating. Chlorinated dibenzofurans are structurally
related to chlorinated di benzo-p-dioxins and cause a simlar
spectrumof toxic effects in experinmental aninals.

The authors of this study were able to determne the vital
status of 1,761 of these Yusho victins as of the end of 1983.
The underlying causes of death for the 120 peopl e who had di ed
were obtained fromdeath certificates. Cause-specific death
rates within the cohort were conpared to national age- and sex-
specific death rates for the sane causes in 1970, 1975, and 1983.
The nunber of deaths from all causes was slightly elevated in
mal es and slightly depressed in fenal es conpared to the Japanese
popul ation at large. These differences were not statistically
significant. There were significantly nore deaths than expected
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fromall cancers, those due to liver cancer, and those due to
cancer of the respiratory systemanong nales in the cohort.
Cancer of the liver as a cause of death was al so el evat ed anmong
worren (2 observed vs. 0.66 expected), but this difference was not
statistically significant. There were fewer deaths attributable
to cerebrovascul ar di sease than expected anmong both nal es and
females in the cohort. Deaths due to cancers at sites other than
those nentioned and due to diabetes, cardiovascul ar diseases,
respiratory diseases, kidney disease, and gastrointestinal

di seases were conparable to expected death rates from these
causes. There were 6 deaths due to chronic liver diseases and
cirrhosis among nales in the cohort conpared to 2.26 expected.
This difference was not statistically significant.

The authors further anal yzed the nortality due to |iver
cancer in nmales by conparing it to nortality fromthis cancer in
the two prefectures of Japan where the victins resided. Al so,
only those deaths that occurred at least 9 years after the
poi soning were included in the analyses. The increased odds
ratio for this cause of death continued to display statistical
significance in these two anal yses.

The authors enphasi zed the prelimnary nature of their
findings. Al of the excess liver cancers occurred in males from
one of the two prefectures in which the poisonings occurred. The
authors had not yet attenpted to relate cancer death rates to the
anount of contamnated rice oil that was consuned. Certainly,
the cunul ative doses of chlorinated di benzofurans to which the
victins of Yusho disease were exposed were orders of magnitude
hi gher than potential doses experienced by Vietnam veterans
exposed to Agent Qrange. The observed increased risks of both
mal i gnant and non-malignant |iver disease in this cohort is
consistent with studies in experinental aninmals that show that
the liver is a primary target for the toxic and carcinogenic
effects of chlorinated dibenzo-p~-dioxins (Kociba et ai. 1978, NIP
1982).
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The National Institute for Qccupational Safety and Health
(NIOSH) has been identifying and studying nortality and norbidity
anong workers in the United States who have been exposed to
chemcals contamnated with chlorinated dioxins. To date no
results of these studies have been published despite
announcenents that such results were immnent during the past 4
years. During 1988 two reports and an abstract descri bing
exposure information and selection of subjects for the study
becane avail able but these contained no results (Marlow and
Fingerhut 1986, Marlow et al. 1987, Saeeney et al. 1988).
Furthernore, the results of a study of dioxin-exposed workers
fromthe WG Krummrich plant in Sauget, Illinois, that was
described in 1986 have never been published (see Hyhorczuk et
al. 1986 in Aenent 1987). The results of these studies could be
extrenely useful i1n resolving questions about possible
rel ati onshi ps between exposure to dioxin and long-term health
effects.

2. Animal Studies

The results of a 2-year feeding study of 2,4-D in rats have
been described in a toxicology review (Millison 1986), but a
publ i shed report of this study has not been identified. Millison
also indicates that a simlar study in mce was conpleted in
1987. It is not clear why these studies have not been publi shed
or reported upon at scientific neetings. |In the rat study, 2,4~D
was incorporated into the diet of male and fenale F scher 344
rats for 2 years. The concentrations resulted in nomnal daily
average doses of 1, 5, 15, and 45 mg/kg. Millison indicated that
the 1 mg/kg daily dose was a no-observed-effect | evel based on
the occurrence of histopathological changes in the kidneys of
rats at the 5 ng/kg and higher dose levels. A "slight but
statistically significant" increase in the incidence of
astrocytomas (brain tunors) was observed anong nale rats in the
hi ghest dose group. Millison reported that, based upon a
t horough bi ol ogi cal evaluation and analysis of study results, Dr.
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Adal bert Koestner concluded that 2,4-D was not the cause of these
astrocytomas. No additional information is available in
Mullison's brief summary.

Rao et al. (1988) described a study of the carci nhogenic
potential of 2,3,7,8-TCcDD in Syrian gol den hansters. Male
hansters were given either intraperitoneal or subcutaneous
I njections of TCDD dissol ved in di oxane once each nonth for
6 nonths. Control aninals were injected with the di oxane vehicle
alone. The doses tested were 50 and 100 ug/kg by the
subcut aneous route and 100 pg/kg by the intraperitoneal route.
Four of 18 hansters treated with 100 ug/kg by the intraperitoneal
route and 3/14 hansters treated with 100 ug/kg by the
subcut aneous route devel oped squanous cel |l carci nomas of the
facial skin. The earliest tunor appeared 8 nonths after
treat nent began. None of the hansters treated with vehicle or
wth 50 pg/kg TADD devel oped tumors.

That the tunors seen in this study were all of the same
type, occurred at a site renote fromthe site of injection, were
mal i gnant, and only appeared in the hi gh-dose aninmals strongly
supports the authors' conclusion that 2,3,7,8-TCDD iS
carcinogeni ¢ in hamsters. Earlier studies have al ready shown
TCADD to be carcinogenic in mce and rats when adm ni stered
orally. Hansters are relatively resistant to the acute | et hal
toxic effects of 2,3,7,8~TCcDD when conpared to mce and rats.
The site of cancer incidence in the hansters is quite different
frommce and rats for whomthe liver is the prinmary target.

Several authors reported the results of investigations
rel evant to the nechani sm by which TCDD elicits a carcinogenic
response in experimental aninals. Lincoln et al. (1987) conpared
the activity of TDDwith that of a well-known tunor pronoter,
12-0-tetradecanoylphorbol-13-acetate (TPA), in an assay for
intercel lular communi cation in cultured Chi nese hanster v79
cells. Unlike TPA, TAD did not inhibit netabolic cooperation in
this system This is consistent with earlier studies that
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i ndi cated that these conpounds pronote cancer by different
nechani sns. Wahba et al. (1988b,c) found an increase of single
strand breaks in hepatic DNA when rats were treated wth a single
dose of TCDD. These authors specul ated that the enhanced
formati on of DNA single-strand breaks plays a role in hepatic
tunor formation and that this effect is secondary to the
stinmulation of 1lipid peroxidation by TCDD. Randerath et al.
(1988) | ooked for evidence of coval ent adducts of TCDD with DNA
in the livers and kidneys of rats treated with TCDD and found
none. They did find that TCDD inhibited the fornati on of age-
related foci of increased DNA synthesis. How this effect is
related to the carcinogenic effect of TCDD is unknown.

3. Sunmary and Concl usi ons

Two norbidity studies and one nortality st udy anong Vi et nam
veterans failed to reveal any association between mlitary
service in Vietnam and cancer, but these studies were not
designed to exam ne such an association. A case-control study of
soft-tissue sarcona in Saeden showed a statistically significant
increase in risk of SIS associated w th occupational exposure to
phenoxy herbicides in agreement with an earlier study by the sane
authors. The relative risk was lower in this study, however,
than in the earlier study. Four epidemiologic studies of
agricultural popul ations in Saeden, England, and Canada reveal ed
no associ ati ons between enpl oynent or place of residence and STS
or NHL. (ne of these studies indicated that NHL was associ at ed
wi th occupational exposure to organic solvents but not with
exposure to phenoxy herbicides or chlorophenol. In the other
three studies there was no attenpt to characterize herbicide
exposure per se, and the proportions of the cohorts with
rel atively heavy herbicide exposure probably were quite snall.
An apparent increase in risk for HD in one of these studies was
unlikely to be associated w th herbicide exposure and was nore
likely to be associated with contact with aninmals. Studies of
cancer nortality anmong Dow Chem cal enpl oyees wi th exposure to
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2,4-D during manufacturing or with a history of chl oracne

reveal ed no increased risk of cancer or any specific form of
cancer. However, there did appear to be an excess of deaths due
to cardi ovascul ar di seases of the central nervous system
(strokes) anmong men with a history of chloracne. These studies,
although limted in statistical power, add to a grow ng body of
evidence that industrial exposure to dioxins does not result in
greatly increased risks of cancer.

A cancer study in hansters shows that TCDD is carcinogenic
in this species as well as in mce and rats, even though hansters
are relatively insensitive to the acute lethal toxicity of TCDD
That TCDD is such a universal carcinogen in experinental aninals
continues to have inplications for human health. A brief
secondary report indicates that rats fed 2,4~D for 2 years
exhibited an increased incidence of neural astrocytomas, but the
bi ol ogi cal significance of this finding is open to question. The
results of a conpanion study in mce are not available. Sudies
of the mechani sm by which TCDD causes increased incidence of
cancer in aninmals are inconclusive. It is hoped that the results
of several ongoing studies of the health status of di oxi n-exposed
workers will be published in the near future. These should hel p
resol ve the outstandi ng questions regardi ng the human
carci nogeni c potential of dioxins.
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C. Cenetic Efects

No new reports of genotoxic effects of phenoxy acetic acids
or of TADD in hunmans were found. The available in vivo and in
vitro studies are discussed bel ow

1. InVivo Studies
a. 2.4-D. Adhikari and GQover (1988) tested the genotoxic

potential of 2,4-Din rat bone marrow cells. Dose |evels
selected for the study were based on the LDy, value for rats.
Mal e Wstar rats received 2,4-D by intraperitoneal injection at
doses of 17.5, 35, or 70 ng/kg (0.2 m each) twice at intervals
of 24 hours. To arrest mtosis, colchicine (4 ng/kg) was
admnistered intraperitoneally 2 hours before the aninmals were
sacrificed. Ehyl nethane sulfonate (EMH and distilled water-
treated groups served as positive and negative controls,
respectively. The metaphase preparations revealed that 2,4-D
I nduced chronatid breaks, chromatid fragments, ring chronosones,
and dicentric chronosones in rat bone narrow cells. Pul veri zed
chronosones, polyploid cells, and a fewcells with despiralized
chronosones were also noticed. The frequency of aberrant cells
ranged from4.46% to 6.66% (versus 8.60% to 17.90% in EM5
controls and 1.8%to 2.3% in negative controls). The frequency
of breaks and percentage of aberrant cells were statistically
significant (p<0.05) at the internedi ate and hi gh doses. The
| onest effective dose of 35 ng/ kg body wei ght/day was 1/20 LDg,.
This study, conducted according to the standard procedures,
supports the earlier findings of Turkula and Jalal (1987)
reported by denent (1988) (see Volume Xl of this review and
provi des sufficient evidence that 2,4-D induces a considerable
frequency of chronosonal aberrations in rat bone narrow cells.
Qccurrence of the observed chronosonal aberrations correl ates
well with the admnistration of known nutagens to ani nal s.

b. Tc¢pp. TCD is a known potent carcinogen in a variety of
ani mal species and a suspect carcinogen in humans. However,
results of nost cytogenetic studies have been negative. The
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cytogenetic effects of TADD in vivo on liver cells of mce
exposed to high concentrations were eval uated by Brooks and his
coworkers (1988). Male G57BL/6J mce were given a single
intraperitoneal injection of 25, 37.5, 75, or 150 pg of TCDD kg
body weight or corn oil carrier alone. This strain was sel ected
for its high level of cytosolic protein receptors for TCDD
transport to the nucleus. Liver sections fromthe
nonhepatectomized m ce were studied for TCDD-induced
hepatotoxicity at 1, 7, and 30 days after injection. Two-thirds
partial hepatectomes were perfornmed at 1, 7, and 30 days after
the treatnent, and chronmosonal aberrati ons and mitotic i ndexes
were scored 54 hours after hepatectomy. The m ce were injected
wth 4 mg colchicine/kg body weight 4 hours before sacrifice.
The results of the study showed that the degree of I|iver
danage in nonhepat ectomzed mce was both dose- and tine-
dependent. S gnificant |iver damage including necrosis and
architectural collapse was seen at three hi gh-dose | evels of TCDD
30 days after injection. 1In all exposure groups except 25 ug/kg,
TCADD treat ment produced a graded dose-dependent decrease (p<0.05)
in mtotic index of regenerati ng hepatocytes. The mtotic index
in partially hepatectomized aninals at 1 and 7 days after TCDD
I njection decreased as the dose of TCDD increased. Because of
low mtotic index observed at higher TCDD doses, eval uation of
frequency of chronosonal aberrations in animals fromthe 75 and
150 wg/kg TCDD dose groups could not be made. The cytogenetic
analysis of the partially hepatectom zed ani mals fromthe 25 and
37.5 jug TCDD kg dose groups and the control group at 1 or 7 days
after exposure revealed no rings or dicentric aberrations,
chronatid type deletions, or exchanges in any of the cells
scored. The frequency of chronosonal aberrations was not
significantly el evated above that in controls for any dose of
TADD. This wel | -conducted study clearly indicates that TCDD is
not a cl astogen for nouse hepat ocytes, even at hi gh doses that
cause nar ked hepat ocel | ul ar necrosis. These findings are
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consistent with the findings in nonhepatic mnurine tissue
(Reggiani 1980, Lanb et al. 1981, Meyne et al. 1985). Since the
process of cancer induction involves both genotoxic and
nongenot oxi c nodes of action, these negative cytogenetic effects
of TCDD exposure in mce cannot be directly extrapolated to its
possi bl e effects in hunans.

2. InMtro Studies

a. 2.4-D. 2,4.,5-T, and TADD. CGonponents of Agent O ange
(2,4-D, 2,4,5~T, and their esters in addition to the contam nant
TADD) were tested for mutagenicity using Salmonella/arabinose-
resistant (Ara") assay system (Soler-Niedzielaet al. 1988).
Preincubation tests were perforned using arabinose-sensitive
(Ara®) strain S50 of Salnonella typhimuriumboth with and
wi thout nmetabolic activation fromrat or hanster SO m x. Each
conpound was tested using triplicate plates at three- to six-dose
concentrations separated by half-log intervals. Ten mlligrans
per plate was the highest concentration used for each conpound,
except for TCDD, which was tested at 1 mg/plate. A 2-amino-
ant hracene-treated group (25 jug/plate) was used as a positive
control; a DMBOtreated group served as a negative control. The
concentration of the conpounds used were as follows: 33, 333,
and 3, 333 ug/plate for 2,4,5-T and 2,4-D and its isooctyl ester;
0..33, 3.3, 33, 100, 1,000, and 10,000 jug/plate for 2, 4-D n-butyl
ester; 100, 1,000, and 10,000 wpg/plate for 2,4,5-T isobutyl,
isooctyl, and n-butyl esters; and 10, 100, and 1,000 ug/plate for
TCDD. A conpound was defined as mutagenic when the average
nunber of rmutants obtai ned was tw ce the solvent control and
showed a dose-response rel ationship. None of the conpounds
showed nutagenic activity as defined by these criteria. Al
chemcal s except TCDD showed variable toxicity at the higher dose
level s of 3,333 and 10,000 jug/plate. Positive controls responded
strongly to both rat and hanster S9 activation whil e sol vent
control gave a negative response. The validity of the systemwas
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denonstrated with positive controls, but none of the conpounds
gave any indication of nmutagenicity.

Both 2,4-D and 2,4,5~T were nonmutagenic in S. typhi nurium
strains TA97, TA98, TA100, and TA102 when tested with or w thout
nmet abol i c activation at concentrations of 100 or 1,000 wug/plate
(Mersch-Sundermannet al. 1988) . These conpounds failed to
I ncrease the nunber of revertants per plate over that of the
spont aneous rate.

Thr ee chlorophenoxy herbi ci des, nanely, 2,4-D,
2,4~-(dichlorophenoxy)butyric acid (2,4-DB), and 4-chl oro-2-
methylphenoxyacetic acid (MCPA), were tested in S. typhi nurium
strains for point nutations and in Aspergillus nidulans for
mtotic reconbi nation (Kappas 1988). 2,4-DB was nonnut ageni c
wth or wthout netabolic activation in botn the Ares and the
Aspergillus tests. 2,4-D and MCPA were nonnutagenic in
Sal nonel | a strains TA98, TA100, TA1535, TA1537, and TA1538 when
tested at concentrations ranging from 10 to 1,000 ug/plate with
or wthout netabolic activation fromrat SO mx. However, both
conpounds were weakly mutagenic in strain TA97a at concentrations
bet ween 250 and 750 wug/plate; the induction of frameshift
mutations occurred only in the presence of SO mx. The weak
nut ageni ¢ response observed may have resulted from an unknown
hi gh sensitivity of this strain to mutagen. The overall results
of the Sal nonel | a assays support the findings reported in a
previous Aenent report (denent .985) that 2,4-Dis not a point
mutagen. On the contrary, both 2,4-D and MCPA increased the
frequency of mtotic segregants in A nidul ans col oni es at
concentrations of 4-48 uM and 1,500-3,000 uM, respectively. A
| east 100 colonies were tested at each concentration of the

chemcal. 1In the presence of SO m x, 2,4-D increased the nunber
of mtotic segregants nore than three tinmes and MOPA al one nore
than twice the control level. The mtotic segregati on occurred

mainly by mtotic crossing over. A though no statistical
anal ysis of data was provided by the author, the results clearly
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indicate that 2,4-pD is an indirect mutagen, while MCPA can
produce genetic change by causing direct effect on the
chronosones in A nidulans.

Little is known about the chem cal changes that may occur in
the cell menbranes of 2,4~D-treated cells that woul d influence
the growth of cells. de Duffard and coworkers (1988) studied the
in vitro toxicity of 2,4-D on the growh of Chinese hanster ovary
(HO cells and determned their phospholipid, cholesterol,
glycolipid, ganglioside, and protein contents follow ng
margi nal |y cytotoxic concentrations. Failure of the cellular
adhesi veness and cell monolayer behavior were the criteria of
toxicity used. 2,4-D at concentrations of 10> M reduced the
total cell nunber to approxi mately 10% 20% of controls. Wen
2,4-D was renoved after 4 days of treatnment, a rapid resunption
of cell growth rate occurred. A 10> M 2,4-D, a significant
delay of the gromh rate was observed, and glycolipid and
gangl i oside contents increased in both logarithmc and stationary
phases of culture. No changes in protein, cholesterol, and
phosphol i pids were noted. Al though 2,4-D affected the growh of
cells, no norphol ogi cal changes were seen at both 10° M and
103 M 2,4-D doses. It has been suggested that glycolipids may
be invol ved in nmenbrane-nedi at ed phenonmena such as cel | -to-cell
recogni tion, contact inhibition, control of growh, and cellular
nor phol ogy (Tadaro and Green 1963, Hakomari and Murakari 1968,
Hakomori 1975). The authors suggested that the reduced grow h
rate of GHO cells following 2,4-D treatment may have been the
result of augmented |evels of menbrane glycolipid and gangli osi de
contents in both phases of cell growh. The results of the study
provi de good evidence that 2,4-D affects the growth of CHO cells
by altering the levels of conplex glycolipids in their cell "
membranes.

3. Qoncl usions

No new informati on becane avail abl e on the potenti al
genotoxi ¢ effects of phenoxy herbicides and associated dioxins in
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exposed humans. 2,4-D was reported to cause damage to
chronosones in rat bone marrow cells. New experinental studies
in aninmal s provided additional evidence that Tcbp does not i nduce
mitations. Studies in cells in culture showed no genetic effects
in bacteria foll ow ng exposure to TCDD, 2,4-D, 2,4,5-1, and their
esters, although 2,4-D produced genetic danage in fungi. The

rel evance of these findings to humans is not known.
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D. Reproductive and Teratogeni c Effects

1. Studies of Human Subjects

Two studies were published in 1988 that assessed to some
degree the possi bl e associ ation between paternal exposure to
Agent Oange and the occurrence of birth defects in children
(uscbc 1988c, 1989; Stellman et al. 1988c). These studies are
revi ewed below.

The CDC recently reported a health survey of Vietnam
veterans referred to as the VES (US(DC 1988c). This study has
been described in detail in Section A above. An interimanalysis
of VES interview data showed differences in the rates of total
birth defects and cerebrospi nal rmal fornati ons between the
children of the two cohorts.

Three substudi es were subsequently conducted. The first
examned the occurrence of total birth defects in the two cohorts
to verify the reported cohort differences, the second exam ned
the occurrence of cerebrospinal malformations in the offspring of
the two cohorts, and the third involved anal ysis of semen from
subsamples of the cohorts. In the first substudy, birth weight
was al so examned. C the 4,462 veterans who were included in
both the interview and medi cal records exam nation portion of the
VES, 2,282 veterans reported a total of 4,122 offspring. The
el igible study popul ati on (whi ch excl uded adult chil dren,
miscarriages, and children concei ved before M et nam assi gnnent,
etc.) consisted of a total of 3,683 children with birth defects
(1,945 offspring of Vietnamveterans and 1,738 offspring of non-
Vi et nam veterans). The second substudy assessing the occurrence
of cerebrospinal malformations in the children of M etnam
veterans included a total of 403 eligible children. Records of
127 eligible children (82.5% of the Vietnamveterans and 94
eligible children (67.1%) of non-M et namvet erans were obtai ned
and the birth defects were anal yzed. The odds ratio was used as
a prinmary neasure to assess the association of Vi et nam experi ence
with reproductive outcones. These ratios were adjusted by using
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multiple logistic regression nethods for various veteran
characteristics such as age of veteran at the birth of the child,
race, primary mlitary occupati on specialty, etc.

Vi etnamveterans reported significantly nore birth defects
in their children than did non-Vietnamveterans; the rates of
each cohort were 64.6 and 49.5 per 1,000 total births,
respectively, and the adjusted odds ratio was 1.3 (95% A,
1.2-1.4). (dds ratios for central nervous system anonalies such
as hydrocephalus, anonalies of the integunent, and
musculoskeletal deformties were significantly greater than 1.0.
In the substudy assessing total birth defects, the rates of total
birth defects were simlar in the two cohorts (72.6 and 71.1,
respectively); the adjusted odds ratio was 1.0 (95% O, 0.8—1.4).
The rates of total, maor, mnor, and suspected defects were
simlar anong children of Vietnam and non-M et nam vet erans
(adjusted ORs: 1.0, 1.1, 1.0, and 0.9, respectively). The odds
rati os varied considerably when the major and mnor defects were
stratified by race. The adjusted odds ratios for total defects
among of fspring of black veterans was 3.3 (95% A, 1.5-7.5)
conpared wth 0.9 (95% A, 0.7-1.3) for offspring of white
veterans and 0.4 (9% A, 0.2—1.3) for offspring of H spanic
veterans and veterans of other races. The increased odds ratio
i n bl acks was probably due to their genetic susceptibility. For
all races conbi ned, there were no differences between children of
Vi et nam and non-MVi et namveterans in preval ence of total, major,
mnor, or suspected birth defects documented in records. The
rates of low birth weight (<2,500Q9) were simlar in offspring of
Vi etnam (5.6%) and non-Vi etnamveterans (5.5%, the adj usted
CR=1.1; 95%0d, 0.8-1.4).

In the semen anal ysis substudy, semrmen sanples were coll ected
from 571 participants (324 Vi etnamveterans and 247 non-Vi et nam
veterans) during the medical exam nation phase of the VES. The
Vi etnam veterans had significantly |ower sperm concentrations and
significantly fewer spermcells with "normal" norphol ogy than did



non-Vi etnamveterans. Furthermore, the percentage of Vietnam
veterans wth spermconcentrations bel ow the normal range was
nearly twce that of the non-Vietnamveterans (15.9%vs. 8.1%).
Even after adjustnent for snoking behavior and al cohol, drug, and
medi cation uses, these differences were still statistically
significant. There were no differences between the cohorts for
spermmotility and other neasures of spermnovenent. The
fertility record, however, was the sane for the two veterans!'
groups.

In conclusion, although Vi etnamveterans reported nore
adverse reproductive and child health outcones in the tel ephone
interview than did non-MVietnamveterans, the hospital birth
records of the children showed that Vi etnamveterans were not at
increased risk of fathering children with obvious birth defects.
However, the hospital records may not have reported the potenti al
functional deficits in children that coul d develop at a |ater
stage. The study design and analysis did not take into account
recal | biases and interview biases that could have confounded the
results of the study. Mreover, the study did not attenpt to
identify the various agents and their exposure |evels to which
the Vi etnamveterans were exposed. Therefore, although the
findings of the study were equivocal, the data are of limted
val ue in assessing the reproductive outcones of Wi et nam veterans
who were exposed to Agent QO ange.

The self-administered questionnaire that was the survey
instrument in the Arerican Legion study of health effects of
conbat and herbi ci de exposure in Vietnamveterans contained a
series of questions designed to assess reproductive health and
outcones anmong the veterans (stellmanet al. 1988c). These
questions sought information on childbearing attenpts, nunber of
pregnanci es fathered, mscarriages in resulting pregnancies, sex
of live-born children, and birth weight. Unlike the VES, no
guestions designed to identify birth defects were included.
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There were no apparent associ ations between either reported
her bi ci de or conbat exposure and difficulty in conception, tine
to conception of first child, birth weight, or sex ratio of
offspring. Mre of the spouses' pregnancies resulted in
mscarriage for Vietnamveterans than for non-Vi et nam vet er ans
(7.6%vs. 5.5%). This difference was statistically significant.
Logi stic regression analysis indicated that mscarriage rates
were independently and significantly associated with reported
her bi ci de exposure and naternal snoking behavior in a dose-
related manner. M scarriage rates were not associated wth
conbat exposure.

- The authors of this study considered the finding of an
associ ati on between mscarriages and herbi ci de exposure to be
very significant. However, the identification of mscarriages is
totally dependent on recall and is therefore subject to recall
bias. The results of the VES discussed above indicate that
Vi et nam veterans reported adverse reproductive heal th outcones
nore frequently than non-Vi et namveterans, but review of hospital
birth records failed to substantiate these differences.

Exam nati on of possible adverse effects of pesticides on
human reproductive outcones has proven to be conpl ex and
controversial. Wite et al. (1988) reported on a series of
epidemiological investigations that assessed the proposed
associ ati on between exposure to sone pesticides used in
agriculture and forestry, including chlorinated and
nonchlorinated phenoxy herbi ci des, and the occurrence of
stillbirths and birth defects in children born in New Brunsw ck,
Canada, from 1971 to 1981. Data on stillbirths were obtai ned
fromSatistics Canada, and data on birth defects were obtai ned
fromthe Canadi an Congenital Anonalies Surveillance System
(ccass). Three types of anomalies were identified: neural tube
defects, facial clefts, and bilateral agenesis. Conbi ned
categories of these birth defects and of 40 other abnornalities
docurrented by QOCASS and Statistics Canada were also included in
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the anal ysis. Exposure to pesticides was estinated by the use of
an agricultural chem cal exposure opportunity index and
information fromforestry spraying records. Qude estinates of
potential exposure to agricultural chemcals were obtained from
an agricultural chem cal exposure opportunity (ACEQ index, which
was devel oped fromnmaps of soil capability that graded areas in
terns of their suitability for agricultural production.
Information on chemcals used in forestry was obtai ned from maps
and records of spray application conpani es and the New Brunsw ck
Departnent of the Environmnent.

Geographi ¢ and tenporal anal yses and case-control studies
using data obtained fromvital statistics, hospital records, and
the GCASS reveal ed no associ ati on between exposure during the
peri conceptional period to pesticides used in forestry and
adverse reproductive outconmes. Statistically significant
associ ati ons were observed between exposure to agricultural
chemcals, as estinmated by the ACEO i ndex, and the occurrence of
spina bifida wthout hydrocephal us (p=0.01) and al so the
occurrence of stillbirths during the second trimester (p=0.0322).
These associ ations could not be linked to specific pesticide use
because of the general nature of the ACEO index. This study, in
general, is limted by the |ack of data on parental pesticide
exposure, i.e., whether the source is environnmental or
occupational. Many statistical tests were perfornmed that could
have resulted in a multiple-testing bias. This study suggests
the need for a nore detailed study of specific parental exposures
to agricultural chemcals that nay be associated w th adverse
reproducti ve outcones. No associ ati on between exposure to
phenoxy herbi ci des and adverse reproductive outcones could be
assessed because of the lack of specific exposure infornation.

There has been continued di scussion of the findings from
Seveso, Italy, that indicate adverse reproductive effects of TCDD
In humans (denent 1985). Earlier studies reported an apparent
elevation in the rate of spontaneous abortion and suggestive
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increases in the rates of certain birth defects (angiona, central
nervous systemeffects, hypospadi as, hip dislocation, and defects
of the digestive tract) in areas of TCDD contam nation during
July 1976 through Decenber 1980 (Anonym)us’1983). There was no
indication of an effect on gestational age, birth weight,
pat hol ogi cal conditions of pregnancy, or the rate of perinatal or
neonatal death (Anonynous 1983, Bianco et al. 1984).
Mastroiacovo et al. (1988) recently reported on an
I nvestigation of the frequency of congenital nalformations in
children born in Seveso, ltaly, between January 1, 1977, and
Decenber 31, 1982. Certain areas around Seveso were contam nated
with TCDD rel eased during the production of trichlorophenol in
July 1976. Three areas of decreasing contamnation |evels, Zones
A B and R were identified. The contaminated areas were
defined on the basis of soil concentrations of TAD  The authors
used the population residing in the surrounding area as a
control. Data were collected froman ad hoc birth defects
registry that identified a total of 15,291 (live and still born)
births; 742 nalformed children were identified in this group.
The nal formations reported included najor defects (central
nervous systemdefects, heart, kidney defects, etc.), multiple
defects, and m | d defects such as hemangioma. There were 26
births in Zone A, none of these had any nmajor structural defects.
Two infants had mld defects, one wth hen"angi onma and anot her
with a snall periurethral cyst. The frequencies of nmajor defects
detected in Zone B, with noderate TCDD contam nation, and in Zone
R wth |ow TCDD contamnati on, were 29.9 and 22.1 per 1,000
total births, respectively. The frequency of nmajor birth defects
in the control popul ation was 27.7 per 1,000 births. The
relative risk of specific categories of birth defects and for
groups of nal formati ons showed no increased risk for any type of
bi rth defect.
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The

study by Mastroi acovo et al. (1988) had several design

weaknesses that limted its interpretation. These limtations

included:
1

St oc

A possi bl e misclassification of exposure status occurred
because Zone A was evacuated less than a nonth after the
accident. The people were noved to Zone B or R, and
sone of the wonen left the area for the duration of

t hei r pregnancy.

An undetermned nunber of wonen in all exposure areas
who were pregnant at the tine of the accident underwent
therapeutic abortions on the advice of health officials.
This action could have significantly reduced the
ascertai nment of nalfornations related to exposure. |t

I S possi ble that sone of the wonen who chose to abort
their pregnancies woul d have had children born before
the beginning of the study (January 1, 1977). Any

mal f ormati ons occurring in these infants woul d have been
m ssed.

The mal formation registry nay have mssed a substanti al
nunber of cases of spontaneous abortion because the
focus of the registry is on birth defects in infants and
chil dren

The | ack of specific data on TCDD exposure or body
burden restricted the interpretation of the study
results. These are particularly inportant because the
popul ati on was obvi ously nobile. Therefore, the
exposure categories chosen did not accurately reflect
t he exposure of the popul ati on.

Another major limtation was the snall sanple size

avail able in the nost contamnated areas. Al though the
exposed popul ation was one of the largest identified as
living in an area contamnated by TCDD, it was not |arge
enough for the identification of |ow and specific
teratogeni c risks associated w th exposure. Thus, the
overal|l reproductive risk related to TCDD exposure may
be snall or may be Iimted to very rare and specific
birth defects.

kbauer et al. (1988 conducted an epi dem ol ogi cal

I nvestigation of birth defects occurring in the population |iving

in Ti nmes

Beach, Mssouri. N ne areas of this town were

cont am nat ed when waste oil contai ning high concentrations of

TADD was

sprayed on dirt roads to reduce dust beginning in 1971.
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These areas were identified as contamnated areas by the u.s.
Envi ronnmental Protection Agency and the Mssouri Departnent of
Nat ural Resources. Exposure to TCDD was assuned if the mother's
address on the birth or fetal death certificate corresponded to
an area contamnated with TCDD at a level of 1 ppb or greater. A
list of addresses was conpared with records fromMssouri Vital
Statistics of live births and fetal deaths for the period of
January 1, 1972, to Decenber 31, 1982. Atotal of 410 births
during the years 1972-1982 were identified anmong woren
potentially exposed to dioxin based on this protocol. A total of
820 births in uncontaminated areas was selected as a control
group after being matched for maternal age and race, year of
birth, hospital of birth, and plurality. The neasures of
reproductive outcone anal yzed included all birth defects

conbi ned, specific grouping of birth defects, fetal deaths,

I nfant deaths, body weight, and intrauterine growh retardation.
No data on mscarriages and inpaired conception were avail abl e
for analysis. The statistical analysis of the data failed to
reveal significant risk ratios between the di oxi n-exposed births
and the unexposed births for fetal deaths, infant deaths,
perinatal deaths, intrauterine growth retardation, and |ow and
very low birth weight. No evidence of a dose-response

rel ati onship was found for any of the outcones nmeasured. NO
statistically significant excess risk associated with dioxin
exposure was noted for the categories of all birth defects
combined.

The limtations of this study include absence of a precise
bi ol ogi ¢ indicator of TCDD exposure, lack of information on
maternal contact with soil or duration of such exposure before
and during pregnancy, and possible case misclassification.

Al t hough TCDD nay be harnful at the levels identified in the
study, statistically significant adverse reproductive effects
were not detected. Anong the possible reasons for this failure
are the rarity of the adverse reproductive outcomes, the snall
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Size of the exposed popul ation, exposure misclassification,
di agnosti c misclassification, and |lack of information on
confoundi ng vari abl es such as maternal al cohol consunption,
medi cal condition of the parents, nedication use, and variations
in parental susceptibility to the effects of TCDD

Rogan et al. (1988) reported congenital birth defects in
children from Tai wan who were victins of transplacental and
| actati onal exposure to P(Bs. The epidemc was noted in My
1979. The cases were identified retrospectively as far back as
Decenber 1978. The registry reported about 2,000 persons who
were exposed to contamnated cooking oil. Mthers who were
poi soned from cooking oil contamnated by thernally degraded PCBs
devel oped Yucheng or oil disease. They reported lower birth
wei ght, hyperpigmentation, conjunctivitis, nail changes, and
natal teeth in their children at the tinme of birth. In 1985, the
physi cal exam nation of 117 children born to exposed wonen and
108 unexposed control wonen reveal ed neurol ogi c, dysmorphologic,
dermatologic, and dental changes in the offspring of exposed
wonen. The exposed children were shorter (averaging 97% of
control height), weighed |ess (averaging 93% of control weight),
and al so had abnornalities of the gingiva, skin, nails, teeth,
and lungs nore frequently than did the controls. These affected
children al so showed behavioral abnornmalities and delay in
reachi ng devel opnmental ml estones.

Simlar observations were reported in the Japanese epi dem c
In 1968 where nothers of the affected children were exposed to
thernmal | y degraded PCBs via consunption of cooking oil. No
estimates of the exposed popul ation were reported by the authors.
Al though the toxic effects reported in the present study (Rogan
et al. 1988) are consistent with those observed in the Japanese
epidemc, the exposures are relatively low in conparison. The
children of workers exposed to PCBs uncontam nated by
pol ychl ori nated di benzofurans (PCDFs) did not present with as
many synptons of poisoning, but the nothers had body burdens of
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PCBs that were conparable to those seen in the Taiwan epidenic.
Qualitatively, PCBs and PCDFs may be simlar in toxicity but
PCDFs exert toxicity at nmuch lower doses. The oil in Taiwan
contained 100 ppm PCBs and about 0.1 ppm PCDFs. Therefore, the
authors speculated that the toxic effects seen in the epi demcs
In Taiwan and Japan were at least in part due to the presence of
PCDFs, which are closely related chemcally to TCDD

2. Studies of Experinental Animals

a. 2,4-D. The toxic effects of 2,4~D butyl ester on
central nervous system devel oprrent in chick enbryos were reported
by Duffard et al. (1987). Fertilized hen's eggs were treated
externally (3.1 mg/egg) with a single dose of conpound before
I ncubation or at different tines of incubation (5th, 10th, or
15th day). @ontrols were treated wth ether alone. (ne day
after hatching, chicks were decapitated, and brain and spi nal
cord tissue were renoved and anal yzed for myelin markers. Eggs
that were intact on the 22nd day of incubation were examned for
dead enbryos. 2,4-D butyl ester perneated the egg-shell and
produced approximately 50% nortality in groups treated on day O,
5, or 10 of incubation. However, the treatnment on the 15th day
I nproved the hatchability to 71% Chicks hatched fromthe 5th
and 10th day treatnent groups showed sone postural and notor
dysfunctions simlar to those found in chicks treated prior to
I ncubation. These defects consisted of fusion of neck vertebrae,
articulatio-coxa dislocation, and curled claws. Chi cks hat ched
fromthe 15th day treatment group were nornal .

