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Preface

In response to the concerns voiced by Vietnam veterans and their families,
Congress called upon the National Academy of Sciences (NAS) to review the
scientific evidence on the possible health effects of exposure to Agent Orange
and other herbicides (Public Law 102-4, signed on February 6, 1991).  The
creation of the first NAS Institute of Medicine committee, in 1992, underscored
the critical importance of approaching these questions from a scientific stand-
point.  The original Committee to Review the Health Effects in Vietnam Veterans
of Exposure to Herbicides realized from the beginning that it could not conduct a
credible scientific review without a full understanding of the experiences and
perspectives of veterans.  Thus, to supplement its standard scientific process, the
original committee opened several of its meetings to the public in order to allow
veterans and other interested individuals to voice their concerns and opinions, to
provide personal information about individual exposure to herbicides and associ-
ated health effects, and to educate the original committee on recent research
results and studies still under way.  This information provided a meaningful
backdrop for the numerous scientific articles that the original committee re-
viewed and evaluated.

In its 1994 report Veterans and Agent Orange: Health Effects of Herbicides
Used in Vietnam, the committee reviewed and evaluated the available scientific
evidence regarding the association between exposure to dioxin or other chemical
compounds contained in herbicides used in Vietnam and a wide range of health
effects and provided the committee’s findings to the Secretary of Veterans Af-
fairs to consider as the Department of Veterans Affairs carried out its responsi-
bilities to Vietnam veterans.  The report also described areas in which the avail-
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able scientific data were insufficient to determine whether an association exists
and provided the committee’s recommendations for future research.

Public Law 102-4 also asked the IOM to conduct biennial updates that would
review newly published scientific literature regarding statistical associations be-
tween health outcomes and exposure to dioxin and other chemical compounds in
these herbicides.  The focus of this first updated review is on new scientific
studies published since the release of Veterans and Agent Orange (VAO) and on
updates of scientific studies previously reviewed in VAO.  To conduct this re-
view, the IOM established a new committee of 16 members representing a wide
range of expertise to take a fresh look at the studies reviewed in VAO and new
scientific studies to determine whether an association exists between herbicide
exposure and specific health outcomes.  In order to provide a link to VAO,  half of
the committee members had also served on the original committee.  All commit-
tee members were selected because they are leading experts in their fields, have
no conflicts of interest with regard to the matter under study, and have taken no
public positions concerning the potential health effects of herbicides in Vietnam
veterans or related aspects of herbicide or dioxin exposure.  Biographical sketches
of committee members and staff appear in Appendix C.

The committee worked on several fronts in conducting this updated review,
always with the goal of seeking the most accurate information and advice from
the widest possible range of knowledgeable sources.  Consistent with procedures
of the IOM, the committee met in a series of closed sessions and working group
meetings in which members could freely examine, characterize, and weigh the
strengths and limitations of the evidence.  Given the nature of the controversy
surrounding this issue, the committee deemed it vital to convene an open meeting
as well.  The public meeting was held in conjunction with the committee’s first
meeting, in April 1995, and provided the opportunity for veterans and veterans
service organizations, researchers, policymakers, and other interested parties to
present their concerns, review their research, and exchange information directly
with committee members.  To solicit broad participation, the committee sent
announcements to nearly 1,300 individuals and organizations known to have an
interest in this issue.  The oral presentations and written statements submitted to
the committee are described in detail in Appendix A.

In addition to its formal meetings, the committee actively and continuously
sought information from, and explained its mission to, a broad array of individu-
als and organizations with interest or expertise in assessing the effects of expo-
sure to herbicides.  These interactions included meetings with representatives of
veterans service organizations, congressional committees, federal agencies, and
scientific organizations.  The committee also heard from the public through tele-
phone calls and letters, each of which received a response from the IOM staff.

Most of the committee’s work involved reviewing the scientific literature
bearing on the association between herbicides or dioxin and various health out-
comes.  The literature included studies of people exposed in occupational and
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environmental settings to the types of herbicides used in Vietnam, as well as
studies of Vietnam veterans.  The committee reviewed the original publications
themselves rather than summaries or commentaries.  Such secondary sources
were used to check the completeness of the review.  The committee also reviewed
the primary and secondary literature on basic toxicological and animal studies
related to dioxin and other herbicides in question.

As explained in the Executive Summary on page 14, the committee found
that, in general, it is not possible to quantify the degree of risk likely to be
experienced by Vietnam veterans because of their exposure to herbicides in Viet-
nam.  Two members of the committee believe that there are certain circumstances
under which the risk to veterans can be quantified. Appendix B presents their
analysis and estimates; it represents their opinion alone.

Kelley Brix served as the original study director for this project and deserves
credit for drafting sections of the report.  The committee would also like to
acknowledge the excellent work of the staff members, David Butler, Deborah
Katz, and Amy Noel O’Hara.  The committee would also like to thank Michael
Stoto, Cynthia Abel, Diane Mundt, and Catharyn Liverman, who also served as
staff members for the original committee; their knowledge of the subject was
helpful in completing the report. Thanks are also extended to Mona Brinegar,
who handled the finances for the project; Thomas Burroughs, who provided
excellent editorial skills; Michael Edington, who supervised the report through
the editorial and publication phases; and Donna Thompson, who provided assis-
tance with editorial changes to the manuscript.

David Tollerud, Chairman
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1

1

Executive Summary

Because of continuing uncertainty about the long-term health effects of ex-
posure to herbicides used in Vietnam, Congress passed Public Law 102-4, the
“Agent Orange Act of 1991.”  This legislation directed the Secretary of Veterans
Affairs to request the National Academy of Sciences (NAS) to conduct a compre-
hensive review and evaluation of scientific and medical information regarding
the health effects of exposure to Agent Orange, other herbicides used in Vietnam,
and the various chemical components of these herbicides, including dioxin.  The
Institute of Medicine (IOM) of the NAS conducted this review and in 1994
published a comprehensive report, entitled Veterans and Agent Orange:  Health
Effects of Herbicides Used in Vietnam  (IOM, 1994).

Public Law 102-4 also called for the NAS to conduct subsequent reviews at
least every two years for a period of ten years from the date of the first report.
The NAS was instructed to conduct a comprehensive review of the evidence that
has become available since the previous IOM committee report; and reassess its
determinations and estimates of statistical association, risk, and biological plausi-
bility.

This IOM report presents the first updated review and evaluation of the
newly published scientific evidence regarding associations between diseases and
exposure to dioxin and other chemical compounds in herbicides used in Vietnam.
For each disease, the IOM was asked to determine, to the extent that available
data permitted meaningful determinations:  1) whether a statistical association
with herbicide exposure exists, taking into account the strength of the scientific
evidence and the appropriateness of the statistical and epidemiological methods
used to detect the association; 2) the increased risk of the disease among those
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2 VETERANS AND AGENT ORANGE:  UPDATE 1996

exposed to herbicides during Vietnam service; and 3) whether there is a plausible
biological mechanism or other evidence of a causal relationship between herbi-
cide exposure and the disease.

In addition to bringing the earlier scientific evidence up to date, the commit-
tee has addressed several specific areas of concern, as requested by the Depart-
ment of Veterans Affairs (DVA).  These are:  1) the relationship between expo-
sure to herbicides and the development of acute and subacute peripheral
neuropathy; 2) the relationship between exposure to herbicides and the develop-
ment of prostate cancer, hepatobiliary cancer, and nasopharyngeal cancer; and 3)
the relationship between the length of time since first exposure and the possible
risk of cancer development.

In conducting its study, the IOM committee operated independently of the
DVA and other government agencies.  The committee was not asked to and did
not make judgments regarding specific cases in which individual Vietnam veter-
ans have claimed injury from herbicide exposure. Rather, the study provides
scientific information for the Secretary of Veterans Affairs to consider as the
DVA exercises its responsibilities to Vietnam veterans.

ORGANIZATION AND FRAMEWORK

The conclusions in this updated report are based on cumulative evidence
from the scientific literature reviewed in Veterans and Agent Orange:  Health
Effects of Herbicides Used in Vietnam, which will be abbreviated here as VAO.
This update is intended to supplement rather than replace VAO; therefore, most of
the background information has not been repeated.  Most chapter sections begin
with brief summaries of the scientific data in VAO, followed by a more thorough
discussion of the newly published data and their interpretation.  The reader is
referred to relevant sections of VAO for additional detail and explanation.

Chapter 2 provides an overview of the methods and conclusions of VAO.  In
addition, it provides a summary of the recent activities of several federal govern-
ment agencies that are relevant to the health effects of Agent Orange and other
herbicides used in Vietnam.  Chapter 3 provides an update of the recent experi-
mental toxicology data on the effects of the herbicides and of TCDD, a com-
pound found as a contaminant in the herbicide 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T).  These data serve as the basis for the biological plausibility of potential
health effects in human populations.  Chapter 4 describes the methodological
considerations that guided the committee’s review and its evaluation.  Chapter 5
updates the exposure assessment issues in VAO.   Chapter 8 reviews the methods
used to study latency, or time-related effects—a topic of special interest to the
DVA—and evaluates the evidence on latency for the cancers under study.

The committee focused most of its efforts on reviewing and interpreting
epidemiologic studies, in order to judge whether each of the human health effects
is associated with exposure to herbicides or dioxin.  The committee weighed the
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EXECUTIVE SUMMARY 3

strengths and limitations of the scientific data in VAO as well as the newly
published scientific data, and reached its conclusions by interpreting the new
evidence in the context of the original report.  In particular, each disease has been
placed into one of four categories, depending on the strength of evidence for an
association (see Conclusions about Health Outcomes, below).  The committee
used the same criteria to categorize diseases as were used in VAO.

In the chapters on the various health outcomes (7, 9, 10, and 11), the commit-
tee relied on many of the same epidemiologic studies when assessing the poten-
tial associations with herbicides.  Therefore, Chapter 6 provides a framework for
the methods used in the epidemiologic studies.  The chapter is organized to
reflect similarities and differences in the nature of exposure among three types of
study populations: occupationally exposed, environmentally exposed, and Viet-
nam veterans.

TOXICOLOGY SUMMARY

Chapter 3 reviews the results of animal studies published during the past
three years that investigated the toxicokinetics, mechanism of action, and disease
outcomes of TCDD, plus the herbicides themselves.

TCDD elicits a diverse spectrum of biological sex-, strain-, age-, and spe-
cies-specific effects, including carcinogenicity, immunotoxicity, reproductive/
developmental toxicity, hepatotoxicity, neurotoxicity, chloracne, and loss of body
weight.  These effects vary according to the age, sex, species, and strain of the
animals involved.  To date, the scientific consensus is that TCDD is not genotoxic
and that its ability to influence the carcinogenic process is mediated via epige-
netic events such as enzyme induction, cell proliferation, apoptosis, and intracel-
lular communication.

Recent studies on the effects of TCDD and related substances on the immune
system amplify earlier findings and suggest that these compounds affect prima-
rily the T-cell arm of the immune response.  Direct effects of TCDD on T cells in
vitro, however, have not been demonstrated suggesting that the action of TCDD
may be indirect.  In contrast, a number of animal studies of the reproductive and
developmental toxicity of TCDD suggests that developing animals may be par-
ticularly sensitive to the effects of TCDD.  Specifically, male reproductive func-
tion has been reported to be altered following perinatal exposure to TCDD.  In
addition, experimental studies of the effects of TCDD in the peripheral nervous
system suggest that TCDD can cause a toxic polyneuropathy in rats after a single,
low dose.  Other recent studies provide evidence that hepatotoxicity of TCDD
involves AhR-dependent mechanisms.

The most recent studies have focused on the elucidation of the molecular
mechanism of TCDD toxicity.  The evidence further supports the concept that the
toxic effects of TCDD involve AhR-dependent mechanisms.  A better apprecia-
tion of the complexity of TCDD effects in target cells has led to the development
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4 VETERANS AND AGENT ORANGE:  UPDATE 1996

of refined, physiologically based pharmacokinetic models.  These models take
into account intracellular diffusion, receptor and protein binding, and liver induc-
tion to establish the fractional distribution of the total body burden as a function
of the overall body concentration.  The association of TCDD with the cytosolic
AhR has been shown to require a second protein, known as ARNT, for DNA
binding capability and transcriptional activation of target genes.  There is also
increasing evidence suggesting that events other than receptor binding influence
biological response to TCDD.  It is now clear that AhR-related signaling influ-
ences, and is itself influenced by, other signal transduction mechanisms at low
concentrations.  Signaling interactions explaining the toxic effects of TCDD may
involve growth factors, free radicals, the interaction of TCDD with the estrogen
transduction pathway, and protein kinases.

The toxicity of the herbicides used in Vietnam remains poorly studied.  In
general, the herbicides 2,4-D, 2,4,5-T, cacodylic acid, and picloram have not
been identified as particularly toxic substances since high concentrations are
often required to modulate cellular and biochemical processes.  Impairment of
motor function has been reported in rats administered high single oral doses of
2,4-D.  The ability of 2,4,5-T to interfere with calcium homeostasis in vitro has
been documented and linked to the teratogenic effects of 2,4,5-T on the early
development of sea urchin eggs.  There is evidence suggesting that both 2,4-D
and 2,4,5-T are capable of inducing renal lesions in rats.  A series of studies
indicates that high concentrations of cacodylic acid results in the formation of a
toxic intermediate, the dimethylarsenic radical.  No recent studies pertaining to
the toxicity of picloram have been published.  The half-life in the body of 2,4-D
and 2,4,5-T is relatively short and does not appear to extend beyond two weeks.
2,4-D binds covalently to hepatic proteins and lipids, but the molecular basis of
this interaction and its biologic consequences are unknown.

EXPOSURE ASSESSMENT

Assessment of individual exposure to herbicides and dioxin is a key element
in determining whether specific health outcomes are linked to these compounds.
The committee has found, however, that the definition and quantification of
exposure are the weakest methodologic aspects of the epidemiologic studies.
Although different approaches have been used to estimate exposure among Viet-
nam veterans and among various occupationally and environmentally exposed
groups, each approach is limited in its ability to determine precisely the intensity
and duration of individual exposure.

Since the publication of VAO, there has been considerable progress in the use
of serum TCDD levels and/or quantitative exposure indices, as summarized in
Chapter 5.  There also has been progress in characterizing the TCDD body
burdens in several groups, including the Ranch Hand cohort, Seveso residents,
German herbicide production employees, and Vietnamese civilians (Michalek et
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al., 1996; Needham et al., 1994; Flesch-Janys et al., 1994; Ott et al., 1993; and
Verger et al., 1994).  The mean half-life of TCDD in humans has been calculated
to be about 8.7 years in the Ranch Hand cohort (Michalek et al., 1996).  Serum
TCDD measurements may provide valuable information about past herbicide
exposure under some conditions, and they are best used to detect differences in
exposure levels among large groups in epidemiologic studies.  This additional
information on TCDD body burdens in specific groups and information on half-
lives allow more accurate comparisons of relative levels of exposure to TCDD
among cohorts.

Although definitive data are lacking, the available evidence suggests that
Vietnam veterans as a group had substantially lower exposure to herbicides and
dioxin than did the subjects in many occupational studies.  The participants in
Operation Ranch Hand and the Army Chemical Corps are exceptions to this
pattern, and it is likely that there are others who served in Vietnam who had
exposures comparable in intensity to members of the occupationally exposed
cohorts.  It is currently not possible to identify this heavily exposed fraction of
Vietnam veterans, although exposure reconstruction methods with this capability
could perhaps be developed and validated.

CONCLUSIONS ABOUT HEALTH OUTCOMES

Chapters 7, 9, 10, and 11 provide a detailed evaluation of the epidemiologic
studies reviewed by the committee and their implications for cancer, reproductive
effects, neurobehavioral effects, and other health effects.  As is detailed in Chap-
ter 4, the committee used the epidemiologic evidence it reviewed to assign each
of the health outcomes being studied into one of the four categories listed in
Table 1-1.  The definitions of the categories and the criteria for assigning a
particular health outcome to them are described in the table, and the specific
rationale for each of the findings is detailed in Chapters 7, 9, 10 and 11.

Consistent with the mandate of Public Law 102-4, the distinctions between
categories are based on “statistical association,” not on causality, as is common in
scientific reviews.  Thus, standard criteria used in epidemiology for assessing
causality (Hill, 1971) do not strictly apply. The committee was charged with
reviewing the scientific evidence rather than making recommendations regarding
DVA policy, and Table 1-1 is not intended to imply or suggest any policy deci-
sions; these must rest with the Secretary of Veterans Affairs.

Health Outcomes with Sufficient Evidence of an Association

In VAO, the committee found sufficient evidence of an association with
herbicides and/or TCDD for five diseases:  soft-tissue sarcoma, non-Hodgkin’s
lymphoma, Hodgkin’s disease, chloracne, and porphyria cutanea tarda (in geneti-
cally susceptible individuals).  The recent scientific literature continues to sup-
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TABLE 1-1 Updated Summary of Findings in Occupational, Environmental,
and Veterans Studies Regarding the Association Between Specific Health
Problems and Exposure to Herbicides

Sufficient Evidence of an Association
Evidence is sufficient to conclude that there is a positive association. That is, a positive
association has been observed between herbicides and the outcome in studies in which
chance, bias, and confounding could be ruled out with reasonable confidence.  For example,
if several small studies that are free from bias and confounding show an association that
is consistent in magnitude and direction, there may be sufficient evidence for an association.
There is sufficient evidence of an association between exposure to herbicides and the
following health outcomes:

Soft-tissue sarcoma
Non-Hodgkin’s lymphoma
Hodgkin’s disease
Chloracne

Limited/Suggestive Evidence of an Association
Evidence is suggestive of an association between herbicides and the outcome but is
limited because chance, bias, and confounding could not be ruled out with confidence.
For example, at least one high-quality study shows a positive association, but the results
of other studies are inconsistent.  There is limited/suggestive evidence of an association
between exposure to herbicides and the following health outcomes:

Respiratory cancers (lung, larynx, trachea)
Prostate cancer
Multiple myeloma
Acute and subacute peripheral neuropathy (new disease category)
Spina bifida (new disease category)
Porphyria cutanea tarda (category change in 1996)

Inadequate/Insufficient Evidence to Determine Whether an Association Exists
The available studies are of insufficient quality, consistency, or statistical power to permit
a conclusion regarding the presence or absence of an association.  For example, studies
fail to control for confounding, have inadequate exposure assessment, or fail to address
latency.  There is inadequate or insufficient evidence to determine whether an association
exists between exposure to herbicides and the following health outcomes:

Hepatobiliary cancers
Nasal/nasopharyngeal cancer
Bone cancer
Female reproductive cancers (cervical, uterine, ovarian)
Breast cancer
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TABLE 1-1  Continued

Inadequate/Insufficient Evidence to Determine Whether an Association Exists
(continued)

Renal cancer
Testicular cancer
Leukemia
Spontaneous abortion
Birth defects (other than spina bifida)
Neonatal/infant death and stillbirths
Low birthweight
Childhood cancer in offspring
Abnormal sperm parameters and infertility
Cognitive and neuropsychiatric disorders
Motor/coordination dysfunction
Chronic peripheral nervous system disorders
Metabolic and digestive disorders (diabetes, changes in liver enzymes,

lipid abnormalities, ulcers)
Immune system disorders (immune suppression and autoimmunity)
Circulatory disorders
Respiratory disorders
Skin cancer (category change in 1996)

Limited/Suggestive Evidence of No Association
Several adequate studies, covering the full range of levels of exposure that human beings
are known to encounter, are mutually consistent in not showing a positive association
between exposure to herbicides and the outcome at any level of exposure.  A conclusion
of “no association” is inevitably limited to the conditions, level of exposure, and length
of observation covered by the available studies.  In addition, the possibility of a very
small elevation in risk at the levels of exposure studied can never be excluded. There is
limited/suggestive evidence of no association between exposure to herbicides and the
following health outcomes:

Gastrointestinal tumors (stomach cancer, pancreatic
cancer, colon cancer, rectal cancer)

Bladder cancer
Brain tumors

NOTE:  “Herbicides” refers to the major herbicides used in Vietnam: 2,4-D (2,4-
dichlorophenoxyacetic acid); 2,4,5-T (2,4,5-trichlorophenoxyacetic acid) and its contaminant TCDD
(2,3,7,8-tetrachlorodibenzo-p-dioxin); cacodylic acid; and picloram. The evidence regarding associa-
tion is drawn from occupational and other studies in which subjects were exposed to a variety of
herbicides and herbicide components.
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port the classification of the first four of these diseases in the category of suffi-
cient evidence.  Based on the recent literature, the committee has reclassified
porphyria cutanea tarda into the category of limited/suggestive evidence, as de-
scribed below.  Based on the recent literature, there are no additional diseases that
satisfy this category’s criteria—that a positive association between herbicides
and the outcome must be observed in studies in which chance, bias, and con-
founding can be ruled out with reasonable confidence.  The committee regards
evidence from several small studies that are free from bias and confounding, and
that show an association that is consistent in magnitude and direction, as suffi-
cient evidence for an association.  The evidence that supports the committee’s
conclusions for the three cancers is detailed in Chapter 7; for chloracne in Chap-
ter 11.

Health Outcomes with Limited/Suggestive Evidence of Association

In VAO, the committee found limited/suggestive evidence of an association
for three cancers: respiratory cancer, prostate cancer, and multiple myeloma.  The
recent scientific literature continues to support the classification of these diseases
in the category of limited/suggestive evidence.  The literature also indicates that
three additional conditions satisfy the criteria necessary for this category: spina
bifida, acute and subacute (transient) peripheral neuropathy, and porphyria
cutanea tarda (PCT).  For outcomes in this category, the evidence must be sug-
gestive of an association with herbicides, but the association may be limited
because chance, bias, or confounding could not be ruled out with confidence.
Typically, at least one high-quality study indicates a positive association, but the
results of other studies may be inconsistent.

The evidence that supports the committee’s conclusions for respiratory can-
cer and multiple myeloma is detailed in Chapter 7 and is not substantially changed
from VAO.  Because prostate cancer is one of the three cancer types of special
interest to the DVA, a brief summary of the relevant scientific evidence is pro-
vided here.  Because spina bifida, acute and subacute (transient) peripheral
neuropathy, and porphyria cutanea tarda have been classified in the category of
limited/suggestive since VAO, evidence for these associations is also provided.

Several studies have shown an elevated risk for prostate cancer in agricul-
tural or forestry workers.  In a large cohort study of Canadian farmers (Morrison
et al., 1993), an elevated risk of prostate cancer was associated with herbicide
spraying, and the risk increased with increasing number of acres sprayed.  The
proportionate mortality from prostate cancer was elevated in a study of USDA
forest conservationists (PMR = 1.6, CI 0.9-3.0) (Alavanja et al., 1989), and a
case-control study of white male Iowans who died of prostate cancer (Burmeister
et al., 1983) found a significant association with farming (OR = 1.2) that was not
associated with any particular agricultural practice.  These results are strength-
ened by a consistent pattern of nonsignificant elevated risks in studies of chemi-
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cal production workers, agricultural workers, pesticide applicators, paper and
pulp workers, and the population of Seveso, Italy.  The largest recent study
demonstrated a significantly increased risk of death from prostate cancer in both
white and nonwhite farmers in 22 of the 23 states that were studied (Blair et al.,
1993).  Studies of prostate cancer among Vietnam veterans or among people who
have been exposed environmentally, have not consistently shown an association.
However, prostate cancer is generally a disease of older men, and the risk among
Vietnam veterans would not be detectable in today’s epidemiologic studies.  Be-
cause there was a strong indication of a dose-response relationship in one study
(Morrison et al., 1993) and a consistent positive association in a number of
others, the committee felt that the evidence for association with herbicide expo-
sure was limited/suggestive for prostate cancer.

There have been three epidemiologic studies that suggest an association
between paternal herbicide exposure and an increased risk of spina bifida.   In the
Ranch Hand study (Wolfe et al., 1995), neural tube defects (spina bifida, anen-
cephaly) were increased among offspring of Ranch Hands with four total (rate of
5 per 1,000), in contrast to none among the comparison infants (exact p = .04).
The Centers for Disease Control and Prevention (CDC) VES cohort study (Cen-
ters for Disease Control, 1989) found that more Vietnam veterans reported that
their children had a central nervous system anomaly (OR = 2.3; 95% CI 1.2-4.5)
than did non-Vietnam veterans.  The odds ratio for spina bifida was 1.7 (CI 0.6-
5.0).  In a substudy, hospital records were examined in an attempt to validate the
reported cerebrospinal defects (spina bifida, anencephaly, hydrocephalus).  While
a difference was detected, its interpretation is limited by differential participation
between the veteran groups and failure to validate negatives reported; that is, the
veterans not reporting their children having a birth defect.  Thus, the issue of a
recall bias is of major concern with this study.  In the CDC Birth Defects Study
which utilized the population-based birth defects registry system in the metro-
politan Atlanta area (Erickson et al., 1984), there was no association between
Vietnam veteran status and the risk of spina bifida (OR = 1.1, CI 0.6-1.7) or
anencephaly (OR = 0.9, CI 0.5-1.7).  However, the exposure opportunity index
(EOI) based upon interview data was associated with an increased risk of spina
bifida; for the highest estimated level of exposure (EOI-5) the OR was 2.7 (CI
1.2-6.2).  There was no similar pattern of association for anencephaly.  Thus, all
three epidemiologic studies (Ranch Hand, VES, CDC Birth Defects Study) sug-
gest an association between herbicide exposure and an increased risk of spina
bifida in offspring.

In contrast to most other diseases, for which the strongest data have been
from occupationally exposed workers, these studies focused on Vietnam veter-
ans.  Although the studies were judged to be of relatively high quality, they suffer
from methodologic limitations, including possible recall bias, nonresponse bias,
small sample size, and misclassification of exposure.  For these reasons, the
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committee concludes that there is limited/suggestive evidence for an association
between exposure to herbicides used in Vietnam and spina bifida in offspring.

There is also limited/suggestive evidence of an association between expo-
sure to herbicides and acute and subacute (transient) peripheral neuropathy.  There
are several published studies relevant to this health outcome, but they are primar-
ily case histories from occupational studies and chemical reports following the
Seveso accident, which describe transient symptoms of peripheral neuropathies
in highly exposed intervals (Todd, 1962; Berkley and Magee, 1963; Goldstein et
al., 1959; Boeri et al., 1978; Pocchiari et al., 1979; Filippini et al., 1981).  Todd
(1962) reported a sprayer of 2,4-D weedkiller who developed a gastrointestinal
disturbance and, within days, after contact with the chemical, a severe sensory/
motor polyneuropathy.  Recovery occurred over a period of months.  Berkley and
Magee (1963) reported another patient who developed a polyneuropathy four
days after exposure to a liquid solution of 2,4-D, which was being sprayed in a
cornfield.  The neuropathy was purely sensory in type.  The patient’s symptoms
gradually resolved over months.  Goldstein et al. described three patients with
sensory/motor polyneuropathies that developed over several days and progressed
over several weeks after exposure to 2,4-D.  All had incomplete recovery after
several years.  Although these patients were not examined neurologically before
their exposure, the temporal relationship between the development of their clini-
cal deficit and the herbicide exposure was clearly documented in the study (1959).
Nonetheless, the possibility that their occurrence was unrelated to the herbicide
exposure and was due to other disorders such as idiopathic Guillain-Barre syn-
drome cannot be entirely excluded.  The trend to recovery in the individual cases
reported and the negative findings of many long-term follow-up studies of pe-
ripheral neuropathy suggest that if a peripheral neuropathy indeed develops, it
resolves with time.

Case reports and animal studies led to the conclusion in VAO that porphyria
cutanea tarda (PCT) was associated with TCDD or herbicide exposure in geneti-
cally predisposed individuals.  However, three recent reports (Jung et al., 1994;
Calvert et al., 1994; and Von Benner et al., 1994) failed to support this associa-
tion.  Two studies (Calvert et al., 1994, and Jung et al., 1994) included extensive
analysis of porphyrin levels on 451 workers with demonstrated or potential expo-
sure to herbicides and TCDD.  The studies found no relationship between por-
phyrin levels and TCDD levels, and no excess of PCT in these cohorts.  However,
some workers had evidence of increased porphyrins in urine, suggesting that
further investigation is warranted.  These new reports, combined with the litera-
ture reviewed in VAO, led the committee to conclude that there is limited/sugges-
tive evidence of an association between PCT and exposure to herbicides and/or
TCDD.
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Health Outcomes with Inadequate/Insufficient Evidence
to Determine Whether an Association Exists

The scientific data for the remainder of the cancers and other diseases re-
viewed by the committee were inadequate or insufficient to determine whether an
association exists.   For cancers in this category, the available studies are of
insufficient quality, consistency, or statistical power to permit a conclusion re-
garding the presence or absence of an association.  For example, studies fail to
control for confounding or have inadequate exposure assessment.  This group
includes hepatobiliary cancers, nasal/nasopharyngeal cancer, bone cancer, fe-
male reproductive cancers (cervical, uterine, ovarian), breast cancer, renal can-
cer, testicular cancer, leukemia, and skin cancer.  The scientific evidence for each
of these cancers is detailed in Chapter 7.  Recent published studies contained
enough evidence to warrant moving skin cancer from the limited/suggestive evi-
dence of no association category to this categoty.  The scientific evidence for two
cancers that are of special interest to the DVA—hepatobiliary cancer and na-
sopharyngeal cancer—will also be summarized here.  Because of its public health
importance, breast cancer also receives attention.

Several reproductive effects are classified in this category, including sponta-
neous abortion, birth defects other than spina bifida, neonatal/infant death and
stillbirths, low birthweight, childhood cancer in offspring, and abnormal sperm
parameters and infertility.  The scientific evidence for reproductive effects is
detailed in Chapter 9.  Neurobehavioral effects that are classified in this category
include cognitive and neuropsychiatric disorders, motor/coordination dysfunc-
tion, and chronic peripheral nervous system disorders.  The scientific evidence
for these effects is detailed in Chapter 10.  Other health effects that are classified
in this category include metabolic and digestive disorders, immune system disor-
ders, circulatory disorders, and respiratory disorders.  The scientific evidence for
these effects is detailed in Chapter 11.

On the whole, the estimated relative risks for skin cancer are fairly evenly
distributed around the null, and in a number of studies the confidence intervals
were relatively narrow.  This conclusion led the committee responsible for VAO
to conclude that there was limited/suggestive evidence of no association between
skin cancer and exposure to herbicides used in Vietnam.  One other recent study
(Lynge, 1993), however, found an excess risk of skin cancer.  Based on four
cases, a statistically significant increase in the risk of melanoma was observed in
the subgroup of men who had been employed for at least one year, using a ten-
year latency period (SIR = 4.3, CI 1.2-10.9).  However, no information is given
about the risk in men with less than 10 years of latency and expected numbers for
women are not reported so observed elevated risk in the men with 10+ years of
latency cannot be put into context.  Another study found a significant excess risk
in men from the Seveso area (SMR = 3.3), based on only three cases (Bertazzi et
al., 1989a,b).  The committee felt that these results, while not even suggestive
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evidence about an association, undermined the evidence of no association in
VAO, and thus warranted changing skin cancer to the “inadequate/insufficient
evidence to determine whether an association exists” category.

There are relatively few occupational, environmental, and veterans studies of
hepatobiliary cancer, and most of these are small in size and have not controlled
for lifestyle-related factors.  The estimated relative risk in the various studies
range from 0.3 to 3.3, usually with broad confidence intervals.  Given the meth-
odological difficulties associated with most of these studies, the evidence regard-
ing hepatobiliary cancer is not convincing with regard to either an association or
lack of association with herbicides or TCDD.  The few studies that have been
published since VAO (Asp et al., 1994; Bertazzi et al., 1993; Blair et al., 1993;
Collins et al., 1993; and Cordier et al., 1993) do not change the conclusion that
there is inadequate evidence to determine whether an association exists between
exposure to herbicides and hepatobiliary cancer.

There are only a few occupational studies, one environmental study, and one
veterans study of nasal and/or nasopharyngeal cancer, including two recently
published studies (Asp et al., 1994, and Bertazzi et al., 1993).  The estimated
relative risks in the various studies range from 0.6 to 6.7, usually with broad
confidence intervals.  Thus, there is inadequate/insufficient evidence to deter-
mine whether an association exists between exposure to herbicides and nasal/
nasopharyngeal cancer.

There have been a few occupational studies, two environmental studies, and
two veterans studies of breast cancer among women exposed to herbicides and/or
TCDD.  These include four recently published studies (Bertazzi et al., 1993; Blair
et al., 1993; Dalager et al., 1995; and Kogevinas et al., 1993).  Most of these
studies reported a relative risk of approximately 1.0 or less, but it is uncertain
whether or not the female members of these cohorts had substantial chemical
exposure.  TCDD appears to exert a protective effect on the incidence of mam-
mary tumors in experimental animals (see Chapter 3), which is consistent with
the tendency for the relative risks to be less than 1.0.  In summary, however, the
committee believes that there is insufficient evidence to determine whether an
association exists between exposure to herbicides and breast cancer.

Health Outcomes with Limited/Suggestive Evidence of No Association

In VAO, the committee found a sufficient number and variety of well-de-
signed studies to conclude that there is limited/suggestive evidence of no associa-
tion between a small group of cancers and exposure to TCDD or herbicides.  This
group includes gastrointestinal tumors (colon, rectal, stomach, and pancreatic),
brain tumors, and bladder cancer.  The recent scientific evidence continues to
support the classification of these cancers in this category, and it is detailed in
Chapter 7.  Based on the recent literature, there are no additional diseases that
satisfy the criteria necessary for this category.
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For outcomes in this category, several adequate studies covering the full
range of levels of herbicide exposure that human beings are known to encounter
are mutually consistent in not showing a positive association between exposure
and health risk at any level of exposure.  These studies have relatively narrow
confidence intervals.  A conclusion of “no association” is inevitably limited to
the conditions, level of exposure, and length of observation covered by the avail-
able studies.  In addition, the possibility of a very small elevation in risk at the
levels of exposure studied can never be excluded.

The Relationship Between the Length of Time Since Exposure and the
Possible Risk of Cancer Development

The importance of latency effects and other time-related factors in determin-
ing cancer risk has long been recognized, and statistical methodologies have been
developed to study this issue.  A variety of practical difficulties relating to expo-
sure assessment and other data requirements, however, have limited the use of
these methods in epidemiological studies of environmental carcinogens.  In re-
sponse to the request from the DVA to explore latency issues related to herbicides
used in Vietnam, the committee attempts in Chapter 8 to establish a methodology
to address the timing of herbicide exposure and the risk of cancer.  This chapter
also reviews the literature on herbicide exposure and cancers classified in the
“Sufficient Evidence of an Association” and “Limited/Suggestive Evidence of an
Association” categories for results that describe how timing of exposure affects
the relative risk due to exposure.

For four of the cancers studied—soft-tissue sarcoma, non-Hodgkin’s
lymphoma, Hodgkin’s disease, and multiple myeloma—the committee concluded
that there was not enough information in the literature about the timing of expo-
sure and subsequent risk to further discuss latency issues.  The committee did
find that there was enough information about the timing of exposure and respira-
tory and prostate cancers, with considerably more information about the former
than the latter, to warrant analysis of results.  Both of these cancers are in the
“Limited/Suggestive Evidence of an Association” category, and this conclusion
has not changed after this investigation of time-related factors.

The evidence in the literature suggests that the time from exposure to TCDD
to increased risk of respiratory cancer is less than ten years, and that the increase
in relative risk continues for somewhat more than 20 years.  The available litera-
ture does not indicate how long it takes for relative risks to return to one.  These
conclusions are based primarily on the study conducted by the National Institute
for Occupational Safety and Health (Fingerhut, 1991), since this study is the most
informative about the changes in risk of respiratory cancer with time since first
exposure to TCDD, but the calculations are supported by other studies that have
investigated time-related effects.  The epidemiological literature was not infor-
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mative on the effect of the age at which the exposure was received, or whether the
carcinogen appeared to act at an early or late stage of the carcinogenic process.

The limited data do not indicate any increase in the relative risk of prostate
cancer with time since exposure to TCDD.  For prostate cancer, the epidemio-
logical literature was not informative on how long the effects of exposure last, the
effect of the age at which the exposure was received, or whether the carcinogen
acts at an early or late stage of the carcinogenic process.

Increased Risk of Disease in Vietnam Veterans

Although there have been numerous health studies of Vietnam veterans,
most have been hampered by relatively poor measures of exposure to herbicides
or TCDD, in addition to other methodological problems.  Most of the evidence on
which the findings in Table 1-1 are based comes from studies of people exposed
to dioxin or herbicides in occupational and environmental settings, rather than
from studies of Vietnam veterans.  The committee found this body of evidence
sufficient for reaching the conclusions about statistical associations between her-
bicides and the health outcomes summarized in Table 1-1; however, the lack of
adequate data on Vietnam veterans per se complicates the second part of the
committee’s charge, which is to determine the increased risk of disease among
individuals exposed to herbicides during service in Vietnam.  Given the large
uncertainties that remain about the magnitude of potential risk from exposure to
herbicides in the epidemiologic studies that have been reviewed (Chapters 7, 9,
10, and 11), the inadequate control for important confounders, and the uncer-
tainty about the nature and magnitude of exposure to herbicides in Vietnam
(Chapter 5), the necessary information to undertake a quantitative risk assess-
ment is lacking.  Thus, in general, it is not possible for the committee to quantify
the degree of risk likely to be experienced by veterans because of their exposure
to herbicides in Vietnam.  The quantitative and qualitative evidence about herbi-
cide exposure among various groups studied suggests that most Vietnam veterans
(except for selected groups with documented high exposures, such as participants
in Operation Ranch Hand) had lower exposure to herbicides and TCDD than the
subjects in many occupational and environmental studies.  However, individual
veterans who had very high exposures to herbicides could have risks approaching
those in the occupational and environmental studies.
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2

Veterans and Agent Orange:
The Initial IOM Report

BACKGROUND

The U.S. Congress enacted Public Law 102-4, referred to as the “Agent
Orange Act of 1991,” on February 6, 1991.  This legislation directed the Secre-
tary of Veterans Affairs to request that the National Academy of Sciences con-
duct a comprehensive review and evaluation of scientific and medical informa-
tion regarding the health effects of exposure to Agent Orange, other herbicides
used in Vietnam, and their components, including dioxin.  In February 1992, the
Institute of Medicine (IOM) of the National Academy of Sciences signed an
agreement with the Department of Veterans Affairs (DVA) to review and sum-
marize the strength of the scientific evidence concerning the association between
herbicide exposure during Vietnam service and each disease or condition sus-
pected to be associated with such exposure.  The IOM was also asked to make
recommendations concerning the need, if any, for additional scientific studies to
resolve areas of continuing scientific uncertainty and to comment on four particu-
lar programs mandated in Public Law 102-4.

To carry out the study, the IOM established the Committee to Review the
Health Effects in Vietnam Veterans of Exposure to Herbicides.  The results of the
committee’s work were published in 1994 as Veterans and Agent Orange (hence-
forth called VAO).  In conducting its study, the committee operated indepen-
dently of the DVA and other government agencies.  The committee was not asked
to and did not make judgments regarding specific cases in which individual
Vietnam veterans have claimed injury from herbicide exposure; this was not part
of its congressional charge.  Rather, the study provides scientific information for
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the Secretary of Veterans Affairs to consider as the DVA exercises its responsi-
bilities to Vietnam veterans.

In fulfilling its charge of judging whether each of a set of human health
effects is associated with exposure to herbicides or dioxin, the committee prima-
rily concentrated on reviewing and interpreting epidemiologic studies.  The com-
mittee began its evaluation presuming neither the existence nor the absence of
association.  It sought to characterize and weigh the strengths and limitations of
the available evidence.  These judgments have both quantitative and qualitative
aspects.  They reflect the nature of the exposures, health outcomes, and popula-
tions exposed; the characteristics of the evidence examined; and the approach
taken to evaluate that evidence.  To facilitate independent assessment of the
committee’s conclusions, Chapter 5 of VAO describes as explicitly as possible
the methodological considerations that guided the committee’s review and its
process of evaluation.

In reviewing the literature, the committee discerned that the existing
epidemiologic data base is severely lacking in quantitative measures of indi-
vidual exposure to herbicides and dioxin.  Assessment of the intensity and dura-
tion of individual exposures is a key component in determining whether specific
health outcomes are associated with exposure to dioxin or other chemicals found
in the herbicides used in Vietnam.  Although different approaches have been used
to estimate exposure in Vietnam veterans and in others exposed occupationally or
environmentally, each approach is limited in its ability to determine precisely the
degree and level of individual exposure.  The problems associated with each of
these approaches are discussed in detail in Chapter 6 of VAO.  The available
quantitative and qualitative evidence about herbicide exposure summarized in
that chapter suggests that Vietnam veterans as a group had substantially lower
exposure to herbicides and dioxin than the subjects in many occupational studies.
The participants in Operation Ranch Hand are an exception to this pattern, and it
is likely that others among the approximately 3 million men and woman who
served in Vietnam were exposed to herbicides at levels associated with health
effects.  Thus, in the committee’s judgment, a sufficiently large range of expo-
sures may exist among Vietnam veterans to conduct a valid epidemiologic study
for certain health outcomes (see research recommendations below).

To obtain additional information pertinent to the evaluation of possible health
effects of herbicide exposure, the committee decided to review studies of other
groups potentially exposed to the herbicides used in Vietnam and to TCDD,
especially phenoxy herbicides, including 2,4-dichlorophenoxyacetic acid (2,4-D)
and 2,4,5-T, chlorophenols, and other compounds.  These groups include chemi-
cal production and agricultural workers, residents of Vietnam, and people possi-
bly exposed heavily to herbicides or dioxins as a result of residing near the site of
an accident or certain toxic-waste dumping areas.  The committee felt that con-
sidering studies of other groups could help address the issue of whether these
compounds might be associated with particular health outcomes, even though
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these results would have only an indirect bearing on the increased risk of disease
in veterans themselves.  Some of these studies, especially those of workers in
chemical production plants, provide stronger evidence about health effects than
studies of veterans because exposure was generally more easily quantified and
measured.  Furthermore, the general level and duration of exposure to the chemi-
cals were greater and the studies were of sufficient size to examine the health
risks among those with varying levels of exposure.

Conclusions About Health Outcomes

Chapters 8 through 11 of VAO provide a detailed review of the epidemiologic
studies evaluated by the committee and their implications for cancer, reproduc-
tive problems, neurobehavioral problems, and other health effects.  The com-
mittee’s specific mandate was to determine, if possible,

1. whether there is a statistical association between the suspect diseases and
herbicide use, taking into account the strength of the scientific evidence and the
appropriateness of the methods used to detect the association;

2. the increased risk of disease among individuals exposed to herbicides
during service in Vietnam; and

3. whether there is a plausible biologic mechanism or other evidence of a
causal relationship between herbicide exposure and a disease.

The committee addressed the first part of this charge by assigning each of the
health outcomes under study into one of the four categories listed in Table 2-1 on
the basis of the epidemiologic evidence that it reviewed.  The specific rationale
for each of the findings summarized in this table is given in Chapters 8 through
11 of VAO.  The second part of the charge is addressed at the end of this section.
The committee’s response to the third part of the charge is summarized in general
terms in Chapter 4 of VAO, and specific findings for each health outcome are also
given in Chapters 8 through 11 of VAO.

The definitions of the categories and the criteria for assigning a particular
health outcome to them are described in Table 2-1.  Consistent with the charge to
the Secretary of Veterans Affairs in Public Law 102-4, the distinctions between
categories are based on “statistical association,” not on causality, as is common in
scientific reviews.  The committee was charged with reviewing the scientific
evidence, rather than making recommendations regarding DVA policy, and Table
2-1 does not imply or suggest any policy decisions; these must rest with the
Secretary.

Health Outcomes with Sufficient Evidence of an Association

The committee found sufficient evidence of an association with herbicides
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TABLE 2-1  Summary of Findings from Veterans and Agent Orange (1994) in
Occupational, Environmental, and Veterans Studies Regarding the Association
between Specific Health Problems and Exposure to Herbicides

Sufficient Evidence of an Association
Evidence is sufficient to conclude that there is a positive association. That is, a positive
association has been observed between herbicides and the outcome in studies in which
chance, bias, and confounding could be ruled out with reasonable confidence.  For example,
if several small studies that are free from bias and confounding show an association that
is consistent in magnitude and direction, there may be sufficient evidence for an association.
There is sufficient evidence of an association between exposure to herbicides and the
following health outcomes:

Soft-tissue sarcoma
Non-Hodgkin’s lymphoma
Hodgkin’s disease
Chloracne
Porphyria cutanea tarda (in genetically susceptible individuals)

Limited/Suggestive Evidence of an Association
Evidence is suggestive of an association between herbicides and the outcome but is
limited because chance, bias, and confounding could not be ruled out with confidence.
For example, at least one high-quality study shows a positive association, but the results
of other studies are inconsistent.  There is limited/suggestive evidence of an association
between exposure to herbicides and the following health outcomes:

Respiratory cancers (lung, larynx, trachea)
Prostate cancer
Multiple myeloma

Inadequate/Insufficient Evidence to Determine Whether an Association Exists
The available studies are of insufficient quality, consistency, or statistical power to permit
a conclusion regarding the presence or absence of an association.  For example, studies
fail to control for confounding, have inadequate exposure assessment, or fail to address
latency.  There is inadequate or insufficient evidence to determine whether an association
exists between exposure to herbicides and the following health outcomes:

Hepatobiliary cancers
Nasal/nasopharyngeal cancer
Bone cancer
Female reproductive cancers (breast, cervical, uterine, ovarian)
Renal cancer
Testicular cancer
Leukemia
Spontaneous abortion
Birth defects
Neonatal/infant death and stillbirths
Low birthweight
Childhood cancer in offspring
Abnormal sperm parameters and infertility
Cognitive and neuropsychiatric disorders
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Inadequate/Insufficient Evidence to Determine Whether an Association Exists
(continued)

Motor/coordination dysfunction
Peripheral nervous system disorders
Metabolic and digestive disorders (diabetes, changes in liver enzymes,

lipid abnormalities, ulcers)
Immune system disorders (immune modulation and autoimmunity)
Circulatory disorders
Respiratory disorders

Limited/Suggestive Evidence of No Association
Several adequate studies, covering the full range of levels of exposure that human beings
are known to encounter, are mutually consistent in not showing a positive association
between exposure to herbicides and the outcome at any level of exposure.  A conclusion
of “no association” is inevitably limited to the conditions, level of exposure, and length
of observation covered by the available studies.  In addition, the possibility of a very
small elevation in risk at the levels of exposure studied can never be excluded. There is
limited/suggestive evidence of no association between exposure to herbicides and the
following health outcomes:

Skin cancer
Gastrointestinal tumors (stomach cancer, pancreatic

cancer, colon cancer, rectal cancer)
Bladder cancer
Brain tumors

NOTE:  “Herbicides” refers to the major herbicides used in Vietnam: 2,4-D (2,4-
dichlorophenoxyacetic acid); 2,4,5-T (2,4,5-trichlorophenoxyacetic acid) and its contaminant TCDD
(2,3,7,8-tetrachlorodibenzo-p-dioxin); cacodylic acid; and picloram. The evidence regarding associa-
tion is drawn from occupational and other studies in which subjects were exposed to a variety of
herbicides and herbicide components.

TABLE 2-1  Continued

and/or TCDD for three cancers: soft tissue sarcoma, non-Hodgkin’s lymphoma,
and Hodgkin’s disease.  For diseases in this category, a positive association
between herbicides and the outcome must be observed in studies in which chance,
bias, and confounding can be ruled out with reasonable confidence.  The commit-
tee regarded evidence from several small studies that are free from bias and
confounding, and that show an association that is consistent in magnitude and
direction, as sufficient evidence for an association.