2,4-D butyl ester treatnent produced hypomyelination in the
cerebrum brain stenf and spinal cord of chicks. The extent of

hyponyel i nati on depended on the tinme of treatnment, i.e., during
the proliferation and devel opnment of nyelin formng
oligodendroglia cells. |In cerebrumand brain stem the

concentration of galactolipids and 2',3'-cyclic nucl eotide
3'~-phosphohydrolase activity were significantly reduced in the
day 0, day 5 and day 10 treatnent groups conpared to controls,
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but in the 15th day treatnment group only sul phatides were
decreased. Spinal cord only presented decreases in narker
contents in the 5th day treatnent group; cerebellum presented
nornmal myelin markers in all four groups. UDP gal actose-ceram de
gal actosyl transferase activity was reduced in whole brain of
chicks hatched from eggs treated prior to incubation. The
findings of the study indicate that anong the central nervous
system regi ons, cerebrum and brain stem appear to be nost
sensitive to the toxic action of 2,4-D butyl ester in the chick.
The vul nerable period in central nervous system devel opnent
i ncludes proliferation and devel opment of nyelin formng cells.
The rel evance of these findings to humans cannot be determ ned.
b. 2,4-D/2,4,5-T Mxture. Prenatal exposure to a 1:1
m xture of 2,4-D and 2,4,5-T produced behavi oral and
neurochemcal alterations in neonates of rats (Mhammad and S.
Omer 1988b). Pregnant rats were gavaged wth a mxture at 0, 50,
100, or 125 ng/ kg/day during days 6—15 of gestation. Dans from
the two high-dose groups gained |ess weight (p<0.05). Sex
ratios, birth weights, and the physical appearance of the pups at
birth were unaffected by the treatnent, although pup nortality in
the 125-mg/kg/day group increased on postnatal day 1. By
postnatal day 60, pups in this group showed normal growth and
maturation but slightly reduced weight. Behavioral effects
I ncl udi ng del ayed surface righting and negati ve geotaxis at 45°
were noted in pups at all treatnent levels. Additional effects
such as olfactory discrimnation and increased runni ng wheel
activity were noted with increasing dose |evels. Biochem cal
changes in various brain areas included reduction in RNA | evel s,
protein/DNA ratio, brain dopam ne, serotonin, and
5-hydroxyindolacetate |evels. These changes varied according to
the dose, specific brain area, and postnatal day of exam nation.
The data were available in abstract form and therefore assessnent
of the severity of the effect and dose-response rel ationship was
not possible. Behavioral alterations are becom ng nore w dely
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accepted as sensitive indicators of injury to the fetus or the
neonate, but it is not always clear how the affected ani nal
behavi ors correspond to human behavi or.

Recently, Mhamed and . omer (1988a) investigated the
neurochemical basis for the behavioral teratogenic effects of
mxture of 2,4-p and 2,4,5-T in Sprague-Dawl ey rats follow ng in
utero exposure. Pregnant rats were gavaged once daily with O,

50, or 125 mg/kg of mxture (L1:1) in peanut oil. This m xture
al so contained 0.0125 ppm of TCDD. On postnatal days 1, 15, and
22, the brain tissues (cerebrum cerebellum neocortex, or
thalamus-hypothalamus) from offspring were dissected and
processed to anal yze the DNA, RNA, protein, glutamate, and
vy-aminobutyrate (GABA) contents. The overall effects of 2,4-D
and 2,4,5-T mxture on the devel oping pattern of the ratios of
protein and RNA contents of regional brain areas to DNA were not
significant on postnatal day 1. However, the protein/DNA ratios
in the neocortex were significantly reduced bel ow control val ues
in both treatment groups on postnatal day 22, thus suggesting a
post weani ng ef fect. Qutamate and GABA are putative excitatory
and i nhi biti ng neurotransmitters, respectively. dutanate |evels
in the cerebrumof 1-day-old pups from 50- and 125-mg/kg/day
groups were significantly | ower than control val ues by 9% and
13% respectively, and in the cerebellum by 23%and 11%
respectively. No significant changes occurred in gl utamate
level s in any of the regional brain areas exam ned on post nat al
day 15 and 22. The levels of GABA in various brain areas were
not significantly affected by the treatments.

GABA is formed by decarboxylation of glutamate, but there is
a significant lag in the devel opnment of the biosynthetic enzyne
glutamc acid decarboxylase. It is therefore possible that the
neonatal decrease in glutamate |evels observed was not reflected
as a change in neonatal GABA levels. These findings suggest that
prenatal exposure of rats to nonteratogenic doses of 2,4-D and
2,4,5-T mxture produces specific rather than generalized changes
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I N the neurotransmitter systemin the brains of preweaned
offspring.

c. TAD In an earlier study, Umbreit et al. (1987)
reported anti-estrogenic effects of TCDD in fenal e C57BL/6 mice.’
Recently, the authors eval uated reproductive toxicity in nale
C57B/6 mce treated with contamnated soils froma 2,4,5~T
manufacturing site in Newark, New Jersey, and a netal scrap yard
where equipment fromthe manufacturing site was recycled (Uhbreit
et al. 1988). The soils contained a wi de variety of contamnants
including TADD. QGoups of 10 nale mce were treated by gavage
with 10% suspension of soil A (288 pg/kg total TCDD dose) or soil
B (33 ug/kg total TCDD dose). In addition, three groups of nales
received either pure TCDD (90 wpg/kg total TCDD dose) in corn oil
and acetone (9:1), decontamnated soil (hydrocarbons removed), or
recontamnated soil (90 pg/kg total TCDD dose) once weekly
starting 6 weeks before mating and continuing for a total of
30 weeks. Fifty mce of each sex receiving decontam nated soil
served as mating partners and negative controls. Fenales were
treated three tines a week 2 weeks before mating and t hroughout
pregnancy and weaning for a total of 25 weeks. Analysis of
mat i ng performance of male F, m ce showed a reduced nunber of
pups per litter in the group treated with soil A There was a
significant decrease (p<0.05) intotal |ive pups born and pups
that survived until weaning. No such effects were observed in
ot her treatnent groups. Because of the earlier findi ngs of |ack
of reproduction in F, females treated with TCDD-corn oil or
recontamnated soil, the selected fenmale mce fromgroups treated
with the soils and controls as above (but dosed thrice weekly),
were examned for estrous cycles. Fenmal es from bot h groups
produced erratic estrous cycles or inhibited them conpletely
after 6 weeks of receiving a cunul ative dose of 108 wug/kg TCDD

Based on the results of the study, no decrease in
reproducti ve function of nale mce was detected fol | owi ng TCDD
treatnent. Soil A on the other hand, did cause a decrease in
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survival of pups and litters. Analysis of soil A showed |ow
extractability of dioxins and furans. Therefore the role of TCDD
In the reproductive toxicity seen in mce exposed to soil Ais
uncertain. Lack of apparent toxicity in F, male mce contrasts
with results observed in r, fenales given simlar treatnent but
dosed three times a week. Fenale mce receiving soil A had

snal [ er 1itters, fewer |ive pups were born per litter, and fewer
litters survived weaning. The toxic effects observed were
probably associated with the interaction of TCDD and other toxic
conpounds in soil A  The observations noted in the offspring of
F, mal es treated with soil A nmay reflect subtle defects or
mutations in the ger'm nal cells and possibly reflected a dom nant
| ethal effect nediated through disruption of spermDNA  The
interruption of the estrous cycle in T(DDtreated fenal es was
possibly due to an anti-estrogenic effect of T(CD. However, in
TCDD-treated and recontaminated SOil-treated groups, estrous
cycles stopped after 6 weeks of treatnent whereas mce were nated
2 weeks after treatnent. Therefore, either the reduction in
estrogen was sufficient to prevent pregnancy before its detection
by the bl ockage of estrous cycling, or sonme other factor
contributed to the lack of reproductive ability. Thus, the
overall results of the study indicate that TCDD caused an
androgeni c or antiestrogenic effect on the treated m ce.

e of the proposed mechani sns by whi ch TCDD may produce
reproductive toxicity involves down regulation of the estrogen
receptor. This nechanismnmay play an inportant role by which
TCOD reduces the occurrence of estrogen-nediated tunors in rats.
Chronic admnistration of TCDD to Long Evans rats has been
reported to |ower the incidence of spontaneous mammary and
uterine tunors (Kociba et al1. 1978). S nce the growth of somne
uterine and mammary tunors i S estrogen-dependent, Ronkes et
al. (1987a,b) studied the role of Ah receptor in the down
regul ation of uterine and hepatic estrogen receptor (ER Ievels
inrats. The prelimnary findings (Ronkes et al. 1987b)
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di scussed the proposed nechanismin hepatic and uterine tissues
of rats. This report was only an abstract. Romkes et

al. (1987a) in a later publication discussed the results of their
earlier study in detail as described bel ow

Single intraperitoneal admnistration of TCDD to 21-day-old
female rats at doses of 80 or 400 wmg/kg in corn oil (5 ml/kg)
resulted in a dose-dependent decrease in uterine and hepatic ER
levels. TCDD also inhibited the estrogenic effect of estradiol.
Admnistration of 15 ug/kg estradiol resulted in an increase in
cytosolic (194% and uterine levels (155% of ER and a 42%
increase in uterine weight. On the contrary, pretreatment of
rats with 80 ug/kg TCDD prior to estradiol (15 pg/kg)
admnistration conpletely blocked the estrogenic effect of
estradiol. The uterine and hepati c ER levels were 51% and 54%
| ower, respectively, than observed in the control group, and
uterine net weight was 20% |l ower than in the control group. The
conparative effects of TCDD, 1,2,3,7,8-pentachlorodibenzo-p-
dioxin (PecDD), 1,3,7,8~TCDD, and 1,2,4,7,8-PeCDD on the down
regul ation of uterine and hepatic ER levels were found to be
structure-dependent. An excellent correlation was found between
the binding affinities of these congeners for the Ah receptor and
their antiestrogenic activity. The nost active congeners
exhibited high affinities for the Ah receptor (TCD and
1,2,3,7,8-PeCDD) whereas |ess active conpounds (1,3,7,8-TcDDand
1,2,4,7,8-PeCcDD) exhibited lower affinities for the Ah receptor.
These data support the role of Ah receptor in nediating the down
regul ati on process that may be responsible for TCDD i nduced
reproducti ve toxicity.

In earlier studies, More et al. (1985 reported that TCDD
causes pronounced androgenic deficiency in male rats. Recently,
Mbore and Peterson (1988) exam ned the extent to which enhanced
catabolism and/or excretion could account for the androgenic
deficiency in T(DDtreated rats. Male Sprague-Dawl ey rats were
castrated, inplanted subcutaneously w th testosterone containing
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capsul es, and dosed with TCDD (15 or 100 pg/kg) or vehicle (corn
oi | -acetone 19:1). Seven days later substantial increases in
food intake and body wei ghts were seen in TCDD-treated rats and
their weight-matched pair fed controls. Pl asna testosterone and
di hydr ot est ost erone concentrations or semnal vesicle and ventral
prostate weights were also simlar in both groups. These results
clearly denonstrate that TCDD does not br oduce an androgeni c
deficiency when rats are exposed to a constant physiol ogi cal dose
of testosterone. Therefore, the proxinmate cause of the
androgeni ¢ deficiency nust be a decrease in testicular
testosterone secretion secondary to testicular, pituitary, and/or
hypot hal am ¢ dysfuncti on. (For further details refer to
Chapter Vv.)

TADD is known to produce atrophy, norphol ogi cal changes,
| mpai red spermatogenesis, and epididymal lesions in the testes of
experi nental ani nal s. Al-Bayati and coworkers (1988)
I nvesti gated the nechani smof TCDD i nduced toxic effects in rat
testes. Male Sprague-Dawl ey rats were admnistered 40 ug
TADD kg/ day in 10% acetone (in corn oil) for 3 days. GControl
aninals received the vehicle. Aninals were sacrificed 1, 3, 6,
9, and 12 days following treatnent. N ne days after TCDD
treatnent significant decreases in body and testes wei ghts
occurred. However, the testes wei ght as a percentage of body
wei ght was significantly higher than control aninmals. An
Increase in lipid peroxidation (contents of thiobarbituric acid
reacti ve substances) occurred as the testicular weights
decreased. S gnificant alterations in iron and copper content
distribution, and an increase in protein kinase C activity with
decreases in superoxide di snutase and gl ut at hi one peroxi dase
activities, were also noted. The authors suggested that TCDD
caused testicular atrophy that may be associated w th enhanced
lipid nobilization and peroxidation in conjunction wth increased
formati on or decreased renoval of reactive oxygen species and the
I nduction of protein kinase C
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Hassoun and Arif (1988) investigated the role of ornithine
decar boxylase (O activity in the teratogenic action of the
TCDD congener 3,3',4,4'-tetrachloroazoxybenzene (TCACB) in NMRI
mce. D,L-a-difluoromethyl ornithine (DFMO), an inhibitor of CDC
activity when admnistered in three doses each of 200 mg/kg on
days 11 to 12 and 12 to 13 of gestation, significantly decreased
the rate of cleft palate formation induced by TCACB adm ni st ered
at 4 ng/ kg body wei ght on days 11—12 of gestation. However, the
I nci dence of fetal deaths induced by TCAGB was unaffected by the
DFMO treatnment. Prelimnary evidence shows that the nmechani sm of
I nduction of cleft palate by TCDD and TCACB is by failure of
programmed pal atal epithelial cell death. These conpounds
possi bly i nduce enzynes |i ke ODC, which help the proliferation of
epithelial cells leading to cl eft palate. In the present study,
DFMD inhibits ODC activity, thus resulting in decreased rate of
cleft palate wthout affecting the rate of fetal death. This
observation shows that the nechanisns of TCACB-induced fetal
death and cleft palate are unrelated. This is confirmed by the
authors' finding in other studies in which benzo(a)pyrene
Increased the rate of fetal deaths induced by TCDD wi t hout
affecting the rate of cleft palate formation.

3. Qoncl usions

The two new studies that assessed the proposed associ ation
bet ween exposure of Vi etnamveterans to Agent O ange and the
occurrence of birth defects in children failed to establish a
positive association. The epidemiological investigations
conducted in New Brunsw ck, Canada, did not reveal any
associ ati on between exposure to phenoxy herbi ci des and adverse
reproductive outcones. No new studies on the effects of 2,4-D
and 2,4,5-T i n humans have been published in 1988. The avail abl e
studi es invol ving exposure to TCDD do not provi de convinci ng
evi dence that TCDD produces adverse reproductive effects in

humans.
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Prenatal exposure to a mxture of 2,4-D and 2,4,5-T has been
reported to produce behavioral and neurochemical alterations in
rat neonates. Studies in experinmental aninmals were designed to
el uci date the mechani smof action of TCDD and its congeners in
causing birth defects or inpaired reproductive perfornance.
Results of these studies are of Ilimted rel evance in assessing
t he reproducti ve consequences of exposure of human nales to
phenoxy her bi ci des.
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E Efects on the | Mmune System

No studies have provided conclusive evidence that exposure
t o phenoxy herbi ci des causes alterations in i mune function in
humans or experinental aninmals. However, until recently the
eval uation of immune function or status was not common in the
desi gn of epidemiologic studies. Nunmerous studi es have shown
that chlorinated dioxins alter immune function in experinental
animals. The results of the few epidemol ogi c studies in which
such paraneters have been neasured in humans exposed to dioxins
have been i nconcl usi ve.

1. Sudies in Hinans

As part of the nedical and physical exam nation conponent of
the VES (US(DC 1989), indicators of immune status and function
were assessed (see Section A above for a detailed description of
the design and nethods of this study). Bl ood sanples were
anal yzed for the follow ng indicators of immune status: total
| ynphocytes, total B-cells and T-cells, T-cell subset
popul ations, the ratio of T4 to T8 cells, and the concentrations
of IgG, IgM, and IgA. |In addition, all subjects in the mnedi cal
exam nati on conponent underwent a skin test for del ayed
hypersensitivity using seven recall antigens. There were no
di f ferences between Vi et nam and non-Vi et namveterans in any of
the paraneters that were neasured, nor were there significantly
nore Vi etnamveterans outside of the normal ranges for these

paraneters than non-Vietnamveterans. |In the skin test, 3.5% of
the Vietnamveterans and 3.9% of the non-Vi etham veterans were
aner gi c.

Studies of imMune paraneters and function anong residents of
dioxin-contaminated areas in Mssouri have been discussed in the
two preceding issues of this review (see denent 1987 and 1988).
Qiginally Hffnan et al. (1986 and Knutsen et al. (1987)
reported that residents with a high probability of dioxin
exposure had nore anergy (as assessed by a skin test to seven
recall antigens) than did residents with a |ower probability of
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dioxi n exposure. Questions regarding the reading of the skin
tests led to a retesting of the subjects that were anergic or
relatively anergic a year later. Evans et al. (1987) reported
at a scientific neeting that the repeated study showed no

di fferences between the two groups in responses to the skin test.
A full article describing the results of this followup study was
published in 1988 (Evans et al. 1988). Wiile there were no
differences between the two groups with respect to the results of
the skin tests, there were differences in T4 counts and ratios of
T4/ T8. Two exposed individuals had abnornally |ow T4 counts, and
four exposed individuals denonstrated abnornally low T4/ T8
ratios. These authors attributed the relatively high degree of
anergy that was observed in the original study to methodol ogi cal
probl ens. However, a paper published by other authors of the
original study reported the conflicting results of the foll ow up
study but suggested that the later findings could be explained by
recovery of immne function by the anergic individuals in the
exposed group in the period between the tw tests (Sehr-Geen et
al. 1988). It seens unlikely that such recovery woul d take pl ace
in 1 year in light of the fact that 4 or 5 years had el apsed
between dioxin exposure and the first set of skin tests.
Furthernmore, there was no change in the T4 and T4/ T8 paraneters
neasured in the exposed group during the sane peri od.

In a related investigation, Andrews et al. (1988) descri bed
the results of immunol ogical tests anong individuals from dioxin-
contam nated areas of M ssouri whose adi pose tissue had been
sanpl ed and anal yzed for dioxin content. A total of 40 people
were tested. Sixteen of these were classified as having | ow body
burdens (lessthan 20 ppt), 12 had noderate body burdens (20—60
ppt), and 12 had concentrations greater than 60 ppt. None of the
40 participants was anergic or relatively anergic, and there were
no differences anong the groups in their responses to a del ayed
hypersensitivity skin test. | ncreased serum gl obul i ns and
decreased al bum n/globulin ratios were associated wth dioxin
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body burdens. Seven of the 12 individuals in the high body
burden group had T4/ T8 ratios of less than 1.2 conpared to only
two in the other two groups conbi ned. However, the four
individuals wth the lowest T4/T8 ratios had tissue |levels of 10,
33, 165, and 294 ppt), suggesting no real correlation between
body burden and T4/ T8 ratios. Furthernore, there was no clinical
evi dence of inpaired i mune function in any of these individuals,
and the significance of decreased nunbers of T4 cells or T4/ T8
rati os has not been determned. Because body burdens of TCDD are
probably nore accurate indicators of past dioxin exposure than
pl ace of residence or recall, this study is nore reliable than
the earlier studies in assessing the relationship between dioxin
exposure and neasures of imune status in Mssouri residents.
Unfortunately, it is available only as an:'abstract at the present
time.

Jennings et al. (1988) conducted an immunologic
I nvestigation anong 18 workers who were exposed to dioxin as a
result of an industrial accident at the Coalite Gls and
Chemcals Ltd. plant in England in 1968. Earlier studies of
t hese workers have been reviewed in previous volunes of this
review (see May 1982, 1983a,b in Oenment 1984 and Martin 1984 in
A enent 1985). Bl ood sanples were taken fromthe 18 exposed
workers and from 15 control subjects fromthe sane factory whose
jobs precluded extensive exposure to dioxin. The contro
subjects were natched to the exposed subjects for age, sex,
per cent age of ideal body weight, social class, alcohol
consunption, and snoking behavior. The bl ood paraneters assessed
were serumconcentrati ons of IgG, IgA, IgM, IgD, concentrations
of antinuclear antibodi es and i mune conpl exes, the total nunber
of |ynphocytes, |ynphocyte subpopulations, and the ratio of
hel per to suppressor cells (T4/T8). They al so eval uated the
| ynphocyte proliferative response to phytohemagglutinin A (PHA).
The only differences between the two groups were the presence of
significantly nore antinucl ear anti bodi es, i mmune conpl exes, and
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natural killer (NK cells in the bl ood of the dioxi n-exposed
workers. The nmean T4/ T8 rati o was | ower anmong di oxi n- exposed
wor kers than anong the controls, but this difference was not
statistically significant. There was no difference between the
groups in the one nmeasure of inmmune function, i.e., the

| ynphocyt e proliferative response to PHA.

This study is simlar to the studies of dioxin-exposed
people in Mssouri in its suggestion that there mght be subtle
alterations in neasures of imune status in humans exposed to
di oxi ns but the significance, if any, of these changes is
unclear. The function of NK cells and the consequences of
I ncreased concentrations of themare not fully understood.

2. Animal Studies

The effects of phenoxy herbicides on i mmune function has not
been systenatically studied in experinental aninmals. A |large
volune of literature has indicated, on the other hand, that
chlorinated dioxins and furans are potent suppressors of i nmmne
function in nmany different animal species. Qurrent research in
experimental animals has gone beyond the identification of these
effects to investigate nmechani sns of action. A present this
line of investigation is inconplete, and the inplications for
assessing potential health consequences in humans exposed to
t hese conpounds are not clear.

Davis and Safe (1988) investigated structure-activity
rel ati onshi ps for the suppression of the splenic plaque-formng
cell response to sheep red blood cells in mce by a series of
chlorinated dioxins and furans. The structural requirenents for
activity and antagoni sm of the suppressive effect by certain
conpounds supported earlier evidence that this effect is nediated
by bi nding of the dioxin to a specific receptor in spleen cells.
The authors al so concluded that TCDD nodul ates sone early stage
of B-cell differentiation. This conclusion is consistent wth
that of Luster et al. (1988) who conpared the effects of
dexamethasone and TCDD on the maturation of B-cells in vitro.
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TCOD interfered only with the expression of plasna cell narker
suggesting action at a very early stage of cellular programm ng.
Tomar and Kerkvliet (1988) provided evi dence that suppression of
the sheep red bl ood cell response by TCDD may al so be due, in
part, to a defect in T-helper cells. Lundberg et al. (1988)
found that TCDD may interfere wth T-cell differentiation by
altering the interaction between immature thymocytes and the
thymic reticulumin young mce. Nkolaidis et al. (1988a,b)
I nvestigated the effects of TCDD on the devel opnent of lymphoid
cells in the Bursa of Fabricius of chicken enbryos and found
simlar results to those observed in the thymus of m ce.

3. Summary and Concl usi ons

Sudies of humans who nay have been exposed to phenoxy
her bi cides and/or dioxins failed to indicate any effects of these
exposures on immune function. There were no differences in any
measure of inmune status between M et namand non-Vi et nam vet er ans
inthe VES, but this study was not designed to examne effects
that mght be related to herbicide exposure. Studies of blood
paraneters that nay be relevant to i mune status in individuals
who were exposed to dioxins in the past reveal sone differences
from unexposed controls groups. Wether these alterations are
caused by the dioxin exposure and whet her they have any
functional significance renains to be determned. No studies of
the effects of phenoxy herbicides on i mmune function in
experimental aninmals were published during 1988. Studies of the
effect of TCDD and related di oxins and furans on the i mmne
systens of experinental animals were nechanistic in nature and
i ndicate that the action of these compounds are conpl ex and not
fully understood.
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F. Neurobehavioral Effects

1. i of n

Several studies were published in 1988 that investigated the
neur obehavi oral toxicity of chlorinated di benzo-p-dioxins in
humans. Three studies reported on findings in Vietnamveterans
and two studies descri bed the neurobehavioral effects resulting
from poi nt - source exposure to 2,3,7,8-TCDD. The results of these
four studies are discussed bel ow

As part of their ongoing VES, the CDC (US(DC 1988a, 1989)
reported on the psychosocial characteristics of Vietnam veterans.
This study has been described in detail in Section A above. It
Is inportant to note that the VES is intended to evaluate health
effects associated with the general Vietnam mlitary experience,
and no attenpt was nade to assess adverse effects related
specifically to Agent (O ange exposure.

A random subsanpl e of 2,490 Vietnamveterans and 1,972 non-
Vi et nam vet erans underwent a conprehensive health exam nati on
that included a psychol ogi cal evaluation. The veterans'
psychol ogi cal health status was evaluated with the D agnostic
Interview Schedul e (DIS) and the M nnesota Miltiphasic
Personality Inventory (MMPI). The DS is a standardi zed
questionnai re that assesses the occurrence of certain psychiatric
conditions as defined by the DSM-III criteria of the American
Psychiatric Associ ati on. Conditions of interest in this study
I ncl uded generalized anxi ety, depression, alcohol abuse or
dependence, drug abuse or dependence, and post-traumati c stress
disorder (PTsD). The MWl is a self-admnistered questionnaire
designed to nmake a quantitative assessnent of personality,
enotional status, and | evel of psychopathology. |f a veteran
satisfied full DS criteria for generalized anxiety, depression,
or substance abuse in the past nonth and if he had el evated
scores on at least two of eight clinical MWI scales, he was
considered to have poor psychol ogi cal status.
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The COC found that, in general, "Vietnamveterans seemto be
functioning socially and economcally in a manner simlar to Arny
veterans who did not serve in Vietnami (USCDC 1988a). However,
the results of this study did reveal that nore Vi et namveterans
are experienci ng psychol ogi cal probl ens than non-Vi et nam
veterans. These probl ens include depression (4.5%0of M etnam
veterans vs. 2.3% of non-Vi et nam veterans), anxiety (4.9%vs.
3.2%, and al cohol abuse or dependence (13.7%vs. 9.2%).
Interestingly, despite the increased incidence of these
psychol ogi cal problens, fewer than 1% of either cohort were found
to neet the prs criteria for drug abuse or dependence.

Approxi nately 15% of the Vietnamveterans met DS criteria for
PTSD at sone point after their conbat experience, and 2%
experienced PTSD in the nonth prior to examnation. Furthernore,
those veterans who experienced PTSD were also nore |ikely to neet
DS criteria for other psychiatric conditions of interest. The
authors concl uded that the higher preval ence of psychol ogi cal
probl ens seen in Vietnamveterans was not due to organic defects
since few differences were observed between M etnam and non-

Vi etnamveterans with regard to neuropsychol ogi cal perfornance,
neurol ogi cal findings, or other objective neasures of current
physical health. In conclusion, the results of this study

i ndicate that the Vi etnam experience resulted in adverse

psychol ogi cal effects in sone veterans, but the design of the
study does not permt an evaluation of the role of Agent QO ange
exposure in producing these effects.

In addition to determning the psychol ogi cal characteristics
of Vietnamera veterans, neurological examnations and tests were
conducted as part of the medical exam nation phase of the study
(USDC 1989). Nerve conduction velocities and the anplitudes of
upper and lower extremty sensory and notor nerves were
determined. Vvibratory and thernal sensation were eval uat ed.
Auditory acuity was nmeasured, and veterans were questioned
regardi ng current and past synptons of neurol ogical inpairment.
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Very few veterans in either the Vietnam or non-Vi et nam cohorts
(1.0%5and 0.8% respectively) had signs and synptons consi stent
with peripheral neuropathy. A though Vi etnamveterans were nore
likely to have synptons and/or signs of neurol ogical inpairnent,
none of these differences was statistically significant. H gh-
frequency hearing loss was nore preval ent anong Vi et nam vet er ans
(9.4% than anmong non-Vi etnamveterans (6.2%). The difference

was accounted for by veterans who had tactical mlitary
occupational specialties, i.e., were nore likely to have been in
conbat. These results do not support an association between
service in Vietnam and peripheral neuropathy. The study was not
designed to eval uate associ ations between any of these effects
and her bi ci de exposure.

A nunber of the questions in the self-administered
questionnaire used to gather data for the Anerican Legion St udy
wer e designed to assess psychol ogi cal and social status anong
Vietnamera veterans (Stellmanet al. 1988a,b). These i ncl uded
questions regarding narital well-being, satisfaction with

parenting, sexual satisfaction, happiness, life satisfaction, and
Intensity, duration, and changes in snoking, drinking, and drug
use. In addition, questions were derived fromthe Psychiatric

Epi dem ol ogy Research Interview to assess psychol ogi cal well -
being.

The results of the questionnaire indicated that a |arge
nunber of adverse social and psychol ogi cal outcones were
significantly associated with conbat exposure in Vietnam Men
who reported high exposure to conbat were nore likely to be
di vorced, were less happy and satisfied with their |ives,
experi enced nore sexual dysfunction, and had nore problens in
their marital and parental relationships than did veterans wth
little or no conbat exposure. Furthernore, these individuals
engaged in behaviors that were nore likely to result in current
and future health inpairnent such as al cohol, tobacco, and drug
use. Vietnamveterans had worse scores than non-Vi et nam vet er ans
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for depression, anxiety, irritation, and feelings of
hel pl essness, and these scores increased with increasing conbat
exposure. On the other hand, no association was found between
any measure of psychol ogi cal and social well-being and exposure
to Agent Oange as evaluated in this study. There was sone
apparent interaction between herbicide exposure and psychol ogi cal
i npai rnment anmong Vi et namveterans with the highest |evel of
conbat exposure; the authors speculated that this mght indicate
a herbicide effect in individuals who were highly stressed. The
aut hors concluded that further study, wth larger popul ations,
was necessary to control for the confounding effects of conbat
and determne the possible effects of herbicides nore accurately.

Levy (1988) attenpted to assess whether exposure to Agent
O ange contributed to the occurrence of PTSD or ot her
psychol ogi cal deficits in Vet nam vet erans and whet her exposur e
exacerbated the incidence of PTSD. The subject popul ati on was
drawn fromveterans who recei ved bonus checks fromthe
Commonweal th of Massachusetts for serving in Vietham S x
exposed veterans were selected based on self-reported chloracne,
an indicator of TCDD exposure. NMatched control subjects (n = 25)
who had no past or present evidence of chloracne were sel ected
fromthe same list. A neuropsychol ogical battery, designed to
I dentify nonfocal effects of brain dysfunction, consisting of the
WAIS Vocabul ary Subtest, Rey Auditory Verbal Test (5-trialtotal,
list Alnternmediate Recall, list A Recognition score, list A
Del ayed Recall, list B), the Synbol Dgit Mdalities Test in
witten and oral versions, and the Wrd H uency Test, was
admnistered to the subjects. Vietnamveterans were al so
questioned to determne if they experienced PTSD and its
associ ated features (depression, anxiety, and aggressiveness) in
the past 6 nonths.

Levy (1988) found that the exposed veterans scored
significantly lower than the control group on six of the nine
neur opsychol ogi cal tests for brain dysfunction, indicating the
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presence of organi c psychol ogi cal deficits. The veterans exposed
to Agent Orange al so had significantly higher scores for neasures
of PTSD. Furthernore, all of the exposed subjects net the
diagnostic criteria for PTSD and the three associ ated features,
whereas only 20% of the control subjects had PTSD and 8% had the
three associ ated features. Based on these results, Agent O ange
exposure appears to exacerbate the incidence of PTSD i n Vi et nam
veterans.

Levy (1988) concluded that PTSD al one cannot account for the
apparent neuropsychol ogical deficits seen in the exposed
veterans. Furthernore, he concluded fromconbat reports that the
| evel of conbat experience cannot account for the higher
I nci dence of PTSD in exposed veterans. Therefore, exposure to
Agent Orange nay be responsible for the organi c neuro-
psychol ogi cal deficits as well as the greater inci dence and
severity of PTSD  Levy acknow edged that his exposed sanpl e
popul ation is very snmall and that his nethod of selection may
actual |y underesti mate the nunber of exposed M et namveterans for
several reasons.

This study can best be described as a case report and cannot
be considered a controll ed epi demol ogy study. There are several
problens in the study that Iimt its useful ness. The occurrence
of chloracne was used to sel ect exposed veterans, and no
I ndi cation was given of how the occurrence of chloracne was
established. Apparently, no provisions were nade to account for
past occurrences of chloracne that resol ved, thus biasing the
selection of participants. Furthernore, the absence of chloracne
does not preclude exposure to Agent Orange, so control subjects
coul d al so have been exposed. Finally, Levy did not attenpt to
account for inportant confoundi ng variables such as conbat
experience (see discussion on Stellnan et al. 1988a,b), snoking,
al cohol and drug use, and civilian enploynent. Therefore, it
nmust be concluded that this study provides no reliable evidence
for a cause-effect relationship.
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The neurol ogi cal sequel ae of TCDD exposure can al so be
studied follow ng point-source exposure. Kl awans et al. (1987)
eval uated the neurol ogical effects of TCDD in 47 railroad workers
followi ng exposure to P(Bs including dioxin (present at a |evel
of 45-46 ppb) in early 1979 while cleaning up a chemcal spill
from a danaged tank car. Two workers subsequently commtted
suicide. The initial conplaints in the renmai ning 45 workers
foll owi ng exposure included fatigue (41 o0f 45), nuscle ache (23
of 4s5), and distal paraesthesia (42 of 45). Recovery fromthe
fatigue and nuscle cranping was usually seen after about 2 years,
but the paraesthesia tended to persist. A this time, depression
and alteration of concentration becanme promnent features in the
exposed workers.  The workers underwent detailed neurol ogical
examnations including nerve conduction velocities and evoked
potential studies again in 1985 -« Peripheral neuropathies were
still evident in 43 of the 45 workers. Postural and term nal
intention trenmor was seen in 35 of the 45 subjects, and action
dystonias of the hands were seen in 24 of the 45 workers. This
study provides an in-depth chronol ogi cal accounting of the
neur ol ogi cal sequel ae associated with exposure to chemcal s
i ncl udi ng TCDD exposure when the exposure |evel and duration is
known and the entire exposed popul ation can be eval uated.
However, the absence of controls and the concurrent exposure to
other potentially neurotoxic chemcals |limt itsS usefulness.

In July of 1976 an expl osion occurred at a chemcal factory
manuf acturing 2,4,5-T in Meda, ltaly. The explosion rel eased a
cloud of toxic debris that resulted in contamnation of the soil
wth 2,3,7,8-Tcpp in the towns of Seveso, Meda, GCesano Mader no,
and Desio. Barbieri et al. (1988 studied the peripheral
neur opat hol ogi ¢ effects in a cohort of 152 exposed i ndividual s
with chloracne resulting fromdermal and inhal ation exposure to,
as well as ingestion of, 2,3,7,8-TcDD after a period of 6 years.
The controls consisted of 123 age- and sex-natched i ndividual s
living in nearby towns. A detailed nedical history including use
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of neurotoxic drugs, presence of confounding habits, and data on
TCDD exposure (nunber of days at hone after the expl osion and
bef ore evacuation, place of residence, ingestion of contam nated
food) was obtained fromeach subject. Each subject then
underwent examnation by an internist and neurol ogist. An

eval uation of strength, deep tendon reflexes, and past and
current synptons of peripheral nervous system invol venent was
part of the neurol ogi cal examnation. H ectrophysi ol ogi cal
studies were al so conducted to nmeasure notor conduction
velocities, and action potential |atencies and anplitudes.

No peripheral neuropathies were found in any of the
subjects. However, the exposed cohort had significantly nore
subjects that presented wth at least two bilateral clinical
signs and at |east one el ectrophysiological abnornality. The
significance of these findings in the absence of peri pheral
neuropathies is not known.

Assennato et al. (1988) described very simlar results in an
abstract. It is not clear whether this is the sanme or a
different study fromthat of Barbieri et al. (1988), but the two
reports have no authors in common. Assennato et al. reported
that nerve conduction velocities in 193 individual s who devel oped
chloracne as a result of the accident in Seveso, Italy, were not
different fromthose in control subjects selected from nearby
communities. This abstract |acked sufficient detail to allow
critical evaluation of the authors' conclusions.

2. Studies in Experinental Aninals

Three studies were published this year by Schulze's
| aboratory that investigated the neurobehavioral toxicity of
2,4~D and the possible nmechani sns of action for these effects
(Schul ze 1988, Schul ze and Dougherty 1988a,b). Various neuro-
behavi oral paraneters were assessed in rats given
150- 250 mg/kg/day 2, 4-D subcutaneously. These i ncl uded
schedul e-control | ed |ever pressing, photocell locomotor activity,
| andi ng foot splay (a nmeasurenent of notor coordination), rota
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rod, and grip strength. The results obtained in these studies
can be sumarized as follows:

1. Admnistration of 2,4~D n-butyl ester (150 mg/kg/day)
roduced significant depression of scheduLeicontroIFed
ever pressing and photocel | locomotor act|V|tag and a
S|?n|f|cant increase in landing foot splay. ak
efrects occurred by the third rnjection and tol erance
devel oped by the tenth injection. The behaviora
effects weré rapidly reversible within 24-48 hours after
cessation of treatnent.

2. These effects were observed only after admnistration of
the n-butyl ester. Equimolar doses of 2,4-D acid and
2,4-D mxed butyl esters were wthout effect.

3. n-Butanol, a netabolite of 2,4-p n-butyl ester, also
depresses |oconmotor activity and increases |anding foot
splay. However, there was no cross-tol erance between
the two chemcals for these effects indicating that they
act by different pharnacol ogi cal nechani sns.

4. Since brain 2,4-D levels renai ned el evated when
tol erance was observed, a biochemcal basis for the
tolerance to 2,4-D, behavioral effects had to be
discounted. The authors therefore concluded that
repeated admnistration of 2,4-D produced an altered
response in the target cells suggestive of
functional /cel lular tolerance.
Taken together, these results indicate that very high doses
(Y3 to /2 of the upg,) of a specific 2,4-D formul ation induces
neurobehavioral toxicity in animals. Tolerance to these effects
devel ops nost likely as a result of an altered cellular/func-
tional response. The relevance of these effects to humans is not
known because of the high doses required to elicit these
responses and the lack of convincing neurologic effects noted in
humans fol |l ow ng exposure to phenoxy herbicides (see also Vol unes
X and XI of this review). However, the observation that sone
sort of cellular/functional tol erance devel ops to the neurotoxic
effects observed has inplications with regard to health effects
associated with chronic exposure in hunans.
Prenatal exposure to a conbination of 2,4-D and 2,4,5-T at

nont eratogeni c | evels has been denonstrated to induce specific
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changes in brain neurotransmitter | evels (Mhamred and S. Qrer
1988). These investigators found that daily gavage
admnistration of 50 or 125 mg/kg of a 1:1 mxture of 2,4-D and
2,4,5-T to pregnant rats on gestation days 6—15 resulted in
regi onal reductions of glutamate but not GABA concentrations in
1-day=-old pups, but not in 15 or 22-day-old pups. These results
indicate that 2,4-D and 2,4,5-T can potentially adversely affect
neur ol ogi cal devel opment in the fetus, but the rel evance of these
findings to Vi et namveterans exposed to Agent Gange is |imted.

3. Qoncl usions

The studies published this year indicate that Vi et nam
veterans exhibit a preval ence of neurobehavioral disorders as
conpared to non-Vietnamveterans. No concl usi ve evi dence was
found to indicate that these disorders nay be due to Agent O ange
exposure. (One study that attenpted to assess the role of Agent
O ange in these effects was limted by a snmall sanple size and
bi ased subject selection, and another well-controlled study found
that there was no associ ati on between psychol ogi cal and soci al
wel | -bei ng and exposure to Agent C(range. Point-source exposure
to TCDD has been associ ated with adverse neurol ogi cal effects in
humans. Studies in aninmals indicate that 2,4-D is neurotoxic at
hi gh doses, but the rel evance of these findings to humans is not

known.
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G Qher Toxic Effects

1. Acute Phenoxy Herbicide Intoxication in Humans

The acute toxic effects of phenoxy herbicides in humans are
not well wunderstood because cases of severe overexposure are
relatively rare. A total of three cases of intoxication through
ingestion of relatively large quantities of commrercial phenoxy
her bi ci de formul ati ons were described in two separate
publications in 1988 (Kancir et al. 1988, Meulenbelt et al.

1988) . In tw cases, adult men ingested unknown quantities of an
herbicidal formulation in which 2-methyl-4-chlorophenoxy acid
(HPPA was the active ingredient. In the third case, an adult

worman ingested an unknown quantity of a formul ati on containing
9.1% 2,4~D and 22. 7% MCPA. The clinical aspects of all three
cases were remarkably simlar. Al three patients becane

comat ose and experienced respiratory failure, presunmably as a
result of central nervous system depression. Subsequently all
three patients experienced acute renal failure, which was
probabl y secondary to rhabdomyolysis. All three patients al so
had hypot ensi ve crises and severe disruptions of serum
electrolyte levels. (ne group of authors noted a severe drop in
serum cal ci um concentration (Kancir et al. 1988). After
aggressive therapeutic intervention, one of the three patients
died fromconplications related to the acute intoxication. The
other two recovered fully.

The simlarities anmong these three cases are renarkabl e,
especially in view of the independence of the two separate
reports. The clinical courses of intoxication in these three
cases were consistent with the results of studies in experinental
animals that indicate that the central nervous system and the
musculoskeletal systemare prinmary targets for the acute toxic
effects of phenoxy herbicides. In humans, the depressive effects
on the central nervous system are nani fested as coma and
respiratory failure while the nuscular effects are nanifested by
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rhabdomyolysis | eading to kidney failure and severe el ectrol yte
I nbal ances. Aggressive therapy can result in full recovery.

2. Hepatic Efects

a. Studies of Humans. Assennato et al. (1986) reported the
results of a cross-sectional study of bi ochemcal indicators of
liver function in a cohort of workers fromthe ICMESA plant in
Seveso, Italy. The study was carried out in 1981. The study
cohort consisted of 196 individuals who were likely to have been
exposed to chlorinated dioxins at the | OVESA pl ant before,
during, and after the 1976 accident. Blood sanpl es were anal yzed
for aspartate aminotransferase (AST), al ani ne aminotransferase

(ALT), al kal i ne phosphatase, gamma-glutamyl transpepti dase
(GGTP), chol esterol, and triglycerides. Wine sanples were

anal yzed for porphyrins and amnol evulinic acid. Values of the
paraneters for the cohort were conpared to those determned in
two control groups of workers fromplants where exposure to
hepatotoxic substances was unlikely. Infornation on the size and
nmet hods for selecting the control groups was not included in the
paper.

No i nfornmati on on di oxi n exposure or |ength of enpl oynent
was provided in this paper. None of the workers had chloracne.
The only significant bi ochemcal differences betwen the | QVESA
group and the conparison groups were el evated | evels of urinary
por phyri ns and serum al kal i ne phosphat ase in heavy dri nkers anong
the |1 OVESA workers conpared to heavy drinkers in the conpari son
groups. The authors concluded that there was an interaction
bet ween di oxi n exposure and al cohol intake in altering porphyrin
nmet abolism The report of this study is deficient regarding
experimental nethods. The results nust be interpreted with
caut i on.

A very brief abstract by Assennato et al. (1988) sumrarized
the results of three foll owup surveys anmong 193 subjects who
devel oped chloracne as a result of the accident at the | QVESA
plant. It is presumed that these are the sane 193 subjects who
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were observed by Caputo et al. (1988). Assennato et al. reported
no significant differences between the chl oracne subjects and an
age- and sex-natched conparison group in biochemcal indicators
of liver function or in nerve conduction velocities.

Furthernore, they reported that only one case of clinically
evident chloracne renmained in 1985. The lack of detail in this
abstract precludes independent evaluation of the validity of the
authors' conclusions.

Nagayana et al. (1987) examned the basal activity and
induci bility of aryl hydrocarbon hydroxyl ase (AHH) activity in
| ynphocyt es from peopl e who devel oped cutaneous |esions as a
result of consumng cooking oil contamnated with P(Bs and
chlorinated di benzofurans in the Yusho incident in 1969. The
results of this study indicated that both basal AHH activity and
the inducibility of this enzyne were correlated with both the
severity of skin lesions and PCBs in the blood in the years
shortly after the exposure (1969—1976). However, neither enzyme
activity nor inducibility appeared to be correlated with nore
recent neasures (1981—1984) of the severity of skin |esions or
PCB levels. The authors suggested that these results indicate
that current AHH activity and inducibility reflect genetic
differences and are not conpound related. They suggest that
i ndi vi dual s who were genetically predi sposed to hi gher AHH
activity were nore sensitive to the dermatologic effects and
accumul ated nmore hal ogenated aronatics than individuals wth
| oner AHH activity. This is consistent with interindividual
variability in the properties of the Ah receptor and resulting
variability in sensitivity to many of the adverse effects of
dioxins.

b. Sudies in Experimental Animals. The liver is a target
organ of TCDD toxicity in experinental aninmals. The hepatotoxic
effects of TCDD in C57BL/6J mal e m ce were eval uated by Brooks et
al. (1988). They admnistered a single intraperitoneal injection
of 0, 25, 37.5, 75, or 15 jug TCDD kg body weight to the mice, and
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at least three mce per dose group were sacrificed at 1, 7, and
30 days post-injection. Liver sanples were taken for
histopathologic eval uati on.

No evi dence of TcDD~-induced hepatotoxicity was observed in
liver sanples fromtreated aninals 1 day after dosing. By 7
days, all livers fromaninals treated wth 75 and 150 ug/kg
exhibited mnor inflamatory changes with foci of cellular
coagul ati ve necrosis. These changes were al so evident in two-
thirds of the animals given 37.5 ug/kg and one-third of those
given 25 jug/kg. By 30 days post-admnistration, hepatocellular
damage that was graded in severity and dose-dependent was evi dent
Iin the three highest dose groups. These |esions consisted of
hepat ocel | ul ar necrosis and focal architectural collapse. No
cirrhosis was seen. These results indicate that single exposures
to TCDD can induce severe liver danmage in rats that is both dose-
and time-~dependent, and the full effect is not mani fested until
30 days post-exposure.

Phenoxy her bi ci des have been shown to induce several hepatic
enzynme systens in experinental aninmals. Bacher and d bson (1988)
Investigated the effects of several phenoxy herbicides (including
2,4-D and 2,4,5-T) on the cytochronme P-450 m xed function oxi dase
systemin rat liver, particularly the hypolipi dem c-induced
cytochrome P-450 | VAL isoenzyme. Male Wstar rats were
admnistered 50, 100, or 200 mg/kg of the herbicides by gavage
once a day for 3 days. The aninmals were sacrificed 24 hours
after the last injection, and the livers were renoved for enzyne
assays. The liver-to-body weight ratio was increased by 2,4,5-T
but not 2,4-D, whereas total cytochrone P-450 content, as well as
specific P-450 | VAL content, were significantly increased in a
dose- dependent manner by both 2,4-D and 2,4,5-T. The specific
I nduction of P-450 isoenzymes by 2,4-D and 2,4,5-T was further
denonstrated by their ability to induce significantly the
activity of ethoxyresorufin-O-deethylase, a marker substrate for
P-450 | Al. Benzphetamine N-demethylation, a marker of cytochrone
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P-450 Il B1 activity, was unaffected by these herbicides. Thus,
2,4-D and 2,4,5-T can function as "mxed inducers" of various
cytochrome P-450 isoenzymes.

3. rdi ov | ar _Effects

a. Studies of Humans. In a brief abstract, Fabig (1988)
described a study in which three groups of individuals exposed to
chlori nat ed dibenzo-p-dioxins or di benzofurans underwent a single
phot on eni ssi on conputed tonography of the cerebrum This
technique is useful for measuring cerebral blood flow Fabig
reported that there was a reduction in prefrontal cerebral bl ood
flow conpared to a group of people not exposed to these
conpounds. The lack of experinmental detail in this brief
abstract precludes critical evaluation of this report. However,
the reported findings are interesting especially in view of the
finding of a possible increased risk of stroke anong enpl oyers of
Dow Chemcal (. with a history of chloracne (Bond et al. 1987).

b. Studies in Experinental Aninmals. It has previously been
denonstrated indirectly that acute exposure to TCDD can adversely
affect the heart in experimental aninals. However, functional
changes and the nechani sm behind the possible cardiotoxicity of
TCDD have not been studied. By exam ning bi ochem cal,
functional, and norphol ogi cal changes in the hearts of fenale
rats, Hermansky et al. (1988) attenpted to determ ne whet her and
how TCDD affects the intact heart. The rats were admnistered
40 ug/kg TCDD by gavage for 3 consecutive days, and various
paraneters were neasured 3, 6, and 9 days after treatnent.

Bl ood pressure and heart rates were significantly decreased
intreated animals 6 days after treatnent. Furthernore, TCDD
treatnment attenuated the tachycardia normally seen with
| soproterenol (a p-receptor agonist) in a dose-dependent nanner.
Despite these apparent functional changes, no norphol ogi cal
changes were observed in the hearts of the treated aninals at
necropsy. Furthernmore, TCDD had no significant effect on cardiac
lipid peroxidation Or gl utathi one peroxidase and catal ase
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activities, which, together with the |ack of norphol ogi cal
changes, indicates that TCDD did not cause direct injury to the
heart. However, serumthyroxin |evels were decreased by 66% i n
TCDD-treated animals, as conpared with control animals. Qher

I nvestigators have |inked decreases in serumthyroid hornones to
changes i n myocardial g-receptors (P lcher and Langl ey 1986) .
This | ed Hermansky et al. (1988) to speculate that the functional
changes observed in the present experinent were a result of
nyocar di al g-receptor down regul ati on secondary to the TCDD

I nduced hypothyroid state and not a direct toxic action on the
heart. Thus, as concluded in previous vol unes, the significance
of these findings to human health is limted because the heart
does not appear to be a major target organ of TCDD toxicity.
However, the effects on thyroid function observed nay be a
significant health concern.

Canga et al. (1983 examned the effect of a single
intraperitoneal injection of TCDD on neasures of cardiac function
in guinea pigs. A single dose of 10 ug/kg caused a significant
decrease in pB-adrenergic responsi veness as nanifested by a
decrease in the positive effect of isoproterenol. Qher findings
suggested that TCDD treatment caused an increase in intracellular
calciumion concentration in papillary nuscle. The authors
concluded that the heart nay be a nmajor target organ for the
toxic effects of TCDD

4.  (hloracne

In July 1976 an expl osion occurred at a chemcal factory
manufacturing 2,4,5-T in Meda, Italy. The explosion rel eased a
cloud of toxic .debris that resulted in contanination of the soil
with 2,3,7,8-TCDD in the towns of Seveso, Meda, GCesano Mader no,
and Desio. Caputo et al. (1983) has described the results of a
10-year followup study of dermatol ogic effects in exposed
victinms.

The dernatol ogi ¢ nanifestations observed in exposed people
took the form of early irritative lesions and |ate acneic
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(chloracne) lesions. The early irritative lesions seen in 447 of
1,660 peopl e examned were characterized by erythena and edena of
exposed areas, vesiculobullous and necrotic |esions, and

papul onodul ar lesions. These |esions were observed wi thin hours
of the event, and other toxic substances rel eased could have
contributed to their occurrence. Al resolved within 1 nonth and
| eft no sequelae, with the exception of ml|d hyperpigmentation,
whi ch nmay have been the result of phototoxicity.

Chl oracne was observed in 44 of the subjects (nostly
chil dren aged 2-10 years or adol escents) approxi rately 30—60 days
after the incident. Twenty-eight of the affected subjects had
also presented wth the early lesions. The l|lesions were
characterized by conedo-like and cystic lesions predomnantly in
the mal ar region but not often in the centrofacial region.

Severe | esions were observed in eight children, all of whom had
suffered fromearly lesions. An additional 149 subjects wth
mld to mninal chloracne were detected in screenings conducted
I n school -age children between 1977 and 1979. Recovery was
observed in nost patients wthin 2 years, and only residual
atrophic lesions renained. No systemc toxicity was observed in
any of the affected individuals.

In summary, these results indicate that chloracne is a
sensitive and reliable indicator of TCDD exposure that affects
mai nly children and adol escents. The conditi on was nost severe
In those who manifested early irritative |lesions, persisted for
approxi nately 2 years, had no systemc invol verrent, and left only
at rophi c scars.

5. Renal Effects

Lukowicz-Ratajcak and Krechniak (1988) investigated the
effects of subchronic 2,4-D treatnent on renal function in rats.
Mal e Wstar rats were administered 2,4-D (100 and 150 ng/ kg) by
intraperitoneal injection every other day for 12 weeks, and bl ood
and urine were collected at various intervals throughout the

+ +

study and anal yzed for urea, Na', K', H', a-ketoacids,
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a-aminonitrogen, and protein. In addition, glomerular filtration
and bl ood aci d base bal ance were neasured at 3 and 8 weeks.

Signi ficant changes observed included a dose- and ti ne-dependent
increase in urinary output, an increase in sodiumexcretion, a
decrease in glonerular filtration rate, and an increase in bl ood
urea and H' excretion in the high-dose animals only. Acid-base
bal ance was unaffected, and no protein was excreted. No
histopathologic exam nations were conducted. Based on these
results, the authors concluded that subchronic 2,4-p i nduced no
damage to the proximal tubule and that the Loop of Henle was the
probable site of action for 2,4-Drenal effects. Though the
route of admnistration was inappropriate for extrapolation to
human health and the doses studied were very high, these results
suggest that 2,4-D has the potential to adversely affect the

ki dney.
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H. Metabolismand D stribution Studies

1. 2,4-Dichlorophenoxyacetic Acid

Schul ze and Dougherty (1988b) studied the netabolism of
2,4~dichlorophenoxyacetic acid-n-butyl-ester (2,4-D-ester) in
rats and nonitored its distribution in brain tissue. Rats were
admnistered a daily dose of 150 mg/kg of 2,4~D-ester
subcutaneously for 14 days. MNo parent 2,4-D-ester was detectabl e
in blood or brain tissues 4 hours after injection on any dosing
day. Bl ood concentrations of the netabolite, 2,4-D-acid, varied
from 350 to 475 ug/g over the dosing period, but peak |evels of
600 ug/g occurred on the 10th dosi ng day. In contrast to bl ood
| evel s, brain 2,4~D-acid | evels increased over tine until maxi nrum
| evel s of 143 ug/g were reached on day 10. These results
indicate that 2,4-D-acid accunulated in the brain. Brain |levels
of 2,4-D-acid renai ned el evated from days 10-12 but declined to
90 ug/g by day 14. Bl ood-brain ratios of 2,4-D concentrations
also declined with tine. In this study, Schulze and Dougherty
(1988b) conducted several behavioral tests. Analysis of the
behavi oral data suggested that the netabolismof 2,4-Dester to
an active product was inportant to the expression of
neurobehavioral toxicity. Mreover, the behavioral and netabolic
data indicated that tol erance devel oped. However, netabolic data
i ndi cated that the nmechani smof tol erance devel opnent was
functional, while behavioral data indicated a dispositional
mechanism A though it was apparent that 2,4-Dacid accumul ated
inthe brain, it remai ns unresol ved whether brain | evels of
2,4-D-acid are appropriate indicators in determning the
mechani sm of tol erance.

Kimet al. (1988) directly exam ned the regi onal
distribution of 2,4-D in the maternal and fetal brain to assess
t he nmechani sns responsible for 2,4-D accurmul ation in the brain.
Pregnant m ce received intraperitoneal injections of ['c]-2,4-D
(1.8 uM/kg) on day 17 of gestation. One group received a
pretreatment of unl abeled 2,4-D at doses of 80 ng/kg/day for

113



2 days prior to admnistration of the radiol abel ed conpound.
Autoradiography showed that the brain ('“cj-2,4-b content in
control and pretreated aninmals was bel ow that of nost tissues,
but pretreatment resulted in a greater accumulation in the brain.
Treatnent of the pregnant nmice with 0.9 uM ('“c1-2,4-D/kg On day
17 of gestation resulted in a 2,4-D concentration in naternal
brain that was 4%of its plasma concentration within 1 hour after
admnistration; the fetal brain 2,4-D concentrati on was

approxi mately 8% of the nmaternal plasma concentration. Maternal
and fetal contents did not significantly change over the 6 hours
following admnistration. Detailed analysis of the maternal

brai n showed that the brain stem cerebellum and frontal cortex
had simlar 2,4-D contents that were significantly higher than
2,4-D concentrations in the hypothalamus and caudate nucl eus.
However, pretreatnent with 40 mg/kg/day for 2 consecutive days
significantly increased the regional distribution in the naternal
brain five- to nine-fold. QGeater increases were seen follow ng
pretreatnent with 80 ng/kg/day. Fetal brain concentration
Increased three- and six-fold follow ng pretreatnents of 40 and
80 nuy/ kg/ day, respectively.

The pattern of ('cy-2,4-p distribution within the brain of
the rabbit was simlar to that seen in the nouse. An increased
accumul ation of ['cj-2,4-Din the brain follow ng pretreatnent
Wi th unl abel ed 2,4-D was al so observed (Kimet al. 1988). Brain
| evel s of 2,4-D were 3-5% of plasma values. In addition, the
study in rabbits showed that the ['“cj-2,4-p concentration in the
cerebrospinal fluid was 10%that of brain tissue. Pretreatnent
with 160 ng/ kg/day of 2,4-D increased the cerebrospinal fluid
concentration in absolute terns and in relation to the brain
tissue to reach 50% of the brain content. Choroid plexus |evels
were 6-9 tinmes that of brain tissue but fell to 1.5 tines that of
brain tissue following pretreatnent with 160 mg 2,4-D/kg. The
choroid plexus is thought to nediate the elimnation of solutes
fromthe brain. Pretreatnent of rabbits with varied doses of
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2,4-D resul ted in dose-dependent increaées in brain content. The
dose-dependent effects of 2,4-D pretreatments can be expl ai ned by
the conpetitive inhibition of elimnation of ("“c)-2,4-D fromthe
brain by active transport on the organi c ani on system of the
choroid plexus. Saturation of the excretory process by unl abel ed
2,4-D woul d cause ["“c]-2,4-D to accunulate in the cerebr ospi nal
fluid and the brain. This was verified by an in vitro experinment
where choroid plexus tissue was incubated with 10, 100, and 1,000
uM solutions of unlabeled 2,4-D. The 10 uM 2,4-D sol ution was
sufficient to inhibit transport of ['cj-2,4-D by 45%
Conpetitive inhibition of the organic anion transport mnmechani sm
by organic anions |ike 2,4=D nmay exacerbate the neurotoxic
effects of the chemcal by slowng its elimnation fromthe brain
and the cerebrospinal fluid.

Moreover, 2,4-D had no effect on the perneability of the
bl ood-brain barrier. The penetration of the organic solute
(*“c]-2-deoxyglucose was unchanged by pretreatment with 160 mg/kg
of 2,4-D (Kmet al. 1988).

2. Octachlorodibenzo-p-Dioxin

Bi rnbaum and Couture (1988) neasured the effect of dose of
octachlorodibenzo-p-dioxin (QDD on its absorption, tissue
distribution, routes of elimnation, and netabolism They al so
exam ned the effect of repeated exposure on tissue |levels and
elimnation. Fol l owi ng intravenous admnistration of 50 pg
oCcDD/kg to rats, the liver, skin, and adi pose were the only
tissues that contained nore than 1% of the admni stered dose at
any time up to 56 days after admnistration. Fecal excretion was
the major route of elimnation. HEimnation via the feces was
the result of biliary excretion. Thin-layer chromatography
analysis of tissue extracts and bile indicated that only parent
conpound was excreted. QOCDD was not netabolized by the rat.
Rats treated orally with 50, 500, and 5,000 ug ['“C]OCDD excreted
nore than 85% of the dose in the feces 3 days after
administration; only 14% was excreted in the feces 3 days after
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i ntravenous admnistration. These results indicate that GCDD is
poorly absorbed. As seen follow ng intravenous adm nistration,
the liver contained the largest anount of QOCDD regardl ess of oral
dose. However, intravenous admnistration of a conparable
concentration resulted in nine times as nuch of the dose in the
liver and adi pose 3 days after treatnent relative to oral
exposure. Lower proportions of the dose were present in the
|iver as dose increased. This nonlinear relationship suggested
that the oral absorption of OCDD nay be saturated. Al so, |ess
QDD was present in the blood after oral exposure when conpared
with intravenous exposure. QCDD rapidly partitioned out of the
blood into the Iiver, adipose, and skin, where it has a greater
affinity. The low gastrointestinal absorption of QODD is
probably a function of its extrene insolubility. AS
concentrations of QOCDD increased, the dosage form becane a
suspension, a formthat is not easily absorbed.

Qoups of rats were exposed to daily oral doses of 50 ug
QDD kg for 1-10 days. QOCDD accunulated in the |iver where 3% 4%
of the dose was present regardl ess of the nunber of doses.
Smlar trends were seen in the adipose. This suggested that the
nonlinearity of absorption was due to the saturation of the
absorption process and not the saturation of the depots. The
insolubility of QCDD could contribute to this limted absorption.
Eimnpation half-lives for the liver and adi pose were
approxi mated at 130 days and 7 years, respectively. The slow
rate in the adipose is a reflection of the increased depot size
as the animal grows. The whole body elimnation half-life was
173 days (Birnbaum and Couture 1988).

In the conpanion study, Couture et al. (1988) eval uated
whet her subchroni ¢ exposure to low levels of OCDD would result in
continuously increasing body burdens. They also assessed the
significance of any concomitantly observed toxicities. Rats were
treated with 50 ug/kg ['“cjocpp by gavage for 10, 20, 40, or 65
tines (once daily, 5 days per week) and sacrificed 3 days post-
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exposure. They confirmed their previous results that the
percentage of total dose that localized in the liver renai ned
constant. Treatnent with 65 doses of OCDD el evat ed
7-ethoxyresorfurin-O-deethylase activity (ERD to 40 tines that
of controls. Cytochromes P-450c and P450d were al so i nduced,
which was in agreenent with increased EROD activity, since ERCD
activity is associated with cytochrome-P450c. Al so, total
cytochrome-~P450 | evel s doubl ed, and there was a 2 nm shift in the
Soret absorption maxi num The sel ective induction of cytochrome-
PA50c in conbination with the shift in the Soret absorption
maxi numwas characteristic of a 3-methylcholanthrene-type
Induction. QOCDD resulted in the manifestation of cytoplasmc
fatty vacuolization in the liver, which was centrilobular to
midzonal in distribution. The authors reported that subchronic
exposure to OCDD caused effects simlar to those observed
follow ng exposure to low levels of TCDD but was only 0.01-0.001
times as potent. The persistent accunul ati on of OCDD over tine
may eventually result in a toxic response, thus rendering OCDD a
pot ent heal t h hazard.

3. _Pent achl or odi benzof ur ans

Brewster and Birnbaum (1988) evaluated the distribution and
excretion of 1,2,3,7,8-pentachlorodibenzofuran (1PeCDF). Only 6%
of an intravenous dose (0.1 uM/kg) of [*H] | PeCDF remai ned in the
bl ood of the rat 15 mnutes after injection. |PeCDF primarily
distributed to the liver and nuscle and to a | esser degree to
adi pose and skin. After 3 days, levels in adipose and |iver were
simlar. The decline in tissue activity was exponential.
Apparently, the rapid elimnation fromthe blood reflected its
rapid distribution to tissues. Loss of radioactivity fromall
ti ssues except adipose followed a two-conponent exponenti al
decay; adi pose followed a one-conponent exponential decay.
Persistence in adi pose may be a cause for concern since
bi oaccunul ati on coul d occur upon repeated exposure. Daily
elimnation of IPeCOF activity was prinarily via the feces and
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foll owed a two-conponent exponential decay. Less than 0.5% of
the dose per day was detected in the urine. Hgh-pressure |iquid
chromatography analysis of the urine revealed at |east two
metabolites that constituted greater than 90% of the urine's
activity. Since the major excretory route was via the feces, the
authors examned the biliary excretion to see if the activity in
the feces originated in the bile. The amount of activity in the
bile suggested that it entered the intestine and was excreted
W thout recirculation. HPLC analysis of the bile revealed a
single netabolite simlar to the nore polar netabolite in the
urine. No parent conpound was ever detected in the bile.
Met abol i sm seens to be a requirenent for the elimnation of
1PeCDF.

Brewster et al. (1988a) studied the disposition of
2,3,4,7,8-pentachloridibenzofuran (4Pe(F) in rhesus nonkeys.
Fol | owi ng oral adninistration of ['cjapecDF, approximately 70%
of the dose remained in the stomach. Less than o.1% of 4PeCDF
activity was detected in the blood; none was detected in the
bile. S x hours after admnistration, 4PeCDF activity was
primarily distributed to nmuscle and skin. Mnkeys were al so
intravenously injected with 34 ug ["“cjapPecpF. Wthin 20
m nutes, 4PeCDF was el imnated fromthe blood and distributed to
the liver, skin, adipose, and nuscle tissues. E imnation from
the liver, skin, nuscle, and adipose tissues followed one-
conpartnent nodels with half-lives of 52.1, 37.6, 31.6, and 7.4
days, respectively. The relatively rapid elimnation rate from
adi pose was attributable to the loss of fat stores after 4PecDF
admnistration. Excretion of 4PeCDF activity was primarily by
the feces with a mninumwhol e body half-1ife of approximately 38
days. However, the half-life value is only a mninmumestinate
because of the inherent toxicity of this chemcal in the nonkey.
The ngjority of the excreted radioactivity was due to pol ar
metabolites. The authors specul ated that, as the nonkeys became
toxic, 4Pe(DF was translocated from tissues, thereby resulting in
enhanced excretion and/or toxicity.
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V. TISSLE RESIDUES G GHLCRI NATED DIBENZO-P-DIOXINS

~POs that are substituted in the 2,3,7,8-positions of the
dioxin structure tend to accunulate in lipid-rich tissues of
humans and can still be neasured in these tissues 20 years after
exposure. Analytical techniques have advanced to the poi nt where
PCDDs can be detected in hunman adi pose tissue, blood serum and
mlk at the pg/g (ppt) level. Quantification of PCDDs in hunan
tissue affords investigators the opportunity to characterize past
exposures to PCDDs either in the diet or in the environment
wthout relying solely on interviews, enploynent records, or
mlitary records.

A Studies of M etnam Vet S

Recent investigations have attenpted to assess objectively
t he exposure of Vietnamveterans to 2,3,7,8-TCDD (present as a
contamnant in 2,4,5-T, a conponent of Agent (O ange) by neasuring
this chemcal in the adi pose tissue and/or blood. The results of
these investigations are presented bel ow

In Volune XI of this review, prelimnary results of a study
conducted by the USCDC were discussed (Anonynous 1987 in d ement
1088, Karon et al. 1987 in denent 1988, Marshall et al. 1987 in
A enent 1988). An update of this study is presented here. Bl ood
serum TCDD | evel s were neasured in a cohort of MW etnamveterans
in an attenpt to determne if mlitary records could be used to
identify US Arny veterans exposed to TCDD cont am nat ed
her bi ci des (US(DC 1988d). Vietnamveterans who served in the
heavily sprayed IlIl Gorps mlitary region near Saigon during the
period 1967-1968 were identified, and five exposure scores or
I ndices were conputed frommlitary records. Three indices of
exposure were cal cul ated assumng that TCDD undergoes rapid
degradation on vegetation. Two other methods of scoring exposure
-were also chosen to reflect a |onger environnental persistence of
TADD. A group of 979 M etnamveterans were invited to
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partici pate; nen w th highest exposure scores were deliberately
over-sanpled. O the 979 invited participants, 68% (665)
conpl et ed tel ephone interviews and nedi cal exam nations and gave
bl ood sanples for residue analysis. A stratified random sanpl e
of 200 non-Vi etnamveterans of the same era was invited as a
conpari son group, and 52% (103) participated fully. Each
partici pant underwent a detailed interview regarding mlitary and
civilian exposure to herbicides. Wile 25% of M et nam vet erans
reported direct exposure (present during spraying or handl ed
sprayi ng equi pnent) and 71% reported indirect exposure (wal ked
through defoliated areas), 6% of non-\V et nam veterans reported
such exposures.

The update of this study provides the results of TCDD
anal yses that net |aboratory quality control criteria. These
anal yses were conducted on bl ood sanples from 646 Vi et nam
veterans and 97 non-Vi et nam veterans, or 66% and 48%,
respectively, of those eligible for the study. There was no
significant difference between Vi etnam and non-M et nam vet er ans
with respect to serum TCDD levels. Both groups were found to
have nean serum TCDD | evel s of approximately 4 ppt. Only two
Vi etnamveterans had clearly elevated TCDD | evel s (nore than
20 ppt). Furthernore, there was no correl ati on between serum
TCDD | evel and any of the five exposure scores based on mlitary
records or self-reports of exposure. The nore conplete results
reported in this update corroborate the conclusions drawn
previously; few of the participants in this study had unusually
heavy exposure to TCDD, and mlitary records cannot be used to
categorize potential exposures of veterans to TCDD

The Air Force conducted a nonconcurrent prospective study,
the Alr Force Health Study, of Ranch Hand personnel (Anonynous
1988a, Wl fe et al. 1988). This study was perforned in
conjunction with the ongoing Air Force Health Sudy of Ranch Hand
personnel (see Lathrop et al. 1984 in denent 1985, Lathrop et
al. 1987 in Aenent 1988, Wlfe et al. 198 in denent 1987).
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The phase of the study reported here neasured serum TCDD | evel s
In 150 Ranch Hand veterans all of whomwere either herbicide

| oaders or herbicide specialists in Vietnamand 50 nat ched
controls. The matched controls consisted of Air Force veterans
who served in air cargo units stationed in Southeast Asian

| ocations other than Vietnamduring the same period of the Ranch
Hand unit. TCDD anal yses that net |aboratory quality control
criteria were obtained from 147 Ranch Hand veterans and 49
controls. The nean serum TCCD |l evel in the Ranch Hand per sonnel
was 49 ppt (nedian 26 ppt), and 62% had | evel s above 20 ppt,

whi ch are considered to be el evated. The nean serum TCDD | evel
In the controls was 5 ppt (nmedian 5 ppt), and only one person had
a level above 20 ppt. These results indicate that relatively
heavy exposure to TCDD in those veterans who were either

herbi cide |oaders or herbicide specialists can be detected 20
years later in the bl ood.

SSmlar results were obtained by Kahn et al. (1988) in a
pilot study that neasured TCDD | evels in adi pose tissue and bl ood
of Vietnamveterans heavily exposed to Agent Orange. This pil ot
study is part of the Pointman Project sponsored by the State of
New Jersey, which is designed to conpare exposure of Vi et nam
veterans to Agent G ange with their 2,3,7,8-TcDD body burdens and
state of health. The objectives of the pilot study were to
determne, by isoner-specific analysis of all tetrachlorinated to
octachl ori nated di benzodi oxi ns and dibenzofurans, if a
rel ati onshi p exists between exposure and 2, 3,7,8-TCDD tissue
| evel s 15—20 years after heavy exposure in Vietnamveterans, and
whet her a correlation exists between bl ood and adi pose | evels.

The study popul ati on consisted of 27 nen, all of whomwere
Identified by gquestionnaires; their mlitary exposure status was
confirmed by U.S. Army/Department of Defense Joint Environnental
Support G oup. Ten of the subjects were heavily exposed Vi et nam
veterans; nine of those ten were herbicide handlers. Five Ranch
Hand veterans were included in this group. The remaining four
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classified as herbicide handlers were an Air Force freight
handl er who handl ed druns of defoliants, two Arny chemcal corps
specialists, and one Arny helicopter crew chief who filled
defoliant tanks and flew spray mssions. Another 10 M et nam
veterans with little or no history of exposure served as
controls, and an additional seven veterans who served at the sane
time as the Vietnamwar but who were not stationed in Southeast
Asia were Vietnamera control subjects. The controls were
mat ched to the exposed subjects based on sex, age at tine of
entry into the study =36 nonths, dates of mlitary service +36
nont hs, race/ethnicity, and rank. Subcut aneous abdom nal adi pose
tissue sanples and bl ood sanples were anal yzed for PCDDs and
PCDFs by high-resolution gas chromatography/mass Spectronetry.

The levels of 2,3,7,8-TcDD in the adi pose tissue and bl ood
of the exposed nmen were significantly higher than either control
group. Exposed nen were found to have a nean 2,3,7,8-TcDD | evel
I n adi pose tissue of 41.7 ppt (nedian 15.4 ppt) and a nean
2,3,7,8-TcDD |l evel in blood of 46.3 ppt (lipidbasis) (nedian
25.1 ppt). The nean adipose 2,3,7,8-TCDD | evel in pooled control
subjects was 4.3 ppt (nmedian 4.5 ppt), and in bl ood the nean
2,3,7,8-TcDD level was 5.7 ppt (lipid basis) (nedian 4.6 ppt).
Furthernore, 2,3,7,8-TcDD | evels in adipose tissue of exposed nen
exceeded their matched control values in 9 of the 10 pairs. The
sane was true for blood levels in six of the nine pairs suitable
for conparison. The 2,3,7,8-TcDD congener was also the only one
found to be elevated in the fat of the exposed nmen.  her
congeners were present at higher levels in the bl ood of exposed
men, but the differences were not as striking as they were for
2,3,7,8-TcDD. The authors attributed the higher |evels of other
congeners found in the blood of the exposed nen partially to
recovery problens with the 13-c-labeled surrogates.

Based on these results, Kahn et al. (1988) drew the
fol l owi ng concl usi ons:
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=

A though exposure cannot be ruled out by a |ow bl ood or
fat level of 2,3,7,8-TCDD, it is easy to identify cases
of heavy exposure by measuring fat or bl ood | evels even
15-20 years after exposure.

2. Adipose tissue and blood levels were highly correl ated
when the blood | evels were expressed on a fat content
basi s, which suggests that blood |levels nmay present a
reliable, easier, and less invasive nmeans of detecting
2,3,7,8-TCDD exposure.

3. The selective elevation of 2,3,7,8-TcDD | evels in
exposed veterans over other congeners (none of which
were present in Agent Gange but are present in the
industrialized world) indicates that this is a sensitive
i ndi cator of Agent (range exposure.

4. There is good quantitative agreenment between the results

obtained in blood in the present study and the CDC

(USDC 1988d) study (49 ppt vs. 46.3 ppt), |ending

credence to the net hods used.

Schecter et al. (1987a, 1988a) reported the results of an

i nvestigation carried out as part of a Commonweal th of
Massachusetts study on Vi et nam veterans. They sanpl ed the
adi pose tissue of 10 Vietnamveterans for 2,3,7,8-TcDD | evels.
S x of these nen were Ranch Hand veterans, and the remai ning four
bel i eved they were exposed to Agent Orange as helicopter sprayers
or herbicide handlers. No indication as to how the nen were
sel ected was provided in the paper. The Ranch Hand personnel had
TCDD adi pose levels of 7, 7, 43, and 55 ppt with tw as
"unconfirmed positives." The unconfirmed positives satisfied two
of the three analytical criteria for a positive sanple (i.e.,
accurate mass of the mz 320 and niz 322 nol ecul ar ions and
retention tine of the eluted material). Further work is being
conducted on these sanples. The other four nen exhibited |evels
of 3—-9 ppt, which are not considered to be elevated. These
results indicate that it cannot be assuned that all Wi etnam
veterans, even those claimng to be "heavily exposed," were
uniformy heavily exposed to Agent Orange, and that heavily
exposed Vietnamveterans can still be identified by elevated
| evels of 2,3,7,8-TcDD in the fat 15-20 years after exposure.
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This study is limted by the small sanple size, lack of controls,
and lack of detail on subject selection. Nevertheless, the
results are consistent with those found by others (e.g., Kahn et
al. 1988).

Taken together, the results of these studies indicate that
both bl ood and adi pose tissue |levels of 2,3,7,s-rcpp provide a
sensitive indicator of relatively heavy exposure to Agent O ange,
even 15-20 years after exposure. It is likely that the cohort of
Vietnamveterans that would nmeet the criteria for "relatively
heavi |y exposed" to Agent Grange is conposed of the Ranch Hand
personnel. The cohort nunbers 1,267 men and represents only a
small fraction of all Vietnamveterans. As Schecter et al.
(1987a, 1988a) demonstrated, not all Ranch Hand veterans were
uniformy heavily exposed to Agent range, SO a nore accurate
estinate woul d be that the nunber of "relatively heavily exposed"
Viethamveterans is under 1,000. These nethods apparently cannot
be used to detect or distinguish |owto noderate exposure, since
the levels in Vietnamveterans in general did not vary from
control values. Furthernore, blood TCDD levels may serve as an
easy, reliable, less expensive, and |less invasive nmeans to detect
Agent (range exposure. This becones particularly inmportant when
the expense and difficulty of sanpling all Vietnamveterans is
considered. Proponents of this nmethod argue that bl ood TCDD
| evel s may be a better index of potential health hazard since
bl ood circulates to vital organs and TCDD in fat is sequestered
(Kahn et al. 1988). Qhers argue that although fat sanpling is
more difficult, it is still preferred over blood because it is
| ess susceptible to diet variations and it contains a higher
content of 1ipid with which to hold TCDD and is thus a nore
reliable indicator of TCDD body burden.