The other two health outcomes for which the committee found sufficient
evidence of an association with herbicides or TCDD are chloracne and porphyria
cutanea tarda (see Chapter 11 of VAO).
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Health Outcomes with Limited/Suggestive Evidence of an Association

The committee found limited/suggestive evidence of an association for three
other cancers: respiratory cancers, prostate cancer, and multiple myeloma.  For
diseases in this category, the evidence must be suggestive of an association
between herbicides and the outcome, but the association may be limited because
chance, bias, or confounding could not be ruled out with confidence.  Typically,
at least one high-quality study indicates a positive association, but the results of
other studies may be inconsistent.

Health Outcomes with Inadequate/Insufficient Evidence to Determine
Whether an Association Exists

The scientific data for many of the cancers and other diseases reviewed by
the committee were inadequate or insufficient to determine whether an associa-
tion exists.  For diseases in this category, the available studies are of insufficient
quality, consistency, or statistical power to permit a conclusion regarding the
presence or absence of an association.  For example, studies fail to control for
confounding or have inadequate exposure assessment.

Health Outcomes with Limited/Suggestive Evidence of No Association

For a small group of cancers, the committee found a sufficient number and
variety of well-designed studies to conclude that there is limited/suggestive evi-
dence of no association between these cancers and TCDD or the herbicides under
study.  This group includes gastrointestinal tumors (colon, rectal, stomach, and
pancreatic), skin cancer, brain tumors, and bladder cancer.  For outcomes in this
category, several adequate studies covering the full range of levels of exposure
that human beings are known to encounter are mutually consistent in not showing
a positive association between exposure to herbicides and the outcome at any
level of exposure, and which have relatively narrow confidence intervals.  A
conclusion of “no association” is inevitably limited to the conditions, level of
exposure, and length of observation covered by the available studies.  In addition,
the possibility of a very small elevation in risk at the levels of exposure studied
can never be excluded.

Increased Risk in Vietnam Veterans

Although there have been numerous health studies of Vietnam veterans,
most have been hampered by relatively poor measures of exposure to herbicides
or TCDD, in addition to other methodological problems.  In Table 2-1, most of
the evidence on which the findings are based comes from studies of people
exposed to dioxin or herbicides in occupational and environmental settings, rather
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than from studies of Vietnam veterans.  The committee found this body of evi-
dence sufficient for reaching the conclusions about statistical associations be-
tween herbicides and health outcomes summarized in Table 2-1.  However, the
lack of adequate data on Vietnam veterans per se complicated the second part of
the committee’s charge, which is to determine the increased risk of disease among
individuals exposed to herbicides during service in Vietnam.  To estimate the
magnitude of risk for a particular health outcome among herbicide-exposed Viet-
nam veterans, quantitative information about the dose-time-response relationship
for each health outcome in humans, information on the extent of herbicide expo-
sure among Vietnam veterans, and estimates of individual exposure are needed.
Given the large uncertainties that remain about the magnitude of potential risk
from exposure to herbicides in the studies that have been reviewed (Chapters 8-
11 in VAO), the inadequate control for important confounders, and the uncer-
tainty about the nature and magnitude of exposure to herbicides in Vietnam
(Chapter 6 in VAO), none of the ingredients necessary for a quantitative risk
assessment is available.  Thus, it was not possible for the committee to quantify
the degree of risk likely to be experienced by veterans because of their exposure
to herbicides in Vietnam.  The available quantitative and qualitative evidence
about herbicide exposure among various groups studied suggests that most Viet-
nam veterans (except those with documented high exposures, such as participants
in Operation Ranch Hand) had lower exposure to herbicides and TCDD than did
the subjects in many occupational and environmental studies.  However, indi-
vidual veterans who had very high exposures to herbicides could have risks
approaching those in the occupational and environmental studies.

Research Recommendations

The committee was also asked to make recommendations concerning the
need, if any, for additional scientific studies to resolve areas of continuing scien-
tific uncertainty concerning the health effects of the herbicides used in Vietnam.
Based on its review of the epidemiologic evidence and a consideration of the
quality of exposure information available in existing studies, especially of Viet-
nam veterans, the committee concluded that a series of epidemiologic studies of
veterans could yield valuable information if a new, valid exposure reconstruction
model could be developed.  The committee also saw value in continuing the
existing Ranch Hand study and expanding it to include Army Chemical Corps
veterans.  The committee’s research recommendations emphasized studies of
Vietnam veterans, rather than general toxicologic or epidemiologic studies of
occupationally or environmentally exposed populations.  A substantial amount of
research on the toxicology and epidemiology of herbicides and herbicide compo-
nents is already under way in the United States and abroad.  Indeed, many of the
studies on which the committee’s conclusions are based have been published
since 1991.  Although this research is not targeted specifically to Vietnam veter-
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ans, it probably will also contribute to the knowledge of potential health effects in
this population.

IMPACT OF THE REPORT

On July 27, 1993, the Institute of Medicine released Veterans and Agent
Orange:  Health Effects of Herbicides Used in Vietnam to the news media and the
public.  Immediately following the press conference, the Senate Committee on
Veterans Affairs held a hearing on the report.  Testifying at the hearing, Secretary
of Veterans Affairs Jesse Brown announced that the Department of Veterans
Affairs was already compensating Vietnam veterans exposed to herbicides for
soft-tissue sarcoma, Hodgkin’s disease, and chloracne.  Based on the findings of
the IOM committee, the DVA decided to begin immediately to compensate Viet-
nam veterans for non-Hodgkin’s lymphoma and porphyria cutanea tarda (Cat-
egory I diseases) (U.S. DVA, 1994).  In September 1993, Secretary Brown an-
nounced that the DVA would also begin to compensate Vietnam veterans for
respiratory cancers and multiple myeloma (Category II diseases) (U.S. DVA,
1993).

DVA Task Force

In July 1993, the Department of Veterans Affairs established the Agent
Orange Task Force to review the IOM’s report.  In October 1993, the Task Force
issued its report, which outlined a comprehensive course of action for the Secre-
tary to take in response to the IOM’s recommendations regarding epidemiologic
studies of Vietnam veterans (U.S. DVA, 1993).  The DVA is now implementing
some of the committee’s recommendations.

Recommendation 1.  The committee endorses continued follow-up of the Air
Force Ranch Hand cohort and its comparison group and recommends that mem-
bers of the Army Chemical Corps and an appropriate comparison group be fol-
lowed in a similar study.  An independent, nongovernmental scientific panel
should be established to review and approve a new, expanded research protocol
for both study populations and to commission and direct a common analysis of
the results.  In response to this recommendation, the DVA’s Task Force recom-
mended that the Secretary “expand and design an Army Chemical Corps Vietnam
Veterans Health Study to collect the necessary information to address the pos-
sible relationship between herbicide exposure and particular health outcomes.”

Recommendation 2.  The Department of Defense and the Department of
Veterans Affairs should identify Vietnam service in the computerized index of
their records.  In response, the Task Force recommended to the Secretary that the
DVA “explore the feasibility of accomplishing this recommendation to an ac-
ceptable degree by using computerized/automated data bases maintained by the
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Defense Manpower Data Center (DMDC) (Department of Defense) and by VA
[the Veterans Administration].”  The Task Force also recommended that the
DVA “attempt to obtain the names of Vietnam veterans who received bonuses
offered by individual states for their service in Vietnam (at least 20 states pro-
vided these bonuses)” (U.S. DVA,  1993).

Recommendation 3.  Biomarkers for herbicide exposure should be devel-
oped further.  In response, the Task Force recommended that the Secretary “con-
tinue to monitor scientific developments on the subject and actively follow key
researchers for their research findings, and . . . solicit research proposals from VA
research scientists who are engaged in research projects related to toxicokinetics
or biomarkers of environmental chemicals in connection with establishment of
toxic environmental hazards research/clinical centers in the VA” (U.S. DVA,
1993).

Recommendation 4.  A nongovernmental organization with appropriate ex-
perience in historical exposure reconstruction should be commissioned to de-
velop and test models of herbicide exposure for use in studies of Vietnam veter-
ans.

Recommendation 5.  The exposure reconstruction models developed accord-
ing to Recommendation 4 should be evaluated by an independent, nongovern-
mental scientific panel established for this purpose.

Recommendation 6.  If the scientific panel proposed in Recommendation 5
determines that a valid exposure reconstruction model is feasible, the Department
of Veterans Affairs and other government agencies should facilitate additional
epidemiologic studies of veterans.

In response to Recommendation 4, the Task Force recommended that the
DVA “request the NAS to develop and test the reconstruction model under a
contract with the VA” (U.S. DVA, 1993).  Regarding recommendation 5, the
Task Force recommended that the DVA “request a professional society (e.g.,
Society for Epidemiologic Research, American College of Epidemiology, Ameri-
can Public Health Association, International Society of Exposure Analysis,
American Industrial Hygiene Association, etc.) to commission a scientific panel
to evaluate the proposed models” (U.S. DVA, 1993).  And regarding recommen-
dation 6, the Task Force recommended that the DVA “reanalyze the data already
collected for the many completed studies of Vietnam veterans using the exposure
reconstruction model” (U.S. DVA, 1993).

The DVA has subsequently entered into a contract with the IOM to establish
a committee to oversee the development and evaluation of models of herbicide
exposure for use in studies of Vietnam veterans, as recommended in Veterans
and Agent Orange.  The committee’s first step would be to develop and dissemi-
nate a Request for Proposals (RFP).  Ultimately, the DVA may request the IOM
to:  a) evaluate the proposals received in response to the RFP and select one or
more academic or other non governmental groups to develop the exposure recon-
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struction model; b) provide scientific and administrative oversight of the work of
the subcontractor(s); and c) evaluate the models developed by the subcontractor(s)
and prepare a report to the DVA, which would be published for a broader audi-
ence (IOM, 1994).

MILITARY USE OF HERBICIDES IN VIETNAM

Approximately 3 million U.S. military personnel served in or near Vietnam,
but the precise number cannot be readily determined from existing military
records, since individual service records have not been computerized.  Surveys of
veterans vary in their estimates because of differences in terminology and sample
selection procedures.  Existing military records do document assignments of
military personnel to units and the location of most units at most times.  Indi-
vidual military experiences of Americans who served in Vietnam varied, as the
nature of the war in different areas of the country changed over time.  Individual
experiences also varied by branch of service, military occupation, rank, and type
of military unit.

Between 1962 and 1971, U.S. military forces sprayed nearly 19 million
gallons of herbicides over approximately 3.6 million acres in Vietnam.  The
preparation known as Agent Orange accounted for approximately 11.2 million
gallons of the total amount sprayed.  Herbicides were used to strip the thick
jungle canopy that helped conceal opposition forces, to destroy crops that enemy
forces might depend on, and to clear tall grass and bushes from around the
perimeters of U.S. base camps and outlying fire support bases.  Most large-scale
spraying operations were conducted using airplanes and helicopters, but consid-
erable quantities of herbicides were sprayed from boats and ground vehicles, as
well as by soldiers wearing back-mounted equipment.  Spraying began in 1962
and increased greatly in 1967.  After a scientific report in 1969 concluded that
one of the primary chemicals used in Agent Orange—namely, 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T)—could cause birth defects in laboratory animals,
U.S. forces suspended use of this herbicide in 1970 and halted all herbicide
spraying in Vietnam the next year.

As the decade wore on, concern about possible long-term health conse-
quences of Agent Orange and other herbicides heightened, fueled in particular by
reports from growing numbers of Vietnam veterans that they had developed
cancer or fathered handicapped children, which they attributed to wartime expo-
sure to the herbicides.  Along with the concerns of Vietnam veterans, public
awareness increased because of reports of health concerns surrounding occupa-
tional and environmental exposure to dioxin—more specifically, 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (2,3,7,8-TCDD), informally known as TCDD—a con-
taminant of 2,4,5-T.  Thousands of scientific studies have since been conducted,
numerous government hearings have been held, and veterans organizations have
pressed for conclusive answers, but the question of the health effects of herbicide
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exposure in Vietnam remains shrouded in controversy and mistrust.  Indeed,
some veterans organizations, researchers, and public interest organizations re-
main skeptical that the issue has received full and impartial consideration by the
Department of Veterans Affairs (DVA; formerly the Veterans Administration)
and other federal agencies.

FEDERAL GOVERNMENT’S RESPONSE TO CONCERNS
OVER THE MILITARY USE OF HERBICIDES IN VIETNAM

The federal government has been involved with international and domestic
policy issues related to the healh effects associated with the military use of
herbicides, particularly Agent Orange, since the defoliation program began in
Vietnam.  On December 16, 1974, the U.S. Senate ratified the Geneva Protocol,
which broadly sought an international commitment from all governments that
they would never use chemical or biological weapons (including herbicides) in
war.  In April 1975, President Ford issued Executive Order 11850 renouncing
future use of herbicides in war.

U.S. Congress

A major focus of the Senate and House Committees on Veterans’ Affairs has
been to understand better the human health effects of exposure to herbicides,
including Agent Orange, during the Vietnam era.  Legislation concerning Agent
Orange falls primarily into three categories:  (1) health care (access to VA medi-
cal centers for veterans exposed to Agent Orange during service in Vietnam; (2)
scientific research (epidemiologic research on the health effects of exposure to
Agent Orange in Vietnam); and (3) compensation issues (for disabilities that
might have resulted from exposure to Agent Orange in Vietnam) (U.S. Congress,
Senate, 1989).  As documented in VAO, during the past 20 years congressional
committees have held hearings and introduced bills on this topic, and in an
attempt to resolve this issue, Congress has passed several laws dealing with the
human health effects of exposure to Agent Orange used in Vietnam.  This section
focuses on congressional action since the release of VAO.

Hearings on Agent Orange

Three congressional hearings were held on VAO.  The first hearing was held
by the Senate Committee on Veterans Affairs immediately following the release
of the report on July 27, 1993.  The IOM’s president, the chairman of the commit-
tee, and selected committee members were asked to testify.  On August 4, 1993,
the House Committee on Veterans Affairs requested the IOM’s president, the
committee’s vice-chair, and a committee member to testify at its hearing.  On
November 2, 1993, the Senate Committee on Veterans Affairs called a hearing
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(which subsequently turned into a staff forum) on the direction of future research
on the health effects of Agent Orange.

Legislation on Agent Orange

In 1970, Congress enacted the first public law dealing with the military use
of herbicides.  Congress has legislated numerous acts to appropriate funds for
Agent Orange research, to provide clarification on payments received from the
Agent Orange settlement fund, and to review and evaluate scientific literature
regarding associations between diseases and exposure to dioxin and other chemi-
cal compounds in herbicides used in Vietnam.

Health Care  Public Law 97-72, enacted on November 3, 1981, expanded
eligibility for health care services to include veterans exposed to Agent Orange in
Vietnam.  The effect of this legislation was to provide health care for Vietnam
veterans for conditions requiring treatment that may have resulted from exposure
to Agent Orange.  Veterans need not demonstrate any direct link with Agent
Orange; rather, care is provided unless the condition is shown to be due to
something other than exposure, e.g., congenital or developmental conditions or
conditions resulting from postservice trauma (Conway, 1993).  Public Law 103-
452 extended the program through June 30, 1995.  [H.R. 1565 has been passed by
the House to extend the program through December 31, 1997].

Epidemiologic Studies Public Law 96-151, enacted on December 20, 1979,
ordered the Veterans Administration to conduct an epidemiologic study of the
possible health effects in veterans of exposure to dioxin found in the herbicides
used in Vietnam.  The legislation also required the Office of Technology Assess-
ment to review and approve the protocol for the study.  In 1981, Public Law 97-
72 expanded the scope of the epidemiologic study to include an evaluation of the
impact on the health of Vietnam veterans of other environmental factors that
occurred in Vietnam; this study was later transferred from the Veterans Adminis-
tration to the Centers for Disease Control and is referred to as the “Vietnam
Experience Study.”  On April 7, 1986, Congress enacted Public Law 99-272,
directing the VA to conduct an epidemiologic study of the long-term health
effects of herbicides on women who served in Vietnam.  The Women Veterans
Health Programs Act of 1992 expanded the program for women veterans.

Compensation On October 24, 1984, Congress enacted Public Law 98-542,
the Veterans’ Dioxin and Radiation Exposure Compensation Standards Act, to
address the issue of compensation for disabilities that might have resulted from
exposure to Agent Orange in Vietnam.  This law “provided for payment, during
a two-year interim period from October 1, 1984, to September 30, 1986, of
disability and death benefits for Vietnam veterans with chloracne and porphyria
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cutanea tarda (an uncommon disorder of urinary porphyrin metabolism manifest
in patients by thinning and blistering of the skin) which became manifest within
one year after service in Vietnam and the survivors of veterans with such condi-
tions” (U.S. Congress, Senate, 1989).  Public Law 102-4, the Agent Orange Act
of 1991, was enacted on February 6, 1991, to grant disability compensation
payments for chloracne, non-Hodgkin’s lymphoma, and soft-tissue sarcoma (other
than osteosarcoma, chondrosarcoma, Kaposi’s sarcoma, or mesothelioma) asso-
ciated with Agent Orange.  This law called for the National Academy of Sciences
to conduct a review of the scientific literature concerning the association between
herbicide exposure during Vietnam service and each health outcome suspected to
be associated with such exposure.

Department of Veterans Affairs

The Department of Veterans Affairs is also responsible for providing health
care, compensation, and benefits to veterans of the Vietnam era.  For almost 17
years, the DVA has been involved in conducting and assessing research and in
monitoring studies on the health effects of Agent Orange.

Health Care

The DVA provides certain health care services to veterans of the Vietnam
era (defined as August 5, 1964 through May 7, 1975) who were possibly exposed
to herbicides contaminated with dioxin.  Prior to receiving the health care ser-
vices, veterans must provide proof of service in Vietnam.  Health care services
are limited to hospital and nursing home care and outpatient care in DVA facili-
ties, on a pre- or post-hospitalization basis or to prevent a need for hospitalization
(U.S. DVA, 1992).  When a veteran requests DVA medical care, he or she
undergoes a physical examination and appropriate diagnostic studies, which may
serve as the Agent Orange examination (U.S. DVA, 1992).

Research Efforts

The DVA’s Environmental Epidemiology Service (EES) has conducted sev-
eral research studies on Vietnam veterans.  The Agent Orange Registry (AOR)
serves as a health surveillance data base; it contains records on approximately 10
percent of the entire Vietnam veteran population (self-selected) and is routinely
reviewed for changes in health outcomes and mortality patterns.  Studies pub-
lished in 1994 evaluated whether an association exists between posttraumatic
stress disorder and the risk of traumatic deaths among Vietnam veterans (Bullman
and Kang, 1994),  and whether there is an association between Agent Orange
exposure and risk of testicular cancer (Bullman et al., 1994).  A review article
published in 1994 evaluated the effects of military exposure to a number of
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herbicides, including Agent Orange, on Vietnam veterans (Bullman and Kang,
1994).   In 1995, a study of cancer mortality patterns among female Vietnam
veterans was published (Dalager et al., 1995).

Compensation and Benefits

The DVA compensates veterans for certain diseases related to exposure to
dioxin-containing herbicides during their service in Vietnam.  Whenever the
Secretary determines that there is sound medical and scientific evidence indicat-
ing a positive association between the exposure to an herbicide agent and the
occurrence of a disease in humans, the department issues regulations stating that
a presumption of service connection is warranted for that disease.

The DVA’s compensation policy now provides that the Secretary must take
into account reports from the National Academy of Sciences and all other sound
medical and scientific information and analysis in making determinations.  In
evaluating any study, the Secretary must take into consideration whether the
results are statistically significant, are capable of replication, and can withstand
peer review [38 USC 1116 (b)(2)].  An association between the occurrence of a
disease in humans and exposure to an herbicide agent is considered to be positive
if the credible evidence for the association is equal to or outweighs the credible
evidence against the association [38 USC 1116 (b)(3)].  Proposed regulations
regarding compensation or denial of compensation for these diseases are pub-
lished in the Federal Register.  The DVA solicits comments from the public
before final regulations are issued.

Prior to the release of VAO, the Secretary of Veterans Affairs established
presumptive service connection in Vietnam (based on exposure to a herbicide
containing dioxin) for three diseases: chloracne, non-Hodgkin’s lymphoma, and
soft-tissue sarcoma (other than osteosarcoma, chondrosarcoma, Kaposi’s sar-
coma, or mesothelioma) (57 FR, 29107-9, May 19, 1993).  After the release of
VAO, the Secretary established presumptive service connection in Vietnam for
Hodgkin’s disease and porphyria cutanea tarda (59 FR 5106-07, February 3,
1994), and several months later established presumptive service connection in
Vietnam for multiple myeloma and respiratory cancers (lung, bronchus, larynx,
and trachea).  The DVA stipulated that the diseases have to “become manifest to
a degree of 10 percent or more at any time after service, except that chloracne or
other acneform disease consistent with chloracne and porphyria cutanea tarda
shall have become manifest to a degree of 10 percent or more within a year, and
respiratory cancers within 30 years, after the last date on which the veteran was
exposed to an herbicide agent during active military, naval, or air service” (59 FR
29724, June 9, 1994).

As of March 1995, the DVA was providing compensation for service-con-
nected diseases to the following numbers of Vietnam veterans:
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Number of Veterans
Disease Compensated

Porphyria Cutanea Tarda 53
Multiple Myeloma 67
Hodgkin’s Disease 117
Chloracne 180
Respiratory Cancers 475
Soft-Tissue Sarcoma* 679
Non-Hodgkin’s Lymphoma 851

*To be recognized by the DVA as a soft-tissue sarcoma, a tumor must be malig-
nant and must arise from tissue of mesenchymal origin.

Outreach Activities

The DVA’s Environmental Agents Service (EAS) is responsible for devel-
oping and implementing the national medical policies and procedures regarding
exposure of military veterans to possible environmental hazards, including Agent
Orange.  The EAS maintains the Agent Orange Registry, a computerized index of
Agent Orange medical examinations.  As of September 1995, there were 246,611
veterans on the registry, whose diagnoses were recorded using ICD codes
(Rosenblum, 1995).  In addition to diagnostic data, the AOR also contains a
variety of self-reported demographic and military characteristics (U.S. DVA,
1992).  The registry’s participants (all self-selected) receive the Agent Orange
Review, a newsletter that provides updated information about Agent Orange.  The
EAS also compiles fact sheets, called Agent Orange Briefs, about Agent Orange
and related concerns; copies of these briefs are available through the Agent
Orange Coordinator at all DVA medical centers.

Department of the Air Force

In 1979, the Air Force began an epidemiologic study of the “Ranch Hand”
personnel who participated in the aerial spraying of herbicides in Vietnam.  The
20-year Ranch Hand study is designed to determine whether long-term adverse
health effects exist and can be attributed to occupational exposure to Agent
Orange and other herbicides and dioxins.  The health of Ranch Hand personnel is
being compared to other Air Force personnel who served in Vietnam but were not
exposed to herbicides (U.S. Congress, Senate, 1989).  The study consists of
mortality and morbidity components, based on follow-up examination results.
The following Air Force Ranch Hand reports have been published to date:

• 1982 Baseline Mortality Report (AFHS, 1983)
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• Baseline Morbidity Report (AFHS, 1984a)
• 1985 Follow-up Examination Results (AFHS, 1987)
• 1987 Follow-up Examination Results (AFHS, 1990)
• Serum Dioxin Level Follow-up Examination Results (AFHS, 1991b)
• Mortality Updates 1984, 1985, 1986, 1989, 1991 (AFHS, 1984b, 1985,

1986, 1989, 1991a)
• Reproductive Outcomes (AFHS, 1992)
• 1992 Follow-up Examination Results (AFHS, 1995)

The morbidity study followups, conducted in 1985, 1987, and 1992, are
comprised of questionnaires, medical record reviews, and physical examinations.
Additional follow-up examinations are scheduled for 1997 and 2002 (AFHS,
1995).  An evaluation of the relationship between paternal serum dioxin in Ranch
Hand veterans and reproductive outcomes was published in 1995 (Wolfe et al.,
1995).