B. Studies of other Exposed Popul ations

Several studies have been published that investigated the
| evel s of PCDDs and PCDFs in human mlk, liver, and adi pose from
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ot her exposed popul ations. These studies can be separated into
two categories: general popul ation or occupational studies and
studi es of popul ati ons exposed to a specific point source. The
annot at ed bi bl i ography that acconpanies this review contains
approxi mately two dozen citations that describe the |evels of
PCDDs and PCDFs in tissues fromgeneral industrial or
noni ndustrial popul ati ons across Europe, Asia, and North Anerica.
Most of these studies were reported in abstract formonly and
anal ytical results were often not reported. They will be
summari zed briefly here. Beck et al. (1988, abstract only)
attenpted to correlate previous exposures to the fat content of
PCDDs and reported that the maxi num PCDD |l evels in the fat of
occupationally exposed Gernan chem cal workers were 2,252 ppt
(2,3,7,8-TCDD), 9,613 ppt (HxCDD), and 4,120 ppt (HpcDD). This
|l evel of TCDD is far higher than those reported for relatively
heavi | y exposed M et nam vet er ans. In a study reported by
Fingerhut et al. (1988, abstract only) the 2,3,7,8~-TCDD |l evels in
the serum of chemcal workers involved in the production of
2,4,5~trichlorophenol and 2,4,5-T from 1951-1973 were conpared to
referent controls. The levels found in the exposed workers were
reported to "greatly exceed background levels." Wole bl ood and
adi pose tissue sanples were taken fromtwo subjects with a 13-
year occupational exposure to PCDDs and PCDFs at an indoor air
concentration of 0.2 pg tox. equivalent/m> (Papkeet al. 1988,
abstract only). Levels were reported to be within the range of
ot her unexposed subjects, leading the authors to conclude that no
correlation exists between tissue |levels and | ow| evel exposure.
QG her recent publications reported the |evels of PCDDs and
PCDFs in human ml k, liver, and/or adi pose fromthree highly
exposed popul ations: South M et nhamese wonen, residents of
M ssouri, Japanese Yusho and Chi nese Yucheng victins, and
residents of Seveso, Italy. The results of these studies are
descri bed bel ow
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In an ongoi ng study discussed in previous volunes of this
review (Schecter et al. 1986a in Oenent 1987, sSchecter et al.
1987¢,d in Uenent 1988), Schecter et al. (1987c) determned the
| evel s of PCDDs and PCDFs in human m |k sanples collected from
South M et nanmese wonen in 1973 and 1985 believed to have had
heavy exposure to Agent Orange. They conpared these |levels with
those from sanples taken fromdifferent wonen in 1970 (during or
I medi ately after Agent Orange was sprayed) and current North
Anerican and North M etnanese sanples. The sanple size was quite
small (18 in 1970, 9 in 1973, and 19 in 1985), the nothers were
not all fromthe sane geographical location, and the sanpling
cannot be considered representative of the larger popul ation.

Al of these factors tend to limt the useful ness of these
results. Nevertheless, certain trends can be identified in the
data. TCODD levels decreased in human mlk from South Vietnanese
worren from 1970 to 1985. average levels from positive sanples
(one-half to two-thirds of the total sanples) were 484 ppt in
1970, 121 ppt in 1973, and 12 ppt in 1985 The 1985 | evels were
slightly higher than those seen in North Anerican human mlk

(5 ppt) and nmarkedly higher than levels found in sanples from
North Vi etnamwhere Agent (range was not sprayed. The authors
concl uded that the elevated TCDD | evels seen in South M et nanese
women's M|k resulted from exposure to Agent Qrange 15 years
previously. Thus, human mlk provides a sensitive source to
measure exposure to dioxin, even though it can only be studied in
a limted portion of the general popul ation.

Anot her ongoi ng study discussed in previous volunes of this
review is the Mssouri Doxin study (Patterson et al. 1986a,b, In
dement 1987, Patterson et al. 1987a in denent 1988). Soil
sanples from Mssouri have been found to be contamnated wth
2,3,7,8-TcpD at |evels higher than 1 ppb. In previous studies
(Patterson et al. 1986a,b) exposed popul ations were defined as
(a) persons exposed for 2 or nore years to areas with 2,3,7, 8-
TADD levels in soil between 20 and 100 ppb, or (b) persons
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exposed for at least 6 nonths to areas with soil levels of nore
than 100 ppb of TCDD. The levels of 2,3,7,8-TcDD in the adi pose
tissues of these exposed peopl e were then neasured. Levels of
PCDs and PCDFs in adi pose tissue were recently evaluated in
seven selected residents with the highest exposure |evels
(determned previously as described above) and conpared wth
seven randomy selected controls (Needhamet al. 1987). The nean
value of 2,3,7,8-TCDD in adi pose tissue (expressed on a lipid
basis) in the exposed cases was about 345 ppt and in the controls
was about 10 ppt. However, the exposed cases did not differ from
controls with regard to the levels of other congeners present in
the adi pose tissue. These results indicate that background
exposure to PCDDs and PCDFs in general was simlar in the two
study groups, but that the exposed cases had experienced exposure
to a 2,3,7,8~-TCDD-specific source.

In July 1976 an expl osion occurred at a chemcal factory
manuf acturing 2,4,5-T in Meda, ltaly. The explosion rel eased a
cloud of toxic debris that resulted in contamnation of the soil
with 2,3,7,8-TCDD in the towns of Seveso, Meda, Cesano Mader no,
and Desio. The contamnated area was divided into three zones
(A B, and S depending on the level of TCDD found in the soil.
Zone A was the nost highly contamnated and Zone S was a control
zone. The results of serum sanpl e anal yses for TCDD from ni ne
Zone A residents and five Zone S residents have recently been
reported (Anonynous 1988b). The levels in the Zone A residents
were the highest ever reported and ranged from 828 to 27,821 ppt
(on a lipid basis). The three highest |evels were obtai ned from
chil dren who devel oped chloracne. The levels in tw other
chl oracne cases were simlar to the four other Zone A residents
who did not have chloracne. TCDD could not be detected in four
of the five control sanples. Thus, there is some overlap wth
regard to tissue TCDD levels in children who have chl oracne and
t hose who do not, and consequently there is no obvious tissue
threshold |evel of TCDD for the nmanifestation of chloracne.
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These results al so suggest that there is significant variation in
the sensitivity to the toxic effects of TCDD. Based on the
extrenely high body |evels of TCDD seen follow ng the Seveso
incident, this population is nore likely to show |ong-term
adverse health effects than either the Vi etnamveterans or the
Mssouri residents. This incident therefore provides a val uabl e
research tool wth which to study the health effects of acute
exposure to high levels of TCDD, to correlate tissue levels with
health effects, and to study the pharmacokinetics of TCDD in
humans.

Two incidents of extensive popul ation poisoning wth PCDFs
via ingestion of contamnated rice oil occurred: one incident
took place in Japan in 1968 (Yusho) and the other took place in
Taiwan in 1979 (Yucheng). Ryan et al. (1987) reported the
results of human tissue sanpl e anal yses of PCDD and PCDF |evel s
from Chi nese, Japanese, and two Japanese Yusho victins. The
| owest |evels were found in adipose tissue taken from Chinese
subjects (less than 30 pg/g). Levels in Japanese tissues were
simlar to those observed in other industrialized nations. The
ti ssue sanples froma Yusho victimcontained PCDFs at |evel s that
were 50 times the levels seen in the Japanese subjects,
indicating that relatively high | evel exposures can be detected
in tissues 9 years after exposure.

Kuroki et al. (1987) also found that the PCDF content in
human tissues is greatly elevated up to 9 years follow ng
relatively heavy exposure. They reported that PCDF levels in the
livers of Yusho victins (nunber not specified) were 11-69 ng/g
1-9 years after exposure, 9—22 ng/g in adipose tissue 1 year
after exposure, and 0.8 ng/g in lung tissue 9 years after
exposure. In conparison, the level of PCDFs in the adi pose
tissue of a control Japanese subject was 41-79 pg/g.
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C. Pharmacokinetic Paraneters
The studi es presented above indicated that anal yses of

adi pose tissue, bl ood, and breast m | k may be useful indicators
of exposure to PCDDs/ PCDFs. However, neasurenents of body

resi dues of these conpounds provide no nore than a
semiquantitative nmeasure of relative exposure in the absence of
an under st andi ng of the pharnacoki netic paranmeters required to
relate tissue residues to cumul ati ve dose.

The half-life of TCDD in humans was estinated as
approxi mately 6-10 years (Anonynous 1987 in denent 1988). This
estimate is based on assunption of first-order kinetics and
neasurenents in paired bl ood sera drawn in 1982 and 1987 from
Ranch Hand personnel.

A steady increase in adi pose tissue concentrations of PCDDs
with age was shown in research presented in the previous vol une
of this review and by Stanley (1986a,bin Qenent 1988). It is
apparent that PCDD residues probably do not reach equilibriumin
human tissues and that individuals may slowy accumul ate PCDDs
throughout their lifetimes. By contrast, a negative correlation
between human ml k residues of PCDDs and PCDFs and period of
,lactation or nunber of children nursed was reported by Fiarst et
al. (1987), with levels of PCDDs/ PCDFs decreasing as a result of
nursing.

Phar nacoki neti ¢ considerations nay account for some of the
apparently discrepant tissue |level data seen in heavily exposed
Vi etnamveterans and Seveso children with chloracne. It is
possi bl e that individuals vary considerably with regard to the
elimination of TCDD, so that conparable |evels of exposure may
not result in the sane tissue |levels since sone individual s may
met abol i ze and/or excrete TCDD at a nuch greater rate.

The concl usion expressed in the previous vol une of this
review renmains appropriate. Util the pharnacokinetic paraneters
are nore accurately defined, tissue residues of PCDDs/ PCDFs are
probably nore appropriate as indicators of relative exposure than
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as nmeasurenents of cunul ative dose. It is also likely that nmean
or nedian tissue levels determned froma representati ve sanpl e
of a given population are nore indicative of exposure than are

I ndi vidual |evels, because of large inter-individual variability
I N pharmacokinetic paraneters.

D Goncl usjons

Based on the studies discussed above, both bl ood and adi pose
tissue levels of 2,3,7,8-TCcDD provide a sensitive indicator of
rel ati vel y heavy exposure to Agent Orange, even 15—20 years after
exposure. Thus, these nethods are valid only for a snall
percentage of Vi etnamveterans who were heavily exposed. They
cannot be used to detect or distinguish |owto noderate exposure,
since the levels in Mietnamveterans in general did not vary from
control values. Studies of TCDD levels in the tissues of other
exposed popul ations are consistent with the findings in Vietnam
veterans in that only relatively heavy exposure can be reliably
detected. These studies also indicate that there is considerable
popul ation variation with regard to the susceptibility to TcDD-
I nduced toxicity and possibly the rate of netabolism and/ or
elimnation of TCDD
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This volunme is a bibliography of published and unpubl i shed
literature relevant to the hunman health effects of 2,4-D,
2,4,5-T, PCDD cacodylic acid, and picloram that becane avail abl e
during 1988. Sone of the literature cited was published in 1987
or earlier but were not available until 1988. S mlarly, sone
itens which will carry a publication date of 1988 were not
avail able during the year. The citations are arranged al pha-
betically by author. Each citation is followed by a series of
keywords. These keywords describe the infornmati on contained in
the paper including the health effects(s) or type of study, the
route of admnistrati on/ exposure, the chemical, the species, and
the type of report.

Fol lowing the key words is a line that indicates those pages
of the critical analysis (VMolune X 11) on which that docurent is
di scussed. Because nany resources, e.g., review articles, new
reports, and commentaries, are not cited in the critical review,
short narrative statenents describing the contents of those

docunents are included in the bibliography.



Abraham, K., Weberrug, U., Wiesmiller, T., Hagenmaier, H.,
Krowke, R., and Neubert, D. 1988. Conparative absorption
and distribution of PCDDs and PCDFs in the |iver and adi pose
tissue of rats and Marnboset nonkeys. Abstract of a paper
presented at the 8th International Synposiumon Chlorinated
D oxi ns and Rel at ed Conpounds. August 21-26, 1988, Umea,
Sneden. P. 187

Keywords: Absorption, distribution, netabolism and
excretion; Unspecified route of exposure; D oxins; Cher
contamnati ng conpounds; Mnkey; Rat; Abstract

The absorption and distribution of total PCDOFs after a
single oral dose of 23,200 ng/kg b.w was studied in rats
and nonkeys. Absorption after seven days was greater than
90% Anal ytical results were not provided.

Adhi kari, N and Gover, I.s. 1988. Cenotoxic effects of sone

system c pesti ci des: In vivo chronosonal aberrations in
bone marrow cells in rats. Environ. Mol. Mitagen.
12: 235- 242

Keywords: Cenetic toxicity; Injection; 2,4-D; Rat
See page 55.

Ahlborg, UG and victorin, K 1987. Inpact on health of
chlorinated dioxins and other trace organi c em ssions.
VWaste. Myt. Res. 5:203-224

Keywords: Dioxins; Hunman; Review article

The potential adverse health effects of chlorinated

hydr ocarbons (including 2,3,7,8-TCDD) that are present in
emssions from nmunicipal solid waste incinerators were
reviewed in this article. Data on environnental
concentrations and relative biologic activities of

PCDDs/ PCDFs were discussed in sonme detail (81 references).

Al banese, R.A. 1988. Wiited States Al r Force personnel and
exposure to herbicide Grange. NTIS Report No. AD A191 985.
USAF School of Aerospace Medi ci ne, Human Systens D vision .
(AFSC), Brooks Air Force Base, Texas. February 1988, 39
pages

Keywords: Cancer; Chloracne; Hepatotoxicity:; Cardi ovascul ar
toxicity; Neurobehavioral effects; Reproductive toxicity;
Immunotoxicity; Epidemiological study; Qccupati onal

exposur e; Phenoxy her bi ci de formulations; Human;

This is a report of the update of the norbidity study
conducted by the Air Force anong personnel assigned to
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(peration Ranch Hand in Vietnam This report is simlar to
that of Lathrop et al. 1987, which was reviewed in Vol une X

of this review (denent 1988).

Al-Bayati, Z.A.F., Murray, w.J., Pankaskie, M.c., and Stohs, S J.
1988a. 2,3,7,8-Tetrachlorodibenzo-p~dioxin (TCD i nduced
perturbation of calciumdistribution inthe rat. Res. cComm.
Chem. Pathol. Pharmacol. 60:47-56

Keywords: Acute toxicity:; Hepatotoxicity; Mechani sm of
action; Gher toxic effects; oral; Dioxins; Rat

The authors investigated the effects of acutely toxic doses
of TCDD on concentrations of calcium (G~) in the livers of
rats. TCADD caused a doubling of cal ciumconcentration in
whol e |iver honogenates five days after treatnment. Q eatest
I ncreases were observed in the mtochondria and the
microsomes. The significance of these findings is unclear.

Al-Bayati, Z.A.F., WAhba, Z2Z, and Sohs, SJ. 1988b. 2,3,7, 8-
Tetrachlorodibenzo-p~-dioxin (TCDD)-inducedalterations in
lipid peroxi dation, enzymes, and divalent cations in rat
testis. Xenobi ot i ca. 18: 1281- 1289

Keywords: Acute toxicity; Mechani smof action; Reproductive
toxicity; Gal; D oxins; Rat

See page 78.

Albro, P.W., Corbett, J.T., Schroeder, J.L., and Harvan, D
1988. Conparison of the effects of carbon tetrachloride and
of 2,3,7,8-tetrachlorodibenzo-p-dioxin on the di sposition of
linoleic acid inrat liver invitro. GCem Biol. Interact.

66: 267- 285

Keywords: Acute toxicity, Hepatotoxicity; Mechani sm of
action; Qher toxic effects; oral; DO oxins; Rat

The authors conpared the effects of TCDD and car bon
tetrachloride (ccCl,) on lipid peroxidation in rat Iiver.
The effects of TADD were different fromthose of ccl,. The
authors concluded that the effects of TCDD on |ipi'd

peroxi dation were so mnor that they could not account for
the acute toxic effects of this conpound.

Al~Turk, W.A., Shara, M.A., Mohammadpour, H., and Sohs, S J.
1988. Detary iron and 2,3,7,8~-tetrachlorodibenzo-p-dioxin
I nduced alterations in hepatic |ipid peroxidation,
gl ut at hioone content and body wei ght. Drug Chem Toxi col .
11:55-7



Keywords: Acute toxicity; Hepatotoxicity; Mechani sm of
action; Gher toxic effects; oOral; Dioxins; Rat

The authors studied the interaction between dietary iron and
| arge single doses of TCDD on lipid peroxidation in rat
liver. An iron deficient diet was protective against the

i nduction of |ipid peroxidation but not agai nst body wei ght

| oss i nduced by TCDD.

Anderson, HE , Hanrahan, L.P., Jensen, M., Laurin, D., Yick,
W-Y¥., and Wiegman, P. 1986. Wsconsin Vi et namveteran
nortality study - Proportionate nortality ratio results -
Standardi zed nortality ratio results (Final report). State
of Wsconsin Departnment of Health and Social Services,

D vision of Health and Social Services, Division.of Heal th,
Section of Environnental and Chroni c D sease Epi dem ol ogy,
Madi son, WI. March 1986, 64 pages -

Keywords: Cancer; Qher toxic effects; Epidemiological
study; Qccupational exposure; Phenoxy her bi ci de
formulations; Hunan

See pages 13, 24, 26 and 45.

Andrews, J.8., Jr., Wbb, K.B., Evans, R.G., Knutsen, A.P.,
Roberts, D.w., Roodnan, S.T., Schramm, W.F., d bson, B.B.,
Patterson, D.G, Jr., and Needham, L.L. 1988. Medi cal
eval uati on of subjects with known body |evels of 2,3,7,8-
tetrachlorodibenzo-p-dioxin. Abstract of a paper presented
at the 8th International Synposium on Chlorinated D oxins
and Rel ated Gonpounds. August 21-26, 1988, Umed, Sweden.
P. 164

Keywords: Chloracne; Epidem ol ogical study; Immunotoxicity:
Envi ronnental exposure; QCccupational exposure; D oxins;
Human; Abstract

See page 85.

Anonynous. 1988a. Serum 2,3,7,8-tetrachlorodibenzo-p-dioxin
levels in Air Force Health Study participants - Prelimnary
report. MMAR  37:309-311

Keywords: Tissue |evels; Qccupational exposure; Phenoxy
her bi ci de formulations; Human

See page 121.

Anonynous. 1988b. Prelimnary report: 2,3,7,8~Tetrachloro-
di benzo- p-di oxi n exposure to hunans - Seveso, Italy. MR
37: 733-736



Keywords: Tissue | evels; chloracne; Environnental exposure;
Dioxins; Hunman

See page 128.

Arlotto, M.Pp., MMIlen, s.K., and Parkinson, A 1988
Identification of a TCDD-inducible hanster |iver microsomal
protei n immunochemically related to rat cytochrome P-450a
but w thout testosterone 7a-hydroxylase activity. Toxicol o-
gist. 8:8

Keywords: Enzyme induction or inhibition; Mechanism of
action; Unspecified route of exposure; D oxins; Rat;
Hamster; Abstract

This abstract sunmarizes a study that conpared the
roperties of cytochrone P-450s induced by TCDD in rats and
ansters. Inrats TCOD induced a single protein. In

hansters TCDD induced two cytochrone P-450s immunologically

simlar tothat inrats but differing in enzynmatic
properties.

Assennato, G., Cannatelli, P., and Ghezzi, |. 1986. Health
surveillance of a potential TOXD exposed industrial
B_opul ation in Seveso: pattern of some liver-related .
iochemcal indicators. In Fo&, v., Emmett, E.A., Maroni,
M., and colombi, A (eds.). (ccupational and Environnental
Chemcal Hazards; cellular and B ochemcal Indices for
Monitoring ToXiClity. HIIS Horwood Limted, 1986,
Chichester, England. Pp. 212-216

Keywords: Epidemiological study; Hepatotoxicity: Porphyria
cut anea tarda; (rcupational exposure; D oxins; Human

See page 104.

Assennato, ¢., Cervino, D., Qccarelli, p.F., Longo, ., and
Merlo, F. 1988. Fol [ ow up of subjects who devel oped
chloracne followng TCD exposure at Seveso. Abstract of a
paper presented at the 8th International Synposium on
Chlorinated Doxins and Rel ated compounds. August 21-26,
1988, Umeda, Sneden. P. 156

Keywords: Chl oracne; Epi dem ol ogi cal study; Hepatotoxicity;
Neur obehavi oral effects; Environmental exposure; D oxins;
Human; Abstract

Bi ochemcal tests, skin examnation, and electrophysiologi-
cal neasurenents were taken on sub%ects (and conpari son
control s) who devel oped chloracne foll ow ng exposure to TCCD
at Seveso. Hepatic function and nerve conduction were

unaf fected and chl oracne was reversi bl e.
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See pages 98, 104 and 105.

Astroff, B. and Safe, S. 1988a. Conparative antiestrogenic
activities of 2,3,7,8-tetrachlorodibenzo~p-dioxin and
6-methyl-1,3,8-trichlorodibenzofuran i n tﬁe fenal e rat.
Toxi col. Appl. Pharmacol. 95:435-443

Keywords: Enzyne induction or inhibition, Aliterations in
sex hor nones; chanismof action; Injection; D oxins; Rat

The authors conpared the antiestrogeni c and microsomal m xed
function oxidase inducing activities of 6-methyl-1,3,8-
trichlorodibenzofuran (McDF) and TCDD in fermale rats. McDF
had significant antiestrogenic aCtI_VIt¥ at doses bel ow t hose
that induced MFo activity, suggesting that the hornonal
effects are not secondary to Increased estradi ol netabolism

Astroff, B. and Safe, S. 1988b. 6-Methyl-1,3,8-trichlorodi-
benzofuran (MDF) and related anal ogs as 2,3,7,8-tetra-
chlorodibenzo-p-~dioxin (TCD antagonists: Sructure-
activity relationships. Toxicologist. 8:107

Keywords:  Enzyne induction or inhibition;, Mechani sm of
action; Qher toxic effects; Unspecified route of exposure,
D oxins; Rat; Muse; Abstract

This abstract summarizes infornation that was published in
full in Astroff et ai1. 1988.

Astroff, B., Romkes, M., and Safe, S 1988a. Mechani sm of
action of 2,3,7,8-TcDD and an antiestrogen in the fenal e
rat. Abstract of a paper presented at the 8th International
Synposi umon Chlorinated D oxins and Rel ated Conpounds.
August 21-26, 1988, Umed, Saeden. P. 149

Keywords: Acute toxicity; Aterations in sex hornones;
Mechani sm of action; Unspecified route of exposure; D oxins;
Rat; Abstract

This abstract summarizes studies that were described in full
in Astroff and Safe 1988a.

Astroff, B., Zacharewski, T., Safe, s., Arlotto, M.P., Parkinson,

A., Thonas, P., and Levin, W 1988b. é-Methyl-1,3,8-tri-
chl or odi benzofuran as a 2,3,7,8~tetrachlorodibenzo-p~dioxin
antagonist: Inhibition of the induction of rat cytochrone
P-450 isozymes and rel ated monooxygenase activities. Mol.
Pharnmacol .  33:231-236

Keywords: Acute toxicity, Enzyne induction or inhibition;
Mechani sm of action; Injection; D oxins; Rat
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A structural anal og of TcpD, 6-methyl-1,3,8-trichlorodi=-
benzofuran ant agoni zes the 1 nduction of cytochrome P-450 by
TCD in rat liver but is not a potent inducer itself. The
antagoni st binds to the Ah receptor but does not cause gene
transcription.

Aulerich, rR.J3., Bursian, s.J., and Napolitano, A.c. 1988.
Bi ol ogi cal effects of epi dermal growth factor and
2,3,7,8-tetrachlorodibenzo-p-dioxin on devel oprent al
araneters of neonatal mnk. Arch. Environ. ntai n.
oxicol. 17:21-31

Keywords: Acute toxicity; Lethality; Mechani smof action;
Gher toxic effects; Injection; D okins; Qher species

The effects of intraperitoneal injection of TCDD and EG- on
devel oprent al Bar ameters were studied in neonatal mnk.

H gh doses of both TCDD and EG- caused both decreased wei ght
garn and nortality. However, there were inportant differ-
ences in the nature of other effects caused by these
compounds.

Axel son, Q 1987. Pesticides and cancer risks in agriculture.
Med. Oncol. Tunor Pharmacother. 4:.207-217

Keywords: Epidemiological study; Cancer; Qccupational
eprSlIJre; Phenoxy herbicide formulations; Human; Review
article

The author provides a conprehensive review of the
epi dem ol ogy of cancer anong agricultural workers wth
enphasis on the possible etiologic role of pesticides
i ncl udi ng phenoxy herbicides (8 references).

Bacher, M.A. and cibson, GG 1988. (hl or ophenoxyacid
her bi ci des i nduce microsomal cytochrone P-450 | VAL (P-452)
Iinrat liver. chem. Biol. Interact. 65145 156

Keywords: Acute toxicity; Enzynme induction or inhibition;
CGal; 2,4-D; 2,4,5-T; Rat

See page 106.

Bank, P.A., Salyers, KL., and zile, M.H. 1988. The effect of
2,3,7,8~tetrachlorodibenzo~p~dioxin (TD on hepatic
glucuronidation of retinoic acid. Toxicologist. 8:91

Keywords: Acute toxicity, Hepatotoxicity; Mechani sm of
action; Gher toxic effects; CGal; Doxins; Rat; Abstract



This abstract summarizes a study of the mechani smby which
TcDD depl etes stores of vitamn Ain the liver. The authors
found that TCDD i nduces the glucuronidation of vitamn A and
its netabolites in the |iver of rats, thus enhancing the
excretion of vitamn Ain the liver.

Bannister, R and Safe, S. 1987. The effects of receptor _
antagoni sts on the AHH i nduction activity of 2,3,7,8-TcpD in
¢57BL/6 and DBA/ 2 mce: 1,3, 6,8-Tetrachlorodibenzofuran.
Chenosphere.  16:1739-1742

Keywords: Acute toxicity: Enzyne induction or inhibition;
Mechani smof action; Injection; Dioxins; Muse

The authors found that 1,3, 6,8-tetrachlorodibenzofuran

ant agoni zed the induction of AHH activity by TCDD in both
responsi ve and non-responsi ve nouse strains but that it was
a much less effective antagonist in the responsive strain.

Banni $ter, rR., Kelley, M., and Safe, S. 1987. The effects of
receptor nmodul ators on the AHH induction activity of
2,3,7,8-TcDD in ¢57BL/6 and DBA/2 mce. Chenosphere.

16: 1687- 1689

Keywords: Acute toxicity; Enzyme induction or inhibition;
Mechani smof action; Injection; D oxins; Rat

Treatnent of Ah responsive mce with 2,27 ,4,47, 5,5/-hexa-
chlorobiphenyl increased the concentration of Ah receptor in
the liver and enhanced the induction of microsomal enzyne
activity by subsequent treatnent with TCDD. The nechani sm
d this interaction is being investigated.

Banni ster, rR., Davis, D., Biegel, L., Astroff, B., and Safe, S
1988. 6-Methyl-1,3,8-trichlorodibenzofuran ( as a
2,3,7,8-TcDD antagoni st in ¢57BL/6 mce. Abstract of a
paper presented at the 8th International Synposium on
Chlorinated D oxins and Rel ated Conpounds. August 21-26,
1988, uUmed, Saeden. P. 210

Keywords: Enzyme induction or inhibition; Immunotoxicity;
Mechani smof action; Birth defects; Unspecified route of
exposure; D oxins; Muse; Abstract :

This abstract summarizes studies that are described in full
In Astrof f et al. 1988b.

Barbieri, S., Pirovano, c¢., Scarlato, G., Tarchini, Pp., Zappa,
A., and Maranzana, M 1988. Long-termeffects of 2,3,7,8-
tetrachlorodibenzo~p~dioxin on the ;Z)erl pheral nervous
system Neuroepidemiology. 7:29-3



Keywords: Epi dem ol ogi cal study; Neurobehavioral effects;
Envi ronnment al exposure; Dioxins; G her contam nating
compounds; Human

See pages 97 and 98.

Beck, H., Eckart, K., Mathar, W., and Wittkowski, R 1988.
Background i nformati on on occupational |y exposed wor kers
with elevated | evel s of PCDDs and PCDFs. Abstract of a
paper presented at the 8th International Synposium on
Chl orinated D oxi ns and Rel at ed Conpounds. August 21- 26,
1988, Umea, Sweden. P. 173

Keywords: Tissue |evels; QCccupational exposure; D oxins;
Ct her contam nati ng conpounds; Hunan; Abstract

See page 126.

Berghard, A and Toftgard, R 1988. Qultured human hair
follicle keratinocytes as target cells for chlorinated
dioxins. Abstract of a paper presented at the 8th
International Synposiumon Chlorinated D oxins and Rel ated
Conpounds. August 21-26, 1988, Unea, Sweden. P. 190

Keywords: chloracne; Cancer; Mechani smof action; In vitro;
Dioxins; Human; Abstract

This abstract summarizes studies of the effect of 2,3,7, 8-
TCDF on prinmary cultures of hunman epi dermal keratinocytes.
TCDF treatnent caused a marked reduction in DNA synthesis
and nor phol ogi cal alterations characteristic of enhanced
differentiation.

Bickers, DR 1987. The dermatologic nmani festati ons of human
porphyria. Ann. NY Acad. Sci. 514:261-338

Keywords: Porphyria cutanea tarda; Dioxins; Human; Review
article

The author reviewed the pathology of the skin that is
associ ated wi th various porphyrias in humans including
porphyria cutanea tarda (PCI) (29 references).

Biegel, L., Howie, L., and Safe, S 1988. Pol ychl ori nated
bi phenyl (P congeners as 2,3,7,8-TCDD antagoni sts -
teratogenicity studies. Abstract of a paper presented at
the 8th International Synposium on Chlorinated O oxins and
Rel ated Conpounds. August 21-26, 1988, Umea, Saeden. P.
211

Keywords: Birth defects; Mechanismof action; Unspecified
route of exposure; D oxins; Muse; Abstract
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This abstract sumari zes studies of the antagonismof the
induction of birth defects (cleft palate) in mce by various
pol ychl ori nat ed biphenyl conpounds.

Birnbaum, L.S and Couture, L.A. 1988. D sposition of octa-
chlorodibenzo-p-dioxin (ODD) in nale rats. Toxicol. Appl.
Pharmacol. 93:22-30

Keywords: Absorption, distribution, metabolism and
excretion; Injection; Oral; Dioxins; Rat

See page 116.

Birnbaum L.s., Harris, M.W., and Morrissey, RE 1988
Sel ective enhancement of terat ogenicity in mce by TCDD and
vitamn A (RA). Toxicologist. 8:91

Keywords: Birth defects; Mechanismof action; oOral;
D oxi ns; Mbuse; Abstract

The interaction between the known teratogens TCDD and
vitamn Ain inducing birth defects in mce was studied.

The conbi nation resulted in an enhanced incidence of cleft
pal ate (an effect common to both chemcals) over what woul d
be expected if additivity is assumed. However, co-admnis-
tration of TCDD and vitamn A had no synergistic or antagon-
Istic effect on other teratogenic end points that were

uni que to each chemcal.

Bombick, D.W. and Matsunmura, F. 1987. 2,3,7,8-tetrachlorodi-
benzo- p- di oxi n causes, elevation of the levels of the protein
tyrosi ne ki nase pp60°~5Y©, J. Biochem. Toxicol. 2:141-154

Keywor ds: Acute toxicity; Mechanism of action; Gher toxic
effects; Injection; In vitro; D oxins; Qiinea pig;, Muse;
Rat

The authors studied the effect of TCDD on levels of a
protein tyrosine kinase in a variety of tissues in a variety
of species. This effect appeared to be nedi ated by the Ah
receptor. )

Bonbi ck, D.W., Jankun, J., Tullis, K., and Matsunura, F. 1988.
2,3,7,8-Tetrachlorodibenzo-p-dioxin causes increases in
expression of c~erb-A and |evels of protein-tyrosine Kkinases
In selected tissues of responsive nouse strains. Proc.
Natl. Acad. Sci. USA  85:4128-4132

\

Keywords: Acute toxicity; Mechanism of action; Qher organ;
Injection; D oxins;, Muse



The authors investigated the nechani smby whi ch TCDD causes
thymic i nvol ution i N Ah-responsive mce, Treatnent with
TCES caused nmarked increases in the activity of several
protein kinases in thymc epitheliumand increased the
expression of the c-erb-a gene in |iver.

Bond, c.e¢., Gook, RR, Brenner, F.E, and MLaren, E.A. 1987.
Eval uation of nortality patterns am)n% chem cal workers with
chloracne. Chemosphere. 16:2117-212

Keywords: Cancer; Epidemiological study; Gccupati onal
exposure; D oxins; Gher contam nating conpounds; Human

See pages 42 and 107.

Bond, G.G., Wetterstroem, N.H., Roush, G.J., Mlaren, E.A.,
Lipps, T.E, and Cook, RR 1988. Cause speci fic nortality
among enpl oyees engaged in the nmanufacture, formlation, or
packagi n%ro 2,4~dichlorophenoxyacetic acid and rel ated
salts. . J. Ind. Med. 45:98-105

Keywords: Cancer; Epidemi ol ogi cal study; Gccupational
exposure; 2,4-D; Hunan

See page 4o.

Bond, GG, Bodner, k.M., and Cook, RR 1989. Phenoxy
herbi ci des and cancer: Insufficient epidemiologic evi dence
for a causal relationship. Fund. Appl. Toxicol. 12:172-188

Keywords: Cancer; Epidemological study; Environnental
exposure; Cccupational exposure; Phenoxy herbici de
formulations; Human;, Reviewarticle

The authors reviewed retrospective cohort and case control
epi demol ogy studies of the possible association between
exposure to phenoxy herbicides and cancer. They concl uded
that discordant results are the result of methodologic
problens and that the total weight of evidence does not
support an associ ation (63 references).

Bookstaff, r.c., More, k.w., and Peterson, RE 1988. K fect
of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TAQD on the .
regulation of plasnma leutinizing hornmone (LH) concentration
innale rats. Toxicologist. 8:230

Keywords: Acute toxicity; Alterations in sex hornones;
Mechani sm of action; Unspecified route of exposure; D oxins;
Rat; Abstract

This abstract sunmarizes a study of the effect of TCDD on
testosterone levels and the regulation of steroid hornones
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in rats. The authors concluded that TCDD treatnent enhanced
the ability of testosterone to inhibit luteinizing hormone.

Bradfield ¢c.A., Kende, A.s., and Poland, A 1988. Kinetic and

equilibri Umstudi es of Ah r ecept or-1i gand bi ndi ng: Use of
[ I]2-iodo-7,8-dibromodibenzo-p-dioxin. Mol. Pharmacol.

34: 229- 237

Keywords: Acute toxicity; Mechani smof action; In vitro;
Dioxins; Mouse

The aut hors used a photo-affinity |label to study the
kinetics of the interaction between TCDD and the Ah-receptor
fromnouse liver in vitro. They found that the dissociation
rate constant was biphasic, |eading themto concl ude that

bi nding of TCDD to the receptor was a two-step process
involving an initial rapid binding step foll owed by a sl ower
transformation step.

Brandwene, D S and Kahn, P.c. 1988. The effect of 2,3,7,8~

tetrachlorodibenzo-p-dioxin (TCDD), 2,3-dichlorodibenzo-p-
dioxin (DcDD), and 2,3,7-trichlorodibenzo-p-dioxin (Tr D
on cytochrome P450 generated reactive oxygen. Toxi col ogi st .
8. 91 '

Keywords: Acute toxicity; Hepatotoxicity; Mechani sm of
action; Gher toxic effects; Oral; D oxins; Rat; Abstract

This abstract summari zes a study of hydrogen peroxide
production in hepatic microsomes from T(D-treated rats.
TCDD did not stimulate peroxide production but did inhibit
gl ut at hi one peroxi dase activity.

Brauner, J.A. and Kerkvliet, N.I. 1988. Howcytometric

Br esl

anal ysis of |ynphocyte subpopul ations in mce exposed to
2,3,7,8=-TcDD: (onstitutive and facultative expression.
Toxi col ogi st . 8: 80

Keywords: Immunotoxicity; Mechani smof action; oOral;
D oxi ns; Muse; Abstract

This abstract summari zes experinental investigations of the
effect of TADD on surface narker expression of thymic and
spl enic |ynphocytes in mce challenged with sheep red bl ood
cells.

in, P., Kang, H.K., Lee, Y., Burt, V., and Shepard, B M
1988. Proportionate nortality study of US Arny and US
Marine Corps veterans of the VietnamWar. J. Cocup. Med.
30: 412- 419
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Keywords: Cancer; Epidemiological study; Qccupati onal
exposure; Phenoxy herbi ci de formulations; Human

An unpubl i shed preprint of this article was included in
Volune X I of this review This study was critically
reviewed in Volunme X (see denent 1988).

See pages 24 and 2s.

Brewster, DW and Birnbaum L S 1988. D sposition of
1,2,3,7,8-pentachlorodibenzofuran in the rat. Toxicol.
Appl. Pharmacol. 95:490-498

Keywords: Absorption, distribution, metabolism and
excretion; Injection, Gher contamnating conpounds; Rat

See page 117.

Brewster, D W and Matsumura, F. 1988. Reduction of adi pose
tissue lipoprotein |ipase activity as a result of in vivo
admni stration of 2,3,7,8-tetrachlorodibenzo-p-dioxin to the
gui nea pig. Biochem. Pharnacol. 37:2247-225

Keywords: Acute toxicity; Mechani smof action; Qher toxic
effects; Injection; Dioxins; QUi nea pig

The authors studied the effects of single doses of TCDID on
| ipoprotein |ipase activity in various tissues of guinea

pi gs. TAD inhibited i ?oprotel n |ipase in_adipose tissue
and activity was not restored by glucose. The significance
of these findings for human health is not clear.

Brewster, D.w., Elwell, M.R., and Birnbaum L S 1988a.
Toxicity and disposition of 2,3,4,7,8-pentachlorodibenzo-
furan (y4PeCD:) in the Rhesus m)nkeg (Macacamulatta).
Toxi col . Appl. Pharmacol. 93:231-246

Keywords: chloracne; Acute toxicity; Henmatol ogi c effects;
Lethal ity; Absorption, distribution, nmetabolism and
excretion, Qher skin effects; Thyroid effects; |njection;
Dernmal ; Qal

See page 11s.

Brewster, p.w., Uaih, L.C, and Birnbaum L S 1988b. The
acute toxicity of 2,3,4,7,8-pentachlorodibenzofuran (4PeCF)
in the male Fischer rat. Fund. aAppl. Toxicol. 11:236-249

Keywords: Acute toxicity; GCardiovascular toxicity; Enzyme
i nduction or inhibition;, Hermatol ogic effects; Hepatotoxi -
city: Lethality; Qher toxic effects; Thyroid effects; Oal,
G her contamnating conpounds; Rat
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The authors investigated the acute oral toxicity of
2,3,4,7,8-pentachlorodibenzofuran in nal e rats. The LDg,
usi ng a 35-day observation period was 916 ug/kg. The types
of toxic effects seen were very simlar to those caused by
2,3,7,8-TCDD.

Brooks, A.L., Jordan, S.W., Bose, KK, Smth, J., and Al lison,
D C 1988. The cytogenetic and hepatotoxic effects of
dioxin on nouse liver cells. Cell Biol. Toxicol. 4:31-40

Keywords: Cenetic toxicity; Hepatotoxicity; Mechani sm of
action; Injection; Dioxins; Muse

See pages 56 and 105.

Brouwer, A., Blaner, WS, Verleg, H, Goettsch, W.G., Van den
Berg, KJ., and Koeman, J.H 1988. HEfect of 3,4,37,4/-
t et rachl or obi phenyl (TB) and 2,3,7,8-tetrachlorodiben-
zo(p)dioxin (TXD) on hepatic retinyl palmitate hydrol ase
(RPH) and acyl-CoA-retinol acyltransferase (ARAT) activities
in WAG/RIJ rats. Abstract of a paper presented at the 8th
International Synposium on Chlorinated DO oxins and Rel ated
Conpounds. August 21-26, 1988, Umea, Sweden. P. 147

Keywords: Acute toxicity; Mechanismof action; Qher toxic
effects; Injection; D oxins; Rat; Abstract

This abstract summarizes studies of the nechani sm by which
TCDD decreased the storage of vitamn Ain the livers of
rats. The findings were inconcl usive.

Brunner, H., Wiesmiller, T., Hagenmaier, H., Abraham X., Krowke,
R., and Neubert, D  1983. D stribution of PCDDs and PCDPs
in rat tissues follow ng various routes of admnistration.
Abstract of a paper presented at the 8th International
Synposi um on Chlori nated D oxi ns and Rel at ed Conpounds.
August 21-26, 1988, Umeda, Saeden. P. 195

Keywords: Absorption, distribution, netabolism and
excretion;, Injection; Unspecified route of exposure;
D oxins; Rat; Abstract

Tissue distribution of pcpD/Fs were studied in rats

foll ow ng subcutaneous or intraperitoneal injection.

D fferences were found in adipose levels and the ratio of
liver to adipose |evels between routes. Analytical results
were not provi ded.

Bunce, N.J., Landers, J.P., and Safe, SH 1988, Kinetic nodels
fOI’ associ ation of 2,3,7,8-tetrachlorodibenzo-p-dioxin W th
the Ah receptor. Arch. Biochem. Biophys. 267:384-397

13



Bur g

Keywords: Enzyne induction or inhibition; Mechani smof
action; Invitro; D oxins; Rat

The authors studied the kinetics of the binding of TCDD to
the Ah receptor from rat hepatocytes and concl uded t hat
conventional Scatchard analysis of this interacti on was

| nappropri ate because of thermal degradati on of the
unoccupi ed receptor. They proposed a nodel in which the
unoccupi ed receptor nust undergo a sl ow conformational
change before rapidly binding to TCDD or becom ng

I nacti vat ed.

R V. 1988. Toxicology update - TCDD. J. Appl. Toxicol.
8: 145- 148

Keywords: Acute toxicity; Cancer; (enetic toxicity:;
Reproductive toxicity; Doxins; Reviewarticle

The adverse hunman health effects, enphasizing those effects
that mght result fromlong-term |owlevel exposure, of
2,3,7,8-TcDD were reviewed in this article (13 references).

Canga, L., Levi, R., and Rfkind, A.B. 1988. Heart as a target

organ in 2,3,7,8-tetrachlorodibenzo-p~-dioxin toxicity:
Decreased pB-adrenergic responsi veness and evi dence of
increased intracellular calcium Proc. Natl. Acad. Sci.
USA.  85: 905-909

Keywords: Acute toxicity, Cardiovascular toxicity;
Mechani smof action; Injection; Dioxins; Quinea pig

See page 108.

Cantoni, L., Gaziani, A., Rzzardini, M., and Saletti, MC

1986. Porphyrinogeni c effect of hexachlorobenzene and
2,3,7,8-tetrachlorodibenzo~para-dioxin: Is an inhibitor
I nvol ved i n uroporphyrinogen decar boxyl ase inactivation?
Hexachl or obenzene: Proceedi ngs of an International
Symposium, 1985 |ARC Sci. Publ. 77:449-456

Keywords:  Porphyria cutanea tarda; Mechanismof action; In
vitro; D oxins; Muse

The authors studied the nechani sm by which TODD causes
porphyria using a subcellular fraction prepared from nouse
liver cells. They found that TCDD inhibited uropor-

phyri nogen decarboxylase in this system

14



CGantoni, L., Rzzardini, M., G- aziani, A., Carugo, C., and
Garattini, S 1987. Efects of chlorinated organics on
internediates in the heme pathway and on uroporphyrinogen
decar boxyl ase. Ann. NY Acad. Sci. 514:128-140

Keywords: Porphyria cutanea tarda; Subchronic toxicity;
Mechani smof action; |Injection; Dioxins; Mbuse

The authors studied the nechani smof the induction of
hepati c porphyria in mce by TCDD. They found that iron
plays an inportant role in this process and concl uded t hat
TCDD and rel ated conpounds i nhi bit uroporphyri nogen

decar boxyl ase. This conclusion is in contrast to that of
Lambrecht et al. 1988.

Caputo, R., MNnti, M., Ernmacora, E., Carminati, G., Gelmetti, C.,
Gianotti, R., Ganni, E., and Puccinelli, V. 1988.
Qut aneous nani festati ons of tetrachlorodibenzo-p-dioxin in
children and adol escents. Followup 10 years after the
Seveso, Italy, accident. J. Am Acad. Dermatol. 19:812-819

Keywor ds: Chloracne; Epidemological study; QGher skin
effects; Environnental exposure; D oxins; Human

See pages 105 and 108.

Cartwight, r.a., MK nney, p.a., o’Brien, c., Rchards, b.c.,
Roberts, B., Lauder, 1., Darwin, CM, Bernard, S M, and
Bird, c.c. 1988. Non-Hodkgin’s lymphoma: (Case control
epi dem ol ogi cal study in Yorkshire. Leuk. Res. 12:81-88

Keywords: Cancer; Epi dem ol ogical study; Environnental
exposure; (ccupational exposure; Phenoxy herbicide
formul ati ons; Hunman

See page 39.

d enent Associates, |nc. J_Clement). 1988. Reviewof literature
on herbicides, includi ng phenoxy herbicides and associated
dioxins. Vol. XI: Analysis of recent literature on health
effects, and Vol. X1: ‘Annotated bibliography of recent
literature on health effects. U.s. \eterans Administration,
Dept. of Medicine and Surgery, Washington, D.C 100 pages
and 80 pages.

Keywords: Environnental exposure; Qccupational exposure;
Phenoxy herbi ci de formulations; D oxins, Reviewarticle

This review article represents the fifth conpl ete update of

scientific literature relevant to the health effects of
phenoxy herbicides and their chlorinated di benzo-p-dioxin
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contaminants, and it covers the literature that becane
avai |l abl e i n 1987.

Clench-Aas, J., Lindstrém, G, Rappe, C., Slorach, S.A., and vaz,

R 1988. Levels of PC(DDs and PCDFs in Norwegi an and
Snedi sh human ml k. Abstract of a paper presented at the
8th International Synposiumon Chlorinated DO oxins and

Rel at ed Conpounds. August 21-26, 1988, Umea, Swaeden. P.
222

Keywords: Tissue | evels; Environmental exposure; D oxins;
Human; Abstract

PCOO'F |l evel s were nmeasured in mlk from wonen in Norway
and Sweden. Mean |l evels were: 2,3,7,8-TcDD= 2.7 - 3.3
pg/g mlk fat; QDD = 150 - 260 pg/g mlk fat; 2,3,4,7,8-
PeCDF = 12 - 20 pg/g mlk fat; and TCDD equi val ents = 15 -
25 pg/g mlk fat.

Cohen, F. L. 1986. Paternal contributions to birth defects.

Nurs. c¢lin. N Amer. 21:49-64

Keywords: Reproductive toxicity; Phenoxy herbi ci de
formul ati ons; Human; Review article

This review article discusses the effects of Agent O ange on
mal e reproductive function. The authors concluded that no
definite associati ons between exposure of Vietnamvets to
Agent Gange and birth defects in their children coul d be
drawn.

Constable, J.M., Timperi, R., Clapp, R., Antnman, K., and Boynton,

Qook,

B. 1987. VM etnamveterans and soft tissue sarcona. JOM.
29: 726

Keywords: Cancer; Epidemiological study; QCccupati onal
exposure; Phenoxy herbicide formulations; Human, GCommentary
or opi ni on

This letter to the editor disputed the authors’ discussion
and interpretation of a study of soft-tissue sarcona anong
Vietnamveterans (Kang et al. 1987, see Volune X of this
review). '

J.C, Gaido, K.W., and Geenlee, WF. 1987. Ah Receptor:
Rel evance of nechanistic studies to human risk assessnent.
Environ. Health Perspect. 76:71~77

Keywords: Cancer; Enzyme induction or inhibition;

Immunotoxicity; Mechanismof action; Qher skin effects;
Doxins; Review article .
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The authors reviewed recent research on the nature of the
cytochrone Pp.-450 gene in nouse and human epithelial cel
and the regulation of that gene by the Ah receptor (41
references).

Cook, RR, Bond, GG, dson, R.A., and Qt, MG 1987. Update
of the nortality experience of workers exposed to
chlori nated di oxins. GChenosphere. 16:2111-2116

Keywords: Cancer; Epi dem ol ogi cal study; Gccupati onal
exposure; D oxins; Cher contam nati ng conpounds; Hunman

This update of the nortality study of workers who nay have
been exposed to chlorinated di benzo-p-di oxins at the Dow
Chem cal Conpany in Mdl and, M chigan was presented at the
6th International Synposiumon Chlorinated D oxins and
Rel at ed Conpounds hel d i n Fukuoka, Japan in 1986. This
study was critically reviewed in Volune I X of this review
(see denent 1987).

Gouncil on Scientific Affairs. 1988. Gouncil Report: Cancer
risk of pesticides in agricultural workers. JAVA
260: 959- 966

Keywords: Epi dem ol ogi cal study; Cancer; Qcupati onal
exposur e; Phenoxy herbi ci de formulations; Human; Revi ew
article

This review addressed the possible relationship between
human cancer and exposure to pesticides, review ng both

epi dem ol ogi c and experinental evidence. The review
enphasi zed epi dem ol ogi ¢ evi dence suggesting el evated rates
of certain types of cancer, such as |ynphatic cancer, anong
farners but concluded that the epi demol ogi c evidence for
associ ation of any form of cancer wth exposure to
pesticides including herbicides is inconclusive (42
references).

Gouture, L.A., Hwell, M.rR., and Birnbaum, L.S 1988. D oxi n-
like effects observed in nmale rats follow ng exposure to
octachlorodibenzo-p-dioxin (QCD during a 13-week study.
Toxi col. Appl. Pharmacol. 93:31-46

Keywords: Enzyne induction or inhibition Hepatotoxicity;
Absorption, distribution, mnetabolism and excretion:
Subchroni ¢ toxicity; oral; D oxins; Rat

See page 116.

Qunp, KS 1988. Letters to the EHitor: Acritical evaluation
of a dose-response assessnent for TCCD Fd. Chem Toxi c.
26: 79- 80
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Keywords: Cancer; Dioxins; Commentary or opi ni on

The author of this letter to the editor criticized an
earlier paper by S elken (1987) (see Volune Xl of this
review) regarding the use of nathenatical nodels to estinate
ri sks of cancer fromexposure to dioxins at environnentally
rel evant concentrations.

cuthill, S. and Poellinger, L. 1988. DNA binding properties of
dioxin receptors in wld-type and mut ant nouse hepat ona
cells. Biochem. 27:2978-2982

Keywords: Mechani smof action; Invitro; D oxins; Mamali an
cells in culture

The authors studied the binding of Ah receptors taken from

w | d-type and nut ant nouse hepatona cells to DNA usi ng DNA-
cel lul ose col um chromatography. Neither receptor bound to
DNA wi t hout prior bi ochem cal nani pul ation and then only the
receptor fromthe wld-type cells was active, suggesting the
B_eeg_ for sone conformational change in the receptor prior to
i ndi ng.

Quthill, s., Wilhelmsson, A., Mason, GG, Gllner, M.,
Poel | i nger, L., and Qustafsson, J-A 1988. The dioxin
receptor: A conparison wth the glucocorticoid receptor.
J. Seroid B ochem 30:277-280

Keywords: Acute toxicity; Mechani smof action; D oxins;
Revi ew article

In this brief reviewarticle, the authors described the
physi co-chemcal simlarities between the "dioxin receptor”
and the glucocorticoid receptor in rat |liver and nouse
hepatona cells (11 references).

Davis, D and sSafe, S 1988. Imnmunosuppressive activities of
polychlorinated di benzof uran congeners: Quantitative
structure-activity relationships and interactive effects.
Toxi col. Appl. Pharmacol. 94:141-149

Keywords:  Immunotoxicity; Mechani sm of action; Injection;
D oxi ns; Muse

See page 87.
de Duffard, A.M.E., Rivarola, V., and Duffard, R 1988. Changes
of glycolipids and gangliosides in 2,4-dichlorophenoxyacetic

acid treated Chinese hanster ovary cells in nonol ayer
culture. Toxicity Assessnent. 3:117-125
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Keywords: (Genetic toxicity; Mechani smof action; G her
toxic effects; Invitro; 2,4-D; Mammalian cells in culture

See page 959.

Dencker, L., MIler, RK, Gasiewicz, T.A., and Rucci, G 1987.
The pharmacokinetics of TCOD in the perfused hunman pl acenta
invitro. Teratology. 35:74A-75A

Keywords: Absorption, distribution, netabolism and
excretion; Reproductive toxicity; Invitro; Dioxins; Human;
Abst r act

Perfused term hunman placentas were used to study the uptake
of 2,3,7,8-TcDD by the placenta. TCDD never equilibrated
between the fetal and maternal circul ati ons when added to
either side. The authors concluded that, although TCDD can
cross the human placenta, its transfer is substantially
lower than for other 1lipid or water sol ubl e substances.

Denis, M., Quthill, S, wikstrém, a-c., Poellinger, ., and
Qustafsson, J-A  1988. Association of the dioxin receptor
wth the M of 90,000 heat shock protein: A structural
kinship with the %Iucocortl coid receptor. Biochem. Biophys.
Res. comm. 155:801- 807

Keywords: _Mechani smof action; Hepatotoxicity; In vitro;
Dioxins;

dioxin (Ah) receptor inrats is associated in a conplex wth
a protein having a nol ecul ar wei ght of approximately 90,000,
known as the heat shock protein. = This same protein forns a
simlar receptor conplex with the glucocorticoid receptor.

Inthis paEer, the authors presented evidence that the

Deni son, M.s., Fisher, J.M, and whitlock, J.P., Jr. 1988a.
Inducible, receptor-dependent protein-DNA interactions at a
di oxi n-responsi ve transcriptional enhancer. Proc. Natl.
Acad. Sci. USA 85: 2528- 2532

Keywords: Mechani smof action; In vitro; DO oxins; Mammalian
cells in culture

The authors studied the interaction of the TCDD-Ah receptor
conpl ex with the cytochrome P,-450 gene in nouse hepatoma
cells and identified a dioxin-responsive elenent in the 5/~
flanking region that functions as a transcriptional
enhancer. The di oxi n-responsi ve el ement was shown to be
specific for the TCDD receptor conplex and to have a
relatively high affinity for that conpl ex.
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Denison, MS., Fisher, Jg.mM., and Whitlock, J.p., Jr. 1988b. The
DNA recognition site for the dioxin-an receptor conpl ex.
Nucl eot i de sequence and functional analysis. J. Bioi. Chem
263: 17221- 17224

Keywords: Mechani smof action; Invitro; pioxins; Manmal i an
cells inculture

The authors studied the binding of the Tcpp-aAh recept or
conplex to DNAinvitro and identified a "core® DNA sequence
that was present in all three receptor-dependent enhancers
at the Ah gene locus. However, they found that binding of
the ligand-receptor conplex to this sequence failed to
generate an active enhancer, sug?estl ng a ROSSI ble role for
nucl eoti de sequences in regions Tlanking the enhancer core
sequence.

Deregowski, K., sulik, M., Kenona, A., and Gassowska, E  1988.
Badani a radi oi zot opowe krwi I moczu szczurow W ostrym
zatruci u kwasem 2,4-dichlorofenoksyoctowym (2,4-D). Bronat.
Chem Toksykol. 21:41-43

Keywords: Acute toxicity; Absorption, distribution,
net abol i sm and excretion; oral; 2,4-D; Rat

This Polish Ianguage article (wth English surmar?/)
describes a study of the netabolic fate of a single oral
dose of 2,4-D in nmale Wstar rats. Mst of an acutely toxic
dose was elimnated in the urine within two days of .
admnistration but detectable concentrations were present in
urine as much as 20 days later.

Devine, o., Karon, J., Flanders, w., Needham, L., and Patterson,
D 1988. Association of serum 2,3,7,8-tetrachlorodibenzo-
-dioxin levels with personal characteristics of US Arny
| etnam veterans. Abstract of a pa{aer resented at the 8th
International Synposiumon Chlorinated D oxins and Rel at ed

Conpounds.  August 21-26, 1988, umea, Saeden. P. 158

Keywords: Tissue |evels; Gccupational exposure;
Environnental exposure; Phenoxy herbicide formulations;
- Dioxins; Human; ADStract

The association Of serum 2,3,7,8-TcDD | evel s and vari ous
characteristics in Mietnamvets were studied. There was a

Si 8nlf|cant positive relationship between body mass index

and serum | evel s and age and serum | evels, and veterans from
the western Uhited Sates had |ower levels than those from
other parts of the country. No other significant

rel ati onshi ps were found.
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Doss,

Doss,

Dowd,

ckx, P.J. 1988. Interaction of 1,4-benzoquinone and
2,4-dichlorophenoxyacetic acid with mcrosonal glutathione
transferase fromrat liver. Arch. Int. Physiol. Bi ochem
96: 1-5

Keywor ds: Hepatotoxicity; Mechani smof action; Absorption,
distribution, netabolism and excretion; In vitro; 2,4-D
Rat

The interaction of 2,4-Dwith mcrosonal and cytosolic
glutathione transferase (GSI) purified fromrat |iver was
studied. 2,4-Dinhibited purified mcrosonmal GST in a non
dose- dependent nmanner, whereas the crude m crosonmal GST was
inhibited in a dose-dependent manner. The authors concl uded
that the properties of soluble GST can not be extrapol at ed
to the mcrosonal GST.

M.0. 1987. Porphyrinurias and occupational disease. Ann.
NY Acad. Sci. 514:204-218

Keywords: Porphyria cutanea tarda; Cccupational exposure;
Envi ronnent al exposure; Dioxins; Human; Review article

The author reviewed a nunber of reports of altered urinary
por phyrin excretion patterns in workers and exam ned the
evi dence linking various chem cal exposure to chronic
hepati c porphyria (40 references).

MQ and colombi, A M 1986. Chronic hepatic porphyria
I nduced by chemcals: the exanple of dioxin. 1In Foa, V.,
Emmett, E.A., Maroni, M., and Colonbi, A (eds.).

Qccupational and Environnental Chemcal Hazards: Cellul ar.
and Biochemcal Indices for Munitoring Toxicity. HIis

Horwood Limted, 1986, Chichester, England. Pp. 237-240

Keywords: Hepatotoxicity; Porphyria cutanea tarda;
Envi ronment al exposure; D oxins; Hunan

This report has been published previously (Doss et al. 1984)
and was reviewed in Volunme V of this review (denent 1985).
The authors concluded that dioxin exposure in Seveso
resulted in porphyria cutanea tarda (PCI) in two individuals
who were genetically predisposed to this condition.

RM 1988. EPA revisits dioxin risks. Environ. <ci.
Technol . 22:373

Keywords: Cancer; D oxins; Human; Review article;
Comrmentary or opi nion

The author of this editorial criticized the u.s. Environ-
mental Protection Agency (EPA for not incorporating all
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rel evant infornmation on the nechani smof action intoits
recent reexamination of its estinate of hunman cancer risks
from exposure to 2,3,7,8-TCDD (no references).

Duffard, RQ, Mri de Moro, GB., and de Duffard, A.M.E. 1987.

Vul nerability of myelin devel opnent of the chick to the
her bi ci de 2,4~dichlorophenoxyacetic butyl ester. Neurochem
Res. 12:1077-1080

Keywords: Neurobehavi oral effects; Reproductive toxicity;
G her route of exposure; 2,4-D; Bird

See page 72.

Dunn, T.J., Lindahl, R., and Pitot, HC 1988. D fferential

gene expression in response to 2,3,7,8~-tetrachlorodibenzo-p-
dioxin (Tcpp). J. Biol. Chem. 263:10878-10886

Keywords: Enzyne induction or inhibition; Mechani smof
action; Injection; Dioxins; Rat

The authors studied the induction of cytochrome P-450c and
al dehyde dehydrogenase by TCDD in various tissues of rats.
They found that the induction of these two responses dif-
fered in dose-response, time course, and tissue specificity,
suggesting that TCDD rmay not nodul at e the expression of both
t hese genes through the Ah receptor.

Bl der, GH, Roberts, A.G., and Urquhart, A.J. 1987. Atera-

Elo,

tions of uroporphyri nogen decarboxyl ase by chl ori nated
organics. Ann. NY Acad. Sci. 514:141-147

Keywords: Mechani sm of action; Porphyria cutanea tarda;
Oral; Dioxins; Mouse

The authors studied the effect of hexachl or obenzene on the
specific activity of uroporphyrin decarboxylase in rat |iver
in order to investigate potential mechani sns by which

hal ogenat ed aromati ¢ hydrocarbons, including TCDD, cause
hepati c porphyria.

H.A., Hervonen, H., and Ylitalo, P. 1988. Conparative
study on cerebrovascul ar injuries by three chlorophenoxy-
aceti¢ acids (2,4-D 2,4,5-T and MCPA). Comp. Biochem.
Physiol. 90C:65-68

Keywords: Acute toxicity; Cardiovascular toxicity;
Neur obehavi oral effects; Gal; 2,4-D 2,4,5-T, Rat; Muse;
Quinea pig

The authors found that single oral doses of three different
phenoxy herbicides that were sufficiently large to cause
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near-lethal toxicity caused vascul ar damage, as indicated by
Evans bl ue extravasations in specific areas of the brain.
They found differences between species in both the extent
and | ocation of danmage to the bl ood brain barrier.

Eriksson, M and Hardell, L. 1988. Soft tissue sarcona and
exposure to phenoxy acids - A new case-referent study.
Abstract of a paper presented at the 8th International
Synposi umon Chl ori nated D oxi ns and Rel at ed Conpounds.
August 21-26, 1988, Umea, Snaeden. P. 159

Keywords: Cancer; Epi dem ol ogi cal study; Cccupational
exposure; Phenoxy herbi ci de formulations; Human; Abstract

This abstract of a synposium presentati on describes a study
that was published as a full-length article (Hardell and
Eri ksson 1988).

See page 33.

Evans, R.G., Wbb, K.B., Knutsen, A.P., Roodnan, s.T., Roberts,
D.W., Bagby, J.R., Garrett, W.A., Jr., and Andrews, J.S.,
Jr.  1983. A nedical followup of the health effects of
| ong-term exposure to 2,3,7,8~tetrachlorodibenzo~-p-dioxin.
Arch. Environ. Health. 43:273-278

Keywords: Epidemiological study; Immunotoxicity;
Envi ronment al exposure; D oxins; Human

See page 85.

Fabig, K-R 1988. Suppression of regional cerebral blood flow
(r@F) in human bel ngs after exposure to PCDD PCOF b
i nhal ation. Abstract of a paper presented at the 8th
International Synposiumon Chlorinated D oxins and Rel ated
Conpounds.  August 21-26, 1988, Unrea, Sweden. P. 326

Keywords: Epi demol ogi cal study; Cardiovascular toxicity;
Gher toxic effects; Qccupational exposure; D oxins; Qher
contam nati ng conpounds; Hunman; Abstract

See page 107.

Ferioli, A 1986. The use of urinary porphyrins to nonitor
occupational and environnental exposure'to chemcals. In

Foa, V., Emmett, E.A., Maroni, M., and Colombi, A 1eds.).
Qccupational and Environnental Chemcal Hazards: Cel | ul ar.
and Biochemcal Indices for Mnitoring Toxicity. HIis
Horwood Limited, 1986, chichester, ENngl and. . 241- 249
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Keywor ds: Hepatotoxicity; Porphyria cutanea tarda;
Qccupat i onal  exposure; Environnental exposure; D oxins;
Hunman; Review article

The aut hor reviewed evidence that |inks disturbances in
urinary porphyrin excretion patterns in humans exposed to
chemcals, including TCDD, and concluded that the avail abl e
evidence is not adequate to support the use of urinary
porphyrin levels to nonitor TCDD exposure.

Fi ngerhut, M., Sweeney, M., Patterson, D., Marlow, D., Hornung,
D., and Hal perin, W 1988. Levels of 2,3,7,8~tetrachloro-
di benzo-p-dioxin in the serumof US. chemcal workers
exposed to dioxin-contamnated products. Abstract of a
par)er presented at the 8th International Synposium on
Chlorinated D oxins and Rel ated Conpounds.  August 21-26,
1988, Urea, Swneden. P. 168

Keywords: Epi dem ol ogi cal study; Tissue |evels; GCccupa-
tional exposure; DO oxins; Hunman; Abstract

See page 126.

Finkel, A M 1988. Doxini Are we safer now than before? R sk
Anal . 8:161-165

Keywords: Cancer; Environnmental exposure; D oxins; Hunan;
Conment ary or opi ni on

In this editorial, the author examned the rational e behi nd
the revision of the cancer risk assessment for TCDD by the
US Environnmental Protection Agency (BPA (see Preuss et

al. 1988), and concluded that it was politically notivated.

Flédstrom, S, Ahlborg, UG 1988. Tunor pronotive effects of
TCDD-interactions Wth the diet. Abstract of a paper
resented at the 8th International Synposium on Chlorinated
oxins and Rel ated Conpounds. August 21-26, 1988, Unea,
Sneden. P. 148

Keywords: Cancer; Mechani smof action; Unspecified route of
exposure; D oxins, Rat; Abstract .

This abstract of a synposium presentation summarizes the
results of studies of the ability of TCDD to influence the
formation of enzyne altered foci in the livers of rats. The
formation of enzyme-altered foci appeared to depend on the
conposition of the diet. TCDD was 1nactive as a pronoter
when a synthetic diet was used.
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Forcier, ., Hudson, H.M., Cobbin, p.M., Jones, M.P., Adena,
M.A., and Fett, M.J. 1987 I_\/brtallt%/ of Australian _
veterans of the Vietnamconflict and the period and | ocation
of their Vietnamservice. Mlitary Med. 152:117-124

Keywords: Epidemiological study; Cancer; Qher toxic
effects; Qccupati onal exposure; Phenoxy herbi ci de
formulations; Human

This cohort nortality study anong Australian National _
Servi cemen who served in Vietnamwas part of the Australian
Veterans Health Studies. This and associated studies were
reviewed in Volunme V of this review (see denent 1985).

Fujisawa-Sehara, A., Yamane, M., and Fujii-Kuriyama, Y. 1988. A
DNA-bi nding factor specific for xenobiotic responsive
el ements of P-450c gene exists as a cryptic formin
cytoplasm Its possible translocation to nucleus. Proc.
Natl. Acad. Sci. USA 85:5859- 5863

Keywords: Acute toxicity; Enzyne induction or inhibition;
Nbfhanlsn1of action; In vitro;, Dioxins; Mammalian cells in
cul ture

The authors reported the identification of a factor in the
nucl eus of nouse hepatoma cells that binds to two different
responsi ve elenents and activates cytochrome P.-450 gene
transcription in the presence of TAD and related aHH

I nducers. Experinental evidence was presented indicating
that the factor consists, at least in part, of the cytosolic
Ah receptor.

Furst, P., Meemken, H-A., Kriger, Chr., and Groebel, W 1987.
Pol ychl ori nated di benzodi oxi ns and di benzofurans in hunan
mlk sanples fromwestern Germany. Chemosphere.

16: 1983- 1988

Keywords: Tissue |evels; Environnental exposure; D oxins;
Qher contamnating conpounds; Hunan

PCDO'F levels in breast mlk fromWst Gernan wonen were
analyzed. Al sanples contained a typical pattern of PCDDs
and . 2,3,7,8-TcpD could not be neasured in any
content, but the levels of other isomers decreased wth
decreasing chlorination. Qher trends were discussed.

See page 130.
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Gallo, M.A., Umbreit, T.H., and Spitzer, HL. 1988. A nechan-
istic nodel of TCDD for risk assessnent. Abstract of a
paloer presented at the 8th International Synposium on
Chlorinated D oxi ns and Rel ated Conpounds. August 21- 26,
1988, Umed, Sweden. P. 179

Keywords: GCancer; Mechani smof action; Dioxins; Review
article; Abstract

This abstract of a synposium presentation summarizes an
approach to incorporating information on postul ated
mechani sns of action into cancer risk assessnments for TCDD.

Gierthy, J.F., Lincoln, D.w., Gllespie, M.B., Seeger, J.I.,
Martinez, H.L., D ckerman, H.W., and Kunar, S.A. 1987.
Suppression of estrogen-regul ated extracel lular tissue
pl asm nogen activator activity of MOF-7 cells by 2, 3,7, 8-
tetrachlorodibenzo-p-dioxin. (Cancer Res. 47:6198-6203

Keywords: Acute toxicity; Alterations in sex hornones;
Mechani smof action; Invitro; D oxins; Human; Manmal i an
cells in culture

The authors investigated the nechani sns by which TCDD sup-
pressed the estrogen enhancenent of tissue plasm nogen acti -
vator in human breast cancer cells. They found no effect on
the nunber or affinity of estrogen receptors and concl uded
that the effect was secondary to the increased metaboli sm of
17B8-estradiol by cytochrome P-450.

dllner, M 1988. Polyacrylamide concentration gradi ent gel
el ectrophoresis of the 2,3,7,8~-tetrachlorodibenzo~p-dioxin
(T@D receptor in rat liver cytosol. Toxicol. Lett.
42: 273- 284

Keywords: Hepatotoxicity; Mechani smof action; Qher toxic
effects; Invitro; Doxins; Rat

In this article, the author described the devel opnent of a
nmet hod usi ng polyacrylamide gel electrophoresis to study the
physicochemical properties of the Ah receptor from rat

l'iver.

Gochfeld, M 1988. Hdlitorial: Newlight on the health of
Vi et nam vet er ans. Environ. Res. 47:109-111

Keywords: Epi dem ol ogi cal study; Neurobehavioral effects;

Reproductive toxicity, Qccupational exposure; Phenoxy
her bi ci de formulations; Hunan; Commentary or opinion
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This editorial served as a preface for the vol une of
Environnental Research in which the Arerican Legi on study
(Stellmanet al. 1988) was publ i shed.

Goel, M.R., Shara, M.A., and Stohs, S J. 1988. Induction of
lipid peroxi dati on by hexachl or ocycl ohexane, dieldrin, Tcopp,
carbon tetrachloride, and hexachlorobenzene iN rats. Bull.

Environ. Gontain. Toxicol. 40:255-262

Keywords: Acute toxicity; Hepatotoxicity: Mechani sm of
action; Gher toxic effects; oral; Dioxins; Rat

The aut hors conpared the effects of a series of hal ogenat ed
hydr ocarbons on |ipid peroxidase and gl ut at hi one per oxi dase
activity in the livers of rats. nly cc1,, TOD and |indane
i ncreased |ipid Rer oxidation and only cc1, and TGDD

| nhi bi ted gl utat hi one peroxi dase activity. The effects of
TAD were nuch less than those of cci,, consistent with the
findings of albro et al. 1988.

Gl dman, ., Needham L., Harnly, M., Chang, R., Hayward, D.,
Flattary, J., and Sephens;, R 1988. Bl ood, fat and breast
mlk dioxin levels in persons eating eggs wth dioxin
contamnation. Abstract of a paper presented at the sth.

I nternational Synposiumon Chlorinated D oxins and Rel ated
Conpounds.  August 21-26, 1988, umed, Sweden. P. 171

Keywords: Tissue |evels; Environmental exposure; D oxins;
Human; Abstract

PCDD' F levels in blood, fat and breast m |k fromi ndividual s
who consuned contamnated eggs in Northern California were
conpared to matched controls. Analytical results were not
provided.

Gorski, J.R., Lebofsky, M., and Rozman, K 1988a. Cortico-
sterone decreases toxicity of 2,3,7,8-tetrachlorodibenzo-p-
dioxin (T@D in hggoshgsectomized rats. J. Toxicol.
Environ. Heal th. : 349- 360

Keywords: Acute toxicity; Lethality; Mechani smof action;
Thyroid effects; Injection; D oxins;, Rat '

The authors studied the effect of hypophysectomy on the
acute lethal toxicity of TCDD in rats. Hypophysectony
caused an increased sensitivity to the lethal toxicity of
TCD but admnistration of corticosterone overcane the
effect of hypophysectony and protected against the acute
toxic effects of TCDD

27



Gorski, J.R, Muzi, G., Wber, L.WD., Perera, pb.w., Arceo, RJ.,
Iatropoulos, M.J., and Rozman, K 1988b. Some endocri ne
and nor phol ogi cal aspects of the acute toxici ;I_y of
2,3,7,8-tetrachlorodibenzo~p-dioxin (TCDD). TOXicol.
Pathol. 16:313-320

Keywords: Acute toxicity; Lethality; Mechani smof action;
Thyroi d effects; Injection; Dioxins; Rat

The effects of |lethal doses of TCDD on the thyroid gl and and
on | evels of thyroid hornones were conpared to the effects
of food deprivation. The authors concluded that the effects
of TCODD were different fromthose of food deprivati on.

Gorski, J.R, Rozman, T., Greim, H., and Rozman, K 1988c.
Corticosterone nmodul ates acute toxicity of 2,3,7,8-tetra-
chlorodibenzo-p~dioxin (TCD in nmal e Sprague-Dawl ey rats.
Fund. appl. Toxicol. 11:494-502

Keywords: Acute toxicity, Lethality; Mechani smof action;
I njection; D oxins; Rat

The authors studied the effects of adrenal ectony wi th and
W t hout subsequent Steroid hornone replacenent on the acute
| ethal toxicity of TCDD in rats. Adrenal ectony increased
the toxicity of TCDD and corticosterone protected agai nst
this increased lethality.

Gorski, J.R., \#ber, L.WD, and Rozman, K 1988d. Ti Ssue-
specific alterations of de novo fatty acid synthesis in
Ti treated rats. Toxicologist. 8:93

Keywords: Acute toxicity; Lethality, Hepatotoxicity:
Mechani sm of action; Thyroid effects; Unspecified route of
exposure; D oxins; Rat; Abstract

This abstract sunmarizes studies of the effect of TCDD on
fatty acid synthesis as neasured by tritiumuptake in rats.
TCOD decreased fatty acid synthesiS in intact but not
thyroidectomized rats, |eading the authors to concl ude that
this effect was secondary to effects on the thyroid.

G aham MJ., Lucier, GW, Linko, p., Maronpot, RR, and
Goldstein, J.A. 1988. Increases in cytochrone P-450
medi at ed 178-estradiol 2-hydroxylase activity in rat |iver
m crosones after both acute admnistrati on and subchronic
admnistration of 2,3,7,8~tetrachlorodibenzo-p-dioxin in a
t Wo- St age hepatocarcinogenesis nodel . carcinogenesis.