Environmental Protection Agency

In 1991, the Environmental Protection Agency (EPA) began a scientific
reassessment of the risks of exposure to the dioxin 2,3,7,8-TCDD and chemically
similar compounds.  The EPA undertook this project in response to newly emerg-
ing scientific knowledge about the mechanisms of action of dioxin (U.S. EPA,
1992).  The reassessment is part of EPA’s efforts to improve the research and
scientific base of the agency and incorporate solid research and science into its
decisions.  In 1994, the EPA released a draft report on the project.  It asserted that
a wide range of adverse health effects could be attributed to exposure to low
levels of dioxin and related compounds by the general population (U.S. EPA,
1994a,b).  The report also contended that there is no threshold or level of expo-
sure below which dioxin poses no health risks.  Adverse health effects that have
been demonstrated in laboratory animals exposed to low levels of dioxin include
such diverse conditions as reproductive problems, endometriosis, and cancer.
However, the EPA Science Advisory Board, an outside panel of 39 scientists,
criticized the agency for failing to give equal weight to all available evidence on
the health effects of dioxin exposure.  The board cautioned that the EPA’s reli-
ance on a single dose-response model to explain the dioxin effects that dioxin
triggers after it binds to what is called the aryl hydrocarbon receptor casts doubt
on this report’s conclusions, because there are other models by which dioxin is
thought to exert its effects.  The EPA is currently revising its report, and it
expects to release a revised draft in 1996.
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4

Methodologic Considerations in
Evaluating the Evidence

QUESTIONS TO BE ADDRESSED

The committee was charged with the task of summarizing the strength of the
scientific evidence concerning the association between herbicide exposure during
Vietnam service and each of a set of diseases or conditions suspected to be
associated with such exposure.  For each disease, the committee has determined,
to the extent that available scientific data permit meaningful determinations,

1. whether a statistical association with herbicide exposure exists, taking
into account the strength of the scientific evidence and the appropriateness of the
statistical and epidemiologic methods used to detect the association;

2. the increased risk of each disease among those exposed to herbicides
during Vietnam service; and

3. whether there exists a plausible biologic mechanism or other evidence of
a causal relationship between herbicide exposure and the disease.

The law establishing the committee did not provide a specific list of diseases
and conditions suspected to be associated with herbicide exposure.  The commit-
tee staff and members developed such a list based on the diseases and conditions
that had been mentioned in the scientific literature or in legal documents that
came to their attention through extensive literature searches.  The committee’s
first step efforts was a comprehensive search of relevant computerized data bases.
Sixteen data bases covering biomedical, toxicological, chemical, historical, and
regulatory information were accessed.  The majority of the data bases searched
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were bibliographic, providing citations to scientific literature.  Factual data bases
were also searched to provide toxicological and chemical information.  Commit-
tee staff examined the reference lists of major review articles, books, and reports
for relevant citations.  Reference lists of individual articles were also scanned for
additional relevant references.  Literature identification continued through July
31, 1995.  The input received both in written and oral form from veterans and
other interested persons at the public hearing served as a valuable source of
additional information.

This first biennial update concentrates on evaluating the evidence published
following the completion of work on VAO.  For each disease, the new evidence is
evaluated, and conclusions are based on the totality of the accumulated evidence,
not just on the recently published studies.  In other words, the new evidence is not
interpreted alone but is put into the context of the previous evidence addressed in
VAO.

In addition to bringing the earlier work up to date, the committee has ad-
dressed several specific areas of concern identified by the Department of Veter-
ans Affairs (DVA).  Specifically, the committee was asked:

1. To evaluate the relationship between exposure to herbicides and the de-
velopment of acute and subacute peripheral neuropathy that arives at the time of
exposure.  This is in contrast to and in addition to the focus in VAO on chronic
peripheral neuropathy (see Chapter 10).

2. To pay particular attention to the relationship between exposure to herbi-
cides and the subsequent development of prostate cancer, hepatobiliary cancer,
and nasopharyngeal cancer.  In addition to addressing these specific cancers, the
committee has devoted attention in this report to respiratory cancers and multiple
myeloma, both of which appeared in the “limited or suggestive” category of
evidence in VAO.  Attention has also been devoted to breast cancer, because of its
public health importance and the publication of new studies that evaluate its
association with exposure to herbicides.

3. To discuss the possible relationships between the length of time since
exposure to herbicides and possible increases and decreases in the risks of spe-
cific cancers.  The committee also devoted attention to issues related to estimat-
ing of levels of exposure and the potential for assessing the relationship between
exposure levels and the magnitude of increased risk (i.e., the “dose-response”
relationship).  The discussion of dose-response appears in Chapter 5.

The committee’s judgments have both quantitative and qualitative aspects,
and they reflect both the evidence examined and the approach taken to evaluate it.
In VAO, the committee described more fully how it approached its task, so that
readers would be able to assess and interpret the committee’s findings.  By
offering this information, the committee wished to make the report useful to those
seeking to update its conclusions as new information is obtained.  Much of this

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


90 VETERANS AND AGENT ORANGE:  UPDATE 1996

detail has been omitted from the present volume.  This chapter outlines the types
of evidence that the committee identified; the approaches used in evaluating
published reports, both singly and collectively; and the nature of the committee’s
conclusions.  Details of the analysis and specific conclusions concerning each
health effect appear in subsequent chapters.  Detailed descriptions of methodol-
ogy and specific information on how the committee interpreted the questions
being addressed may be found in Chapter 5 of VAO.

Are Herbicides Statistically Associated with the Health Outcome?

The committee necessarily focused on a pragmatic question:  what is the
nature of the relevant evidence for or against a statistical association between
exposure and disease?  The evidentiary base that the committee found to be most
helpful derived from epidemiologic studies of populations—that is, investiga-
tions in which large groups of people are studied to determine the association
between the occurrence of particular diseases and exposure to the substances at
issue.  To determine whether an association exists, epidemiologists estimate the
magnitude of an appropriate quantitative measure (such as the relative risk or the
odds ratio) that describes the relationship between exposures and disease in de-
fined populations or groups.  Usage of “relative risk,” “odds ratio,” or “estimate
of relative risk” is not consistent in the literature reviewed and cited in this report.
In its own usage, the committee intends relative risk to refer to the results of
cohort studies, and odds ratio (an estimate of relative risk) to refer to the results
of case-control studies.  Values of relative risk greater than 1 may indicate a
positive or direct association—that is, a harmful association—and are empha-
sized in this chapter. Values between 1 and 0 may indicate a negative or inverse
association—that is, a protective association.  The term “statistical significance”
is used to desribe an increased risk that is sufficiently greater than 1 to minimize
the possibility that the apparent association is due to chance.

Determining whether an observed statistical association between exposure
and disease is “real” requires additional scrutiny, because there may be alterna-
tive explanations, other than exposure, for the observed association.  These in-
clude errors in the design, conduct, or analysis of the investigation; bias, or a
systematic tendency to distort the measure of association from representing the
true relation between exposures and outcomes; confounding, or distortion of the
measure of association because another factor, related to both exposures and
outcomes, has not been recognized or taken into account in the analysis; and
chance, the effect of random variation, producing spurious associations that can,
with a known probability, sometimes depart widely from the truth.

Therefore, in deciding whether associations between herbicides and particu-
lar outcomes exist, the committee has had to judge in each instance whether there
is evidence of an association from the available studies.  If an association appears
to exist, the committee judged whether it is direct or inverse, and whether it may

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


METHODOLOGIC CONSIDERATIONS IN EVALUATING THE EVIDENCE 91

be due to error, bias, confounding, or chance, or most likely represents a true
association between herbicides and the outcome.

In pursuing the question of statistical association, the committee recognized
that an absolute conclusion about the absence of association may never be at-
tained.  As in science generally, studies of health outcomes following herbicide
exposure are not capable of demonstrating that the purported effect is impossible
or could never occur.  Any instrument of observation, including epidemiologic
studies, has a limit to its resolving power.  Hence, in a strict technical sense, the
committee could not prove the absolute absence of a health outcome associated
with herbicide exposure.  Nevertheless, for some outcomes examined, there was
limited or suggestive evidence consistent with no association.  The committee
was able to conclude in some cases that, within the limits of the current resolving
power of the existing studies, there is no association with herbicide exposure.

What Is the Increased Risk of the Disease in Question Among Those
Exposed to Herbicides in Vietnam?

This question, which is pertinent principally (but not exclusively) if there is
evidence for an association between exposure and disease, concerns the likely
magnitude of the exposure-disease association in Vietnam veterans exposed to
herbicides. The most desirable evidence in answering this type of question in-
volves knowledge of the rate of occurrence of the disease in those Vietnam
veterans who were actually exposed to herbicides, the rate in those who were not
exposed (the “background” rate of the disease in the population of Vietnam
veterans), and the degree to which any other differences between exposed and
unexposed groups of veterans influence the difference in rates.  When exposure
levels among Vietnam veterans have not been adequately determined, as has
been the case in most studies, this question becomes difficult to answer.  The
committee found the available evidence sufficient for drawing conclusions about
association between herbicides and a number of health outcomes.  However, the
lack of good data on Vietnam veterans per se, especially with regard to their
exposure, complicated the assessment of the increased risk of disease among
individuals exposed to the herbicides during service in Vietnam.  By considering
the magnitude of the association observed in other cohorts, the quality and results
of studies that have been made of veterans, and other principles of epidemiologic
research discussed in VAO, the committee formulated a qualitative judgment
regarding the risk of disease among Vietnam veterans.  Indeed, most of the
evidence on which the findings in this report are based comes from studies of
people exposed to dioxin or herbicides in occupational and environmental set-
tings rather than from studies of Vietnam veterans.

When the available data do not permit a meaningful statement regarding risk
among Vietnam veterans, no conclusion is stated, and the reader is referred to the
appropriate section in VAO for additional discussion.
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Is There a Plausible Biologic Mechanism?

Chapter 3 details the basic experimental evidence accumulated during the
period 1992-95 that provides the basis for the assessment of biologic plausibility;
that is, the extent to which a statistical association is consistent with existing
biological or medical knowledge.  The likelihood that a given chemical exposure-
disease relationship reflects a true association in humans is often defined based
on evidence of tumorigenicity in animal studies evidence of an association be-
tween exposure and disease occurrence in humans and/or evidence that a given
outcome is associated with occupational/environmental chemical exposures.  It
must be recognized, however, that given the limitations of existing biological and
medical knowledge, lack of data in support of a plausible biologic mechanism
does not rule out the possibility that a causal relationship does exist.

ISSUES IN EVALUATING THE EVIDENCE

Experimental Studies

A valid surrogate animal model for the study of a human disease must
reproduce with some degree of fidelity the manifestations of the disease in hu-
mans.  Whole animal studies or animal-based experimental systems continue to
be used to study herbicide toxicity because they allow for rigid control of chemi-
cal exposures and for close monitoring of health outcomes.  Because many of the
chemical exposures presently associated with cancer in humans are confirmed in
experimental studies (Huff, 1993; Huff et al., 1994), data derived from experi-
mental studies are generally accepted as a valuable guide in the assessment of
biological plausibility.

As discussed in Chapter 3, many of the toxic effects of the herbicides used in
Vietnam have been ascribed to TCDD, a significant contaminant of some of the
herbicides.  But this has not simplified the risk assessment process, because the
toxicologic profile of TCDD is rather complex.  In general, there is consensus
that most of the toxic effects of TCDD involve interaction with the aryl hydrocar-
bon receptor (AhR), a protein that binds TCDD and other aromatic hydrocarbons
with high affinity.  Formation of an active complex between the receptor, ligand
(the TCDD molecule), and other protein factors is followed by interaction of the
activated complex with specific sites on DNA.  This interaction results in DNA
changes that alter the expression of genes involved in the regulation of cellular
processes.  In this manner, TCDD and other AhR ligands modulate target cells
and presumably exert toxic effects.

Attempts to establish correlations between the effects of TCDD in experi-
mental systems and in humans have become particularly problematic, because
species differences in susceptibility to acute TCDD toxicity have been docu-
mented.  Humans may actually be more resistant than other species to the toxic
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effects of this chemical (Dickson and Buzik, 1993).  Differences in susceptibility
involve a toxico-kinetic component, since elimination rates in humans may be
slower than in rodents (Ahlborg and Hanberg, 1992).  Toxico-dynamic interac-
tions are also important, because the affinity of TCDD for the AhR is species-
specific (Lorenzen and Okey, 1991), and the responses to occupancy of the
receptor vary among different cell types and during different developmental
stages.

If TCDD is assumed to be primarily responsible for the harmful effects of
herbicides, then toxicity would be predicted to be receptor-mediated.  Such de-
ductive reasoning, however, has faced considerable challenges, because several
inconsistencies in the receptor model have been identified, as discussed in Chap-
ter 3.  Of particular significance is the recognition that a variable region is present
in the AhR (Dolwick et al., 1993), which may account for the presence of mul-
tiple forms of the AhR that dictate both species and cell-specific differences in
responsiveness to receptor ligands.  Although studies in which transformed hu-
man cell lines are employed to study AhR biology minimize the inherent error
associated with species extrapolations, caution must be exercised, because the
extent to which transformation itself affects toxicity outcomes has yet to be fully
defined.  It is generally accepted that genetic susceptibility plays a key role in
determining the adverse effects of environmental chemicals.  In the case of
TCDD, the drug-metabolizing enzymes induced in humans are different from
those induced in rodents (Neubert, 1992), suggesting that the impact of different
genetic backgrounds on AhR function is not yet completely understood.  This
issue is particularly central to the assessment of biologic plausibility, because
polymorphisms of the AhR in humans similar to those in laboratory animals
would place some individuals at greater risk of the toxic and carcinogenic effects
of TCDD.  Ultimately, the major challenge in the assessment of biologic plausi-
bility for the toxicity of herbicides and TCDD is not restricted to the understand-
ing of receptor-mediated events.  The dose-response relationships that arise from
multiple toxico-kinetic and toxico-dynamic interactions must also be considered.
The gene regulation models described to date do not consider the intricacies of
the multiprotein interactions between the AhR and other proteins.  Thus, future
attempts to define the quantitative relationship between receptor occupancy and
biological response to TCDD must consider that multiple biochemical changes
may influence the overall cellular response.

Epidemiologic Studies

Environmental and/or occupational exposure to herbicides or TCDD have
provided data on human responses that can be directly compared to data obtained
in experimental studies.  Higher-than-background body burdens of dioxin have
been documented in many of these groups, and details describing the major
findings from these studies are reviewed in Chapters 7-11 of this report.  In
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general, the elevated risks of cancers at various sites reported in epidemiologic
studies are consistent with the known biological actions of the agents present in
herbicide formulations.  Although its full potential has yet to be realized, the
application of molecular and cellular measurements to epidemiologic research
promises to be useful in facilitating correlations between herbicide exposure and
disease occurrence.  Such correlations will allow transfer of information to the
study, prevention, and control of health risks of herbicide exposure in human
populations.  This evolution may provide a significant advantage in the assess-
ment of biologic plausibility, because biologically based epidemiologic data al-
low for more accurate identification and quantification of exposures.  For in-
stance, the analytical data available from individuals known to have been exposed
to Agent Orange during the Vietnam War provide a valuable resource for the
study of TCDD-related disease, with documented TCDD body burdens providing
a quantitative bridge between experimental studies and human epidemiology.
Taken together, experimental studies and epidemiologic investigations provide
complementary perspectives from which to view human health effects of expo-
sure to herbicides.  However, it must be recognized that the ultimate test of
associations between exposure and disease occurrence will be data obtained from
human populations.

To obtain additional information pertinent to the evaluation of potential
effects of herbicide exposure of veterans, the committee decided to review stud-
ies of other groups potentially exposed to the herbicides contained in Agent
Orange, to other herbicides, and to dioxin, the contaminant believed to be the
cause of many of the purported adverse effects of Agent Orange.  These study
populations include industrial and agricultural workers, Vietnamese citizens, and
people exposed environmentally as a result of residing near the site of an accident
or a toxic-waste dumping area.  The committee felt that considering studies of
such groups would help in determining whether these compounds could be asso-
ciated with particular health outcomes in veterans and what is the nature of any
dose-response relationship, although the committee acknowledged that findings
may have only an indirect bearing on the association in veterans themselves.  It is
also important to note that the categories of association described below relate to
the association between exposure to chemicals and health outcomes in human
populations, not to the likelihood that any individual’s health problem is associ-
ated with or caused by the herbicides in question.

The Role of Case Studies and
Other Studies with No Comparison Groups

With the exception of one condition, the committee did not specifically
consider case studies or other published studies lacking a control or comparison
group.  The one exception involved studies of acute and subacute transient pe-
ripheral neuropathy.  Because peripheral neuropathies can be induced by com-
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mon medical disorders and environmental exposures, the presence of neuropathy
in an herbicide-exposed population cannot necessarily be attributed to the herbi-
cide without consideration of these other potentially causative agents.  Nonethe-
less, peripheral neuropathies do meet the conditions generally accepted as sup-
porting an association in uncontrolled studies— namely, that the health outcome
in question is somewhat unusual, and that the outcome becomes apparent soon
after the exposure.  Furthermore, a severe transient neuropathy may cause the
individual to leave a worksite, thus removing that person from the pool of work-
ers available for properly controlled epidemiologic studies.  The very transience
of these conditions may also contribute to making it difficult to locate patients
with active symptoms.  Performing a case-control study of neuropathies at a
worksite, when cases may be hard to find, could lead to uninterpretable results.
Thus, the committee gave substantial weight to case histories from occupational
exposure and the descriptive reports following the Seveso accident when evaluat-
ing the association between herbicides and acute and subacute peripheral
neuropathies.

Publication Bias

The phenomenon known as publication bias is also of concern to the com-
mittee.  It has been well documented (Begg and Berlin, 1989; Berlin et al., 1989;
Dickersin, 1990; Easterbrook et al., 1991; Dickersin et al., 1992) in biomedical
research that studies with a statistically significant finding are more likely to be
published than studies with nonsignificant results.  Thus, evaluations of disease-
exposure associations based solely on published literature could be biased in
favor of showing a positive association.  In general, however, for reports of
overall associations with exposure, the committee did not consider the risk of
publication bias to be high among studies of herbicide exposure and health risks.
The committee took this position because there are numerous published studies
showing no positive association; the committee examined a substantial amount of
unpublished material; and the committee felt that the publicity surrounding the
issue of exposure to herbicides, particularly regarding Vietnam veterans, has
been so intense that any studies showing no association would be unlikely to be
viewed as unimportant by the investigators.  In short, the pressure to publish such
“negative” findings would be considerable.

Nevertheless, publication bias of a more specific and subtle form may still
have had a bearing on the committee’s evaluation of the evidence.  In particular,
the relationship between timing and duration of exposure and subsequent changes
in risk of disease was a major concern.  This more subtle bias would arise if
decisions to publish specific findings relative to timing of exposure were based
on the statistical significance of those findings.  For example, the NIOSH study
(Fingerhut, 1991) of production workers found a more substantial increase in risk
among those whose exposure began more than 20 years previously and lasted for
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more than one year.  Many other studies did not publish data relevant to the issues
of duration of and time since exposure.  In most cases, it is impossible to know
whether or not such issues were examined and simply not discussed in a publica-
tion solely because no “interesting” associations were found.  Even decisions to
examine or not examine such relationships may have been based on the investiga-
tors’ perception that such analyses would or would not lead to any statistically
significant findings.

The Role of Judgment

The evaluation of evidence to reach conclusions about statistical associations
goes beyond quantitative procedures at several stages: assessing the relevance
and validity of individual reports; deciding on the possible influence of error,
bias, or confounding on the reported results; integrating the overall evidence,
within and across diverse areas of research; and formulating the conclusions
themselves.  These aspects of the review required thoughtful consideration of
alternative approaches at several points.  They could not be accomplished by
adherence to a narrowly prescribed formula.

Rather, the approach described here evolved throughout the process of re-
view and was determined in important respects by the nature of the evidence,
exposures, and health outcomes at issue.  Both the quantitative and the qualitative
aspects of the process that could be made explicit were important to the overall
review.  Ultimately, the conclusions about causation that are expressed in this
report about causation are based on the committee’s collective judgment.  The
committee endeavored to express its judgments as clearly and precisely as the
data allowed.

Integration of New Evidence

As stated above, this first biennial update concentrates on evaluating the
evidence published following the completion of work on VAO.  For each disease,
the new evidence is evaluated, and conclusions are based on the totality of the
accumulated evidence, not just on the recently published studies. For only four
diseases, transient peripheral neuropathy (acute and subacute peripheral
neuropathy), spina bifida, porphyria cutanea tarda, and skin cancer, the commit-
tee found new evidence that was sufficiently strong to change the conclusions
stated in VAO.  For all other diseases, evidence appearing since the publication of
VAO reinforced, or was not considered strong enough to change, the previous
conclusions.
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SUMMARY OF THE EVIDENCE

Categories of Association

  The categories of association used by the committee were those used in
VAO.  Consistent with the charge to the Secretary of Veterans Affairs in P.L. 102-
4, the distinctions between the categories are based on “statistical association,”
not on causality.  Thus, standard criteria used in epidemiology for assessing
causality (Hill, 1971) do not strictly apply.  The distinctions between the catego-
ries reflect the committee’s judgment that a statistical association would be found
in a large, well-designed epidemiologic study of the outcome in question in
which exposure to herbicides or dioxin was sufficiently high, well-characterized,
and appropriately measured.  The categories of association are:

• Sufficient Evidence of an Association  Evidence is sufficient to conclude
that there is a positive association. That is, a positive association has been ob-
served between herbicides and the outcome in studies in which chance, bias, and
confounding could be ruled out with reasonable confidence.  For example, if
several small studies that are free from bias and confounding show an association
that is consistent in magnitude and direction, there may be sufficient evidence for
an association.

• Limited/Suggestive Evidence of an Association  Evidence is suggestive of
an association between herbicides and the outcome but is limited because chance,
bias, and confounding could not be ruled out with confidence.  For example, at
least one high-quality study shows a positive association but the results of other
studies are inconsistent.

• Inadequate/Insufficient Evidence to Determine Whether an Association
Exists  The available studies are of insufficient quality, consistency, or statistical
power to permit a conclusion regarding the presence or absence of an association.
For example, studies fail to control for confounding, have inadequate exposure
assessment, or fail to address latency.

• Limited/Suggestive Evidence of No Association  There are several ad-
equate studies, cover the full range of levels of exposure that human beings are
known to encounter, that are mutually consistent in not showing a positive asso-
ciation between exposure to herbicides and the outcome at any level of exposure.
A conclusion of “no association” is inevitably limited to the conditions, level of
exposure, and length of observation covered by the available studies.  In addition,
the possibility of a very small elevation in risk at the levels of exposure studied
can never be excluded.
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5

Exposure Assessment

In this chapter, the committee addresses the question of whether studies
published since VAO should change how assessments of exposure are used in the
evaluation of epidemiologic studies.  The committee’s perspectives on the expo-
sure assessment issues as presented in VAO are summarized, and then a review of
recent literature is presented.

EXPOSURE ASSESSMENT IN THE EVALUATION OF
EPIDEMIOLOGIC STUDIES

Assessment of individual exposure to herbicides and 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD) or other chemical compounds found in the herbicides
used in Vietnam is a key element in determining whether specific health out-
comes are associated with exposure to these compounds.  The committee has
found in its review, however, that the definition and quantification of exposure
represent the weakest methodologic aspects complicating the interpretation of
epidemiologic studies. Chapter 6 in VAO describes the criteria used by the com-
mittee in assessing the quality and validity of exposure measures.  This chapter
provides a brief review of that discussion.

When epidemiologists assess the potential health risks of exposure to a toxic
chemical, they compare the disease experience of groups of people with different
levels of exposure to that substance.  Accurate estimation of any risk associated
with exposure depends on the ability to identify those who are “exposed” and
those who are not.  When the concern is with low-level, possibly intermittent
exposure to a chemical such as an herbicide, it becomes important to assess not
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only the presence or absence of exposure, but also to characterize the degree of
exposure—its intensity and duration.  Exposure assessment contributes to the
epidemiologic study process in several ways.  First, well-defined contrasts in
exposure in the groups being studied increase the validity of individual and group
risk assessments.  A poorly defined contrast could result, for example, if a group
of people assumed to be exposed to a particular agent contained many individuals
who were not, in fact, truly exposed.  Second, very large groups must be studied
in order to identify the small risks associated with low levels of exposure, whereas
a relatively small study may be able to detect the effect of heavy or sustained
exposure to a toxic substance.  In this way, a study’s precision or statistical power
is also linked to the extent of the exposure and the accuracy of its measurement.

The strength of association between an exposure and a disease is only one of
the criteria used in evaluating epidemiologic evidence.  Another criterion often
used in evaluating an association is whether or not there is evidence that as
exposure increases, the risk of the disease also increases (Hill, 1971).  This dose-
response pattern can be detected only if the degree of exposure among different
cohorts or subcohorts of the study can be determined.  Inaccurate assessment of
exposure can obscure the existence of such a trend and thus make it less likely
that a true risk will be identified.

Once an exposure-disease association has been established, it is often desir-
able to consider the implications for some exposed population other than the
population in which the study was performed.  In making this inference, it is
important to have exposure assessments that allow valid comparative assess-
ments of exposure of the different study populations.  For example, if an in-
creased risk of a certain disease has been demonstrated in workers occupationally
exposed to a herbicide for a long period, what would the risk be for a Vietnam
veteran who was exposed only occasionally or for just a short period?  The proper
scale on which to compare these risks is the scale of quantitative exposure (inte-
grating both level and duration), with risk assessed per unit of exposure.  If the
exposure levels are unknown or poorly characterized, then extrapolating from
one population to another may be difficult.

Exposure assessment is the weakest aspect in most of the epidemiologic
studies that the committee has reviewed.  Rarely is there precise information on
the intensity and duration of individual exposure.  Rather, surrogates such as the
length of employment and job location in the workplace are measured.  In some
cases, not even the specific chemicals to which a cohort has been exposed are
specified.  Many studies use overall membership in a group to assign exposure.
Exceptions are studies conducted by Fingerhut et al. (1991) and Saracci et al.
(1991), which involve  chemical production workers and evaluate subgroups with
presumed higher, longer, or better-characterized exposure.

The types of occupational and environmental exposure situations studied,
and the likely intensity and duration of the exposures to herbicides and TCDD,
are diverse.  In principle, this provides an opportunity to compare results between
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studies in order to determine whether certain diseases are more common in popu-
lations likely to have higher exposures.  However, because of the complex pattern
of exposures to the various herbicides and TCDD in the available epidemiologic
studies, the committee was generally not able to differentiate among multiple
chemical exposures to determine whether specific health effects were associated
with a particular herbicide or TCDD in the mixed exposure setting.

Studies of occupational and environmental exposures to air contaminants
often observe that although most exposures occur at lower levels, a few people
are exposed to much higher concentrations.  Those with the highest exposures are
at the highest risk for disease, and their risks are not well represented by the
average or median exposure of the group.  The importance of the “tail” of the
exposure distribution can be illustrated by examining the serum TCDD concen-
trations among the sample of Ranch Hand ground crews studied by Michalek et
al. (1995).  Although the geometric mean (approximately the median) serum
TCDD concentration for 397 ground crewmen was 26 ppt, a quarter of these men
had serum TCDD levels above 150 ppt, and some were above 500 ppt.  Note that
those with the highest exposures had serum TCDD concentrations 20 times greater
than the geometric mean.  Thus, the mean or median exposure of Vietnam veter-
ans, either as a whole or of any military occupation group, will not adequately
represent the exposure of maximally exposed veterans.  In VAO, the committee
estimated that some unknown, but likely small, fraction of Vietnam veterans may
have had phenoxy herbicide exposures comparable in intensity to members of the
occupational cohorts (the NIOSH and IARC cohorts, for example).  It is not
currently possible to identify this heavily exposed fraction of Vietnam veterans
(outside the Ranch Hand and Chemical Corps groups), although in VAO the
committee recommended the testing of exposure reconstruction methods that
might have this capability.

ESTIMATES OF EXPOSURE TO HERBICIDES AND TCDD
DURING VIETNAM SERVICE

Different approaches have been used in estimating the exposure of Vietnam
veterans, including self-reported exposures, records-based exposure estimates, or
biomarkers of TCDD exposure.  Each approach is limited in its ability to deter-
mine precisely the degree of individual exposure.  Some studies rely on gross
markers such as service in Vietnam—perhaps enhanced by branch of service,
military region, military specialty, or exposure to combat—as proxies for expo-
sure to herbicides.  Studies of this type include the CDC Vietnam Experience
Study and Selected Cancers Study, the Department of Veterans Affairs (DVA)
mortality studies, and most veterans studies conducted by states.  This approach
almost surely dilutes whatever health effects of herbicides exist, because many
members of the cohort presumed to be exposed to herbicides may, in reality, not
have been.  At the other extreme, some studies rely on fine details of military
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records of troop movements and herbicide spraying, perhaps combined with self-
reported retrospective data, for individuals or small units on a daily basis.  Ex-
amples of this approach include are a study performed by Stellman and Stellman
(1986) and the CDC Agent Orange Study (1988).  The latter study was proposed
but never completed.  Although measures of this type may be accurate for many
individuals, such fine detail may exceed the accuracy of a record system not
designed for this purpose (for example data on troop movements), and the accu-
racy of the resulting exposure measure cannot be guaranteed for all potential
subjects.  However, recent application of such a method for estimating exposures
of Vietnamese civilians (summarized below) did find evidence supporting the
utility of a records-based exposure reconstruction strategy (Verger, 1994).

Serum TCDD measurements may provide valuable information about past
herbicide exposure under some conditions. They are best used to detect differ-
ences in exposure levels among large groups for epidemiologic studies.  How-
ever, serum TCDD measurements should not be considered the “gold standard”
measure of exposure to herbicides in Vietnam, for several reasons.  First, all
Americans have some exposure to TCDD from a variety of environmental
sources, primarily food.  This background exposure varies among individuals
depending on their diets and other poorly understood factors.  Second, there are
variations among individuals in the way that TCDD is metabolized.  For ex-
ample, a person’s fat content affects his or her rate of clearance of TCDD (see
below for further discussion of TCDD clearance studies).  Third, because not all
herbicides used in Vietnam contained TCDD, serum TCDD levels may not be
good indicators of overall exposure to herbicides.  Agent White did not contain
TCDD, and the 2,4-D contained in Agent Orange did not contain TCDD.  Addi-
tionally, the concentration of TCDD in the 2,4,5-T in Agent Orange varied widely
over time.  A further complication, as noted below, is that exposures to other
dioxin congeners contained in some herbicides may not be well-correlated with
serum TCDD levels years after exposure, because of differences in their environ-
mental fate after they were sprayed in Vietnam, as well as in their metabolism in
the human body.  Finally, the committee reported in VAO that there was evidence
to suggest that exposure to the herbicide 2,4-D (which contains no TCDD) was
associated with one cancer, non-Hodgkin’s lymphoma (NHL), while exposure to
TCDD has no such association.

Despite these concerns, the committee concluded that any group differences
in serum TCDD levels probably reflect group differences in exposure to TCDD.
Group differences are more meaningful, because in groups the factors leading to
differences in serum dioxin measurements unrelated to past dioxin exposure
would tend to average out.  However, even if there was at one time a difference in
TCDD exposure between two groups, it may disappear over time as serum con-
centrations fade to background levels.  Thus, the failure to detect group mean
differences does not necessarily indicate that there were not small differences in
past exposure.
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Current serum TCDD levels in Vietnam veterans, with the exception of
measured levels in Ranch Hand veterans, suggest that exposure to TCDD in
Vietnam was substantially less, on average, than that of occupationally exposed
workers or of persons exposed as a result of the industrial explosion in Seveso,
Italy.  As noted above, this estimation of average exposure does not preclude the
existence of a heavily exposed subgroup.  The CDC’s Validation Study found
that study subjects could not be distinguished from controls based on serum
TCDD levels.  The median TCDD levels for Vietnam veterans and non-Vietnam
veterans were both 4 ppt.  Serum TCDD levels obtained from Ranch Hand
veterans in 1987, however, did differ among groups defined by military duties,
although the median levels for the Ranch Hand groups were lower than those of
several occupational cohorts and Seveso residents.  The best-studied of the occu-
pational cohorts (Fingerhut et al., 1991) had serum TCDD measurements per-
formed 23 years (on average) after their occupational exposure, which is not very
different from the 15 to 25 years in the Ranch Hand studies.  The estimated (back
extrapolated) mean maximum serum TCDD level (see below) was approximately
1,400 ppt for the NIOSH cohort, 200 ppt for the Ranch Hands and Chemical
Corps veterans, and very low on average for other Vietnam veterans.  The Ranch
Hand and Chemical Corps veterans appear to be the most highly exposed groups
of veterans.  The available evidence concerning TCDD exposure shows that, as a
group, Vietnam veterans had much lower exposures to TCDD than heavily ex-
posed occupational workers.

Historical data, personal testimony, and other information made available to
the committee suggest that there was substantial variability in individual wartime
experiences and that opportunities for exposure are also likely to have varied.
Approximately 1.5 million U.S. military personnel served in South Vietnam from
1967 through 1969, the period of heaviest herbicide use.  According to Air Force
operations data, nearly 14 million gallons of herbicide were sprayed over Viet-
nam during this period.  In addition to Ranch Hands, an unknown number of
veterans were likely to have received varying degrees of exposure to herbicides.
Localized spraying, while conducted on a smaller scale than Ranch Hand spray-
ing, may have resulted in higher degrees of exposure because it was done in close
proximity to ground troops.   Most military bases had vehicle-mounted and
backpack spray units available for use in routine vegetation-control programs
conducted around the perimeters of base camps.  Approximately 750 personnel
who were assigned to the Army Chemical Corps have been followed (Thomas
and Kang, 1990).  These individuals were responsible for the storage, prepara-
tion, and application of chemicals around the perimeters of base camps and, as a
group, were likely to have been more highly exposed than most other military
personnel.  U.S. Army Special Forces camps were often located in enemy terri-
tory throughout Vietnam and may have been in the target areas of Ranch Hand
missions.  Construction of Special Forces camps or fire-support bases often re-
quired defoliation, so soldiers in these units may have been exposed to high levels
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of herbicides.  Navy riverine units operating along the rivers and canals of the
Mekong Delta reportedly sprayed base perimeters with herbicides (Zumwalt,
1993).

Although the CDC Validation Study (CDC, 1988) found no correlations
between a range of possible herbicide exposure measures, including serum TCDD
levels, oral and written testimony suggests that substantial numbers of veterans
were exposed to Agent Orange and other herbicides.  Surveys of Vietnam veter-
ans indicate that 25 to 55 percent believe they were exposed to herbicides
(Erickson et al., 1984a,b; Stellman and Stellman, 1986; CDC, 1989).  It appears
that many veterans other than those involved in Operation Ranch Hand were
likely to have been exposed to herbicides during their service in Vietnam.

It is clear that the military use of herbicides in Vietnam was not uniform,
either spatially or temporally, and that the movement and behavior of troops also
varied.  Thus, it cannot be assumed that all troops were equally exposed to
herbicides.  In the committee’s judgment, a sufficiently large range of exposures
may exist among Vietnam veterans (including those who served in Ranch Hand
and the Chemical Corps) to conduct a valid epidemiologic study for certain
health outcomes.  The difficulty (from the perspective of epidemiologic studies)
is that the available data do not precisely quantify individual exposures for most
veterans.  None of the measures that the committee has reviewed would be free of
nondifferential misclassification bias.  The effect of this bias on relative risk
estimates would likely be to underestimate true effects of exposure if they ex-
isted, possibly to such an extent that these effects could be missed entirely by
future studies.

REVIEW OF THE RECENT LITERATURE

Several studies published since the release of VAO provided useful informa-
tion for the refinement of exposure assessment strategies.  While none of these
studies led the committee to revise its basic view of the role of exposure assess-
ment in the evaluation of the epidemiologic studies, several recent reports war-
rant brief discussion here.  The studies fall into three categories: investigations of
the clearance of TCDD from the human body, evaluations of other types (conge-
ners) of dioxins found in humans exposed to herbicides and related chemicals,
and descriptions of the development of several different exposure indices for
epidemiologic studies.

TCDD Half-Life Investigations

Estimates of the body burden half-life of 2,3,7,8-TCDD have been under-
taken in several recent studies.  An early pilot study was undertaken in a collabo-
rative effort by the Air Force and the Centers for Disease Control and Prevention
(CDC) personnel using data collected on 36 Ranch Hand veterans (Pirkle et al.,
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1989).  The initial study was expanded to 337 individuals, with serum  measure-
ments collected during 1982 and from May 1987 through March 1988 (Wolfe et
al., 1994).

The Air Force-CDC study was further extended with an additional five years
of follow-up for 213 of the subjects (Michalek et al., 1995).  Excluded from study
were about 23 percent of the population who had serum TCDD levels below a set
level, in order to avoid a biased estimate of decay rate because of serum levels
that approach the background level.  Using a repeated measures regression analy-
sis, the investigators estimated a mean half-life of 8.7 years, with a 95 percent
confidence interval around the mean half-life that ranged from 8.0 to 9.5 years.
However, half-life was found to increase with increasing body fat, and the mean
half-life does not address individual variability in half-life that would derive from
differences in body fat among an exposed population.  For example, for a high
but plausible percent body fat (35 percent), the predicted mean half-life is about
20 years, while for a low percent body fat (15 percent), the predicted mean half-
life is about seven years.

Other recently published studies find similar mean serum TCDD half-life
estimates.  A study of 27 individuals exposed during the Seveso accident and
followed for 15.9 years yielded a half-life estimate of 8.2 years (Needham et al.,
1994).  A study of 48 German workers in a plant producing herbicides showed a
half-life of 10.3 years (Flesch-Janys et al., 1994).  In this case, however, the time
between the first and last analysis was only 6.3 years.  These studies did not
investigate possible heterogeneity in half-life due to such variables as body fat.

TCDD Exposure Levels for Selected Epidemiologic Studies

Using an estimate of the mean half-life for TCDD—the committee used 8.7
years (Michalek et al., 1995)—it is possible to back-extrapolate from measure-
ments of serum TCDD made years after exposure to the mean maximum levels
that were likely to have occurred for an exposed population at the time they were
exposed (see Appendix B for calculations).  There are, unfortunately, only a few
studies for which this can be done with data in the published literature.  Neverthe-
less, the committee found these data useful in evaluating epidemiologic studies,
because they provide some reference with which to rank exposures in these
studies.  It becomes apparent, for example, that the NIOSH cohort probably had
considerably higher levels of exposure to TCDD than the average member of the
Ranch Hand cohort.  The heavily exposed Zone A cohort in the Seveso popula-
tion probably had higher mean maximum TCDD exposure than even the NIOSH
cohort, but its small size severely limits its usefulness for the evaluation of all but
the most common health effects.  The committee estimated serum TCDD levels
for the Seveso Zones B and R cohorts by assuming a proportional relationship
between soil TCDD levels in the zones and the residents’ mean serum TCDD
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levels.  The mean serum TCDD levels for residents of Zones B and R were
estimated by this method to be roughly 100 times less than in Zone A.

The committee noted several limitations in using these serum TCDD data in
the evaluation of studies.  First, as noted earlier, there may have been other toxic
agents in the herbicides sprayed in Vietnam as well as in the chemicals to which
other cohorts were exposed.  Second, it is possible that the patterns of exposure
(for example, short intense exposures, long-term low-level exposures, periods of
no exposure interspersed among periods of heavy exposure) are relevant to dis-
ease risk, so that simply knowing mean maximum serum TCDD level at the time
of exposure may not be an adequate way to summarize exposure.  Third, TCDD
and other dioxin congeners persist in the body for long periods, and these periods
of “internal exposure” may be important to risk.

The committee noted that quantitative estimates of the magnitude of the risks
faced by Vietnam veterans from herbicide exposure can only be made if quanti-
tative data on exposure are available.  Thus, there is a need for more measure-
ments of serum TCDD levels in exposed populations, as well as for the develop-
ment of quantitative measures of exposure to the other herbicide constituents.

Other Dioxin Congeners

In addition to 2,3,7,8-TCDD, other congeners of dioxin and dibenzofuran
contaminated the herbicides sprayed in Vietnam as well as the products used and
manufactured by the occupational cohorts whose health experience forms the
basis for many of the committee’s conclusions.  Because these may contribute to
cancer risk, “dioxin toxic equivalent factors” (Teq factors) have been estimated
for the various other congeners of dioxin and dibenzofuran (U.S. EPA, 1989).  A
Teq factor for each dioxin or furan congener is estimated by comparing its toxic-
ity to that of 2,3,7,8-TCDD, which is arbitrarily assigned a Teq factor of 1.0.
Other congeners have lower Teq factors, some as much as 1,000 times lower.  In
principle, it is possible to measure each congener and calculate a toxic equivalent
for the entire mixture, but this is costly.  Most studies of dioxin-exposed individu-
als have related health effects to TCDD levels only and have not considered the
other associated dioxins or furans.

The use of 2,3,7,8-TCDD alone as a measure of risk when exposure includes
many congeners must be considered cautiously.  Different sources of dioxin
contamination may have different distributions of congeners.  Also, the stability
of the different congeners in the environment differs, so that human exposures
occurring long after spraying may differ from those at the time of spraying.
Finally, the half-lives of the different congeners in the body differ, so that an
exposed individual will have different and varying patterns of exposure to each
congener over time.

The degree to which these differences may be of importance is seen in some
measured distributions of the various congeners in human tissue.  While having
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lower Teq factors, some of the other dioxins or furans may be present in the body
at concentrations hundreds of times greater than TCDD.  For example, in a study
by Verger et al. (1994) of dioxin levels in adipose tissue of Vietnamese civilians,
the geometric mean concentration of TCDD was 7.8 ppt, that of 2,3,7,8-
dibenzofuran was 1.7 ppt, and those of other congeners of dioxin ranged up to
384 ppt.  By explicitly  considering Teqs, Schecter et al. (1995) have shown that
the total potential toxicity of all dioxins and furans measured in pooled serum
samples of 433 southern, 183 central, and 82 northern Vietnamese civilians dur-
ing 1991 and 1992 was, respectively, 2.4, 3.8, and 7.0 times the potential toxicity
of TCDD alone.  Other studies provide similar data (Schecter, 1994).  Such Teq
studies of Vietnam veterans and occupational cohorts would be valuable.

In summary, the magnitude of the effect of other congeners may be large,
and it may vary among exposure settings.  While it is probably not feasible to
conduct a total congener analysis in every study, the use of TCDD measurements
alone may represent an oversimplification of the full exposure picture.

Development of Exposure Indices

As noted in VAO, the committee emphasized the importance of exposure
indices that could account for the full range of exposures, not just for TCDD.
Several recent studies are relevant to this effort.

Occupational Cohorts

Two recent publications examined the development of exposure indices for
cohorts exposed to herbicides, dioxins, or related compounds during chemical
manufacture (Kauppinen et al., 1994; Ott et al., 1993).  Both illustrate methods of
exposure reconstruction for cohorts with past exposures to chemicals for which
no actual exposure monitoring data exist.  In both cases, an indirect validation or
evaluation of the model was accomplished.

Kauppinen et al. (1994) estimated past exposures to phenoxy herbicides,
chlorophenols, and dioxins for workers engaged in the manufacture or spraying
of phenoxy herbicides and related compounds.  The procedure was carried out for
two diseases (soft-tissue sarcoma and non-Hodgkin’s lymphoma), using controls
chosen from the multicountry IARC cohort (Saracci et al., 1991).  A team of three
industrial hygienists, blind to case-control status, evaluated the exposure histories
of each subject using a standardized procedure.  The main steps of the reconstruc-
tion procedure were qualitative exposure assessment, determination of the dura-
tion of exposure, estimation of the intensity, or level of exposure, calculation of
cumulative exposure, and the ranking of the subjects.  The procedure was per-
formed separately for more than a dozen agents, including the principal phenoxy
herbicides (2,4-D, 2,4,5-T), several chlorophenols, dioxins, and dibenzofurans.

This procedure could not be directly validated because almost no quantita-
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tive exposure data existed.  However, in a separate paper discussed in detail
elsewhere in this report, Kogevinas et al. (1995) used the exposure estimates to
study the association with soft-tissue sarcoma (STS) and non-Hodgkin’s
lymphoma (NHL) in nested case-control studies.  The authors report consider-
ably stronger associations between estimated exposure and risk of STS than was
seen with the simpler exposure classification used in the full cohort study (Saracci
et al., 1991).  The relationship between estimated exposure and NHL was equivo-
cal, although some evidence of increasing risk with increasing estimated expo-
sure to some agents was observed.

In the second report on exposure reconstruction for an occupational cohort
(Ott et al., 1993), workers at a German chemical plant involved in a 1953 indus-
trial accident resulting in TCDD exposure and the subsequent cleanup operations
have been followed to study potential health effects (Zober et al., 1990).  Of the
254 workers followed, serum TCDD data were available on 138.  Ott et al. (1993)
have constructed a model to characterize the relationships between current (1988-
92) serum TCDD levels and information on the workers’ activities during and
after the accident for those members with measured serum TCDD levels.  The
model was then used to estimate TCDD levels for those cohort members without
measurements.  The investigators also used a simple back-extrapolation proce-
dure to estimate serum TCDD levels for all cohort members during the time of
the accident and cleanup.

Using such factors as the time period of exposure (varying from the first few
days after the accident to 15 years later), physical location of the worker during
exposure, type of work performed, use of protective equipment, and duration of
exposure, the authors could explain 65 percent of the variability in the measured
serum TCDD levels. The authors found that estimated back-extrapolated serum
TCDD levels were higher in those who experienced severe chloracne (geometric
mean = 1,008 ppt, n = 56) than in workers with moderate chloracne (geometric
mean = 421 ppt, n = 59) and those with no chloracne (geometric mean = 38 ppt,
n = 139).

Vietnamese Civilians

Verger et al. (1994) developed an exposure index based on the U.S. military’s
HERBS tapes of aerial spraying and investigated its association with serum TCDD
levels in 27 South Vietnamese civilians.  The HERBS tapes contain information
regarding the location, content, and amount of herbicides applied in aerial mis-
sions from August 1965 through February 1971.  The subjects were patients
undergoing abdominal surgery in 1989 for whom adipose tissues were readily
available.  Residential histories were obtained from all.  Five had always lived in
Ho Chi Minh City and were considered not exposed to Agent Orange; the remain-
der had varying degrees of exposure in spray areas.  The data indicated that
2,3,7,8-TCDD lipid concentrations in 24 samples ranged from 0.3 ppt to 49.6 ppt,
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with a geometric mean concentration of 7.8 ppt.  Geometric mean concentrations
of other dioxin congeners ranged from 10 ppt to 384 ppt for octochlorodibenzo-
dioxin and from 1.7 ppt to 233 for various furan congeners.

Two important results were reported from the analyses of these Vietnamese
tissue specimens collected 19 years after the cessation of Operation Ranch Hand.
First, there was a moderately strong correlation between lipid concentrations of
2,3,7,8-TCDD and an exposure index based on spraying patterns, after log-trans-
formation of the two variables.  Second, strong correlations were found among
the serum levels of the different dioxin and furan congeners, but the correlation
between congeners other than 2,3,7,8-TCDD and the exposure index were gener-
ally weak.  The analyses assumed the same degradation half-life in the environ-
ment (a range of four to 17 years was considered) and biological half-life (five
and seven years were considered) for all congeners.  One would expect differ-
ences to exist among congeners for each of these two half-lives.

These data, although limited by small numbers, suggest that Agent Orange
exposures among South Vietnamese civilians may be estimated by using of an
appropriate exposure model and information on residence and spraying patterns
during the Vietnam conflict.