9:1935- 1941

Keywords: Cancer; Aterations in sex hormones; Mechani sm of
action; oral; D oxins; Rat
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G een,

The authors investigated the induction of estradiol 2-
hydroxylase activity by TCDD in the livers of nmal e and

femal e rats. Their studies suggested that TCDD i ncreases
estradi ol netaboli smby inducing the synthesis of cytochrone
P-450d activity. Additional studies wth diethylnitrosam ne
led the authors to conclude that the induction of cytochromne
P-450d nay be an inportant contribution to the mechani sns by
whi ch TCDD pronotes the formation of |iver tunors. '

L.M. 1987. Suicide and exposure to phenoxy acid
herbi cides. Scand. J. Wrk Environ. Health. 13:460

Keywords: Cancer; Epidemiological study; Neurobehavi oral
effects; GCccupational exposure; Phenoxy herbicide
formulations; Human; Conmentary or opi ni on;

A cohort nortality study was conducted on forestry workers
exposed to herbicides containing 2,4-D and 2,4,5-T. No
excess cancer nortality and no deaths due to soft-tissue
sarcona (SIS or non-Hodgkin’s lymphoma (N-) were reported.
There was a statistically significant increase in deaths
from sui ci de which the authors specul ated may be due to
pesti ci de-i nduced ONS toxicity.

See page 44.

G eenlee, WF., Csborne, R., Dold, K.M., Ross, L., and Cook, J.C

Hahn,

1987. TCADD  Mechanisns of altered growth regulation in
human epi dernal keratinocytes. Banbury Report 253

Nongenot oxi ¢ Mechani sns in Carcinogenesis. Pp. 247- 255

Keywords: Cancer; Mechanismof action; other skin effects;
Dioxins; Review article

The authors reviewed the results of research on the actions
of TCDD on human keratinocytes in culture and discussed the
Inplications of these results for such clinical endpoints as
chloracne and cancer pronotion (28 references).

ME, Gasiewcz, T.A., Linko, P., and Gasiew cz, T.A.
1987. Studies on the role of the Ah receptor in hexachloro-
benzene-induced porphyria. Ann. NY Acad. Sci. 514:333-334

Keywords:  Mechani sm of action; Porphyria cutanea tarda;
Oral; Dioxins; Mbuse

Usi ng Ah-responsive and non-responsi ve nouse strains, the

authors showed that the Ah receptor is probably involved in
t he pathogenesis of hepatic porphyria by hexachl or obenzene.
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Hakansson, H., Ahlborg, U.G., Myore, R.W., and Peterson, RE
1988a. Hepatic vitamn A storage inrelation to paired feed
restriction and to TCDD-treatment. Abstract of a ,oaper
presented at the 8th Internati onal Synposi umon Chl ori nat ed
D oxi ns and Rel ated Conpounds. August 21-26, 1988, Umea,
Swneden. P. 199

Keywords: Acute toxicity; Hepatotoxicity; Mechani smof
action; Gher toxic effects; Oal; Doxins; Rat; Abstract

This abstract summari zes a study that suggested that the
dose-rel ated decrease in hepatic vitamn A stores seen in
rats treated with TCDD is not due sinply to reduced feed
intake.

Hdkansson, H., Johansson, L., Manzoor, E., and Ahl borg, UG
1988b. TcCDD-Induced effects on the vitamn A homeostasis in
the rat. Abstract of a paper presented at the 8th
I nternati onal Synposi umon Chlorinated D oxi ns and Rel at ed
Conpounds. August 21-26, 1988, Umed, Saeden. P. 198

Keywords: Acute toxicity, Mechanismof action; Qher toxic
effects; Injection; oral; D oxins; Rat; Abstract

This abstract summarizes studies of the dose-response and
time course of the perturbation of vitamn Ainrats treated
with acutely toxic doses of TCDD

Hakansson, H., Pohjanvirta, R., Sankari, S., and Tuomisto, J.
1988c. Vitamn A status and lipid peroxi dati on foll ow ng
TADD exposure in a TcDD-susceptible and -resistant rat
strain. Abstract of a paper presented at the 8th
Internati onal Synmposium on Chlorinated O oxins and Rel ated
Conpounds. August 21-26, 1988, Urea, Saeden. P. 208

Keywords: Acute toxicity; Hepatotoxicity; Mechani sm of
action;, Qher toxic effects; UWhspecified route of exposure;
D oxins; Rat; Abstract

This abstract summarizes a study of the effect of single
doses of TAD on vitamn A storage and netabolismin two
different strains of rats having different susceptibility to
the acute toxic effects of TCDD. Sight differences in the
vitamn A response were not adequate to account for the
observed differences in sensitivity to other acute toxicity.

Hanberg, A., Hakansson, H., and Ahlborg, UG 1988. EDB0-Val ues
for TCDD i nduced reduction of body wei ght gain, |iver
enl argenent and thymic atrophy in rats, guinea pigs,
hansters and mce. Abstract of a paper presented at the 8th
International Synposiumon Chlorinated DO oxins and Rel ated
Conpounds.  August 21-26, 1988, Umea, Saeden. P. 160
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Keywords: Acute toxicity:; Lethality; Hepatotoxicity; Q her
organ; oral; Dioxins; QUi nea pi g; Hanster; Muse; Rat;
Abst r act

This abstract summarizes conparative studies of the acute

t oxi ci t% of TAODinrats, guinea pigs, hansters, and m ce.
Wi | e the doses requi red to pr oduce |1 ver enl argerment and
thymic atrophy in mce, rats and guinea pigs are simlar to
those that produce lethality, this is not frue for the
hanst er, where doses several orders of magnitude | ower than
the Lpg, produce these effects.

Hannah, R R 1988. DNA Binding forns of rat Ah receptor
conpl ex. Toxicologist. 8:35

Keywords: Mechanismof action; Gher toxic effects; In
vitro; Doxins; Rat; Abstract

In this abstract, the authors described the use of pNa-
cel | ul ose col um chromatography to study the nucl ear bindi ng
of the Tcpp-an receptor conplex. Two interconvertible forns
of the receptor with different affinities for DNA were
found.

Hardel I, L. and Axelson, 0. 1984. Phenoxyherbicides and ot her
pesticides in the etiology of cancer: Sone conments on
Snedi sh_experiences. In Becker, c.E., Coye, MJ. (eds.).
‘%g%igpr evention, Srategies in the Workplace. 1984, Pp.

Keywords: Cancer; Epi dem ol ogi cal study; Environnental
exposure; QCccupational exposure; Phenoxy herbi ci de _
formulations; Hunan; Commentary or opinion;, Review article

In this book chapter, the authors commented on and defended
the nethods and concl usions of their epidemiologic studies
that indicated associations between exposure to phenoxy

her bi ci des and increased risks of soft-tissue sarcona, non-
dengn's lymphoma and other forns of cancer (50 refer-
ences) .

Hardell, L., Mbss, A., Gsnond, D., and Vol berding, P. 1987.
‘Exposure to hair dyes and polychlorinated dibenzo-p-dioxins
in ADS patients with Kaposi sarcoma: An epidemiological
Investigation. Cancer Detect. Prev. Supp. 1:.567-570

Keywords: Cancer; Epi demol ogi cal study; Immunotoxicity:
Gher toxic effects; Qccupational exposure; Environnental
exposure; Phenoxy herbicide formulations; Hunan

See page 40.
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Hardell, L. and Eriksson, M. 1988a. The association between
soft tissue sarcomas and exposure to phenoxyacetic acids - A
new case-referent study. Cancer. 62:652-656

Keywords: Cancer; Epi dem ol ogi cal study; Cccupati onal
exposur e; Phenoxy her bi ci de formulations; Hunman

See page 33.

Hardel |, L. and Eriksson, M 1988b. HYV Infection and dioxin
exposure: R sk factors for Kaposi sarconma and nal i gnant
lymphoma? Lancet. March 12:591

Keywords: Epi dem ol ogi cal study; Cancer; D oxins; Hunman;
Comrent ary or opi ni on

Inthis letter to the editor, the authors addressed the

i ssue of a possi bl e associ ati on bet ween Kaposi sarcorma and
exposure to chlorinated di benzo-p-di oxins and/or phenoxy
her bi ci des (see Vineis and Zahm 1988) and concl uded t hat
further epidemiologic investigation is desirable.

Harper, P.A., Golas, CL., and Ckey, A.B. 1988. Characteri-
zation of the Ah receptor and aryl hydrocarbon hydroxyl ase
i nduction by 2,3,7,8-tetrachlorodibenzo-p~-dioxin and
benz (a)anthracene i n the hunan A431 squamous cel | carcinona
line. Cancer Res. 48:2388-2395

Keywords: Enzyne induction or inhibition; Mechanism of
action; Invitro; D oxins; Human

A human squanous carcinorma cell line was found to contain a
receptor that possesses the physicochemical properties of
the Ah receptor and which is present at concentrations
conparable to those in rodent liver cells. The affinity of
this receptor for TCDD was about an order of magnitude |ower
than that in nouse hepatoma cells. Nevertheless, the

aut hors concluded that this cell line provides a good nodel
system for studying the properties of the human Ah receptor.

Harris, M., Kanps, c., and Safe, S 1988. Role of the 4-5S
binding protein in the induction of aryl hydrocarbon
hydroxyl ase in the rat. carcinogenesis. 9:1475-1479

Keywords: Enzyme induction or inhibition; Mechani sm of
action; QGher toxic effects; Injection; D oxins; Rat

By conparing responses to TCDD in two different substrains
of Sprague-Dawl ey rats the authors showed that a 4-58
protein present in liver cytosol from one substrain played
no role in the induction of aryl hydrocarbon hydroxyl ase
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activity by TCDD, despite a high affinity for TCDD. AHH
i nduction which was simlar inthe two substrains is

pr obabl y medi at ed by bi ndi ng of TCDD to an 8-9S recept or
protein present in both substrains.

Hassoun, E.A.M. 1987. In vivo and in vitro interactions of TCDD
and other ligands of the Ah-receptor: HEfect on enbryonic
and fetal tissues. Arch. Toxicol. 61:145-149

Keywords: Mechani smof action; Reproductive toxicity; Birth
defects; Injection; Invitro; Dioxins; Muse

The effects of 2,3,7,8~-TcbD and other |igands of the Ah
receptor on fetal devel opnent and on primary cul tures of
thymocytes from C56BL/6 m ce were studied. Benzo(a)pyrene
i ncreased TADD-i nduced fetolethality but not the incidence
of cleft palate. 2,3,7,8-TCDBF and 2,3,7,8-TCDD caused a
decrease 1 n lymphoid devel opnent in culture. The authors
concluded that TCDD and other |igands act by a common
mechani smwhi ch may invol ve direct interaction wth
receptors present in the thymus.

Hassoun, E.A. and Arif, A.T. 1988. FEffect of D,L-a-difluoro-
methyl ornithine on cleft palate induced by the TCDD
congener, ¢ 3,3’,4,4’~tetrachloroazoxybenzene, i n the fetuses
of mce. Toxicology. 51:77-85

Keywords: Mechani smof action; Reproductive toxicity;
I njection; Qher contam nating conpounds; Muse

See page 79.

Henderson, L.Q and Patterson, DG, Jr. 1988. D stribution of
2,3,7,8-tetrachlorodibenzo-p-dioxin i n hunan whol e bl ood and
its association with, and extractability from |ipoproteins.
Bull. Environ. cContam. Toxicol. 40:604-611

Keywords: Absorption, distribution, metabolism and
excretion; Tissue levels; Invitro; DO oxins; Human

The distribution and extraction of exogenously added
2,3,7,8=-TcDD from human whol e bl ood and its association with
various lipoproteins was studied. TCODD was totally
recovered in plasma, and up to 5% was found in immunocytes.
The bulk of 2,3,7,8-T¢DD was found to be carried in the LDL
fraction.

Henry, E.c., Kester, J.E, and Gasiew cz, T.A. 1983. Hfects of
SH-modifying reagents on the rat hepatic Ah receptor:
Inhibition of ligand binding and transformati on, and
disruption of the |igand-receptor conpl ex. Biochim.

B ophys. Acta. 964:361-376
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Keywor ds: Hepatotoxicity; Mechani smof action; In vitro;
Dioxins; Rat

The authors investigated the effects of several conpounds
that nodi fy sulfhydryl groups (_SA? on the bi nding of TCDD
to Ah_receq_tor fromrat livers. Al of these conmpounds

I nhi bi ted TCDD bi ndi ng, suggesting the invol verent of -SH
grouP]s i n the mai ntenance of the physi cochem cal properties
of the Ah receptor. However, the authors found inportant
di fferences between the effects of these conpounds on the
properties of the Ah receptor and those of the gl ucocorti -
coi d receptor.

Her mansky, S.J., Holcslaw, T.L., Murray, wW.J., Markin, RS, and
Sohs, SJ. 198 B ochemcal and functional effects of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCCD on the heart of
femal e rats. Toxicol. Appl. Pharmacol. 95:175-184

Keywords: Acute toxicity; Cardiovascul ar toxicity;
Hepatotoxicity; Mechani smof action; oral; Dioxins; Rat

See pages 107 and 108.

Hines, RN, Mthis, J.M, and Jacob, CS 1988. Identification
of multiple regulatory elements on the hunan cytochrome
P4501 AL gene. carcinogenesis. 9:1599- 1605

Keywords: Mechanismof action; In vitro; D oxins; Mammalian
cells in culture

In this inportant study the authors cloned a 3574 base pair
fragment fromthe human cytochrone P-450 | AL gene. They
identified three new regulatory el enents and showed that the
_l%ggment was able to induce expression when treated wth

Hochstein, J.R, Aulerich, R J., and Bursian, S J. 1988, Acute
toxiclt Qf 2,3,7,8-tetrahclorodibenzo-p-dioxin t0 m nk.
Arch. Viron. Contam. Toxicol. 17:33~37

Keywords: Acute toxicity, Hepatotoxicity; Lethality; Renal
toxicity; Qher organ, oral; Dioxins; Qher species

This article describes a study of the acute oral toxicity of
TAD in adult male mnk. Hgh single doses produced a
characteristic wasting syndrone and |iver toxi CItY. A 28
day LDg, Of 4.2 jug/Kkg indicates that mnk are relatively
sensi'tive to the acute toxic effects of this conpound.
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Héfler, M, Gorski, J.R., and Rozman, K. 1988. Corti costerone
decreases toxicity of TCDD in hypophysectomized rats.
Toxi col ogi st. 8:93

Keywords: Acute toxicity;, Lethality;, Mechani smof action;
I njection; Dioxins; Rat; Abstract

This abstract sunmari zes studies that are described in full
in Gorski et al. 1988a.

Holcomb, M., Yao, C., and Safe, S 1988. Biologic and toxic
effects of _pol ychl ori nated di benzo- p-di oxin and di benzof uran
congeners in the guinea pig: Quantitative structure-activity
relationships. Biochem. Pharmacol. 37:1535-1539

Keywords: Acute toxicity; Enzyne induction or inhibition;
Mechani smof action; Injection; D oxins; Gher contamnating
compounds; QUi nea pi g

The aut hors determ ned dose-response rel ati onshidps for body
wei ght loss and induction of microsomal aryl hydrocarbon
hydroxylase activity in guinea pigs for a series of

chl ori nat ed di benzof urans and dibenzo-p-dioxins. The
results were used to derive a quantitative structure-
activity relationship for these conpounds.

Holder, J.W and Menzel, H.M. 1988. Analysis of 2,3,7,8-TCDD
tunor pronotion activity and its relationship to cancer.
Abstract of a paper presented at the 8th International
Synposi umon Chlorinated D oxi ns and Rel ated Conpounds.
August 21-26, 1988, Umea, Sneden. P. 180

Keywords: Cancer; Mechani smof action; D oxins; Muse;
Review article; Abstract

This abstract of a synposi um presentati on sunmmari zes
informati on on the nechani sm by which TADD caused i ncreased
i nci dences of cancer in experinental aninmals. The authors
argued that TCDD is a conpl ete carci nogen rather than a
promoter.

Holler, J.S, Patterson, D.G., and Smth, S J. 1988
Quantification of toxic chemcals in selected hunman
popul ations. J. Res. Natl. Bur. Sand. 93:412-413

Keywords: Tissue |evels; Phenoxy herbicide formulations;
D oxi ns; Human; Commentary or opi ni on

This comentary discusses the progress nmade and the

chal l enges facing the quantification of toxic chemcals in
sel ected hunman popul ati ons.
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Huayi, T. , schecter, A., Monson, s., Qo0ss, M., Constable, J.p.,
and Dan, V. 1988. ~ 2,3,7,8-TcDD |evels in human tissue
collected in the north and south of Vi etnamduring 1984-88.
Abstract of a paper presented at the 8th International

nposi umon Cnhl orinated D oxins and Rel at ed Conpounds.
August 21-26, 1988, umea, Sweden. P. 220

Keywords: Tissue | evels; Environnental exposure; Phenoxy
her bi ci de formulations; D oxins; Human; Abstract

Levels of 2,3,7,8TAD in mlk and fat fromMNorth and South
Vi et nanese were neasured. No analytical results were
presented.

Hubert-Habart, M 1988. La dioxi ne est-elle cancerogene? Une
reeval uation du risque [Is dioxin a carcinogen?
Reeval uation of risk]. Bull. du Cancer. 75:339-340

Keywords: Cancer; D oxins; Human, Reviewarticle;
Commentary or opi ni on

This editorial suggested that hunmans are nuch less sensitive
to the toxic (including carcinogenic) effects of TCDD than
experimental aninal s.

Iatropoulos, M.J., Gorski, J.R, Perera, D., Muzi, ., Arceo
R.J., \#ber, rL.w.D., and Rozman, K 1988. D fferentia
hi stopathology in T(DDtreated and pair-fed rats.

Toxi col ogi st.” 8:93

Keywords: Acute toxicity:; Lethality; Mechanism of action;
Injection; Dioxins; Rat; Abstract

This abstract summarizes studies of the histopathol ogy of
various tissues in rats treated wth acutely toxic doses of
TADD conpared to pair-fed and ad libitumfed control rats.
Histopathological alterations are caused both by decreased
f8|0d Intake and by TCDD but these changes are distingui sh-
abl e.

Igarashi, E and Masuda, M 1987. Developrmental toxicity of
subcutaneously admnistered 2,3,7,8-tetrachlorodibenzo-p-
dioxin (T@D in Jcl:IR mce. Teratology. 35:443-444

Keyw_)rds: Mechani sm of action; Birth defects; |Injection;
O oxi ns; Muse; Abstract

The effect of day of admnistration on the teratogenicity of
TAD in mce was studied. The maxi mum inci dence of both
cleft palate and dilated renal pelvis occurred when TCDD was
given on days 10 and 11 of gestation, indicating that these
two effects tended to occur together.
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| shikura, S. 1988. Toxicology of dioxins. 1Iden. 42:51-55

Keywords: Acute toxicity; Cancer; Reproductive toxicity;
Mechani smof action; D oxins; Human; Review article

Thi s Japanese | anguage article sumarizes information on the
health effects of 2,3,7,8-~TcpD with enphasi s on epi sodes of

environnental contamnation at Seveso and N agara Falls (25
references).

Jazwin, ME and Hannah, R R 1988. Metal oxyanion inhibition
of the Ah receptor. Toxicologist. 8:35

Keywords: Mechanismof action; Qher toxic effecfs; In
vitro; Doxins; Rat; Abstract

This abstract sunmarizes a study of the effect of nol ybdate
ion on the DNA bi ndi n%hpr operties of the conpl ex forned

bet ween TCDD and the receptor in rat hepatic cytosol.

Mol ybdate 1on appeared to interfere with the activation of
E)hedjrcnn-receptor conpl ex, thus interferingwth DNA -

i ndi ng.

Jennings, A.M., Wilda, ¢., Ward, J.p., and eard, A M 1988.
Immunological abnormalities 17 years after accidental
exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin.

Ind. Med. 45:701- 704

Keywords: Epi dem ol ogi cal study; Enzyne induction or
| Nhi bition;, Hepatotoxicity; Immunotoxicity; D OXins;
Qccupat i onal exposure; Human :

See page ss.

Kahn, p.c., Gchfeld, M., Nygren, M., Hansson, M., Rappe, c.,
Velez, H., Ghent-Guenther, T., and WI|son, w.p. 1988.
D oxi ns_and di benzof urans in bl ood and adi pose tissue of
ent O ange-exposed Vi et nam veterans and natched control s.
J 259: 1661- 1667

Keywords: Tissue |evels; Qccupational exposure; Phenoxy
her bi ci de formulations; D oxins; Hunman

See pages 122, 123 and 125.

Kancir, CB., Andersen, c., and Qesen, a.s. 1988. Marked
hypocal cema_ in a fatal poisoning wth chlorinated phenoxy
acid derivatives. clin. Toxicol. 26:257-264

Keywords: Acute toxicity; Lethality; Mechanismof action;
G al; Phenoxy herbicide formulations; Human
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See page 103.

Kang, H.K., \Watherbee, L., Breslin, P.P., Lee, Y., and Shepard,
B.M 1987. Response to Letters to the Editor: \ietnam
veterans and soft tissue sarcoma. JoM. 29:726

Keywords: Cancer; Epi dem ol ogi cal study; Cccupational
exposur e; Phenoxy herbi ci de formulations; Hunman; Conmmentary
or opi ni on

This letter to the editor constitutes a r_eplg by the authors
of a case-control study of the relationshi et ween soft -
tissue sarcona and mlitary service in Vietnamto the
critique of that study by Constable et al. (1987).

Kappas, A 1988. (n the nutagenic and recombinogenic activity
of certain herbicides in Sal nonel | a typhimurium and in
Aspergillus nidulans. Mit. Res. 204:615-621

Keyvxorlds: (Genetic toxicity; In vitro;, 2,4-p; Sngle-celled
ani na

See page 58. _

Karenlampi, S.0., Legraverend, C., Gudas, J.M., Carramanzana, N.,
and Hankinson, 0. 1988. A third genetic |ocus affecting
the Ah (dioxin) receptor. J. Biol. Chem. 263:10111-10117

Keywor ds:  Enzyme induction or inhibition, Mechani sm of
action; Invitro, Dioxins; Mammalian cells in culture

The authors studied the effect of TCDD on the expression of
the cytochrone p,-450 gene in a series of nouse hepatoma
cell lines, sone of which were resistant to AHH induction by
TAD  Sone resistant cell lines contained Ah receptor wth
undiminished affinity for TCDD, but with inpaired ability to
transl ocate to the nucl eus.

Kilpatrick, R., Knowelden, J., and Martin, D 1987. Mortality
fromsoft tissue sarconas in agricultural workers.
Chemosphere. 16: 2101- 2106

Keywords: Cancer; Epi deni ol og cal st udy; Qccupat i onal
exposure; Phenoxy herbici de formulations; Hunan

This study was presented at the 6th International Synposi um
on Chlorinated D oxins and Rel ated Conpounds in Fukuoka,
Japan in 1986 and was critically reviewed in Volune |X of
this review (see denent 1987).
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Kkm CS., Keizer, RF., and pritchard, J.B. 1988. 2,4-Di-
chlor-
ophenoxyacetic acid intoxication increases its accumul ation
wthinthe brain. Brain Res. 440:216-226

Keywords: Acute toxicity: Absorption, distribution,
met abol i sm and excretion; Mechani smof action; Neuro-
behavi oral effects; Injection; 2,4-pD; Muse; Rabbit

See pages 113, 114 and 115.

Kimbrough, R D. 1987. Porphyrins and hepatotoxicity. Ann. NY
Acad. Sci.  514: 289- 296

Ke y\olr ds: Porphyria cutanea tarda; D oxins; Human; Review
article

In this careful and detailed review the author described the
pat hol o]gy of porphyrias focussing on the distinction between
two different t?/pe_s of porphyria cutanea tarda (PCI) seen in
hunmans.  Mor phol ogi cal characteristics and ani mal nodel s for
these diseases were described (23 references).

Kl awans, H.L., W|son, rR.s., and Garron, DC 1987. Neurologic
probl ens fol |l ow ng exposure to 2,3,7,8-tetrachlorodibenzo-p~
dioxin (TAD Dioxin). In Jenner, P. (ed.). Neurotoxins
and Their Pharnacol ogi cal Inplications. Raven Press, 1987,
New York. Pp. 279-285

Keywords:  Neurobehavi oral effects; Gccupational exposure;
D oxi ns; Hunman

See page 97.

Kleenan, J.M, More, R.W., and Peterson, RE 1988. HEfects of
2,3,7,8~Tetrachlorodibenzo-p~dioxin (TD on_testosterone
§D23 Oproductlon by isolated perfused testes. Toxicol ogi st.

Keywords: Acute toxicity, Aterations in sex hornones;
Mechani smof action; Gher organ; Unspecified route of
exposure; D oxins; Rat; Abstract

This abstract summarizes a study of the mechani sns by which
TCDD decreases testosterone synthesis in rat testes. = The
results suggested that TCDD did not inhibit testosterone
production, but instead, interfered wth cholesterol-
supported secretion of that hormone.

Kogan, MD. and clapp, RW 1988. Soft tissue sarcoma nortality
anong Mi etnamveterans in Massachusetts, 1972-1983. Int. J.
Epi demol . 17:39-43
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Keywords: Cancer; Epi dem ol ogi cal study; Qccupati onal
exposure; Phenoxy herbi ci de formulations; Human

This is a publication of a nortality study anong Vi et nam
veterans in the state of Massachusetts. This study was
available in 1985 and was critically reviewed i n Vol une M |
of this review (see denent 1986).

See page 28.

Krowke, A.K. and Neubert, D 1988a. Dose-dependent distribution
of TADD in rat |iver and adi pose tissue. Abstract of a
paper presented at the 8th International Synposium on
Chlorinated D oxins and Rel ated Gonpounds. August 21-26,
1988, Umea, Saeden. P. 151

Keywords: Absorption, distribution, netabolism and
excretion; Mechani smof action; Unspecified route of
exposure; D oxins; Rat; Abstract

The dose-dependency and half-life of 2,3,7,8~TCDD
accunulation in rat liver and fat was studied follow ng a
singl e subcutaneous injection of 1 - 3,000 ng TCDD kg body
weight. TCOD content (% in liver increased w th increasing
dose. (T3in fat = 24.5 days; T% inliver = 11.5 days).

Krowke, A and Neubert, D 1988b. Absorption of TCDD follow ng
parenteral application in rats using various vehicles.
Abstract of a paper presented at the 8th International
Synposi um on lorinated DO oxins and Rel ated Conpounds.
August 21-26, 1988, Umea, Saeden. P. 188

Keywords: Absorption, distribution, netabolism and
excretion; Injection; D oxins; Rat; Abstract

The route of admnistration and vehicle that produced

maxi mum absorption of TCDD was studied in rats. The authors
concl uded that subcut aneous |n{0ect|0r_1 I N toluene/DMso (1.2
v/iv) at avolune of 0.2 m/kg b.w vyielded the best
absorption. Analytical results were not provided.

Kuratsune, M., Nakamura, Y., Ikeda, M., and Hirohata, T. 1987.
Anal ysis of deaths seen among patients with Yusho - A |
prelimnary report. cChemosphere. 16:2085-2088

Keywords: Cancer; Epidemol ogi cal study; Environnental
exposure; Gher contamnating conpounds; Hunman

See page 45.
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Kuroki, H., Haraguchi, K., and Masuda, Y. 1987. Polychlorinated
dibenzofuran (P(DF) congeners in the tissues of patients
W th Yusho and nornal Japanese. Chemosphere. 16:2039-2046

Keywords: Tissue |evels; Environmental exposure; Qher
cont am nati ng conpounds; Hunman

See page 129.

Lakshman, R R, Canpbell, B. S, Chirtel, S J., and Ekarohita, N
1988a. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(T@D on de novo fatty acid and chol esterol synthesis in
the rat. Lipids. 23:904-906

“Keywords: Acute toxicity:; Hepatotoxicity; Mechani sm of
action, Qher toxic effects; Injection; Dioxins; Rat

Tritiated water was used to follow the incorporation of
tritiumduring fatty acid and chol esterol synthesis in rat
l'iver and adi pose tissue. Single doses of TCDD strongly

I nhibited both fatty acid and chol esterol synthesis in these
tissues. The authors concluded that this inhibition may
contribute to the wasting phenonenon.

Lakshman, M.R., Chirtel, S J., Chambers, L.L., and Coutl aki s,
P.A. 1988b. Hfects of 2,3,7,8~tetrachlorodibenzo-p-dioxin .
(T@D on lipid synthesis and |ipogenic enzymes in the rat.
Abstract of a paper presented at the 8th International
Synposi um on Chlorinated D oxins and Rel ated Gonpounds.
August 21-26, 1988, Umea, Sneden. P. 146

Keywords: Acute toxicity; Hepatotoxicity, Mechani sm of
action; Qher toxic effects; Unspecified route of exposure;
Dioxins; Rat; Abstract

This abstract sunmarizes studies that were published in full
as Lakshnan et al. 1988a.

Lambrecht, R., Sinclair, p., Benent, WJ., Snclair, J., and
Carpenter, H 1987. ~Conparison of uroporphyrinogen
decar boxyl ase activities and uroporphyrin accumul ation in
mice, Japanese quail, and cul tured chick enbrC?/o h%at ocKﬁ(es
treated wth pol yhal o&enat ed aronatic conpounds. n.

Acad. <o 14:337- 338 :

Keywords: Acute toxicity; Mechanismof action;, Porphyria
cutanea tarda; Invitro;” Doxins; Bird; Abstract

In this abstract the authors summarized extensive experi-
mental evidence that the porphyria caused by TCDD in m ce,
JaPanese quail and cul tured chicken enbryo ‘hepatocytes is
not due to a decrease in uroporphyrinogen decarboxylase.
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Sone of these experiments are described in full i N Lambrecht
et al. 1988.

Lanbrecht, rR.w., Sinclair, P.R., Bement, wW.J., and Sinclair, J.F.
1988. U opor p%” n accunulation in cultured chick enbryo
hepatocytes: nparison of 2,3,7,8-tetrachlorodibenzo-p-
dioxin and 3,4,3’,4’-tetrachlorobiphenyl. Toxicol. Appl.
Pharmacol. 96:507-516

Keywor ds: Hepatotoxicity; Porphyria cutanea tarda;
Mechani smof action: Invitro; pioxins; Bird

The authors described the results of studies of the _
nmechani smby whi ch TCDD causes an accurul ation of porphyrins
_Fpor phyria)  in cul tured hepatocytes from chicken enbryos.
hey concl uded that the porphyria is the result of induction
of gy% ochrome Pp450 | eading to increased uroporphyrinogen

oxi dati on.

Landers, J., Bunce, N., and Safe, S 1988. |nterspecies
differences ininvitro thermal inactivation of unliganded
hepati c Ah receptor - evidence for Ah receptor heterol ogy.
Abstract of a paper presented at the 8th International
Synposi umon Chlorinated D oxins and Rel at ed Conpounds.

Algust 21-26, 1988, umea, Sneden. P. 212

Keywords: Hepatotoxicity; Mechanismof action;, In vitro;
Doxins; Qinea pig;, Hanster; Muse;, Rat; Abstract

This abstract summarizes studies of the in vitro thernal

I nactivation of Ah receptor fromthe livers of different
species. The authors found significant interspecies
differences in the thermodynamic properties of the receptor,
but these differences were not sufficient to account for

{ nt (_al_rcaDem es differences in Ah-receptor nedi ated responses
0

Leung, H-W., Ku, R.H., Paustenbach, D.J., and Andersen, M.E.
1988a. A physiologically based pharmacokinetic nodel for
2,3,7,8~tetrachlorodibenzo-p-dioxin in (57BL/6J and DBA/ 2J
mce. Toxicol. Lett. 42:15-28

Keywords: Cancer; Absorption, distribution, netabolism and
excretion; Doxins; Review article

The authors used experinental data devel oped by Gasiew cz et
al. to develop a phty_S| ol ogi cal | y based phar macoki netic nodel
for the uptake and fissue distribution of TCCD in responsive
and non-responsive strains of mce and suggested that

phar nacoki netic considerations nmay play a role in strain
differences in sensitivity to the toxic effects of these
compounds.
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Leung, H-w., Murray, F.J., and Paustenbach, D J. 1988b. A

proposed occupational exposure limt for 2,3,7,8~tetra-
chlorodibenzo-p~dioxin. Am 1Ind. Hyg. Assoc. J. 49:466-474

Keywords: Cancer; Cenetic toxicity; Reproductive toxicity:
Qccupati onal exposure; Dioxins; Human; Reviewarticle

In the absence of a regulatory standard for occupati onal
exposure of workers to 2,3,7,8-TcDbD, the authors present the
rationale for their recommendati on of an occupati onal
exposure |imt of 0.2 ng/m of air as an 8-hour tine

wei ght ed aver age concentration. THe basis for this limt is
t he absence of acute toxic effects in workers as well as
chronic toxicity data fromexperinental aninmals (74
references).

Levy, CJ. 1988. Agent O ange exposure and posttraumatic stress

Li,

Lin,

disorder. J. Nerv. Mental DO s. 176: 242- 245

Keywords: Epidemiological study; Neurobehavioral effects;
Qccupat i onal exposure; Phenoxy herbi ci de formulations; Hunan

See pages 95 and 96.

M.A., Denomme, M.A., Towner, R., Leece, B., and Safe, S
1988. Synergistic toxic interactions of hexachl orobenzene
(HB and 2,3,7,8-tetrachlorodibenzo-p-dioxin (T(D in the
rat. Toxicologist. 8:35

Keywords: Acute toxicity; Enzyme induction or inhibition;
Mechani smof action; Qher toxic effects; Unspecified route
of exposure; D oxins; Rat; Abstract

This abstract describes a study of the interaction of TCDD
and hexachl or obenzene in causing acute toxic effects in
rats. The authors found that HCB interacted synergistically
with TADD in produci ng weight |oss and thymic atrophy.

F.S., stohs, s., Birnmbaum, L.S, Lucier, G.w., and
Gl dstein, J.A. 1988. Decreases in hepatic glucocorticoid

(GR and epidernal growth factor (E3F) receptor binding in
mouse liver after treatnent with 2,3,7,8-tetrachlorodibenzo-

p-dioxin (TCDD). FASEB J. 2:A375

Keywords: Acute toxicity; Enzyme induction or inhibition;
Hepatotoxicity:; Mechani smof action; Unspecified route of
exposure; D oxins; Muse; Abstract

This abstract describes a study of the conparative dose-
response and tinme course of the induction of ERCD activity,
inhibition of the glucocorticoid receptor and inhibition of
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the EG- receptor in nouse livers after treatnent with TCDD
The authors concluded that there were snall but inportant
di fferences between these three separate effects.

Lincoln, DW, I|l, Kampcik, S J., and Gerthy, J.F.  1987.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TADD) does not i nhibit
intercellular communi cation i n Chi nese hanster V79 cell s.
Carcinogenesis. 8:1817-1820

Keywords: Cancer; Mechanismof action; In vitro; Dioxins;
Mamal i an cells in culture

See page 48.

Lindstrém, G.U.M., Sjoéstrém, M, Swanson, S. E, Farst, P.,
Kriger, C., Meenken, H-A., and Groebel, W 1988.
Miultivariate statistical approach to a data set of dioxin
and furan contamnations in hunan ml k. Bull. Environ.
Contam Toxi col . 40: 641- 646

Keywords: Tissue |evels; Environnental exposure; D oxins;
G her contam nati ng conpounds; Hunman

The authors used nmultivariate statistical nethods to anal yze
data on PCDO'F levels in human ml k. They found that there
is little overall relationship between the personalia

vari abl es and chemcal vari abl es.

Lukowicz-Ratajczak, J. and Krechniak, J. 1988. Hfects of
sodi um 2, 4-dichlorophenoxyacetate on renal function in the
rat. Bull. EBEnviron. Contam Toxicol. 41:815-821

Keywords: Renal toxicity; Subchronic toxicity; Injection;
2,4~D; Rat

See page 109.

Lundbe(rf;b K., Grénvik, K-0., and Dencker, L. 1988. HEfects of
on thymocyte differentiation and function in young

mce. Abstract of a paper presented at the 8th
International Synposiumon Chlorinated D oxins and Rel at ed

Gonpounds. August 21-26, 1988, Umed, Sneden. P. 161

Keywords: Acute toxicity, Immunotoxicity; Mechani smof
action; Gher organ; Unspecified route of exposure; D oxins;
Mouse; Abstract

See page 88.
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Luster, M.I., Germolec, DR, dark, G., Wegand, G., and
Rosenthal, GJ. 1988. Selective effects of 2,3,7,8-tetra-
chlorodibenzo-p~dioxin and corticosteroid on in vitro
| ynphocyte maturation. J. Immunol. 140:928-935

Keywords: Immunotoxicity; Mechani smof action; In vitro;
Dioxins; Mouse

See page 87.

Mably, T.A. and Peterson, RE 1988. Decreased gastric acid
secretion as a possi bl e nmechani smof hypergastrinema in
2,3,7,8-tetrachlorodibenzo~-p-dioxin (TCDD)-treatedrats.
Toxicologist. 8:92

Keywords: Acute toxicity; Lethality; Mechani smof action;
Etbher organ; Unspecified route of exposure; D oxins; Rat;
st ract

This abstract summari zes studies of the effect of TCDD on
the gastric nucosa of rats. TCDD caused gastric hyperpl asi a
in the later stages of the wasting syndrone. The authors
concluded that this was secondary to decreased gastric acid
secretion.

Manjunath, Gs. and Dufresne, MJ. 1988. Evidence that 2, 3,7, 8-
tetrachlorodibenzo-p-dioxin i nduces NADPH cyt ochrome c
(p-450) reductase in rat hepatoma cells in culture. GCell
Biol. Int. Rep. 12:41-51

Keywords: Enzyne induction or inhibition; Mechani sm of
action; In vitro; Dioxins; Mammalian cells in culture

The authors investigated reasons for the inability of TCDD
to induce aryl hydrocarbon hydroxylase (AH) activity in a
rat hepatonma cell line. The lack was not caused by either a
deficiency of Ah receptor or a defect in the induction of
NADPH-cytochrome C reductase. The authors postul ated a
defect in either the Ah receptor-DNA binding or in the
structural gene coding for cytochrone pP-450.