Ranch Hand

Michalek and colleagues (1995) developed several indices of herbicide ex-
posure for members of the Ranch Hand cohort and tried to relate these to the
levels of serum TCDD measured between 1987 and 1992.  Self-administered
questionnaires completed by veterans of Operation Ranch Hand were used to
develop three indices for herbicide or TCDD exposure:  the number of days of
skin exposure; the percentage of skin area exposed; and the number of days of
skin exposure, times the percentage of skin exposed, times a factor for the con-
centration of TCDD in the herbicide. A fourth index used no information gath-
ered from the individual subject. It was calculated as the volume of herbicide
sprayed during a specific individual’s tour of duty, times the concentration of
TCDD in herbicides sprayed in that period, divided by the number of crew
members at that time in each job specialty.

Each of the four models tested was significantly related to the serum TCDD
level, although each explained only between 10 and 27 percent of the variability
in serum TCDD.  Military job classification (non-Ranch Hand combat troops,
Ranch Hand administrators, Ranch Hand flight engineers, and Ranch Hand
ground crew), which is separate from the four indices, explained 60 percent of the
variance in serum TCDD concentrations.  When the questionnaire-derived indi-
ces were applied within each job classification, none of the indices added signifi-
cantly to the variability explained by job alone.
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 6

Epidemiologic Studies

In seeking evidence for associations between health outcomes and exposure
to herbicides and TCDD,  many different kinds of epidemiologic studies must be
considered.  Each study has varying degrees of strengths and weaknesses and
contributes evidence to an association with the health outcomes considered in
Chapters 7, 9, 10 and 11.  There are three main groups of individuals studied with
respect to herbicide exposure: those with occupational, environmental, and mili-
tary exposures.  The historical basis for the groups studied was examined in
Chapter 2 of VAO.  A description of how the articles to be reviewed were selected
from the literature can be found in Appendix A of VAO.

This chapter summarizes epidemiologic studies and reports reviewed by the
committee.  Included are studies published after VAO, studies that were not
reviewed by the committee that wrote VAO, and studies that have been updated
since to the publication of VAO.  Tables 6-1, 6-2, and 6-3 present a brief overview
of all of the epidemiologic studies reviewed for both VAO and this report.  The
summaries of the study present the study methods used, including, how the study
subjects were ascertained; how the data were collected; the inclusion criteria; and
how the exposure was determined, including 2,4,5-T (2,4,5-trichlorophenoxy-
acetic acid), 2,4-D (2,4-dichlorophenoxyacetic acid), chlorophenols, and the
TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) contaminant.  Additionally, the
numbers in the study and comparison populations, when available, are given
along with a brief description of the study in Tables 6-1, 6-2, and 6-3.   No results
are presented here; rather, the chapter provides a methodologic framework for the
health outcome chapters that follow.  Qualitative critique of the study design,
population size, methods of data collection, case and control ascertainment, or
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quality of exposure assessment has been reserved for the individual health out-
come chapters in which the results of these studies are discussed.

The text and tables in this chapter are organized in three basic sections—
occupational studies, environmental studies, and studies in Vietnam veterans—
with subsections included under each heading.  The studies focused on exposures
to 2,4,5-T (2,4,5-trichlorophenoxyacetic acid), 2,4-D (2,4-dichlorophenoxyacetic
acid), chlorophenols, and the TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) con-
taminant, 2,4-D, 2,4,5-T, 4-chloro-2-methylphenoxyacetic acid (MCPA), piclo-
ram, hexachlorophene, and chlorophenols, including trichlorophenol.  In several
instances, the investigators did not indicate which specific chemicals study par-
ticipants were exposed to, or levels of exposure.  Where available, details are
given with regard to exposure assessment and how exposure was subsequently
used in the analysis.

The occupational section includes studies of production workers, agricul-
tural/forestry workers (including herbicide/pesticide applicators), and paper/pulp
workers, as well as case-control studies of specific cancers and the association
with exposures to herbicides and related compounds in many of these occupa-
tions.  The environmental section includes studies of populations exposed to
excessive herbicides as a result of where they live, such as the residents of
Seveso, Italy, Times Beach, Missouri, and the southern portion of Vietnam.  The
section on Vietnam veterans includes studies conducted in the United States by
the Air Force, the Centers for Disease Control and Prevention (CDC), Depart-
ment of Veterans Affairs (DVA, formerly the Veterans Administration), the
American Legion, and the state of Michigan, as well as other groups.  Studies of
Australian veterans of Vietnam are also presented here.

OCCUPATIONAL STUDIES

Several occupational groups in the United States and elsewhere have been
exposed to the types of herbicides used in Vietnam and, more specifically, to
TCDD, a contaminant of some herbicides and other products.  Occupational
groups exposed to these chemicals include farmers, agricultural/forestry workers,
herbicide sprayers, workers in chemical production plants, and workers involved
in paper/pulp manufacturing.   In addition, studies that use job titles as broad
surrogates of exposure and studies that rely on disease registry data have been
conducted.  Exposure measures vary widely in these studies in terms of measure-
ment, quantification, level of detail, confounding by other exposures, and indi-
vidual versus surrogate or group (ecological) measures.
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Production Workers

National Institute for Occupational Safety and Health

In 1978, the National Institute for Occupational Safety and Health (NIOSH)
began a study to identify all U.S. workers potentially exposed to TCDD between
1942 and 1984 (Fingerhut et al., 1991).  In a total of 12 chemical companies,
5,000 workers were identified from personnel and payroll records as having been
involved in production or maintenance processes associated with TCDD con-
tamination.  Their exposure resulted from working with certain contaminated
chamicals, including 2,4,5-trichlorophenol and in which TCDD was a contami-
nant included 2,4,5-trichlorophenoxyacetic acid, Silvex, Erbon, Ronnel, and
hexachlorophene. An additional 172 workers identified previously by their em-
ployers as being exposed to TCDD were also included in the study cohort.  TCDD
was also measured in serum from a sample of 253 workers.  The health status of
the workers was determined as of December 31, 1987, and death certificates were
used to establish numbers of deaths from each cause.  Person-years were calcu-
lated from the first documented assignment to a process involving TCDD con-
tamination until date of death or December 31, 1987.  Vital status was determined
for all but 77 members (2 percent) of the cohort.  Those with unknown vital status
were assumed to be alive.  General U.S. population rates were used to calculate
the number of expected deaths.  The 12 plants involved were large manufacturing
sites of major chemical companies.  Thus, many of the study subjects probably
were exposed to many other chemicals, some of which could be carcinogenic.
Data were analyzed for mortality according to duration of exposure to processes
involving TCDD contamination (determined from personnel records) and la-
tency; total years of employment at the plant were also considered.  A number of
studies were later conducted that looked at health outcomes in the exposed worker
population.

Prior to this study, NIOSH conducted a cross-sectional study that included a
comprehensive medical history, medical examination, and measurement of pul-
monary function of workers employed in the manufacture of chemicals with
TCDD contamination at chemical plants in Newark, New Jersey (from 1951
through 1969), and in Verona, Missouri (from 1968 through 1969, and from 1970
through 1972) (Sweeney et al., 1989, 1993; Calvert et al., 1991, 1992; Alderfer et
al., 1992).  The plant in New Jersey manufactured TCP and 2,4,5-T (N = 490
eligible); the Missouri plant manufactured TCP, 2,4,5-T, and hexachlorophene
(N = 96 eligible).  TCDD is formed as a contaminant during the production of
each of these chemicals.  The workers were interviewed to collect information on
health status, occupational history, time in Vietnam, time in agriculture, residen-
tial history, hospitalizations, medications, demographics, and life-style variables.
Health outcomes of interest included peripheral neuropathies, neurobehavioral
effects, chloracne, pigmentary changes, skin cancer, hepatic enzyme changes,
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porphyria, angina, myocardial infarction, ulcers, lipid changes, diabetes, lympho-
cyte cell types and function, and such adverse reproductive outcomes as fetal
loss, reduced fertility, and major malformations (Sweeney et al., 1989).  Physical
examination included clinical assessment of respiratory function and adverse
health outcomes, including chronic bronchitis, chronic obstructive pulmonary
disease (COPD), ventilatory function, and thorax and lung abnormalities (Calvert
et al., 1991); assessment of hepatic and gastric systems, including determination
of laboratory tests associated with liver function, hepatitis, cirrhosis, fatty liver,
gastritis, gastrointestinal hemorrhage, and ulcer disease (Calvert et al., 1992);
psychological testing to determine the presence of depression (Alderfer et al.,
1992); and assessment of peripheral neuropathy through examination, electro-
physiologic and quantitative sensory tests, and symptoms (Sweeney et al., 1993).
Serum levels of TCDD were determined as indicating exposure and were ad-
justed for lipids. The matched comparison group consisted of individuals who
had no occupational exposure to phenoxy herbicides, who lived in the same
communities as the workers, and who were within five years of age and of the
same sex and race as the exposed workers.  Comparison subjects underwent the
same series of medical examinations and interviews as workers exposed to TCDD
(Sweeney et al., 1993).  A total of 281 workers and 260 unexposed subjects
participated in the medical examination; 360 exposed worker interviews and 325
neighborhood interviews were completed.  Data on important confounders, in-
cluding cigarette and alcohol consumption, were collected and adjusted for in the
analyses.

The data were further analyzed to evaluate the association between occupa-
tional exposure to TCDD and porphyria cutanea tarda (Calvert et al., 1994).
Unadjusted odds ratios were calculated to assess the relationship between TCDD
exposure and urinary porphyrin and other outcomes of interest.

Total serum testosterone and gonadotropin levels in 248 dioxin-exposed
chemical production workers in New Jersey (1951-69) and Missouri (1968-72)
were compared with the same parameters in 231 nonexposed individuals from
neighborhoods near the plants who participated in a medical evaluation in 1987
(Egeland et al., 1994).  The plants in this study are two of the 12 plants in the
original NIOSH study at which serum TCDD measurements were performed on
workers.  A total of 586 workers were identified in these two plants, and 281 (48
percent) participated in the medical examination.  Questionnaires on occupa-
tional exposures and demographics were administered to study participants by
trained interviewers, and serum dioxin, follicle-stimulating hormone, luteinizing
hormone, and total serum testosterone were determined by laboratory analyses.
The association of each of the hormonal parameters with serum dioxin exposure
was analyzed by multiple linear regression analysis.
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Dow Chemical Company

Dow Chemical Company undertook a cohort mortality study of workers
exposed to 2,4-dichlorophenoxyacetic acid (Bond et al., 1988).  The herbicide
was manufactured in several Dow plants; in some plants it was the only chemical
produced, while other plants also produced 2,4,5-T and other herbicides contain-
ing TCDD.  It was estimated that 77 percent of the group worked in proximity to
2,4-D manufacturing, and thus had opportunity for exposure to TCDD or H/
OCDD.  Prior to 1950, levels of 2,4-D ranged from 0.5 to 3.0 mg/m3.  Thereafter,
concentrations decreased to 0.2-0.8 mg/m3, depending on the job classification.
After 1978, 2,4-D concentrations were below the detection limit of 0.01 mg/m3.
The cohort consisted of 878 workers from four production areas and was fol-
lowed from 1945 until employee death, loss to follow-up, or December 31, 1982.
Analysis was conducted according to cumulative dose of 2,4-D, as determined
from such information as job history lists, industrial hygiene data, and years on
the job.  Allowance for latent period was made by lagging exposures by an
interval of 15 years.  Expected numbers were calculated for two comparison
groups.  The first comparison group consisted of white American males, adjusted
for age and calendar year, and the second comparison group consisted of all other
male workers at the manufacturing location (N = 36,804) who were employed
between 1945 and 1982.  This comparison was adjusted for age, interval since
entry into follow-up, and pay status.

The study was updated with four additional years of follow-up of the cohort
of 878 workers, through December 31, 1986 (Bloeman et al., 1993).  The method
of analysis corresponded closely with that of the first study.  Vital status was
successfully ascertained for all of the original cohort members through 1986,
using company records, the files of Social Security Administration, and the Na-
tional Death Index.

BASF

In Germany, an accident on November 17, 1953, during the manufacture of
trichlorophenol at BASF Aktiengesellschaft, resulted in the exposure to TCDD of
some of the workers in the plant.  These workers were identified and followed for
mortality; other workers who were potentially exposed in the building following
the accident were also studied.

Mortality of the employees was evaluated by Zober et al. (1990).  Of the 247
employees followed, three study cohorts—a basic cohort and two additional
cohorts—were assembled to establish all those exposed during the accident as
well as during cleanup operations, for follow-up over 34 years.  The potential
amount and reliability of exposure information were the defining factors in com-
piling the cohorts.  The basic cohort consisted of those workers who were listed
as being exposed during the accident (N = 69); of the 69 workers in this group, 66
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were included in the cohort of Thiess et al. (1982).  The first additional cohort
identified by the BASF Occupational Safety and Employee Protection Depart-
ment consisted of those workers who had been potentially exposed by August 31,
1983, since more people were reporting potential exposures to the company
medical department (N = 84); the degree of exposure for this group was less clear
than the basic cohort.  The second additional cohort was assembled (1984 through
December 1987) through the “Dioxin Investigation Programme,” which informed
employees of potential hazards from exposure and identified, through a variety of
methods, other employees, investigators, and demolition workers who had poten-
tially been exposed  (N = 94).  Occupational descriptions of jobs held by these
employees were investigated, and for those included in the “Dioxin Investigation
Programme,” medical examinations were conducted.  Vital status for the final
cohort of 247 persons was established as of December 31, 1987.  The cohort
mortality was compared with the national mortality rates in the Federal Republic
of Germany for different periods of time since the first exposure.  Analysis
included cancer outcomes for a subcohort of members of the three cohorts de-
scribed above who experienced chloracne or erythema.

Morbidity follow-up of 151 members of the original cohort, as well as seven
additional employees later identified as part of the accident cohort, was continued
by Zober and colleagues through 1989 (Zober et al., 1994).  Cohort members
were assigned to one of three subcohorts based on chloracne status following the
accident.  Subgroup I consisted of 52 workers with extensive or severe chloracne;
Subgroup II consisted of 61 workers with either moderate chloracne or a diagno-
sis of “erythyema” but no chloracne; and Subgroup III consisted of 45 men
without chloracne.  Blood lipid TCDD concentrations in the cohort members
were also used to assess exposure.  Cohort morbidity was compared with a
referent group comprised of male employees hired before November 1953.  Epi-
sodes of acute illness were assessed on the basis of number of illness episodes per
time period for each employee; while for chronic illness, an “ever” or “never”
basis was used.

International Register of Workers Exposed to Phenoxy Herbicides

A study involving numerous cohorts from different countries was conducted
by the International Agency for Research on Cancer (IARC) (Saracci et al.,
1991).  The cohort of international workers, the “International Register of Work-
ers Exposed to Phenoxy Herbicides and Their Contaminants,” included informa-
tion on mortality and exposures of 18,390 workers—16,863 men and 1,527
women.  In an effort to avoid the problems of small studies with insufficient
power to detect increased cancer risks, Saracci and colleagues at the IARC cre-
ated a multinational registry of workers exposed to phenoxy herbicide and
chlorophenol (Saracci et al., 1991).  The Danish production worker cohort stud-
ied by Lynge (1985) is included in this registry, as are the cohorts of Green
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(1991), Coggon et al. (1986, 1991), and Bueno de Mesquita et al. (1993).  The
cohort of Lynge (1985) contributes a very large fraction of all the person-years in
the IARC study, and all four of the deaths found in the study were attributed to
soft-tissue sarcoma (International Classification of Disease [ICD] 171).  The
studies are reported in detail in Chapter 8 of VAO.  Workers are included from 20
cohorts who had ever been involved in herbicide production or spraying, with the
exception of the Australian, Canadian, and New Zealand cohorts, which required
a minimum employment of one year, six months, and one month, respectively.
Follow-up for all cohorts was either through the computerized systems for the
particular country or from medical records and cancer registries.

In the study, questionnaires were distributed to workers in factories produc-
ing chlorophenoxy herbicides or chlorinated phenols and to workers involved in
spraying operations at the plants; job histories were examined if available.   The
cohort was subdivided according to whether members were exposed and whether
they were producers or sprayers.  Workers who sprayed chlorophenoxy herbi-
cides or worked in factory departments in contact with these chemicals were
considered “exposed” (N = 13,482); workers “probably exposed” had no job title
but were judged to have been exposed (N = 416).  Workers with no exposure
status information were considered as having “unknown” exposure (N = 541),
and those who never worked in factory departments with exposure to chloro-
phenoxy herbicides or who never sprayed these chemicals were considered
“nonexposed” (N = 3,951). There were 12,492 workers categorized as producers
and 5,898 as sprayers.  Exposed and probably exposed workers were subclassi-
fied according to the chemical they produced or sprayed (9,377 worked with
chlorophenoxy herbicides; 408 worked with chlorinated phenols; and 4,133
worked with both) and according to their department (3,034 were in main produc-
tion; 1,522 in maintenance and cleaning; 1,665 in other departments; and 1,907
were unclassifiable).  For the analysis, results are presented for the potential
categories of exposure, with the “exposed” category combining production work-
ers and sprayers into one category.  Comparison mortality rates were calculated
from the World Health Organization Mortality Data Bank, standardized for sex,
age, and calendar-year period; mortality coding was done nationally, with a con-
version table developed to allow pooling over ICD revisions.  Determination of
vital status began in 1955 or the date of first exposure thereafter and continued for
an average of 17 years.  Exposure to TCDD was assumed to be possible for those
who worked producing or spraying  2,4,5-TCP and 2,4,5-T (other products).
Because certain factories produced no or very little 2,4,5-T, it was possible to
differentiate workers by probable TCDD exposure.  Exposure was not exclu-
sively focused on TCDD, as in the NIOSH-assembled cohort (Fingerhut et al.,
1991), and the workers may have been exposed to multiple chemicals.

In the Netherlands, the National Institute of Public Health and Environmen-
tal Protection contributed a cohort to the IARC registry, consisting of workers
from two companies that produced several chlorophenoxy herbicides; this cohort
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was also evaluated apart from the IARC registry for cancer mortality (Bueno de
Mesquita et al., 1993).  Factory A produced primarily 2,4,5-T; in March 1963, an
uncontrolled reaction in the factory resulted in an explosion in which polychlori-
nated dibenzodioxins (PCDDs), including TCDD, were released.  Anyone em-
ployed at this factory between 1955 and June 30, 1985, was eligible to be in-
cluded in the study; workers contracted to clean up after the accident were also
included in the cohort.  Factory B produced primarily MCPA and MCPP (2-[4-
chloro-2-methylphenoxy]propanoic acid), plus smaller amounts of 2,4-D; all per-
sons employed between 1965 and June 30, 1986, were included in the cohort.
The total cohort included 2,310 workers, and follow-up was 97 percent complete;
analysis was presented for the 2,074 male workers who were exposed and unex-
posed in the factories.  The causes of death were taken from the Netherlands
Central Bureau of Statistics.  The important steps for phenoxy herbicide expo-
sure, which might occur in a number of different departments, included synthesis
of the chemical, formulation of the herbicide, and packaging.  Since individual
measures of exposure were not available, occupational history, including work-
ing in the above departments and exposure to the accident, was used to define
exposure.  Workers were considered exposed if they worked in departments
involving synthesis, finishing, formulation, packing, maintenance/repair, the labo-
ratory, chemical effluent/waste handling, cleaning, shipping/transport, or plant
supervision; if they were exposed to the accident; or if they were exposed by
proximity to the above departments.  Comparisons were made to total and cancer-
specific mortality using expected numbers standardized for the Netherlands; ex-
posed and unexposed workers were also compared by selected mortality causes.

In Denmark, cohort study of cancer incidence was conducted among em-
ployees of manufacturing facilities that produced phenoxy herbicides, including
2,4-D, 4-chloro-2-methylphenoxyacetic acid (CMPP), 2-[4-chloro-2-methylphen-
oxy]-propanoic acid (MCPA), and 2-[2,4-dichlorophenoxy]-propanoic acid (2,4-
DP) (Lynge, 1985).  All workers involved in the manufacture of phenoxy herbi-
cides in Denmark before 1982 were eligible for the exposed study cohort; two
factories were the source of identification of 4,461 workers (3,390 men and 1,071
women) who were followed for vital status and cancer incidence through 1982.
Vital status was ascertained through the Central Population Register, and cancer
incidence was determined through the Danish Cancer Registry.  The incidence of
cancer in the cohort was compared to the expected incidence in the entire Danish
population, by sex, five-year age group, and calendar period.  Individual expo-
sure was not indicated; however, department worked in the factory was used as a
means of classifying those exposed.  Two groups were considered to be poten-
tially exposed to phenoxy herbicides:  those in the “phenoxy herbicidal manufac-
turing and packaging departments”; and those in “manual service functions.”

The cohort was followed for cancer incidence for five years, through Decem-
ber 31, 1987 (Lynge, 1993).  Workers at each plant were classified according to
estimated potential herbicide exposure.  Exposure measurement data for the co-
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hort were inferred from data on production.  Two types of analyses were per-
formed:  the first, with the individual risk periods starting on the first day of
employment; and the second, with the inclusion only of persons employed for at
least one year and with a ten-year latency period.

In a study covering ten countries, cancer mortality from soft-tissue sarcoma
and malignant lymphoma was evaluated in an international cohort of 16,863 male
and 1,527 female workers ever employed in the production or spraying of pesti-
cides (Kogevinas et al., 1992).  Workers were classified into four exposure cat-
egories based on the results of exposure questionnaires and job histories: exposed
(N = 13,482), probably exposed (N = 416), unknown exposure (N = 541), or
nonexposed (N = 3,951).  Workers were further classified as producers (N =
12,492) or sprayers (N = 5,898).  There was an average follow-up period of 17
years, and follow-up was successful for 95 percent of the cohort.  SMRs were
derived for soft-tissue sarcomas and malignant lymphomas using person-years.
In many plants and sprayer cohorts, there was exposure to several different
chlorophenoxy herbicides or chlorophenols, as well as to various other pesti-
cides, raw materials, intermediates, and processing chemicals.  The authors dif-
ferentiated workers who were and were not probably exposed to TCDD, on the
basis of whether 2,4,5-T or 2,4,5-trichlorophenol were manufactured.

A cohort study of cancer incidence and mortality was conducted among 701
women occupationally exposed to chlorophenoxy herbicides, chlorophenols, and
dioxins from seven countries (Kogevinas et al., 1993).  One hundred and sixty
nine of the workers had potential exposure to TCDD during the production of
2,4,5-T or 2,4,5-trichlorophenol.  Five hundred and thirty two workers were
unlikely to have had TCDD exposure.  Female workers on the International
Register of Workers who were ever employed in production or spraying of
chlorophenoxy herbicides and/or chlorophenols were eligible for the study.  Ex-
posure histories were reconstructed using company records, exposure question-
naires and analyses of TCDD and other dioxin congeners in end products, reactor
products, and waste streams.  Vital status of workers was ascertained either by
using computerized national death certificate records or by using active follow-
up procedures.  The overall follow-up rate was greater than 95 percent and 44
percent of the subjects were followed for ten years or more.  Data on cancer
incidence were available for 634 workers from Denmark, Finland, New Zealand,
and Switzerland.  Cancer incidence and mortality among exposed subjects were
compared with national death rates and cancer incidence rates.

Two nested case-control studies were undertaken to evaluate the relationship
between soft-tissue sarcoma and non-Hodgkin’s lymphoma in the Saracci et al.
(1991) cohort and occupational exposures, including dioxin (Kogevinas et al.,
1995).  Eleven cases of soft-tissue sarcoma and 32 cases of non-Hodgkin’s
lymphoma NHL were identified through examination of death certificates for
members of the International Agency for Researchers on Cancer (IARC) cohort.
Five controls, matched for age, sex, and country of residence, were assigned to
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each case.  Cases and controls were interviewed by an industrial hygienist to
determine occupational exposures, including phenoxy herbicides, chlorophenols,
and polychlorinated dibenzodioxins and furans.  Actual measurements of past
exposure for the study subjects were largely unavailable, but company exposure
questionnaires, company reports, and individual job records were used in an
attempt to reconstruct past exposure.  A relative scale was used to assess level of
exposure, and a cumulative exposure score was assigned based on the estimated
level of exposure and duration of exposure in years.  Logistic regression analysis
was performed to estimate risk in each study.

Agricultural Workers

Cohort Studies

The Canadian Farmer Cohort In Canada, the Mortality Study of Canadian
Male Farm Operators covering the years 1971-85 was undertaken to investigate
the relationship of farm practices, especially herbicide spraying, to the risk of all
causes of mortality (Wigle et al., 1990; Morrison et al., 1992, 1993).  The cohort
was established by linking records from the 1971 Census of Agriculture, the 1971
Census of Population, and the 1971 Central Farm Register, which combined
agricultural, population, and personal identifying information on the cohort.  A
second step linked the 1971 Central Farm Register to the 1981 Central Farm
Register as a follow-up of the cohort.  A third step linked the cohort to the
Mortality Data Base (1971-85) for the mortality experience.  The agriculture
census included information on number of acres sprayed with herbicides (types
not specified) and insecticides, total acreage of land operated, and surrogate
measures for pesticide exposure.  In order to determine duration of exposure,
indices for individual farmers were developed from 1971 and 1981 data; farmers
appearing in both censuses on the same farm were considered to have had a
continuing exposure for those years.  Farmers not appearing in both censuses had
more uncertain continual exposure to herbicides.  Also, subgroups of farmers
who did not employ outside workers were assumed to be more likely to be
exposed.  No other information on individual exposures was available.  The Farm
Register, established as a mailing list for agricultural questionnaires, contained
all farm operators in the 1971 agriculture census, in addition to agricultural
variables and personal identifiers.

In Saskatchewan, Canada, a total of 69,513 men over age 35 were identified
using the methods described above.  A detailed multivariate analysis of the risk of
death from NHL was undertaken (Wigle et al., 1990).  The study, with a larger
cohort (N = 155,547), was updated to further evaluate the risk of death from NHL
(Morrison et al., 1994).  There were two additional years of follow-up through
1987.  Two additional provinces were added—Alberta and Manitoba.  Death
certificates were obtained for farmers whose underlying cause of death was re-
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corded as NHL.  SMRs due to NHL were calculated with the combined Manitoba,
Saskatchewan, and Alberta male mortality rates as the reference and were strati-
fied by number of acres sprayed with herbicides.

Another study of the Canadian farmer cohort focused on evaluating mortal-
ity from multiple myeloma from 1971 to 1987 (Semenciw et al., 1993).  The
mortality experience of male Canadian farmers from multiple myeloma was com-
pared to mortality in the general male population of the three prairie provinces of
Canada.  Death certificates were used to identify subjects whose underlying
cause of death was multiple myeloma.  SMRs were calculated using age-specific
mortality rates and were stratified by number of acres sprayed with herbicides.

The Canadian farmer cohort was also evaluated for leukemia mortality
(Semenciw et al., 1994).   Census records from 1971 for 155,547 male farmers
who were at least 35 years of age at some point during the follow-up period (June
1971 to December 1987) were linked with mortality records through 1987.  Sub-
jects with leukemia listed as the cause of death on death certificates were in-
cluded in the cohort.  SMRs were calculated using age-specific mortality rates for
males in Manitoba, Saskatchewan, and Alberta.

A cross-sectional study examining the association between pesticide expo-
sure and asthma was conducted in 1982-83 using a cohort of male farmers from
Saskatchewan (Senthilselvan et al., 1992).  Of 2,375 farmers in 17 municipalities
visited at their homes by a volunteer and asked to participate in the study, 1,939
agreed.  Participants were administered questionnaires that contained questions
on occupational exposures, including exposure to pesticides, and questions on
respiratory health and smoking habits taken from the Epidemiology Standardiza-
tion Questionnaire of the American Thoracic Society.  Pulmonary function tests
were also performed on the participants.  Prevalence odds ratios were used to
estimate the association between asthma and factors.

Other Agricultural Workers A cluster of deaths from brain cancer, leukemia,
and Hodgkin’s disease among employees of the former Agricultural Institute of
the Republic of Ireland provided the impetus for performing a cohort study of
mortality from brain, lymphatic, and hematopoietic cancers in Irish agricultural
workers (Dean, 1994).   Information on deaths from 1971 to 1987 coded as cancer
of the brain (ICD 191) or lymphatic or hematopoietic cancer (ICD 200-208) was
obtained from the Central Statistics Office of Ireland.  Computer analysis was
performed to stratify deaths by socioeconomic group, age, and sex using data
from the 1971 and 1981 national censuses and from death certificates.  Deaths
were grouped into two time periods (1971-78 and 1979-87).  Cause-specific
mortality rates in individuals classified as farmers (using census data) were com-
pared with the rates by sex and age group for all deaths in Ireland for the time
periods 1968-77 and 1978-87.  Agricultural workers were divided into two
groups:  farmers, relatives assisting farmers and farm managers; and other agri-
cultural occupations and fishermen.
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In the United States, a proportionate mortality study was performed using
data on male and female farmers from 23 states (Blair et al., 1993).  Mortality
data were obtained using death certificates from the years 1984-88.  Occupation
and industry were coded based on the information listed on the death certificate.
Relative risks were estimated by calculating proportionate mortality ratios and
proportionate cancer mortality ratios for white men (N = 119,648), white women
(N = 2,400), non-white men (N = 11,446), and non-white women (N = 2,066).
The deaths among non-farmers from the same states were used to generate ex-
pected numbers.  There was no individual verification of the death certificate
information on farming history, so some misclassification of exposure might
have been possible.

Herbicide/Pesticide Applicators In Finland, 1,971 male herbicide applicators
who had been exposed for at least two weeks to 2,4-D and 2,4,5-T between 1955
and 1971 were identified from the personnel records of the four main Finnish
employers involved with chemical brushwood control (Riihimaki et al., 1982).
After excluding 45 individuals who had died before 1971, the final cohort of
1,926 workers was followed from 1972 to 1980 for mortality, by checking the
names with the population register of the Social Insurance Institution.  Underly-
ing cause of death was determined from death certificates.  Expected numbers of
deaths were determined by using age- and cause-specific death rates for the
nation in 1975.  Data on new cancer cases were obtained from the Finnish Cancer
Registry.  Since data on exposure were collected from personnel records, files did
not always contain assignment information, and in some cases, recall of expo-
sures was based on the memory of clerks or foremen.  Cancer morbidity and
mortality in this cohort were reported separately (Riihimaki et al., 1983).

An 18-year prospective follow-up of cancer morbidity and mortality for
1,909 members of the original cohort was reported in 1994 (Asp et al., 1994).
Cancer incidence and mortality was followed through 1989.  A questionnaire
addressing exposure history and smoking history was mailed to all living cohort
members and to the next-of-kin for deceased subjects.  The median total duration
of exposure was six weeks.  SMRs were calculated based on zero, ten, and 15
years of latency since first exposure.

A cross-sectional study of 1,000 pesticide appliers in Minnesota was con-
ducted to evaluate health outcomes associated with pesticide use (Garry et al.,
1994).  Study participants were selected from a current list of licensed pesticide
appliers obtained from the state Department of Agriculture.  All persons certified
and/or recertified within the past five years were eligible to participate in the
study.  One thousand pesticide appliers were chosen by random selection and
contacted by telephone.  Seven hundred and nineteen individuals who chose to
participate in the study received a questionnaire in the mail regarding general
health, occupation, pesticide use, and use of protective gear.  Medical record
verification of each diagnosis of cancer was obtained, and death certificates were
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obtained from state agencies.  The study population was divided into groups
based on the use of four different groups of pesticides, and intergroup compari-
sons of health status were performed using chi square analysis.  Cholinesterase
levels in the study group were also ascertained.

Case-Control Studies

Sweden Risk factors potentially associated with Hodgkin’s Disease (HD) and
NHL were evaluated in a recent case-control study (Persson et al., 1993).  Cases
of HD (N = 31) and NHL (N = 93) among males at least 20 years of age were
ascertained from the Regional Cancer Registry at the University Hospital in
Linkoping.  Cases were confirmed by histopathologic analysis.  Controls (N =
204), also males at least 20 years of age, were selected at random from population
registers.   Study participants were mailed a questionnaire that contained ques-
tions about exposure to herbicides and other occupational exposures.  For an
exposure to be considered relevant, exposure time had to be at least one year, and
the exposure must have occurred five to 45 years before the diagnosis of malig-
nant lymphoma.  Individuals who reported exposure to herbicides through occu-
pations related to farming or forestry were categorized as being exposed to
phenoxy herbicides, due to the prevalence of phenoxy herbicides used in agricul-
ture and forestry in Sweden.  Odds ratios were calculated to estimate the risk
associated with various occupational exposures.

The relationship between occupational exposure to phenoxyacetic acids and
chlorophenols and various parameters related to NHL, including histopathology,
stage, and anatomical location, was examined in a case-control study (Hardell et
al., 1994).   Cases (N = 105) were selected from white males between the ages of
25 and 85 with histopathologically confirmed NHL who were admitted between
1974 and 1978 to the Department of Oncology in Umea.  Three hundred and fifty
five control subjects from an earlier study of malignant lymphoma and chemical
exposure were utilized for the current study (Hardell et al., 1981).  Controls were
matched to cases on the basis of sex, age, residence, and vital status.  A question-
naire was administered to participants to ascertain occupational exposures and
working history.  Control subjects had completed the questionnaire as part of the
earlier study.  Exposure to chlorophenols or organic solvents was classified as
low-grade if the exposure was less than one week continuously or less than one
month total; all other exposures were classified as high-grade.  Odds ratios strati-
fied by age and vital status were calculated to estimate the risk of NHL associated
with various occupations and exposures.

United States White males in Iowa were the subjects of a population-based
case-control study examining the association between pesticide exposure and
multiple myeloma (Brown et al., 1993).  Cases of multiple myeloma (N = 173)
were identified through the Iowa Health Registry and included men aged 30 or
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older diagnosed between 1981 and 1984.  White men without lymphatic or he-
matopoietic cancer were selected as controls (N = 650) through random-digit
dialing, Medicare records, and state death certificate files.  Detailed information
regarding general farm activities, the use of a variety of pesticides, and the first
and last year each pesticide was used was obtained through a standardized ques-
tionnaire administered in person to subjects or relatives of deceased subjects.
Odds ratios were calculated for multiple myeloma from agricultural exposures
and from individual pesticides.  Nonfarmers were used as the referent group for
all odds ratio calculations. A case-control study of white women 21 years or older
residing in the 66 counties of eastern Nebraska and diagnosed with NHL between
July 1, 1983, and June 30, 1986, was conducted (Zahm et al., 1993).  Cases (N =
206) were identified through the Nebraska Lymphoma Study group and area
hospitals.  Histological confirmation of NHL was necessary for inclusion in the
study cohort.  Residents of the same 66 counties were selected as controls  (N =
824) and matched on a three to one basis to cases of race, sex, vital status, and
age.  Cases (or next of kin) and controls were interviewed by telephone to deter-
mine pesticide exposures.  Odds ratios stratified by age were calculated as the
measure of association.

Other Case-Control Studies A case-control study on the association between
pesticide use and primary lung cancer was conducted using cases chosen from the
Saskatchewan Cancer Foundation, a population based registry (McDuffie et al.,
1990).  Two hundred and seventy three male cases were matched with 187 male
population-based controls, selected from enrollees in the Saskatchewan Hospital
Services Plan on the basis of year of birth, sex, and geographic area of residence.
Identical questionnaires were administered to cases and controls to ascertain
occupational, smoking, and other exposures.  Cases and community controls
were compared;  in addition, cases were divided into farmer and nonfarmer
groups.  A farmer was defined as a person who had farmed for at least 15 years on
more than 80 acres of land.  Odds ratios were calculated on the basis of exposure
to different classes of pesticides, as well as smoking history.

Cases of renal cell carcinoma (N = 365) were identified from the Denmark
Cancer Registry and from pathology records and compared to control cases (N =
396) selected from the Central Population Register for a study of the association
between occupational risk factors and renal cell carcinoma (Mellemgaard et al.,
1994).  Cases ranged from 20 to 79 years of age and were matched by gender to
controls in five-year intervals.  There was a 79 percent response rate among cases
(365/402) and 79% response rate among controls (396/500).  Study subjects were
interviewed in person to determine past and present occupation and exposure to
occupational risk factors, including herbicides, as well as their medical history,
education, medication use, smoking history, and diet.  Classification of occupa-
tion was done according to the International Standard Classification of Occupa-
tion.  Socioeconomic status of each subject was determined according to guide-
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lines developed by the Danish National Institute for Social Research. Odds ratios
were calculated according to socioeconomic strata, high-risk industries, high-risk
occupations, and high-risk agents.  Occupational exposures were considered only
if the job that resulted in exposure lasted one year or more and if the exposure
took place ten years or more before the interview.

In Canada, a population-based study was conducted to evaluate the etiologic
importance of various potential risk factors such as occupational herbicide expo-
sure in the development of Parkinson’s disease (Semchuk et al., 1993).  Living
cases without dementia (N = 130) were selected from a population-based case
registry of individuals in Calgary with Parkinson’s disease and were each matched
with two community controls selected by random-digit dialing.  Cases and con-
trols were matched by sex and age (±2.5 years), and institutionalized cases were
matched with an additional institutionalized control.  Subjects were interviewed
to obtain occupational histories, including dates of exposure, and descriptive
information on occupational exposures to herbicides and other chemicals.  Logis-
tic regression was used to estimate the relative risk for Parkinson’s disease asso-
ciated with each exposure variable.

The relationship between birth defects and maternal agricultural work during
pregnancy was the focus of a case-control study in Finland (Nurminen et al.,
1994).  One thousand three hundred and six infants born with structural malfor-
mations between 1976 and 1982 were chosen as cases from the Finnish Register
of Congenital Malformations and each was matched with one control infant born
in the same maternity welfare district.  Mothers of cases and controls were inter-
viewed within two to four months of giving birth to determine their agricultural
exposures, including exposure to pesticides, within the first trimester of preg-
nancy.  Exposure questionnaires were reviewed by an industrial hygienist and
mothers were classified into one of five categories: nonexistent exposure, slight
exposure, moderate short-term exposure, heavy short-term exposure, or moderate
or heavy long-term exposure.   Odds ratios were calculated for agricultural and
for nonagricultural work during the first trimester of pregnancy and birth defects.

ENVIRONMENTAL STUDIES

The occurrence of accidents and industrial disasters has offered opportuni-
ties to evaluate the long-term health effects of exposure to dioxin and other
potentially hazardous chemicals. One of the largest industrial accidents involv-
ing environmental exposures to TCDD occurred in Seveso, Italy in July 1976, as
a result of an uncontrolled reaction during trichlorophenol production.  A variety
of indicators were used to estimate individual exposure; soil contamination by
TCDD has been the most extensively used.  On the basis of soil sampling, three
areas were defined about the release point.  They were Zone A, the most heavily
contaminated, from which all residents were evacuated within 20 days; Zone B,
an area of lesser contamination that children and pregnant women in their first
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trimester were urged to avoid during daytime; and Zone R, a region with some
contamination, in which consumption of local crops was prohibited (Bertazzi et
al., 1989a,b).

Seveso

The incidence of neurological disorders following exposure to TCDD was
the focus of one study initiated shortly after the Seveso accident (Boeri et al.,
1978).  Residents from Zone A were invited for neurological examination, and
470 of 723 residents volunteered; invitation was by letter or personal invitation
during home screening visits (Filippini et al., 1981).  Some residents of Zone R
also requested examination, although they were not originally designated for
inclusion in the study.  However, since examinations of controls were not com-
pleted, volunteers from this zone (N = 152) were examined for comparison with
the Zone A participants.  Neurologic testing occurred in March 1977. Although
actual individual exposures were unknown, residence in a high- versus low-
exposure potential area was considered as the exposure.  As a follow-up, resi-
dents were invited to return in April 1978 for a second neurological screening, to
be compared with results from neurological tests of those in unpolluted areas
around Seveso (Filippini et al., 1981).   Of the 709 Seveso residents invited, 308
who attended the second screening were eligible for inclusion;  subjects were
examined clinically, completed a medical history questionnaire, and underwent
an electrophysiologic investigation.  A nonexposed population of 305 individuals
provided referent levels of neurological functioning.  Analyses were done by
comparing those people with symptoms of neuropathy or indicators of TCDD
exposure (chloracne, gamma-glutamyl transpeptidase, glutamic-oxalacetic trans-
aminase, or glutamic-pyruvic transaminase) to those with neither symptoms nor
indicators.

A ten-year mortality follow-up of individuals exposed to TCDD following
the accident has been reported (Bertazzi et al., 1989b).  All persons who resided
in any of the 11 towns included in the two health districts that were in the
contaminated zones (A, B, and R) were eligible for study follow-up; information
collected included demographics, residence at time of and following the accident,
and date of first residence for those moving into the area.  Classification of
exposed residents of the Seveso area was according to Zones A (N = 556), B (N
= 3,920), and R (N = 26,227), or outside the contaminated boundaries, based on
residence at the time of the accident or at first entry to the area.  Study subjects
were followed through national records throughout the country as of December
31, 1986; cause of death for those deceased was as certified by the attending
physician and reported to the National Statistics Institute of Italy.  The reference
population was the cohort residing outside the contaminated A, B, and R zones
(N = 167,391).

Cancer incidence over the same period for this cohort has also been evalu-
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ated, using rates for the Lombardy region from hospital discharge registration as
a comparison (Pesatori et al., 1992).

Reported separately are the results of a ten-year follow-up mortality study
(1976-86) of children age one to 19 at the time of the accident (Bertazzi et al.,
1992), The study used methods similar to those used for adults described previ-
ously.  The 19,637 subjects who were exposed (Zones A, B, and R) and a refer-
ence group of 95,339 people living in the surrounding districts formed the basis
of this study.  The follow-up was nearly 99 percent for vital status as of December
31, 1986.  Exposure data are reasonably good for the amount of TCDD on the
ground in different zones beyond the factory.  However, there is no individual
quantification of exposures.

The incidence of cancer following exposure to TCDD was the focus of
another cohort study on individuals exposed to TCDD following the accident
(Bertazzi et al., 1993).  The cohort consisted of all subjects aged 20 to 74 years
who lived in the study area at the time of the accident.  The study included
individuals from the three exposure zones around the plant: Zone A (N = 724);
Zone B (N = 4,824); Zone R (N = 31,647).  The referent population consisted of
residents from the noncontaminated area surrounding the exposure zones (N =
181,579).  The follow-up period was from January 1, 1977, to December 31,
1986, and ascertainment of vital status was greater than 99 percent.  Since a
nationwide cancer registry does not exist in Italy, ascertainment of cancer cases
was limited to the region of Lombardy where hospital admission and discharge
information is routinely recorded.  Information on individuals admitted to Lom-
bardy hospitals was electronically linked with the records of study population
members to identify any study subjects admitted for treatment of neoplasms.
The authors determined the proportion of cancer cases admitted to hospitals
outside Lombardy to be negligible.   Incidence rates were calculated separately
for males and females in five-year time periods (1977-81 and 1982-86) and
within five-year age classes.

Cancer incidence in a young population in the Seveso area was also evalu-
ated (Pesatori et al., 1993).  The study group consisted of all subjects aged 0 to 19
years during the first post-accident decade (1977 to 1986) and living in Zones A,
B, or R on the day of the accident (N = 97,774).  Subjects were assigned to one of
the exposure areas or to the reference area based on their home address at the time
of the accident.  Control subjects lived in the nearly uncontaminated reference
area (N = 447,085).  Case ascertainment was performed through hospital dis-
charge records for hospitals in the Lombardy region.  Lombardy hospital records
were electronically linked with records of study participants in order to determine
the occurrence of neoplasms.  Since the main cancer hospitals are located in the
Lombardy region, the number of cases admitted to hospitals outside of Lombardy
was determined to be negligible.  The three contaminated zones were combined
into one exposure group for the purpose of calculating relative risk, since the
population of exposure Zones A and B were small and the outcomes under study
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were rare.  Ascertainment of vitals status was successful for more than 99 percent
of the subjects.

Many of the studies looking at health outcomes and mortality in Seveso
residents contain overlapping information and results (Bertazzi et al., 1989a,b;
Bertazzi et al., 1992; Pesatori et al., 1992).  Since the most recent cancer inci-
dence study by Bertazzi and colleagues (1993) updates much of the information
reported in the previous studies on Seveso residents, the committee focused
primarily on the results of Bertazzi et al. (1993) when evaluating the effects of
TCDD exposure on the Seveso population.

A two-year prospective controlled study was conducted of workers poten-
tially exposed to TCDD during the cleanup of the most highly contaminated areas
following the accident (Assennato et al., 1989b).  Preemployment examinations
were performed from March to June 1980 to select the study groups.  Workers
who met certain criteria (age and certain health characteristics) were assigned to
either the cleanup group or the comparison group. Periodic examinations were
conducted every six months.  The cleanup group was provided with protective
clothing and was subject to safety measures designed to minimize the potential
for exposure.  At the conclusion of the study, TCDD-related clinical disease (i.e.,
chloracne, liver disease, peripheral neuropathy, porphyria cutanea tarda) and
differences in biochemical outcomes were compared between the two groups.

Vietnam

A case-control investigation of possible risk factors, related to hepatocellular
carcinoma, including exposure to Agent Orange, was conducted in Hanoi (Cordier
et al., 1993).   Cases (N = 152) were selected from male patients born before
January 1, 1953, with a first diagnosis of hepatocellular carcinoma at one of two
hospitals in Hanoi.  Most cancer cases had no histological confirmation and were
made on clinical or biochemical grounds.  Controls (N = 241) were chosen from
male patients born before January 1, 1953, admitted to the same hospitals for
abdominal surgery, for reasons other than neoplasms or liver disease.  Cases were
matched to controls on the basis of age (± five years) and place of residence.
Blind interviews using a standard questionnaire were conducted in person with
each patient in order to determine potential occupational exposures, medical
history, and military service.  Subjects were also asked about alcohol consump-
tion and tobacco smoking so that these potential confounding variables could be
controlled for in the calculation of odds ratios.  Potential exposure to herbicides
was assessed based on a history of residence in South Vietnam after 1960 and on
a history of contact with sprayings.

Other Environmental Studies

A survey of neuropsychological effects was conducted among 22 residents
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of an area in Germany contaminated with dioxins and furans in the soil due to
pyrolitic processes at a metal reclamation plant (Peper et al., 1993).  Study par-
ticipants were randomly chosen from a larger cohort of 450 individuals who had
participated in an earlier cross-sectional study of health effects in residents of the
contaminated area (Klett et al., 1991).   The mean age of participants was 42
years, and the mean duration of exposure was 21 years.  Exposure was defined as
having lived in the immediate vicinity of the plant (mean distance 100 meters).
Biological monitoring for blood PCDD/PCDF levels was also performed.  Sub-
jects were evaluated for general intelligence, memory, and attentional and visual-
motor performance.  Since there was no control group, comparisons were made
within the study group, which was divided into high and low exposure.  Age
norms of psychological test results were determined to evaluate the results of
neuropsychological testing.

The association between young-onset Parkinson’s disease and a number of
environmental and occupational exposures was evaluated in a case-control study
(Butterfield et al., 1993).  Cases (N = 63) included individuals living in Oregon or
Washington who were diagnosed with Parkinson’s disease on or before the age of
50.  Sixty-eight persons living in the same area who were diagnosed with rheu-
matoid arthritis between the ages of 29 and 51 served as controls.  Persons with
rheumatoid arthritis were chosen as controls to control for recall bias, because
individuals with a chronic disease are more likely to have spent time thinking
about past exposures.  Cases and controls were frequency matched for sex, year
of birth, and year of diagnosis.  Study subjects were asked to respond by mail to
a questionnaire containing questions on environmental and occupational expo-
sures, including herbicides.  The response rate for cases was 69 percent while 41
percent of controls responded.  Multivariate analyses were performed using data
from the completed questionnaires to evaluate the association between exposures
in the environment and workplace and young-onset Parkinson’s disease.