Marlow, D and Fingerhut, M 1986. Dioxin registry report:
Report prepared by review docurments from D anmond Shanrock
corporation, D anond A kali conpany. NIOSH-CDC Report
Nunber 117.16(PB87-2 22808). Industrial Hygi ene Section,
I ndustryw de Studies Branch, Dvision of Surveillance,
Hazard Evaluations and Field Sudies, NIOSH, CDC
A ncinnati, CH June 1986, 49 pages

Keywords: Chloracne; Cancer; Porphyria cutanea tarda;
Qccupat i onal exposure; D oxins; 2,4,5-T; Human
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See page 47.

Marlow, D, Fingerhut, M., Hearn, S, Jones, J., and Honchar, P.
1987. Doxin Registry Report. NTIs Report No. PB 88-1
25992. Industrial Hygiene Section, |ndustryw de St udies
Branch, D vision of surveillance, Hazard Eval uations and
Field Studies, National Institute for Gccupational Safety
and Health (n1osH), Centers for D sease Gontrol (cpe),

A ncinnati, Chio. My 1987, 23 pages

Keywords: Epi dem ol ogi cal study; Cccupational exposure;
Dioxins; 2,4,5-T; Human

See page 47.

Mason, GGF., WIlhel nsson, a., Quthill, s., Gllner, M.,
Poel I i nger, L., and CQustafsson, J-A. 1988. The di oxin
receptor: Characterization of its DNA-binding properties.
J. eroi d Biochem 30:307-310

Keywor ds:  Hepatotoxicity; Mechani smof action; In vitro;
Dioxins;

The authors conpared the DNA bi nding properties of the
dioxin (A1) receptor and the glucocorticoid receptor. Both
receptors bound to DNA only when bound to their specific

| i gands, suggesting to the authors that both receptors
possess structural simlarities in their functional domains.

Mastroiacovo, P., Spagnolo, A., Marni, E., Meazza, L., _
Bertollini, r., and Segni, G 1988. Birth defects in the
Seveso area after TCDD contamination. JAVAL 259:1668-1672

Keywor ds: EPi demol ogi cal study; Birth defects;
Environnental exposure; D oxins; Qher contamnating
compounds; Human

See page 69.

Masuda, Y. 1987a. Polychlorinated di benzo-p-dioxins and rel ated
conmpound pol lution in human tissues. Toxicol. Forum
(Japan). 10:566-574

Keywords: Tissue levels; Doxins; Human;, Review article

Thi s Japanese |anguage review article is the second in a
series of five and reviews scientific information on
concentrations of chlorinated di benzo-p-di oxins and

di benzof urans in tissues of humans both with and w thout
excessi ve exposure to these conpounds (38 references).
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Masuda, Y. 1987b. D oxins: Toxicity, pollution and human

effect. Toxicol. Forum (Japan). 10:553-555
Keywords: D oxins; Human; Reviewarticle

Thi s Japanese | anguage article is the first of a series of
five articles reviewi ng the current state of know edge on
the toxicity of, and environmental exposure to, chlorinated
di benzo- p-di oxi ns and di benzof urans (4 references).

McConkey, D J., Hartzell, P., Duddy, S.K., Hikansson, H, and

Orenius, S 1988. 2,3,7,8-Tefrachlorodibenzo-p-dioxin
Kills immature thymocytes by Ca -nedi ated endonucl ease
activation. Science. 242:256-259

Keywords: Acute toxicity; Lethality; Mchani smof action;
G her organ; In vitro; Dioxins; Rat

The authors studied the effects of TCDD on prinary cultures
of immature rat thynocytes, finding that TCDD i ncreased
protein synthesis, increased DNA fragnentation, and

I ncreased intracel lular calciumlevels. They concluded that
TAD stinulates a cellular suicide process simlar to one
found for glucocorticoid hornones.

Mersch-Sundermann, V., Dickgieper, N., Hablizel, U, and Q uber,

Meul

B. 1988. Untersuchungen zur Mitagenitat organi scher
Mikrokontaminationen in der Umwelt. I. Mitteilung: D e
Mit ageni t at ausgewdhlter Herbi zi de und Insektizi de im
Salmonella-Mikrosomen-Test (Anmes-Test) unter Berucksichti-
gung der pat hogenen Potenz kontaminierter Grund- und Tri nk-
wasser. |[Examnation of mutagenicity of organi ¢ microcon-
taminations on the environment. I. GCommunication: The
nut ageni city of selected herbicides and insecticides with
t he Salmonella-microsome-test (Ames-test) in consideration
of the pathogenetic potence of contam nated ground- and
drinking-water]. 2zbl. Bakt. Hyg. B. 186:247-260

Keywords: Genetic toxicity; Invitro; 2,4-D; 2,4,5-T;
S ngl e-cel l ed ani nal

Thi s German Ian%uage article di scusses the results of
genotOX|dC|ty studi es conduct ed on 2, 4- [?land 2,4 5-T. Bot h
conpounds wWer e nonmutagenic in m)ne a tzp_hlmurlum

st :‘TQI ns TA 97, TA 98, gFA 100 and TA 102 when tested wth and
wthout netabolic activation.

See page 58.

enbelt, J., Z2waveling, J.H, van Zoonen, P., and Notermans,
NC 1988. Acute MCPP intoxication: Report of two cases.
Human Toxicol .  7:289-292
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Keywords: Acute toxicity; Neurobehavi oral effects; Renal
toxicity; Absorption, distribution, nmetaboli sm and
excretion; Qher organ; oral; Phenoxy herbi cide
formulations; Human '

See page 103.

M)hammd/, FK and . omer, V.EV. 1988a. Hfects of prenatal

exposure to 2,4~D/2,4,5-T mxture on postnatal changes in
rat brai n glutamate, GABA, protein, and nucleic acid | evel s.
Bull. Environ. cContam. Toxicol. 40:294-300

Keywords: Neurobehavi oral effects; Mechani smof action;
Reproductive toxicity; Birth defects; Oral; Phenoxy
her bi ci de formulations; Rat

See pages 74 and 100.

Mohanmmad, F.K and . omer, V.E V. 1988b. Behavi oral and

neurochemical alterations in rats prenatally exposed to
2,4-dichlorophenoxyacetate (2,4-D) and 2,4,5-trichlorophen-
oxyacetate (2,4,5-D) mxture. Teratology. 37:515

Keywords: Neurobehavioral effects; Birth defects; Oral;
2,4-D 2,4,5-T; Rat; Abstract

See page 73.

Mohammadpour, H., Mirray, WJ., and Sohs, SJ. 1988

Moor e,

2,3,7, 8—Tetrachlorod1benzo-p-d10x1n (TCDD) ~induced lipiad
per oxidation in genetically responsive and non-responsive
mce. Arch. Environ. Gontain. Toxicol. 17:645-650

Keywords: Acute toxicity; Mechani smof action; Hepatotoxi-
city; Oal; D oxins; Muse

Wsi ng Ah responsi ve and non-responsi ve nouse strains, the
authors found differential induction by TCDD of |ipid

peroxi dation as nmeasured by the accunmul ati on of thiobarbi-
turic acid reactive substances in the liver. They concl uded
that this effect was medi ated by the Ah receptor.

R.W. and Peterson, RE 1988. Androgen catabolism and
excretion in 2,3,7,8-tetrachlorodibenzo-p-dioxin-treated
rats. Biochem. Pharmacol. 37:560-562

Keywords: Alterations in sex hornones; Reproductive
toxicity; Mechanism of action; oOral; D oxins; Rat

See page 77.
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Mbore, R.W., Kleeman, J.M., and Peterson, RE 1988. HEfects of

Ml i

Mizi

2,3,7,8~tetrachlorodibenzo~p~dioxin (TCCD on the profile of
steroids secreted by perfused rat testes. Toxicol ogist.
8: 230

Keywords: Acute toxicity; Aterations in sex hornones;
Mechani smof action; Gher organ; Unspecified route of
exposure; Dioxins; Rat; Abstract

This abstract summarizes studies that are published in full
in Mbore and Peterson 1988.

son, W.R., 1986. An interimreport summarizing 2,4-D

t oxi col ogi cal research sponsored by the industry task force
on 2,4-D research data and a brief review of 2,4-D
environnental effects. The Technical and Toxi col ogy
Commttees of the Industry Task Force on 2,4-D Research
Data. July, 1986, 7 pages

Keywords: Cancer; Chronic toxicity; oral; 2,4-D, Rat;
Review article

See page 47.
G., Gorski, J.R, and Rozman, K 1987. Conposition of

- diet nodifies toxicity of 2,3,7,8-tetrachlorodibenzo-p-

dioxin (T@D in cold-adapted rats. Arch. Toxicol.
61: 34- 39

Keywords: Acute toxicity; Lethality; Mechani sm of action;
Thyroi d effects; Injection; D oxins; Rat

The authors studied the role of dietary conposition in the
acute lethal toxicity of TCDD to col d-adapted rats. The
rel evance of their findings to human health is unclear.

Nagayama, J. 1987a. Sone of the recent findings and comments on

pharmacokinetic, biochem cal effects and ani nal toxicol ogy
of dioxins and dibenzofurans. Chemosphere. 16:2191-2192

Keywords: Enzyne induction or inhibition; Mechani sm of
action; Absorption, distribution, netabolism and excretion;
D oxins; Review article

The author summarized infornmation on the netabolic fate and
nmechani sm of action of the PCDDs/ PCDFs that was presented at
the 6th International Synposium on Chlorinated D oxins and

Rel at ed Gonpounds held in Fukuoka, Japan in September, 1986
(no references).
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Nagayanma, J. 1987b. AHH Inducibility of dioxins and
di benzof urans and possi bl e nmechanisns of their toxicity.
Toxi col. Forum (Japan). 10:591-600

Keywords: Enzynme induction.or inhibition, Hepatotoxicity;
Mechani smof action; D oxins; Reviewarticle

Thi s Japanese | anguage article is the fifthin a series of
five and it assesses the state of know edge of the
mechanism(s) by whi ch chl ori nat ed di benzo- p-di oxi ns and

di benzofurans elicit responses in experinental animals (31
references).

Nagayama, J., Kiyohara, C., Nakamura, Y., Ikeda, M., Asahi, M.,
and Hirohata, T. 1987. Aryl hydrocarbon hydroxylase
activity in Yusho patients. Chemosphere. 16:2073-2078

Keywords: Enzyne induction or inhibition; Mechani smof
action; Gher skin effects; Environnental exposure; C her
cont am nat i ng conpounds; Human

See page 105.

Nagayama, J., Kiyohara, c., Mohri, N., Handa, s., and Horie, A
1988. Conparative toxicol ogic study of 2,3,7,8-tetrachloro-
dibenzo-p-dioxin in Ah responsi ve and nonresponsive strains
of mce. Abstract of a paper presented at the 8th
International Synposium on Chlorinated DO oxins and Rel ated
Conpounds. August 21-26, 1988, umea, Saeden. P. 202

Keywords: Enzyne induction or inhibition; Hepatotoxicity;
Immunotoxicity; Mechani smof action; Subchronic toxicity;
G her organ; Injection; DO oxins; Muse; Abstract

This abstract summarizes a study in which TCCD was

admni stered weekly by intraperitoneal injection to Ah-
responsi ve and Ah-nonresponsive strains of mce. Based on
the differential responses seen, the authors concluded that
sone, if not all, of the acute toxic effects of TCDD are
nedi ated by the Ah receptor.

Nauman, CH and Schaum, J.L. 1987. Human exposure estination
for 2,3,7,8-TcDD. Chenosphere. 16:1851-1856

Keywords: Cancer; Absorption, distribution, netabolism and
excretion; Environnental exposure; D oxins; Human; Review
article

The authors reviewed pathways by which humans mght be

exposed to 2,3,7,8-TcDD and related PCDDs/ PCDFs as a result
of environnental contamnation and descri bed how to
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cal cul ate average daily intakes for estimating popul ati on
cancer risks (34 references).

Needham, L.L., Patterson, DG, Jr., Alley, CC, Isaacs, S,
QGeen, V.E, Andrews, J., and Sanpson, EJ. 1987. Poly-
chl ori nat ed di benzo- p-di oxi ns and di benzofurans levels In
persons with high and normal |evels of 2,3,7,8-tetrachloro-
dibenzo-p-dioxin. Chemosphere. 16:2027-2031

Keywords: Tissue |evels; Epidemiological study;
Envi ronment al exposure; Dioxins; (t her contam nating
compounds; Hunman

See page 128.

Neubert, b., Krowke, R., chahoud, I., and Franz, G 1987.
Studies on the reproductive toxicity of 2,3,7,8~TCDD in
rodents and non-human primates. Teratol ogy. 35:66A

Keywords: Birth defects; Reproductive toxicity; Injection;
Dioxins; Monkey; Rat; Abstract

The reproductive toxicity of 2,3,7,8-TcDD in both nal e and
femal e rodents and non-hunan pri mates was studi ed.

Neubert, D., Hagenmaier, H., Weberruf, u., Kunzendorf, H-J.,
Abraham K., and Krowke, R 1988. Pharmacokinetics of
non-2,3,7,8-substituted PCDDs and PCDFs in the rat and
Mar noset nonkey, and consequences for establishing
"TCDD-equivalents". Abstract of a paper presented at the
8th International Synposiumon Chlorinated D oxins and
I;%I ated Compounds. August 21-26, 1988, Umea, Sneden. P.

4 .

Keywords: Absorption, distribution, netabolism and
excretion; Unspecified route of exposure; D oxins; other
contam nati ng compounds; Mnkey; Rat; Abstract

The distribution of PCDOFs was studied after a single dose
(route not specified) in rats and nonkeys. 2,3,7, 8-
substituted derivatives but not non-substituted derivatives
were found in fat and liver. The authors concluded that
this had inportant inplications with regard to the
application of TcDD-equivalents. Analytical results were
not provi ded.
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Nguyen, t.N.P., Bui, s.H., Dan, Vv., and Schecter, A 1988.
D oxin levels in adi pose tissues of hospitalized wonen at
the obstetrical and gynecol ogi cal hospital of HOo Chi M nn
Aty, 1984-85 with areviewof their clinical histories: A
pil ot study. Abstract of a paper presented at the 8th |,
I nternational Synposi umon Chl orinated D oxi ns and Rel at ed
Conmpounds. August 21-26, 1988, Umea, Sweden. P. 205

Keywords: Tissue | evel s; Environnental exposure; D oxins;
Phenoxy her bi ci de formulations; Hunan; Abstract

2,3,7,8-TcDD was neasured in the fat of M et namese wonen
with a history of exposure to Agent G ange. H evated |evels
(as high as 103 ppt) were detected in sone wonen. Analy-
tical results were not provided.

N kolaidis, E., Brunstrém, B., and Dencker, L. 1988a. HEfects
of the TCDD congeners 3,37 ,4,4’-tetrachlorobiphenyl and
2,3’,4,4'-tetrachloroazoxybenzene on lymphoid devel opnent in
the Bursa of Fabricius of the chick enbryo. Toxicol. B&appl.
Pharmacol. 92:315-323

Keywords: Immunotoxicity: Mechani smof action; Reproductive
toxicity; Qher route of exposure; Qher contamnating
compounds; Bird

See page 88.

N kolaidis, E., Brunstrom B., and Dencker, L. 1988b. HEfects
of TCDD and its congeners 3,37,4,4'’-tetrachloroazoxybenzene
and 3,3’,4,4’-tetrachlorobiphenyl on the | ynphoid
devel opnent in the bursa of fabricius and thymus of the
avian enbryo. Abstract of a paper presented at the 8th
Internati onal Synposium on Chlorinated D oxins and Rel ated
Conpounds. August 21-26, 1988, Umed, Sneden. P. 162

Keywords: Acute toxicity;, Immnotoxicity; Mechani sm of
action; Qher route of exposure; Dioxins; Bird; Abstract

See page 88.

Nishizumi, M 1987. Toxicity of dioxins in laboratory aninals.
Toxi col. Forum (Japan). 10:575-582

Keywords: Acute toxicity; Cancer; Enzyne induction or
I nhi bition;, Hepatotoxicity; Lethality; D oxins; Review
article

Thi s Japanese | anguage article is the third in a series of
five and summari zes information on the toxicity of
chlorinated di benzo-p-dioxin and dibenzofurans from studi es
In experinmental aninals (59 references).
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Norén, K 1988. (Changes in the |evels of organochlorine

Qgaki

pesti ci des, polychlorinated bi phenyls, dibenzo-p-dioxins and
di benzof urans in human mlk from Stockhol m 1972-1985.
Chemosphere. 17:39-49

Keywords: Tissue |evels; Environmental exposure; D oxins;
QG her contam nati ng conpounds; Hunan

The levels of PCDDOFs in the milkfat from Saedi sh wonen were
anal yzed over tine. The authors found that the |evels of

t hese conpounds in mlk decreased fromthe period of 1972 to
1985, possibly reflecting a |ower |evel of environmental

pol lution. They also found that PCDOY F | evel s decreased
over successive nursing periods (i.e. nunber of infants
nursed), whi ch suggested that nursing serves as a route of
excretion for these conpounds.

, J., Takayanma, K., Miyata, H., and Kashimoto, T, 1987.
Level s of PCDDs and PCDFs in human tissues and vari ous
foodstuffs in Japan. Chenosphere. 16: 2047- 2056

Keywords: Tissue |evels; Environnental exposure; D oxins;
Human

Levels of PCDO'Fs in mlk, liver and fat fromthe general
Japanese popul ati on were measured. Mean levels in mlk of
primpara s were 37 ppt (T@D and 789 ppt (ocbD). Mean
levels in mlk of multipara’s were 19 ppt (TD and 518 ppt
(ocDD). These trends were simlar in liver and fat sanples,
but the absolute amounts differed. Residents of urban areas
had hi gher PCDO F levels than residents of rural areas.

Qsson, H and Brandt, L. 1988. R sk of non-Hodgkin’s lymphoma

anong nen occupationally exposed to organic solvents.
Scand. J. Work Environ. Health. 14:246-251

Keywords:  Epidem ol ogi cal study; Cancer; QCccupational
exposure; Phenoxy herbicide formulations; Human

See page 38.

O’Malley, M., Fingerhut, M., Carpenter, A., Saeeney, M., Marlow,

D, Haperin, w., Mathias, T., and Hcks, K ~ 1988. chlor=-
acne associated wth the production of pentachlorophenol.
Abstract of a paper presented at the 8th International
Synposi umon (nhlorinated O oxins and Rel ated Conpounds.
Algust 21-26, 1988, umed, Siaeden. P. 157

Keywords: chloracne; Epidem ol ogi cal study; Qccupational
exposure; Dioxins; Human; Abstract
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In this abstract of a synposiumpresentation, the authors
reported finding 48 cases of chloracne anong 637 workers
enpl oyed in the manufacture of pentachlorophenol at a single
plant. The risk of chloracne was associated with duration
of enploynent. This survey was conducted as part of the
ongoi ng NIOSH study of dioxin exposed workers in the Uhited
States.

Papke, O., Ball, M., Lis, Z.A., and Scheunert, K 1988
Conpari son of PCDO PCOF | evel s in whol e bl ood and adi pose
ti ssue sanpl es of persons exposed to contam nated i ndoor
air. Abstract of a paper presented at the 8th International
Synposi umon Chlorinated D oxins and Rel ated Conpounds.
August 21-26, 1988, Umea, Sweden. P. 170

Keywords: Tissue |evels; (cupational exposure; D oxins;
Q her contam nati ng compounds; Human; Abstract

See page 126.

Pasanen, M., Stacey, S., Lykkesfeldt, A., Briand, P., Hnes, R.,
and Autrip, H 1988. Induction of cytochrome P-4501 AL gene
expression in human breast tumour cell lines. Chem Biol.

I nteract. 66: 223- 232

Keywords: Acute toxicity; Enzyne induction or inhibition;
Mechani smof action; In vitro; D oxins; Human

The authors studied the induction of aryl hydrocarbon

hydr oxyl ase (AHH) activity by TCDD in seven human breast
cancer cell lines. They found that the different cell Iines
varied considerably in both their baseline AHH activity and
the inducibility of that activity by TCDD. This may reflect
an underlying variability in the amount or properties of Ah
receptor.

Pasco, DS, Boyum, K.W., Merchant, S N, Chalberg, S C, and
Fagan, J.B 1988. Transcriptional and post-transcriptional
regul ation of the genes encodi ng cytochromes P-450c and
P-450d in vivo and in prinary hepatocyte cultures. J. B ol.
Chem 263:8671-8676

Keywords: Enzyne induction or inhibition; Hepatotoxicity;
Mechani smof action; Injection; In vitro; D oxins, Rat

The authors studied the transcription of cytochrone P-450
when rats were treated in vivo or primary cultures of rat
hepat ocytes were treated in vitro with polycyclic aromatic
hydr ocar bons i ncl udi ng TCDD. They found that post-
transcriptional processes were inportant in the regul ation
of expression of this gene.
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Patterson, D.G., Jr., Needham, L.L., Pirkle, J.L., Roberts, D.W.,
Bagby, J., Garrett, w.A., Andrews, J.S., Jr., Falk, H.,
Bernert, J.T., Sanpson, E.J., and Houk, V.N 1988.

Correl ati on between serumand adi pose tissue | evel s of
2,3,7,8-tetrachlorodibenzo-p-dioxin in 50 persons from
M ssouri. Arch. Environ. contam. Toxicol. 17:139-143

Keywords: Tissue | evels; Epidemiological study;
Envi ronnent al exposure; Dioxins; Human

Pai red human serumand adi pose tissue sanpl es from 50

M ssouri residents were anal yzed for 2,3,7,8-TCcDD content.
After adjusting for total 1lipid content in both types of
sanpl es, a good correl ati on was obt ai ned bet ween serum and
adi pose levels of 2,3,7,8-TcDD. The aut hors concl uded t hat
serum 2,3,7,8-TCDD concentration is a valid neasurenent of
2,3,7,8-TcDD total body burden.

Perdewy, GH and Poland, A 1988. Purification of the Ah
receptor fromC57BL/6J nouse |liver. J. Biol. Chem.
263: 9848- 9852

Keywords: Enzyne induction or inhibition;, Mechani sm of
action; Hepatotoxicity; In vitro; D oxins; Muse

The aut hors achi eved an approxi nately 20,000 fold enrichment
of two peptides corresponding to the Ah receptor and a
fragnent thereof from nouse |iver cytosol.

Phiet, P.H., Trinh, K.A., Dan, V., and Schecter, A 1988. CGCase
reports from Cho Ray Hospital on the clinical histories,
PCDD and PCDF tissue levels and 2,3,7,8-TCDD toxic
equi valents of potentially dioxin exposed patients living in
the South of Viet Nam Abstract of a paper presented at the
8th International Synposiumon Chlorinated D oxins and
Rel ated Conpounds. August 21-26, 1988, Umea, Saeden. P.
206

Keywords: Tissue |evels; Environnental exposure; Phenoxy
her bi ci de formulations; D oxins; Human; Abstract

PCDDO' F levels were neasured in tissue sanpl es taken from
Vi et namese patients (clinical pilot-case report study).
Anal ytical results were not provided.

Piskorska-Pliszczynska, J. and Safe, S 1988. Radioligand-
dependent properties of the Ah receptor fromrat and nouse
hepatic cytosol. Abstract of a paper presented at the 8th
Internati onal Synposiumon Chlorinated D oxins and Rel at ed
Gonpounds.  August 21-26, 1988, Umed, Sweden. P. 213
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Keywords: Mechani smof action; Qher toxic effects; In
vitro; Dioxins; Rat; Mbouse; Abstract

This abstract describes the results of studies of the effect
of salt concentration in the buffer on the outcones of
studies of the physico-chemcal properties of the Ah
receptor in various Sspecies.

Pliss, N., Poiger, H., Hohbach, C., Suter, M , and Schlatter, C

Poel |

Poel |

1988. Subchronic toxicity of 2,3,4,7,8-pentachlorodibenzo~
furan (Pe(DF) in rats. Chemosphere. 17:1099-1110

Keywords: Hepatotoxicity; Lethality; Qher organ; Q her
toxic effects; Subchronic toxicity; oral; Cher contam -
nati ng compounds; Rat

The authors fed rats diets containg 2,3,4,7,8-pentachlorodi-
benzofuran (PeCDF) or 2,3,7,8-TcDD for 13 weeks. The toxic
effects produced by the PeCDF were simlar to those produced
by T(DD. PeCDF appeared to have 0.4 times the potency of
TCDD.

inger, L. 1987. |Intracellular, high-affinity binding
proteins for chlorinated dioxins and rel ated conpounds - A
concluding remark. Chenmosphere. 16:2187-2190

Keywords: Mechani smof action; D oxins; Reviewarticle

This article is a summary of talks presented at the 6th

| nt er nat i onal Sﬁrrposi um on Chlorinated O oxins and Rel ated
Gonpounds i n Fukuoka, Japan in Septenber, 1986 on the
structure and function of receptors for 2,3,7,8-TCDD (no
references) .

inger, L., Wilhelmsson, A., Cuthill, S, Lund, J.,
séderkvist, P., Gllner, M., and Qustafsson, J-A  1987.
Sructure and function of the dioxin receptor: A
DNA-binding protein simlar to steroid hornone receptors.
Chenospher e. 16: 1681- 1686

Keywords: Mechanismof action; In vitro; D oxins

The authors conpared the physicochemical properties of the
"dioxin receptor” wth those of the steroid hormone receptor
inrat liver. Limted hydrolysis of the dioxin receptor
Wth trypsin dimnished its ability to bind to DNA w thout
altering the gross structural properties of the receptor.

56



Pohj anvirta, R., Juvonen, R., Karenlampi, S., Raunio, H, and
Tuomisto, J, 1988a. Hepatic Ah-receptor |evels and the
effect of 2,3,7,8-tetrachlorodibenzo~p~-dioxin (TD on
hepati c m crosonmal monooxygenase activities in a TCDD
susceptible and -resistant rat strain. Toxicol. Appl.
Phar macol .  92: 131- 140

Keywords: Acute toxicity; Enzyne induction or inhibition;
Lethal ity; Mechani smof action; Injection; Dioxins; Rat

The authors investigated the effects of TCDD on vari ous
conponents of the mcrosonmal m xed function oxi dase systens
Iin two strains of rats that differ significantly in their
sensitivity to the acute toxic effects of TAD The

I nducti on of cytochrome P-450 and several different

oxi dative enzyme activities was simlar in the tw strains,
suggesting no inportant differences in Ah receptor content
and function in these rat strains.

Pohjanvirta, R., Tuomsto, J., and Vikkula, K. 1988b. Screening
of pharnacol ogi cal agents gi ven peripherally wth respect to
TCDD- i nduced wasting syndrone in Long-Evans rats.

Phar macol . Toxi col . 63: 240- 247

Keywords: Acute toxicity; Lethality; Mechanismof action;
G her toxic effects; Injection; D oxins; Rat

The authors used a battery of drugs that nodul ate adrenergic
neurotransmission to study the mechani sm of the wasting
syndrone that characterizes the acute lethal toxicity of
TCDD in rats. None of the drugs tested protected agai nst
the wasting effect suggesting that TCDD probably does not
act by altering adrenergi c neurotransm ssion.

Poiger, H., Schlatter, c¢., and Vendling, J.M 1988. Toxi co-
kinetics of 2,3,7,8-TCcDD in nman: An update. Abstract of a
paper presented at the 8th International Synposium on
Chlorinated D oxins and Rel ated Conpounds. August 21-26,
1988, Umea, Sweden. P. 165

Keywords: Absorption, distribution, netabolism and
excretion; Qal; D oxins; Human; Abstract

The toxicokinetics of 2,3,7,8-TcDD in hunmans (fecal
excretion, fat content) was studied. No analytical results
wer e provided.

Poland, A and Qover, E 1988. Ca2+-dependent proteol ysis of
the Ah receptor. Arch. Biochem B ophys. 261:103-111
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Keywords: Enzyne induction or inhibition, Hepatotoxicity:
Mechani smof action; Invitro; Dioxins; Mouse; Manmal i an
cells in culture

The authors had previously reported on the use of photo-
affinity label to |dent|f?/ the Ah-receptor inthe |livers of
di oxi n-responsive mce. [Inthis paper they described
further studies indicating that one formof the receptor
described earlier is actually a proteol Ktl c fragnent
Fr oduced by a Ca-dependent protelnase that is present in

| ver cytosols fromseveral species.

Powers, R.H., GQlbert, L.C, and Aust, S D 1988. The effect of
TCOD on rat hepatic vitamn A levels, and retinoyl- and
lla_—n_itroph_enol-unp 8I ucuronosyl transferase () activities.
"Toxicologist. 89

Keywords: Acute toxicity; Hepatotoxicity: Mechani sm of
action; Gher toxic effects; oral; Dioxins; Rat; Abstract

This abstract summarizes a study of the effect of TCDD on
vitamn Anetabolismin the liver of rats. The study and

t he r1%s8télts were very simlar to those described in Bank et
al. .

Preuss, P.W., Farland, W.H., Barnes, p.c., Roberts, p.a., and
Patton, DE 1988 A cancer risk specific dose estinate
for 2,3,7,8-TcDp. Abstract of a paper presented at the 8th
International Synposium on Chlorinated D oxins and Rel ated
Conpounds.  August 21-26, 1988, Umea, Saeden. P. 318

Keywords: Cancer; Environmental exposure; D oxins; Human;
Review article; Abstract

This abstract summarizes a synposi umpresentati on by an EPA
official discussing the reason for and the product of a
revised cancer risk assessmant for TCDD A r ecomended
that a dose of 0.1 pg/kg/day be regarded as a dose
associated with an upper limt increnmental cancer risk of
one in one mllion.

Prochaska, HJ. and Talalay, P. 1988. Regul atory nechani sns of
monofunctional and bifunctional anticarcinogenic enzyne
inducers in murine liver. Cancer Res. 48:4776- 4682

Keywords: Acute toxicity;, Enzyne induction or inhibition;
MalcPanl smof action; Invitro; Doxins; Mammalian cells in
culture

The authors studied the induction of aryl hydrocarbon
hydroxyl ase activity in a nouse hepatoma cell |ine and in
responsi ve and non-Tesponsi ve nouse strains using a nunber
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of inducers including TcDD. They used the results to derive
a nodel expl aining two di fferent nechanistic categories of
AHH i nducers.

Puhvel, S.M. and Sakanoto, M.A. 1988. FKEfect of 2,3,7,8-tetra-

chlorodibenzo-p-dioxin on murine skin. J. lnvest. Dermatol.
90: 354- 358

Keywords: Acute toxicity; Mechani smof action; Qher skin
effects; Dermal; Dioxins; Mouse

The aut hors exam ned the epi dernmal proliferative response to
the topical application of TCDD in responsi ve and non-
responsi ve nouse strains. TCDD caused involution of the
sebaceous gl ands and stimul ated transglutaminase activity in
both strains but caused epidermal proliferation and hyper-
keratinization only in the responsive strain.

Randerath, X., Putman, K.L., Randerath, E., Mason, G., Kelley,

M., and Safe, S 1988. (Ogan-specific effects of long term
feeding of 2,3,7,8-tetrachlorodibenzo~p~dioxin and
1,2,3,7,8~-pentachlorodibenzo-p~-dioxin on I-compounds in
hepati c and renal DNA of femnal e Sprague-Daw ey rats.
Carcinogenesis. 9:2285-2289

Keywords: Cancer; Hepatotoxicity; Mechani smof acti on;
Renal toxicity; Oal; Doxins; QGher contamnating
compounds; Rat

See page 49.

MS., Subbao, v., and Scarpelli, DG 1988a. Devel oprent
of hepatocytes in the pancreas of hansters treated with
2,3,7,8-tetrachlorodibenzo-p-dioxin. J. Toxicol. Environ.
Heal t h. 25: 201- 205

Keywords: Acute toxicity; Cancer; Hepatotoxicity; Q her
toxic effects; Gher organ; Injection; D oxins; Hanster

The authors observed the formation of hepatocytes in the
pancreas (transdifferentiation) given large doses of TQD by
Intraperitoneal injection at four week intervals. The
significance of this finding is unclear.

MS., Subbarao, V., Prasad, J.D, and Scarpelli, DG 1988
Carcinogenicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin in
the Syrian gol den hanster. Carci nogenesi s. 9:1677-1679
Keywords: Cancer; Injection; D oxins; Hanster

See page 48.
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Ratti, s.p., Belli, G., Bertazzi, P.A., Bressi, G, Cerlesi, S.,

and Panetsos, F. 1987. TODD distrubution on all the
territory around Seveso: |Its use in epidemology and a hint
Into dynam cal nodels. Chemosphere. 16:1765-1773

Keywords: Cancer; Epidemiological study; Cther toxic
effects; Environnental exposure; Dioxins; Human; Commentary
or opi ni on

This article presents prelimnary results of an effort to
devel op mathematical nodels to indicate the extent and
intensity of dioxin contamnation in the vicinity of the
ICMESA plant in Seveso, Italy as the result of an accident
there in 1976. -

Reidy, GG, Mirray, M., Rose, H.A., Bonin, A.M., Baker, RS U,

and Stacey, NH 1988. Identification of the hepatic
cytochrome P-450 isozymes induced and decreased by picl oram
Bi ochem Pharmacol. 37:1021-1025

Keywords: Acute toxicity; Enzyne induction or inhibition;
Hepatotoxicity; Injection; Picloram Rat

Evidence is presented that suggests that picloraminhibits
cytochronme P-450h and induces cytochrone P-450d in mal e rat
liver.

Rogan, w.J., daden, B.C, Hung, K-L., Koong, S-L., Shih, L-Y.,

Taylor, J.s8., wu, Y-C, Yang, D., Ragan, NB., and Hsu, GC
1988. (Congenital poisoning by polychlorinated bi phenyls and
their contamnants in Taiwan. ci ence. 241: 334- 336

Keywor ds: Epi dem ol ogi cal study; Reproductive toxicity;
Birth defects; Environnental exposure; Cher contamnating
compounds; Human

See page 71.

Romkes, M., Piskorska-Pliszcynska, J., and Safe, S 1987a. Role

of the Ah receptor in nediating the down regul ation of
uterine and hepatic estrogen receptor levels in rats.
Chenosphere. 16: 1691- 1694

Keywords: Acute toxicity; Aterations in sex hormones;
Mechani sm of action; Reproductive toxicity; Injection;
Dioxins; Rat

See pages 76 and 77.
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Ronkes, M., Safe, S., Mason, G., Piskorska-Pliszczynska, J., and
Fujita, T. 1987b. Binding of substituted aryl hydrocarbons
to the Ah receptor - a QSAR analysis. Chenosphere.

16: 1719- 1722

Keywords: Acute toxicity; Mechani smof action; Unspecified
route of exposure; Dioxins; Rat

The authors studied the binding affinity for the Ah receptor
inrat liver of a series of substituted trichlorodibenzo-p-
di oxi ns and derived a quantitative structure-activity

relati onship for this binding.

Ronkes, M and Safe, s. 1988a. Conparative activities of
2,3,7,8-tetrachlorodibenzo-p~dioxin and progesterone as
antiestrogens in the female rat uterus. Toxicol. Appl.
Pharnmacol .  92: 368- 380

Keywords: Acute toxicity, Aterations in_ sex hornones;
Mechani smof action; Injection; D oxins;, Rat

The authors studied the effects of TCDD on cytosolic and
nucl ear estrogen and progesterone receptor |levels in the
uterus of Long-Evans rats. TCDD caused a dose-dependent
decrease in these receptors, which persisted up to seven
days. TCDD al so inhibited estrogen-induced increases in
tlhese receptors. The nechanism for this effect was not
cl ear.

Ronkes, M and Safe, S 1988b. Conparative effects of
2,3,7,8-tetrachlorodibenzo-p-dioxin and progesterone as
antiestrogens in the fenale rat uterus. Toxicologist. 8:92

Keywords: Acute toxicity, Aterations in sex hornones;
Mechani smof action; Gher organ; Unspecified route of
exposure; D oxins; Rat; Abstract

This abstract summari zes studies that were described in full
in Ronkes and Safe 1988a.

Rosen, MB., Rogers, J.M, Miller, D B., Mttscheck, C, and
Chernoff, N 1988. HEfects of chemical-induced mat er nal
toxicity on the Sprague-Dawey (@) rat. Teratol ogy.

37: 486

Keywor ds: Birth defects; Mchanismof action; Cal; 2,4-D;
Rat; Abstract

The maternal toxic, fetotoxic and devel oprmental effects of
2,4-D and 2,4,5-T were studied in rats orally admnistered
these chemcals on days 7-16 of pregnancy. 2,4-D induced
significant naternal weight loss, nmaternal lethality,
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embryo/fetal | ethality, reduced fetal weights and an

I ncreased incidence of supernunerary ribs.” 2,4,5-T induced
only maternal |ethality. The authors concluded that

mat ernal toxiciy does not induce a specific syndrone of
devel opnental toxicity in the rat.

Roth, W., Voorman, R, and Aust, S D 1988. Activij[%/ of thyroid
hormone-inducible enzynes follow ng treatment with 2,3,7,8-
tetrachlorodibenzo-p-dioxin. TOXiCOl. Appl. Pharmacol.
92:65-74

Keywords: Acute toxicity; Hepatotoxicitk;i Mechani sm of
action; Thyroid effects;” Oral; Dioxins; Rat

The authors studied the nature and nechani smof the effects
of TCDD on the thyroid and on thyroid hornone |evels in
rats.

Rozman, K., Gorski, J.R, Rozman, T., and Greim, H 1988.
(orticosterone nodul ates acute toxicity of TCDD in rats.
Toxicol ogi st.  8:93

Keywords: Acute toxicity; Lethality; Mechanismof action;
Injection; D oxins; Rat;” Abstract

This abstract summarizes studies that were described in full
in Grski et al. 1988c.

Rubin, A.n. and Rice, RH 1988. 2,3,7,8-Tetrachlorodibenzo-p-
dioxin and dpoI ycyclic aromatic hydrocarbons suppress

retinoi d-induced tissue transglutaminase in >4 cul tured
human squamous carci noma cells. carcinogenesis.
9: 1067- 1070

Keywords: Acute toxicity; Mechanismof action; other skin
effects; (her toxic effécts; Invitro; Doxins; Mammalian
cells in culture

The authors found that TCDD inhibited the induction of
transgl utamnase by vitamn A in cultured keratinocytes and
that the dose-response relationship for this effect” was
near|y superimposable wth that for AHH induction. The
authors concluded that TCDD may decrease the sensitivity of
tissues to vitamn A through the Ah receptor.

Rucci, G and Gasiewcz, T. 1988. In vivo kinetics and
DNA-bi nding properties of the Ah receptor in the gol den
Syrian hanster. Arch. Biochem. Biophys. 265:197-207
Keywords: Hepatotoxicity; Enzynme induction or inhibition;
Mechani smof action; Injection, Dioxins; Hanster
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The authors studied the kinetics of TCDD binding to the Ah
receptor and subsequent nucl ear translocati on of the TCDD-
receptor conplex after in vivo admnistration to hansters.
In vitro experinents revealed two distinct forns of the
TCDD-recept or conpl ex, only one of which appeared to bind to
DNA. Maxi mal AHH induction occurred and was sustai ned when
only a small percentage of the avail abl e Ah-receptor was
bound to TCDD and present in the nucl eus.

Russell, D H, Buckley, A.R., shah, GN, Spes, I.G., Blask,

Ryan,

D.E., and Benson, B. 1988. Hypothalamic site of action of
2,3,7,8-tetrachlorodibenzo~p~dioxin (TcDD). Toxicol. Appl.
Pharmacol. 94: 496- 502

Keywords: Acute toxicity; Alterations in sex hormones;
Neur obehavi oral effects; Mechanism of action; |njection;
Dioxins; Rat

The authors conducted studies of the nechani sm by which TAD
decreases serum levels of prolactin in rats. They inter-
preted their results as indicating that TCD increases the
dopaminergic activity of the tuberoinfundibular nucleus in

t he hypothalamus and the increased |evels of dopamine
decrease the release of prolactin by the adenohypophysis.

J.J. 1987. Rapporteur Section E Human tissue |evels.
Chemosphere. 16: 2195- 2197

Keywords: Tissue |evels; GCccupational exposure;
Envi ronment al exposure; Dioxins; Hunman; Review article

This summary presents a review of nethods and results for
anal ysis of PCDO Fs in human tissues.

J.J., Schecter, A., Masuda, Y., and Kikuchi, M 1987.
Conparison of PCDDs and PCDFs in the tissues of Yusho
patients with those fromthe general popul ation in Japan and
China.  Chenospher e. 16: 2017- 2025

Keywords: Tissue |evels; Environmental exposure; D oxins;
Q her contamnati ng conpounds; Human

See page 129.

Safe, S., Davis, D., Romkes, M., Yao, ¢C., Keys, B., P skorska-

A iszczynska, J., Farrell, K., Mason, G., Denomme, M.A.,
Safe, L., Zmudzka, B., and Holcomb, M 1988. Devel opnent
and validation of in vitro bioassay for 2,3,7,8-TCDD

equi val ents. Abstract of a paper presented at the 8th
International Synposium on Chlorinated DO oxins and Rel ated
Conpounds.  August 21-26, 1988, Umea, Saeden. P. 178
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Keywords: Enzyne induction or inhibition; Mechani smof
action; In vitro; Dioxins; QGher contam nating conpounds;
Manmmal i an cells in culture; Abstract

This abstract describes the use of cultured rat hepatoma
cells as a bioassay for "dioxin-like" activity of conpl ex
mxtures of hal ogenated aronati ¢ hydrocarbons. The degree
of aryl hydrocarbon hydroxylase inhibition in these cells is
a neasure of TCDD equi val ent activity.

Schecter, A 1987. R sk asessment and standard setting -
Rapporteur's sumrary and di scussion. Chemosphere.
16: 2205- 2210

Keywords: Cancer; Tissue |evels; Environnental exposure;
D oxins; Human; Review article; Comrentary or opinion

The aut hor provi des a conprehensive, though brief, summary
of the state of know edge regarding human health risks from
exposure to 2,3,7,8-TcDD and related PCDDs/ PCDFs.  This

di scussion was part of the proceedings of the 6th Inter-
nati onal Synposiumon Chlorinated D oxins and Rel at ed
Conpounds hel d in Fukuoka, Japan in Septenber, 1986.

Schecter, A., Constable, J.D, Arghestani, S, Tong, H., and
G oss, M.L., 1987a. B evated |evels of 2,3,7,8-tetra-
chlorodibenzodioxin in adi pose tissue of certain US
veterans of the VietnamVWr. Chenosphere. 16:1997-2002

Keywords: Tissue |evels; QCccupational exposure; D oxins;
Human

See pages 124 and 125.

Schecter, A., Ryan, J.J., and Constable, J.D  1987b.
Pol ychl ori nated di benzo-p-di oxin and polychlorinated
di benzofuran levels in human breast mlk fromthe North
Anmerican continent. Chenospher e. 16: 2003- 2016

Keywords: Tissue | evels; Environnental exposure; DO oxins;
G her contam nati ng conpounds; Hunman

See page 127.

Schecter, A., Fichelberger, H., and Eisen, H 1987c. Trans-
mssion and scanning electron mcroscopi ¢ characterization
of nouse Hepa 1 hepatonma cells after 2,3,7,8-tetrachloro-
par a-di oxi n treatnent. Chenospher e. 16: 1713-1718
Keywords: Acute toxicity; Hepatotoxicity; Mechani sm of
action; In vitro; Doxins; Manmmalian cells in culture
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These authors had previously described characteristic
alterations in hepatocyte norphol ogy in rats and humans
exposed to mxtures containing T and related conpounds
but had not observed such an effect in cultured nouse
hepatoma cel|ls. In this paper, this latter finding was
further confirned by observing the hepatona cells using
scanni ng el ectron m croscopy.

Schecter, a., Constable, J.p., Ryan, J.J., Furst, P., and
Bangert, J. 1988a. A conparison of Vietnamveterans
adi pose tissue and bl ood | evels of polychlorinated dioxins
and dibenzofurans: The Massachusetts Study, Phase IiI.
Abstract of a paper presented a the 8th International
Synposi umon nlorinated D oxins and Rel ated Conpounds.
August 21-26, 1988, Urea, Saeden. P. 172

Keywords: Tissue |evels; Epidemiological study;
(ccupat i onal exposure; Phenoxy herbi ci de formulations;
Dioxins; Human; Abstract

PCDDs and PCDFs were neasured in hunan adi pose tissue and
bl ood from Anrerican Vietnamveterans to determne if a
constant ratio exists between levels in fat and bl ood.
Anal ytical results were not provided.

Schecter, a., Furst, p., Ryan, J.J., (onstable, J.D, Kruger, C,
Meenken, H-aA., and Qoebel, w. 1988b. Polychlorinated
di oxi n and dibenzeofuran |evels from human m|k from several
locations in the Lhited States and Vietnam as well.
Abstract of a paper presented at the 8th International
Symposium on Chlorinated D oxins and Rel ated GConpounds.
August 21-26, 1988, Umed, Siaeden. P. 216

Keywords: Tissue |levels; Environnental exposure; Dioxins;
Human; Abstract

Levels of PCDD'Fs in human mlk sanples fromindustrialized
as conpared to less industrialized nations were conpared.
Anal ytical results were not provided.

Schulze, GE 1988. 2,4-D-n-butyl ester (2,4-D ester) induced
ataxia in rats: Role for n-butanol fornation. Neuro-
toxicol. Teratol. 10:81-84

Keywords: Acute toxicity; Mechani smof action; Neurobehav-
ioral effects; Injection; 2,4-D; Rat

See page 98.
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Shoaf

ze, GE and Dougherty, J.A. 1988a. Neurobehavi oral
toxicity of 2,4~-D-n-butyl ester (2,4-D ester): Tol erance
and lack of cross-tol erance. Neurotoxicol. Teratol.

10: 75-79

Keywords: Mechani smof action; Neurobehavioral effects;
Subchronic toxicity; Injection; 2,4-D; Rat

See page 98.

ze, GE and Dougherty, J.A 1988b. Neurobehavi oral
toxicity and tol erance to the herbicide 2,4-dichlorophenoxy-
aceti c acid-n-butyl ester (2,4-D ester). Fund. Appl.

Toxi col . 10:413-424

Keywords: Absorption, distribution, netabolism and
excretion; Neurobehavioral effects; Subchronic toxicity;
Injection; 2,4-D Rat

See pages 98 and 113

Y., Kawanishi, S, and Sano, S. 1987. Mechani smof
PCB-i nduced porphyria and Yusho di sease. Ann. NY Acad. Sci.
514. 222- 234

Keywords: Porphyria cutanea tarda; Mechani smof action; In
vitro; Dioxins; Bird

The authors studied the induction of hepatic porphyria by
polychlorinated bi phenyls (PBs) using chi cken enbryo

hepat ocytes in culture. Aso included in this paper are the
results of the analysis of urine from20 Yu-Cheng victins
(consuned PCB-contaminated cooking oil) for uroporphyrin and
coproporphyrin two years after the incident. Three subj ects
had slightly el evated uroporphyrin |evels.

, CR 1988 2,3,7,8-Tetrachlorodibenzo-p-dioxin toxicity
nechani sns. Toxicol. Lett. 42:1-3

Keywords: Acute toxicity, Aterations in sex hornones;
Mechani smof action; D oxins; Comrentary or opinion

This brief essay is an introduction to a series of articles
on the nechanismof action of TCCD It provides a general
overview of the various theories regardi ng nechani sns of
acute toxicity (8 references).

S elken, RL., Jr. 1987. Satistical evaluations reflecting the

skewness in the distribution of TCDD | evel s i n human adi pose
tissue. Chenospher e. 16: 2135- 2140
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Keywords: Tissue levels; Environmental exposure; D oxins;
Human; Reviewarticle; Commentary or opi nion

The author presents a critical reviewof the statistical
procedures used to anal yze human adi pose 2,3,7,8-TcDD | evel
data. The author concluded that the | evels of 2,3,7,8~TCDD
I n human adi pose tissue are lognormally distributed and
positively correlated wth age.

Selken, RL., Jr. 1988 Response to Letters to the Editor: A
critical evaluation of a dose-response assessnent for TCDD.
Fd. chem. Toxic. 26:80-83

Keywords: Cancer; Environnental exposure; D oxins;
Commentary or opinion;, Review article

In this letter to the editor, the author responds to a
concurrent letter by Gunp (1988 that criticized an earlier
publication. At issue is the selection of dose-rosponse
data and a nathenatical nodel for |ow dose extrapolation in
estimating the risks of cancer from exposure to TCDD

Sobel, W., Bond, GG, Skowronski, B J., Brownson, P.J., and
Cook, R R 1987. A soft tissue sarcoma case control study
in a large multi-chemcal nanufacturing facility.
Chemosphere. 16: 2095- 2099

Keywords: Cancer; Epidemiological study; Qccupational
exposure; D oxins; Human

This case-control study of soft-tissue sarcona anong

enpl oyees of the Dow Chemcal Conpany was described at the
6th Internati onal Symposium on Chlorinated DO oxins and

Rel at ed Conpounds hel d in Fukuoka, Japan in 1986. It was
critically revienwed in Volume I X of this review (see d enent
1987) and was al so published in the Journal of Qccupational
Medi ci ne (see Sobel et al. 1986 in Volune XII of this review
(A enent 1988).

Soler-Niedziela, L., Ong, T., Nath, J., and Zeiger, E 1988
Mutagenicity studies of dioxin and related conpounds wth
the Sal nonell a arabi nose resistant assay system  Toxicity
Assesgssment. 3:137-145

Keywords: Genetic toxicity: In vitro; 2,4-D; DO oxins;
2,4,5-T; Sngle-celled aninal

See page 57.
Sauber, DJ. 1987. Letter to the Hitor: M etnam vet exposure
to Agent orange. MNurse Pract. 12:6,8
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Keywor ds: Neurobehavioral effects; Reproductive toxicity:
(ccupati onal exposure; Phenoxy herbici de formulations;
Commentary or opi ni on

In this letter to the editor, the author comments on an
article about the health effects of Agent Orange in the
Vietnamveterans that appeared in an earlier issue of this
Jfournal. This comment points out the lack of factual basis
or many of the assunptions in the original article (see

Wst and Leon 1986 in Volune XII of this review).

Stehr-Geen, p., Hoffman, r., Wbb, k., Evans, R G, Knutsen, a.,
Schramm, W., Staake, J., G bson, B., and S ei nber%, K
1987. Fealth effects of | ong-term exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin. Chemosphere. 16:2089-2094

Keywords: Epi dem ol ogi cal study; Hepatotoxicity;
Immunotoxicity; Qher toxic effects;, Environmental exposure,;
Dioxins; Hunan

This is P/et anot her version of the Quail Run study published
origi nal )2/ as Hoffnman et ai. 1986. It was reviewed in
Vol ume I X of this review (denent 1987).

Sehr-Geen, p.aA., Andrews, J.S, Jr., Hoffnan, RE, Wbb, KB,
and Schramm WF. 1988. An overview of the Mssouri di oxin
studies. Arch. Environ. Health. 43:174-177
Keywor ds: Eﬁi demol ogi cal study, Hepatotoxicity; |muno-
toxicity; Qher toxic effects; "Environnental exposure;

D oxi ns; Hunman
See page 8s.

Stellman, SD, Sellnman, J.M, and sommer, J.F., Jr. 1988a.
(onbat and herbi cide exposures in Vietnam anong a sanpl e of
Arerican Legionnnaires. Environ. Res. 47:112-128

Keywords: Epi dem ol ogi cal study; Gccupational exposure;
Phenoxy herbi ci de formulations; Human

See pages 13, 19, 31, 94 and 96.

Sellman, J.M., stellman, S D, and Sonmer, J.F., Jr. 1988h.
Social and behavi or_af consequences Of the Vi etnam experience
anong Anerican Legionnaires. Environ. Res. 47.129-149

Keywords:  Epi demol ogi cal study; Neurobehavioral effects;
Qccupat i onal exposure; Phenoxy herbicide formulations; Hunman

See pages 13, 19, 94 and 96.
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Stellman, S. D, Stellman, J.M., and Sommer, J.F., Jr. 1988c.
Heal t h and reproductive outcones anong Ameri can Legi onnaires
inrelation to conbat and herbi ci de exposure in Vi et nam
Environ. Res. 47:150-174

Keywords: Epidemiological study; Reproductive toxicity;
G her skin effects; Qccupational exposure; Phenoxy herbi ci de
formulations; Hunan

See pages 13, 19, 63 and 65.

Stockbauer, J. W, Hoffman, R E , Schramm, WF., and Ednonds, L.D
1988. Reproductive outcones of nothers with potenti al
exposure to 2,3,7,8~tetrachlorodibenzo-p-dioxin. Am J.
Epidemiol. 128:410-419

Keywords: Epidem ol ogi cal study, Reproductive toxicity;
Birth defects; Environnental exposure; D oxins; Hunman

See page 69.

Stohs, S J. and Mohammadpour, H 1988. 2,3,7,8-Tetrachlorodi-
benzo-p-dioxin (TCDD)-induced lipid peroxidation in
responsi ve and non-responsive mce. Toxicologist. 8:91

Keywords: Acute toxicity; Hepatotoxicity; Mechani sm of
action; Gher toxic effects; Oal; D oxins; Muse; Abstract

This abstract summarizes studies that were published in full
i n Mohammadpour et al. 1988.

Strik, J.J.T.W.A. 1987. Porphyrins in urine as an indication of
exposure to chlorinated hydrocarbons. Ann. NY Acad. Sci.
514: 219-221

Keywords: Porphyria cutanea tarda; Dioxins; Human; Revi ew
article

The author briefly reviewed studies of human popul ations in
whi ch urinary porphyrin levels were neasured as indicators
of exposure to "porphyrinogenic" chemcals including TAD
and PBBs. These studies indicated changes in the pattern of
porphyrin excretion but not in the amount (5 references).

Suskind, RR  1987. Report on Section F - Morning.
Chemosphere. 16: 2201- 2204

Keywor ds: Chloracne; Epidemol ogi cal study;, Absorption,
distribution, metabolism and excretion; Reproductive
toxicity, Birth defects; Cccupational exposure,;

Envi ronnent al exposure; Qher contamnating conpounds;
Review article
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Thi s paper summari zes studies of the human health effects of
exposure to chlorinated aromati ¢ hydrocarbons includi ng

/| PCDFs that were presented at ‘the 6th International
_S:yrrEo& umon Chlorinated D oxins and Rel ated Conpounds hel d
i n Fukuoka, Japan in September, 1986.

S/\een%, M.H., Fingerhut, M.a., Hal perin, WE, Mody, p.L., and
rlow, D.A. 1988. Progress of the NIOSH cross-sectional
medi ca_f study of workers occupationally exposed to chenmcal s
contanminatedwith 2,3,7,8-Tcpp. Abstract of a paper
resented at the 8th International Symposium on Chlorinated
oxins and Rel ated Conpounds. August 21-26, 1988, Unea,
Sneden. P. 215

Keywords: Cancer; E,oi dem ol ogi cal study; Gher toxic
effects; Qccupational exposure; D oxins; Hunman; Abstract

See page 47.

Taki zawa, Y. 1987. Human heal th hazards of dioxin and di benzo-
furan. Toxicol. Forum (Japan). 10:583-590

Keywor ds: Cancer; Epi dem ol ogi cal study; Reproductive
toxicity; Qccupational exposure; D oxins; Phenoxy herbicide
fornul ati ons; man; Reviewarticle

Thi s Japanese |anguage article is fourth in a series of five
and reviews the results of epidemiologic studies of humans
who were probably exposed t0 phenoxy %er bi ci des and/ or
chlorinated dibenzo-p-dioxins and di benzofurans (47
references).

Tarkowski, s. and ¥Yrjanheikki, E  1988. WHO intercountry stud

' on levels of PDDs and PCDFS in mothers’/ mlk. Abstract o
a Pap_er presented at the 8th International Synposium on
Chlorinated Doxins and Rel ated compounds. August 21-26,
1988, Umea, Sieden. P. 219

Keywords: Tissue |evels; Environmental exposure; D oxins;
Human; Abstract

The levels of PCLO'Fs in human mlk sanpl es across Europe
were conpared. The highest levels of T equi val ents were
found in Bel gi um Gern‘an%/ t he Netherlands, the Uhited
Kingdom and parts of South Vietnam The lowest |evels were
found in Aaustria, Scandinavia and Yugosl avi a.

Theobal d, H.M., Mably, T.A., Ingall, GB, and Peterson, RE
1988. Aantiatrophy effect of 2,3,7,8-tetrachlorodibenzo-p-
dioxin (T@D on rat gastric nucosa and its possible
rel ati onship to hypergastrinemia. Toxicologist. 8 92
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| Keywords: Acute toxicity; Mechani smof action; Qher organ;
Unspeci fied route of exposure; Dioxins; Rat; Abstract

This abstract summari zed studies of the effect of TCDD on
the gastric mucosa in rats. The gastric atrophy seen in

pair-fed controls was not present in TCDD treated ani nal s.
The mechani smfor this effect has not been determ ned.

Thoma, H., Micke, W., and Dretschmer, E  1987. Untersuchung von
Humanf et t proben auf PCDD F (Posterbeitrag) [Sudy of hunman
fat sanpl es for polychlorinated di benzo- p-di oxi ns and
di benzofurans (PCDD/F)]. VDI Berichte. 634:383-387

Keywords: Tissue |evels; Environnental exposure; D oxins;
Human

This Gernan | anguage article describes a study in which

adi pose tissue sanples from 19 patients at the University of
Muni ch health research institute were anal yzed for poly-

chl ori nat ed di benzo-p-di oxi ns and di benzof urans. Concen-
trations of dioxins increased with increasing degree of
chlorination. GConcentrations of total tetrachlorodibenzo-p-
dioxins ranged from<l to 18.2 pg/g.

Thoma, H , Micke, w., and Kauert, G 1988. Conparison of the
PCOOYF levels in hunman tissue and human liver. Abstract of
a paper presented at the 8th International Synposium on
(hlorinated O oxins and Rel ated Conpounds. August 21-26,
1988, Umed, Sneden. P. 169

Keywords: Tissue |evels; Environnental exposure; D oxins;
QG her contamnating conpounds; Human; Abstract

Goncentrations of PCDO Fs in adipose and liver tissues from
Mini ch residents reported the average concentration of TCDD
was 8.0 ppt (2.6- 18.0 ppt) in adi pose and 16.4 ppt (1.0 -
88.9 ppt) in liver. The congener found at the highest
concentration was OCDD, wi th average concentrations in

adi pose of 373.2 ppt and in liver of 4416.2 ppt.

Tomar, R.A. and Kerkvliet, NI. 1988. Inhibition of anti-hapten
anti body response in adoptive host reconstituted with T
cells from 2,3,7,8~tetrachlorodibenzo-p-dioxin (TAD
exposed mce. Toxicol ogi st. 8:149

Keywords: Immunotoxicity; Mechani sm of action; Unspecified
route of exposure; D oxins, Muse, Abstract

See page 88.

71



Tomaszewski, K E., Montgonery, C.A., and Melnick, R L. 1988.
Modul ation of 2,3,7,8-tetrachlorodibenzo-p-dioxin toxicity
in F344 rats by di(2-ehtylhexyl)phthalate. Chem. Biol,.
Interact. 65: 205-222

Keywords: Acute toxicity; Hepatotoxicity; Mechani sm of
action; Gher toxic effects; Oral; Dioxins; Rat

The authors investigated the effect of DEHP, a hypolipidemic
agent, on the acute toxicity of TCDD in rats. Pretreatment
and cotreatment of rats with DEHP protected agai nst sone but
not all of the fatty liver, hyperlipidemia and nortality

i nduced by TCDD.

Tsuda, S., Rosenberg, A., and Nakat sugawa, T. 1988. Trans-
| obul ar uptake patterns of environmental toxicants in the
rat liver. Bull. Environ. Contam Toxicol. 40:410-417

Keywords: Absorption, distribution, netabolism and
excretion; Hepatotoxicity;, Mechanismof action; In vitro;
Dioxins; Rat

TADD was one of several chem cal s whose uptake by an
i solated perfused rat liver was studied. TCDD was
efficiently taken up by the liver.

Umbreit, T.H and callo, M.A., 1988a. PhyS| ol ogi cal inplications
of estrogen receptor modul ation by 2,3,7,8-tetrachlorodi-
benzo-p-dioxin. ~ Toxicol. Lett. 42 5- i

Keywords: Acute toxicity; Aterations in sex hornones;
Mechani smof action; DO oxins; Reviewarticle

The authors reviewed the available information on the effect
of TCADD on estrogen receptors and concl uded that down-

regul ation of the estrogen receptor and the cascade of

physi ol ogi cal responses to that down-regul ation can explain
many of the toxic responses caused by TCDD in experi nental
aninals (72 references).

Ubreit, TH and Gallo, MA 1988b. Inplications of TCDD
estrogen interactions. Toxicol ogist. 8:92

Keywords: Acute toxicity; Aterations in sex hornones;
Lethality; Mechanism of action; D oxins; Abstract;
Comrent ary or opi ni on

This abstract summarizes infornation that was published in
full in Utbreit and Gall o 1988a.
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Umbreit, T.H., Hesse, E.J., and Gallo, M.A. 1988a. Reproductive

studies of c57B/6 nale mce treated wi th TCDD-contaminated
soils froma 2,4,5-trichlorophenoxyacetic aci d nanufact uri ng
site. Arch. Environ. Contam. Toxicol. 17:145-150

Keywords: Reproductive toxicity; Oral; Dioxins;  her
cont am nat i ng conpounds; 2,4,5-T; Muse

See page 75.

Utbreit, T.H, Hesse, E J., Macdonald, G.J., and Gallo, MA

us

us

1988b. HEfects of TCDD-estradiol interactions in three
strains of mce. Toxicol. Lett. 40:1-9

Keywords: Acute toxicity; Enzyne induction or inhibition;
Alterations in sex hornones; Reproductive toxicity;
Mechani smof action; oOral; D oxins; Muse

The authors conpared the effects of TCDD and estradi ol on
uterine weights in three strains of mce includi ng Ah
responsi ve and non-responsive strains. They found that TCDD
inhibited the ability of estradiol to increase uterine
weight in all these strains regardl ess of Ah responsiveness.

Centers for Dsease ontrol (uscbc). 1988a. Health status
of Vietnamveterans. |. Psychosocial characteristics: The
Centers for DO sease Gontrol Vi etnam experience study. JAVA
259: 2701- 2707

Keywords: Epidemiological study; Neurobehavioral effects;
(ccupational  exposure; Phenoxy herbi ci de formulations; Human

See pages 13, 15, 16, 92 and 93.

Centers for Dsease ontrol (uscpc). 1988b. Health status
of Mietnamveterans. Il. Physical health: The Centers for
D sease (ontrol M et nam Experi ence study. JAVA

259: 2708- 2714

Keywords: QGher skin effects; Cardi ovascul ar toxicity;
Respiratory toxicity; Neurobehavioral effects; Immuno-
toxicity; Porphyria cutanea tarda; Hepatotoxicity:;
Reproductive toxicity; Epidemological study; Qccupational
exposure; Phenoxy herbi ci de formulations; Human

See pages 13, 15 and 16.

Centers for Disease ontrol (uscbc). 1988c. Health status
of Mietnamveterans. |1l. Reproductive outcones and child
health: The Centers for D sease Control Wi etnam experience
Sudy. JAMA  259: 2715- 2719
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us

us

Keywords: Reproductive toxicity; Birth defects;
Epidemiological study; Qccupational exposure; Phenoxy
her bi ci de formulations; Hunan

See pages 13, 15, 16 and e63.

Centers for D sease Control (uscDc). 1988d. Serum
2,3,7,8-tetrachlorodibenzo-p~dioxin levels in US Arny
Vietnam Era veterans. JAVA  260:1249-1254

Keywords: Epi dem ol ogi cal study; Tissue |evels;
Qccupat i onal exposure; Phenoxy her bi ci de formulations; Human

See-pages 14 and 120.

Centers for D sease Gontrol (uscpc). 1989, Health status
of Vietnamveterans. The Centers for D sease Control

Vi et nam Experi ence Study. U.s. Departnent of Health and
Human Services Public Health Service, Centers for D sease
Control, GCenter for Environmental Health and Injury Control,
Atlanta, Georgia. January 1989, 5 Volunmes and 3 Suppl enents

Keywords: Epi dem ol ogi cal study; Cardi ovascular toxicity;
Immunotoxicity: Neurobehavioral effects; Reproductive
toxicity; QGher skin effects; Cccupational exposure; Phenoxy
her bi ci de formulations; Human

See pages 13, 15, 16, 17, 63, 84, 92 and 93.

Van den Berg, M., Bouwman, C., and Seinen, wW. 1988. Selective

M nei

liver retention of PCDDs and PCDFs in C57BL and DBA m ce.
Abstract of a paper presented at the 8th International
Synposi um on Chlorinated O oxins and Rel ated GConpounds.
August 21-26, 1988, Umea, Sweden. P. 152

Keywords: Hepatotoxicity:; Mechani smof action; Absorption,
distribution, netabolism and excretion; oral; D oxins;
G her contam nating conpounds; Muse; Abstract

The distribution and retention of PCDOFs in nouse |iver was
studied in two different strains: G7BL (high affinity Ah
receptor) and DBA/2 (low affinity Ah receptor). NoO

anal ytical results were provided.

s, P. and zahm, SH 1988. Immunosuppressive effects of
dioxin in the devel opnent of Kaposi’s sarcona and
non-Hodgkin’s lymphoma. Lancet. January 2/9:55

Keywords; Cancer; Epidemol ogical study; Immunotoxicity;

Phenoxy her bi ci de formulations; D oxins; Human; Conmentary
or opi ni on
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See page 40.

Waern, F. , Hdkansson, H., Manzoor, E., and Ahl borg, UG 1988a.
Effects of TCDD, TCDF and 2,3,4,7,8~PeCDF exposure vi a
mother’s m | k on enzyne induction and vitamn A status in
neonatal rat. Abstract of a paper presented at the 8th
I nternational Synposiumon Chlorinated D oxins and Rel ated
Conpounds.  August 21-26, 1988, Umed, Saeden. P. 223

Keywords: Acute toxicity; Enzyne induction or inhibition;
Mechani smof action; Gher toxic effects; CGher route of
exposure; Dioxins; Rat; Abstract

This abstract describes studies designed to determne the
effects of TCDD on vitamn A levels Iin the liver and kidneys
of neonatal rats and to conpare those effects with effects
on growh and AHH induction. No results or conclusions were
included in this abstract.

Wern, F., Hanberg, A., Safe, S., and Ahlborg, UG 1988b.
Interacti on of 6-Me-1,3,8-~trichlorodibenzofuran wth
TCDD- i nduced vitamn A reduction. Abstract of a paper
presented at the 8th International Synposium on Chlorinated
D oxins and Rel ated Conpounds. August 21-26, 1988, Umea,
Sweden. P. 224

Keywords: Acute toxicity; Mechanismof action, Qher toxic
effects; Oal; DOoxins; Rat; Abstract

This abstract describes studies designed to determne

whet her the Ah receptor is involved in the depletion of
vitamn A by TGDD. No results or conclusions were included
in this abstract.

Wahba, Z Z, a1-Bayati, z.A.F., and Sohs, S J. 1988a. Efect
of 2,3,7,8-tetrachlorodibenzo-p-dioxin on the hepatic
distribution of iron, copper, zinc, and magnesi umin rats.
J. Biochem. Toxicol. 3:121-129

Keywords: Acute toxici tlé Hepatotoxicity; Mechani sm of
action; oral; D oxins; t-

The authors investigated the effect of three consecutive
daily oral doses of TCDD on the concentrations of several
metals in the |ivers of rats. The effects of TCDD on
different netals were inconsistent. The significance of
these results is not clear.

Wahba, z.z., Lawson, T.a., and stohs, S J. 1988b. Induction of
hepatic DNA single strand breaks in rats bY 2,3,7,8-tetra~
chlorodibenzo-p-dioxin (Tcpp). Cancer Lett. 29:281-286

75



Keywords: Cancer; Hepatotoxicity; Mechani smof acti on;
G her toxic effects; Oral; Dioxins; Rat

See page 49.

Wahba, z.Z2., Sohs, s.J., Lawson, T.A., and Murray, WJ. 1988c.
Factors influencing the induction of DNA single strand
breaks in rats by 2,3,7,8-tetrachlorodibenzo-p-dioxin.
Toxi col ogi st. 8:91

Keywords: Acute toxicity; Cancer; Hepatotoxicity; Mechani sm
of action; Gher toxic effects; Oral; Dioxins; Rat; Abstract

See page 49.

Wang, S-L., Medrano, T.I., and Shiverick, K T. 1988
Dfferential alteration of epidernal growh factor (E&)
receptor in fetal liver by 2,3,7,8-tetrachlorodibenzo-p-
dioxin (T@D and g-napthoflavone (BNF). FASEB J. 2:A372

Keywor ds: Hepatotoxicity; Mechani smof action; Reproductive
toxicity; Injection; D oxins; Rat; Abstract

This abstract summarizes investigations of the effect of
treatnent of pregnant rats with TCDD on days 10-14 of
gestation on the EG- receptor in fetal |ivers on day 20.
TCADD decreased the nunber but not the affinity of EG-
receptors. These functional alterations were not related to
changes in kinase activity.

Wbb, K.B., Ayres, S M, Mkes, J., and Evans, RG 1986. The
di agnosi s of dioxin-associated illness. Am J. Prev. Med.
2:103-108

Keywords: Environmental exposure; DO oxins; Hunman; Review
article

The authors reviewed the literature in order to define the
clinical synptomatology resulting fromacute intoxication by
TAD  They concluded that the long-termeffects are
uncertain (25 references).

Veber, L. WD, Gorski, J.R, and Rozman, K 1988. Reduced
gluconeogenesis in T(DD-treated rats. Toxi col ogi st. 8:94

Keywords: Acute toxicity; Lethality; Mechani smof action;
Unspecified route of exposure; D oxins; Rat; Abstract

This abstract summarizes studies of the effects of acute

| ethal doses of TCDD on gluconogenesis in rats. TCOD

nmar kedl y decreased the conversion of alanine to glucose, and
corticosterone was partially protective against this effect.
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Wendling, J.M, Qth, RG, Hileman, F.D., and Poiger, H 1988.
Anal ysis of feces for the determnation of the netabolism of
2,3,7,8-TcDD i n man. Abstract of a paper presented at the
8th International Synposiumon Chlorinated D oxins and
Rel at ed Conpourids. August 21-26, 1988, Umea, Saeden. P.
166

Keywords: Absorption, distribution, netabolism and
excretion; Oral; D oxins; Human; Abstract

The nature of the fecally excreted "TCDD equi val ents"
followi ng "self-dosing" I n hunans was studied. 53% of
recovered radioactivity was TCDD netabolites. No anal yti cal
results were presented.

Wst, AM and Leon, C 1987. Response to Letter to the Editor:
Vi et namvet exposure to Agent O ange. Nurse Pract. 12:8

Keywords: Neurobehavioral effects; Reproductive toxicity;
Qccupat i onal  exposure; Phenoxy herbici de formulations;
Conment ary or opi ni on

This is areply to a letter to the editor comenting on an
earlier article by these authors (see Stauber 1987).

Wite, F.M.M., Cohen, F.G., Sherman, G., and McCurdy, R  1988.
Chemcals, birth defects and stillbirths in New Brunsw ck:
Associations with agricultural activity. Can. Med. Assoc.
J. 138: 117- 124

Keywords: Epidemiological study; Reproductive toxicity;
Birth defects; Environmental exposure; Phenoxy herbicide
formulations; Hunman

See page 66.

Wiklund, K., Dch, J., and Holm L. E 1987a. R sk of nalignant
lymphoma in Saedi sh pesticide appliers. Br. J. GCancer.
56: 505- 508

Keywords: Cancer; Epi dem ol ogi cal study; Qccupational
exposure; Phenoxy herbi ci de formulations; Hunan

This study of cancer am)n% | i cenced pesticide applicators in
Sneden was published in abstract formin 1987 and was
critically reviewned in Volume XI of this review (see d enent

1988) .

Wklund, k., Holm &wr.E., and Dich, J. 1987b. Soft tissue
sarcoma risk anong agricultural and forestry workers in
Saeden. cChemosphere. 16: 2107-2110
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Keywords: Cancer; Epidemiological study; Qccupati onal
exposure; Phenoxy herbi ci de formulations; Hunan

A report of this study was available in 1986 and the study
was critically reviewed in Volune I X of this review (see
d enent 1987). :

See page 36.

Wiklund, K., Lindefors, B.M., and Holm L E 1988. R sk of
mal i gnant lymphoma in Swedish agricultural and forestry
workers. Br. J. Ind. Med. 45:19-24

Keywords: Cancer; Epidem ol ogi cal study; Qccupational
exposur e; Phenoxy herbi ci de formulations; Hunan

See page 36.

VWl fe, W.H., Michalek, J.E, Patterson, DG, Jr., Needham, L.L.,
Mner, J.C, Peterson, M.R., and Pirkle, J.L. 1988.
Correl ation between serumdi oxin |evels and cal cul ated
exposure in mlitary personnel exposed to Agent QO ange.
Abstract of a paper presented at the 8th Internati onal
Synposi um on lorinated D oxins and Rel ated Conpounds.
August 21-26, 1988, Umea, Swaeden. P. 175

Keywords: Tissue |evels; Epidemological study;
Qccupational exposure; Phenoxy herbi i de formulations;
Hunman; Abstract

Doxin levels in the serum of M etham veteran personnel
averaged 49.4 ppt as conpared to 5.2 ppt in control sanpl es.
The authors concluded that this was a valuable tool to
assess dioxin exposure in mlitary personnel.

See page 121.

Wroblewski, V.J. and dson, J.R 1988. HEfect of monocoxygenase
inducers and inhibitors on the hepatic netabol i sm of
2,3,7,8-tetrachlorodibenzo-p-dioxin in the rat and hanster.
Drug Metab. Dispos. 16:43-51

Keywords: Enzyne induction or inhibition; Absorption,
distribution, netabolism and excretion: In vitro; DO oxins;
Rat; Hanster

The effect of different nonooxygenase inducers and
inhibitors of the hepatic netabolismof 2,3,7,8-TcDD by
isolated rat and hanster hepatocytes was studied in an
attenpt to elucidate the difference between these two
species with regard to sensitivity to 2,3,7,8-TcDD toxicCity.
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The aut hors concluded that 2,3,7,8-TCDD i s nmetabolized by a
formof cytochrome P-448 by both species, but differences in
substrate specificity appear to exist between rat and

hanst er . :

Wroblewski, v.J., Gessner, T., and dson, J.R 1988.

Yao,

Qualitative and quantitative differences in the induction
and i nhi bition of hepatic benzo[a]pyrene netabolismin the
rat and hanster. Biochem. Pharmacol. 37:1509-1517

Keywords: Acute toxicity; Enzyne induction or inhibition;
Hepatotoxicity; Mechani smof action; Injection; D oxins;
Rat; Hanster

The aut hors conducted a conparative study of the induction
of AHH and other microsomal enzyne activities by TCDD and 3-
MCin rats and hansters. There were a nunber of differences
i n the manner in which enzyne activities responded to TCDD
treatnent in these species.

c. and safe, S. 1988. 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(T@D antagonists protect agai nst TcDD-mediated porphyria.
Toxicologist. 8:65

Keywords: Hepatotoxicity; Porphyria cutanea tarda;
Mechani sm of action; Unspecified route of exposure; D oxins;
Mouse; Abstract

This abstract summarizes studies ‘showing that Ah receptor
ant agon! sts block the alterations in hepatic porphyrin
met abol i smthat are caused by TCDD in mice, providin
additional evidence that the porphyrogenic effects of TCDD
are nedi ated by the Ah receptor.
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