VIETNAM VETERANS

Studies of Vietnam veterans who were potentially exposed to herbicides,
including Agent Orange, have been conducted in the United States at the national
and state levels, as well as in Australia.  Exposure measures in these studies have
been done on a variety of levels, and evaluations of health outcomes have been
made using a variety of different comparison or control groups.  This section is
organized primarily by the sponsors of the research, as this format was more
conducive to the methodologic presentations of the articles.  Within these studies,
the exposure measures fall along a crude scale of measurement, from the indi-
vidual level for the Ranch Hands, as reflected in the serum measurements of the
amount of dioxin present, to some of the individual state studies, which examined
groups of veterans serving in Vietnam as a surrogate for TCDD exposure.

It should also be noted that comparison groups for the veteran cohort studies
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vary to include unexposed Vietnam veterans who were stationed in areas essen-
tially not exposed to active herbicide missions and were unlikely to have been in
areas sprayed with herbicides; Vietnam-era veterans who were in the service at
the time of the conflict but did not serve in Vietnam; non-Vietnam veterans who
served in other wars or conflicts, such as the Korean War or World War II; and
various U.S. male populations (either state or national).

United States

Ranch Hands

The men responsible for the majority of the aerial spraying of herbicides
were volunteers from the Air Force who participated in Operation Ranch Hand.
Participants in this operation are referred to as “Ranch Hands.”  To determine
whether there are adverse health effects associated with exposure to herbicides,
including Agent Orange, the Air Force made a commitment to the Congress and
the White House in 1979 to conduct an epidemiologic study of the Ranch Hands
(AFHS, 1982).

A retrospective matched cohort study design was implemented to examine
morbidity and mortality, with follow-up scheduled to continue until 2002.  The
National Personnel Records Center and the U.S. Air Force Human Resources
Laboratory records were searched and cross-referenced to completely ascertain
all Ranch Hand personnel (AFHS, 1982; Michalek et al., 1990).  A total of 1,269
participants were originally identified (AFHS, 1983).  A control population of
24,971 C-130 crew members and support personnel assigned to duty in Southeast
Asia but not occupationally exposed to herbicides (AFHS, 1983) was selected
from the same data sources as used to identify the Ranch Hand population.
Controls were matched on age, type of job (using Air Force specialty code), and
race (white/not white).  The rationale for matching on these variables was to
control for the clinical aging process, educational and socioeconomic status, and
potential differences by race in development of chronic disease.  Since Ranch
Hands and controls performed similar combat or combat-related jobs, many po-
tential confounders related to the physical/psychophysiologic effects of combat
stress and the Southeast Asia environment were potentially controlled (AFHS,
1982).

Ten matches for each exposed subject formed a control set.  For the mortality
study, each exposed subject and a random sample of half of the subject’s control
set is being followed for 20 years, in a 1:5 matched design.  The morbidity
component of follow-up consists of a 1:1 matched design, using the first control
randomized to the mortality ascertainment component of the study.  If a control is
noncompliant, another control from the matched “pool” will be selected; controls
who die will not be replaced.

The baseline exam occurred in 1982, and future exams are scheduled until
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2002. Morbidity is ascertained through questionnaire and physical examination,
which emphasizes dermatologic, neuropsychiatric, hepatic, immunologic, repro-
ductive, and neoplastic conditions.  There were 1,208 Ranch Hands and 1,668
comparison subjects eligible for baseline examination.  Initial questionnaire re-
sponse rates were 97 percent for the exposed cohort and 93 percent for the
unexposed; baseline physical exam responses were 87 and 76 percent, respec-
tively (Wolfe et al., 1990).  For the 1987 examination and questionnaire (Wolfe et
al., 1990), 84 percent of the Ranch Hands (N = 955) and 75 percent of the
comparison subjects (N = 1,299) were fully compliant.  Mortality outcome was
obtained and reviewed by using U.S. Air Force Military Personnel Center records,
the VA’s Death Beneficiary Identification and Record Location System (BIRLS),
and the Internal Revenue Service’s (IRS) database of active Social Security num-
bers.  Death certificates were obtained from the appropriate health departments
(Michalek et al., 1990).  Eighty-four percent of the 1,148 eligible Ranch Hands
(N = 952), 76 percent of the original comparison group (N = 912), and 65 percent
of the 567 replacement comparisons (N = 369) invited to the 1992 follow-up
chose to participate in the examination and questionnaire (AFHS, 1995).   The
methods used to assess mortality and morbidity were identical to the methods
described previously for the 1982 and 1987 examinations.

The Ranch Hands were divided into three categories on the basis of their
potential exposures:

1. Low potential.  This group included pilots, copilots, and navigators.  Ex-
posure was primarily through preflight checks and during actual dissemination of
the spray.

2. Moderate potential.  This group included crew chiefs, aircraft mechanics,
and support personnel.  Exposure was possible by contact during dedrumming
and aircraft loading operations, on-site repair of aircraft, and spray equipment.

3. High potential.  This group included spray console operators and flight
engineers.

Results have been published for the baseline morbidity (AFHS, 1984a) and
baseline mortality studies (AFHS, 1983); first (1984b), second (1987), and third
(1992) follow-up examinations (AFHS, 1987, 1990, 1995); and reproductive
outcomes study (AFHS, 1992). Mortality updates have been published for 1984-
86, 1989, and 1991 (AFHS, 1984b, 1985, 1986, 1989, 1991a).  Serum dioxin
levels were measured in 1982 (36 Ranch Hands) (Pirkle et al., 1989), 1987 (866
Ranch Hands) (AFHS, 1991b), and 1992 (455 Ranch Hands) (AFHS, 1995).  The
serum dioxin analysis of the 1987 follow-up examinations was published in 1991
(AFHS, 1991b).  Continued follow-up and results will be forthcoming.

The relationship between paternal serum dioxin and reproductive outcomes
was updated in a 1995 study (Wolfe et al., 1995).  These data are a reanalysis of
reproductive outcome information that was previously published (AFHS, 1992).
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Subjects consisted of children and conceptions of male veterans of Operation
Ranch Hand while the comparison cohort was comprised of children and concep-
tions of Air Force veterans who served in Southeast Asia during the same time
but were not involved with spraying pesticides.  Parents were asked to provide
full access to their children’s medical records through the age of 18.  Paternal
serum dioxin levels were also ascertained.  Children and conceptions were strati-
fied into four comparison groups based on paternal serum dioxin, and relative
risks were calculated to evaluate the association between serum dioxin levels and
offspring birth defects.

The 1989 serum dioxin analysis (Pirkle et al., 1989) was updated in 1994 and
expanded to include 337 individuals (Wolfe et al., 1994) and was further extended
with five years of follow-up for 213 of the subjects involved in the previous study
(Michalek et al., 1996).  Details of the updates are discussed in Chapter 5.

Department of Veterans Affairs

The Department of Veterans Affairs conducted a study of mortality among
women Vietnam veterans (Thomas et al., 1991).  The study cohort consisted of
women who served in Vietnam at any time between 1964 and 1972.  They were
identified from the service branches by various means:  Army women were
identified from morning report records of 91 Army hospital and administrative
support units that were likely to have had female personnel; Air Force women
were identified from a computerized personnel file maintained by the Air Force
Human Resources Laboratory; Navy women were identified through a review of
all personnel on the muster rolls of the four Navy facilities in Vietnam; and
Marine Corps women were identified from listings of all women in the Corps
who were assigned to Vietnam.

Women who had never served in Vietnam were selected in a manner similar
to that for the Vietnam cohort to serve as a comparison group.  For the Army,
Environmental Support Group (ESG) identified 90 units with female personnel
stationed in the United States between 1964 and 1972; the other service branches
selected women at random from their automated personnel files.  These women
were frequency matched to the Vietnam veterans by rank and military occupa-
tion.  All personnel records for the potential study subjects were obtained from
the National Personnel Records Center and the Army Reserve Personnel Center;
89 percent of the records were available for abstracting.  Initially, 4,644 of the
Vietnam cohort and 6,575 of the comparison cohort met the eligibility criteria.
Vital status on December 31, 1987, was determined for study subjects using the
DVA Beneficiary Records and records from the Social Security Administration,
the IRS, National Death Index, and the military.  An official certificate of death
was obtained for deceased subjects.  Personnel who died during active military
duty before March 28, 1973, were excluded from the analyses.

The final study cohorts consisted of 4,582 women Vietnam veterans and
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5,324 women who had served in the U.S. military but not in Vietnam or the
Pacific theater.  Person-years for risk of dying were calculated for each subject
starting with either the date she left military service or March 28, 1973.  Analyses
were adjusted for rank, military occupation (nurse or non-nurse), duration of
military service, age at entry, and race.  The mortality experiences in the cohort of
women serving in Vietnam and the non-Vietnam cohort were each compared to
the mortality experience of U.S. women, adjusted for race, age, and calendar
year.  No information on any individual exposures, particularly to herbicides, was
available.

This study was updated in 1995 to include follow-up through December 31,
1991 (Dalager et al., 1995).  The updated mortality study included 4,586 female
veterans who served in Vietnam between July 4, 1965, and March 28, 1973, and
5,325 female controls who had served outside Vietnam between 1964 and 1972.
The study excluded as controls 1,213 female veterans who had not served in
Vietnam but had served elsewhere in the Pacific theater, because their exposures
were deemed too similar to those experienced by women in Vietnam.  Data from
the Social Security Administration, the IRS, the National Death Index, military
records, and DVA beneficiary records were used to determine vital status of all
study subjects.  Identical statistical methods to those used in the first study were
used to approximate risk for persons in the updated study.

A case-control study that examined the relationship between testicular can-
cer and surrogate measures of exposure to Agent Orange was conducted by the
DVA in 1994 (Bullman et al., 1994).  Cases (N = 97) and controls (N = 311) were
selected from male Vietnam veterans who participated in an Agent Orange Reg-
istry examination between March 1982 and January 1991.  While 127 veterans
were identified from the computerized registry as currently having testicular
cancer (ICD-9 code 186), 21 cases were excluded from the study due to data entry
errors or unknown date of diagnosis.  Surrogate measures of exposure to Agent
Orange were chosen on the basis of assumptions about the association between
certain aspects of military service in South Vietnam and documented uses and
methods of applications of Agent Orange.  Military records were used to obtain
information on surrogate measures of exposure for each study participant, includ-
ing branch of service, combat or noncombat military occupation specialty code
(MOS), geographic area in which the individual served in Vietnam, and location
of study subject’s unit in relation to a sprayed area.  Crude odds ratios were
calculated to estimate the risk of testicular cancer associated with each surrogate
measure.  Odds ratios were not adjusted to account for confounding variables.

State Studies

Michigan A proportionate mortality study examining causes of death among
veterans on the Michigan Department of Management and Budget’s Vietnam-era
Bonus List was conducted (Visintainer et al., 1995).  Veterans were classified as
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having served in Vietnam (N = 151,377) or having served during the Vietnam era
but outside the country (N = 225,651).  The bonus list was compiled from those
veterans or their survivors who knew about the state of Michigan’s bonus offer
and who chose to apply for it; thus it is unknown whether this list is representa-
tive of Michigan Vietnam-era veterans.  Determination of vital status was accom-
plished by matching the list database with the state’s Department of Public Health
death certificate database covering the years 1974 to 1989.  Proportional mortal-
ity ratios (PMRs) were calculated, since demographic data were available only
for the deceased veterans, and were generated as age, race (black or non-black),
and period-specific rates.  Among deceased veterans who matched the death
certificate database, 3,701 deaths (2.4 percent) were among veterans who served
in Vietnam, and 6,026 deaths (2.7 percent) were among veterans who did not
serve in Vietnam.  Veterans were selected for analysis who were 18 to 29 years
old during the period 1965 to 1971; this included 3,364 Vietnam veterans and
5229 veterans who served elsewhere.
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Cancer

INTRODUCTION

Cancer is the second leading cause of death in the United States.  At present,
more than 30 percent of Americans will develop a malignancy at some time in
their lives, and approximately half of them will die from it (Seidman et al., 1985).

Many types of cancers are thought to be related to herbicides and/or 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD), but the evidence for the association is un-
even.  Following this introduction about cancer and its epidemiology, the com-
mittee summarizes and reaches conclusions about the strength of the evidence in
epidemiologic studies regarding associations between exposure to herbicides and
TCDD and each type of cancer under consideration in this report.  The cancer
types are discussed in the order in which they are listed in the International
Classification of Diseases (U.S. DHHS, 1991).  A section at the end of this chap-
ter summarizes the cancer types for which the strength of the epidemiologic
evidence is similar.

In assessing a possible relation between herbicide exposure and risk of can-
cer, a key issue is the level of exposure of those included in a study.  As noted in
Chapter 5, for many studies data on exposure are not well measured or defined.
Some studies develop an index to approximate a scale of degrees of exposure;
some studies use a surrogate measure of exposure, such as veterans’ service in
Vietnam.  The effect of this inadequate exposure measurement is a dilution of the
statistical measure of the magnitude of the association.  Further, the time from
first exposure to cancer development may span decades and in some studies may
have been insufficient to rule out a relation.  Issues relevant to the time from
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exposure and the risk of cancer development are discussed in more detail in
Chapter 8.

For most types of cancer, a brief summary of the scientific evidence de-
scribed in VAO is presented, followed by an update of the recent scientific litera-
ture.  There are six cancer sites for which a complete discussion of the evidence
is presented, including all the studies cited in VAO.  These include: three types of
cancer of special interest to the Department of Veterans Affairs (hepatobiliary,
nasopharyngeal, and prostate cancer); two other types that were classified in the
category of limited/suggestive evidence of an association in VAO (respiratory
cancer and multiple myeloma); and, because of its public health importance,
breast cancer.

Plausibility Data

Cancers of a variety of types have been identified in studies of animals
exposed to TCDD, as described in detail in Chapter 3.  These include liver, lung,
and skin tumors in rats and mice.  TCDD is not considered a genotoxic carcino-
gen.  However, in multistage models of carcinogenesis, TCDD may act both as a
tumor promoter and a tumor initiator.  TCDD mediates carcinogenesis through a
variety of biochemical effects that are dependent on the presence of a cellular
receptor protein referred to as the Ah receptor.  This receptor has been identified
in both laboratory animals and humans and appears to play a role in regulating
cell proliferation and differentiation.  The multiple site specificity of TCDD is
likely to reflect its multiple mechanisms of action.

In contrast to the experimental data supporting the carcinogenic activity of
TCDD, the data regarding the herbicides used in Vietnam are considerably
weaker.  Only 2,4-D (2,4-dichlorophenoxyacetic acid) has produced positive
results in an animal bioassay, and these results are of controversial validity.  The
herbicides have not been adequately tested, however, so conclusions regarding
their carcinogenicity in animals must be drawn with caution.

Given these data, which establish biological plausibility study for cancer in
general but not for all specific sites, the committee chose not to summarize
biologic plausibility for each cancer reviewed in this chapter.  Toxicological data
are provided only for a small number of cancer types that have specific, relevant
experimental data.

Expected Number of Cancer Cases Among Vietnam Veterans in the
Absence of Any Increase in Risk Due to Herbicide Exposure

To provide some background for the consideration of cancer risks in Viet-
nam veterans, and to evaluate the possibilities for future epidemiologic studies of
cancer in this group, the committee estimated the number of cancer cases that
could be expected to occur in Vietnam veterans in the absence of any increase in
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risk due specifically to herbicide exposure, as described in VAO.  The figures
presented for each cancer should be interpreted as providing only approximate
estimates, not precise predictions for the Vietnam veteran cohort.

Given the large uncertainties that remain about the magnitude of potential
risk from exposure to herbicides in the occupational, environmental, and veterans
studies that have been reviewed, inadequate control for important confounders in
these studies, and the lack of information needed to extrapolate from the level of
exposure in the studies to that of individual Vietnam veterans, the committee
cannot quantify the degree of risk likely to have been experienced by Vietnam
veterans because of their exposure to herbicides in Vietnam.

GASTROINTESTINAL TRACT TUMORS

Background

As a group, this category includes some of the major cancers in the United
States and the world.  The committee reviewed the data on colon cancer (ICD-9
153.0-153.9), rectal cancer (ICD-9 154.0-154.1), stomach cancer (ICD-9 151.0-
151.9), and pancreatic cancer (ICD-9 157.0-157.9).  According to the American
Cancer Society, approximately 185,000 new cases of cancers of these types were
diagnosed in the United States in 1995, and some 97,000 persons died of these
cancers (ACS, 1995).  These cases are divided approximately equally between
men and women.  According to the committee’s calculations, assuming that those
of veterans have the same cancer rates as the general U.S. population, 1,110 cases
of these cancers were expected among male Vietnam veterans and 2.3 among
female veterans in 1995.  For the year 2000, the expected numbers are 2,184
cases in male veterans and 4.3 in female veterans.

Summary of VAO

Numerous studies were considered in VAO that examined one or more gas-
trointestinal tract cancers, and no consistent associations were found.  These
included studies of chemical production workers in the United States and other
countries (Lynge, 1985; Coggon et al., 1986; Thomas, 1987; Bond et al., 1988;
Zober et al., 1990; Fingerhut et al., 1991; Manz et al., 1991; Saracci et al., 1991),
agricultural workers (Burmeister, 1981; Hardell, 1981; Burmeister et al., 1983;
Wiklund, 1983; Hoar et al., 1986; Alavanja et al., 1988, 1989; Wigle et al., 1990;
Hansen et al., 1992; Ronco et al., 1992), pesticide applicators (Axelson et al.,
1980; Blair et al., 1983; Swaen et al., 1992), paper and pulp workers (Robinson et
al., 1986; Henneberger et al., 1989; Solet et al., 1989), the population of Seveso,
Italy (Bertazzi et al., 1989a,b; Pesatori et al., 1992), others subjected to environ-
mental exposure (Lampi et al., 1992), and Vietnam veterans (Kogan and Clapp,
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1985; Lawrence et al., 1985; Anderson et al., 1986a,b; Boyle et al., 1987; Breslin
et al., 1988; CDC, 1988).

VAO observed that the epidemiologic studies examining stomach cancer,
pancreatic cancer, rectal cancer, and colon cancer found relative risks were evenly
distributed around 1.0.  Only the rare study found a statistically significant el-
evated relative risk. In the heavily exposed production workers in the National
Institute for Occupational Safety and Health study, Fingerhut (1991) found el-
evated, but not statistically significant, standardized mortality ratios (SMRs) in
the subcohort with one or more years of exposure and at least 20 years since first
exposure (SMR = 1.4 for stomach cancer, and 1.8 for small intestine and colon
combined, based on four and 13 deaths, respectively).  The small numbers and
lack of statistical significance make interpreting these isolated elevations diffi-
cult, especially in light of several other studies showing nonsignificant associa-
tions in the opposite direction (i.e., relative risks below 1.0).  For example,
Alavanja (1988) found a relative risk of stomach cancer of  0.7 (95 percent CI
0.4-1.4) for U.S. Department of Agriculture extension agents, based on ten ob-
served cancers.

Update of the Scientific Literature

Occupational Studies

The committee was able to identify only a small number of studies relating to
gastrointestinal (GI) cancers that had been published following the release of
VAO.

A study of a random sample of 1,000 people licensed by the state of Minne-
sota to perform agricultural pest control examined cancer prevalence in the south-
ern half of the state, which contains the major agricultural areas (Garry et al.,
1994).  Only 719 people responded to the survey.  The study examined prevalent
cancers, thus missing any incident cases who died prior to the conduct of the
study.  Because of small numbers, only overall GI cancer prevalence was exam-
ined; the study did not consider site-specific data for GI cancers.  No relative
risks were calculated because of the small numbers and the lack of availability
of population-based prevalence figures for comparison.

Bloemen et al. (1993) provided four additional years of follow-up data for a
cohort of 878 chemical workers exposed to 2,4-D at several Dow company plants.
This study was previously analyzed by Bond et al. (1988).  In this follow-up, only
overall digestive system cancers were examined; no site-specific data were pro-
vided.  The comparisons with both external and internal reference groups showed
modest and nonsignificant reductions in the risks of digestive cancer in the ex-
posed workers.

As a subgroup of the International Agency for Research on Cancer (IARC)
cohort, a cohort of workers was identified who manufactured chlorophenoxy
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herbicides in two factories in the Netherlands (Bueno de Mesquita et al., 1993).
Cancer-specific mortality rates were compared between workers exposed to her-
bicides and two comparison groups: unexposed employees and the general popu-
lation of the Netherlands.  No significant increases were observed in the relative
risks for the four GI cancer sites.

The mortality experience was evaluated for 754 white male workers with
potential exposure to TCDD and 4-aminobiphenyl at a Monsanto Company plant
(Collins et al., 1993).  This study was an expansion of an earlier study of part of
this cohort, a group of 122 workers who had developed chloracne as a result of an
accidental release of TCDD (Zack and Suskind, 1980).  Reduced risks (nonsig-
nificant) were observed for stomach and colon cancer.

A cohort study of cancer incidence and mortality was conducted among 701
women in the IARC cohort who were occupationally exposed to chlorophenoxy
herbicides, chlorophenols, and dioxins (Kogevinas et al., 1993).  Cancer inci-
dence and mortality among the exposed employees were compared with national
rates.  No significant increase was observed in the risk of stomach cancer.

In the United States, a proportionate cancer mortality ratio (PCMR) study
was performed for farmers in 23 states, using occupational information from
death certificates (Blair et al., 1993).  Because of the large population size in this
study, the confidence intervals are relatively narrow.  Based on 657 deaths from
stomach cancer in white male farmers, the PCMR was 1.0 (CI 1.0-1.1).  Based on
23 deaths from stomach cancer in nonwhite female farmers, the PCMR was
slightly elevated, at 1.9 (CI 1.2-2.8).  The numbers of deaths from stomach cancer
were small and nonsignificant for the other two racial and gender groups studied:
nonwhite males and white females.  Based on 2,291 deaths from colon cancer in
white males, the PCMR was 1.0 (CI 0.9-1.0); the numbers of deaths were small
and nonsignificant for the other three racial and gender groups.  Based on 367
deaths from rectal cancer in white male farmers, the PCMR was 1.0 (CI 0.9-1.1).
The numbers of deaths from rectal cancer were small and nonsignificant for the
other three racial and gender groups.  Based on 1,133 deaths from pancreatic
cancer among white male farmers, the PCMR was slightly elevated, at 1.1 (CI
1.1-1.2); the numbers of deaths were small and nonsignificant for the other three
racial and gender groups.

In Finland, a cohort of 1,909 men was assembled in 1972 from personnel
records of the four main employers involved in “chemical brushwood control”
(Asp et al., 1994). This study represents further follow-up of two earlier studies
discussed in VAO (Riihimaki et al., 1982, 1983). It found relative risks close to or
less than 1.0 for all four GI sites, regardless of whether or not a latency period of
either ten or 15 years was considered.

Environmental Studies

In a follow-up of the cohort of people potentially exposed to TCDD in the

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


180 VETERANS AND AGENT ORANGE:  UPDATE 1996

industrial accident in Seveso, Italy, the subjects were analyzed by gender (Bertazzi
et al., 1993).  No elevated relative risks for any of the GI cancers was found,
although there was a slight (but not statistically significant) elevation in the risk
of rectal cancer in both males and females in Zone B (the second most contami-
nated area) based on a total of five cases (three males and two females).

Vietnam Veterans Studies

A proportionate mortality study of Vietnam veterans examined the propor-
tion of deaths occurring due to various causes among veterans who had served in
Vietnam compared with veterans who had served during the same era but had not
been in Vietnam (Visintainer et al., 1995).  The study reported deaths from
overall gastrointestinal cancer and from pancreatic cancer, but did not report
other specific GI sites.  No explanation of the failure to report site-specific data,
other than pancreas, was provided.  Separate estimates of the PMR were calcu-
lated for blacks and nonblacks, but it was not clear that distinction was based on
any a priori hypotheses as to differential effects of exposure in the different races.
The study was not analyzed by the recommended method of treating the data as
though they were from a case-control study, with deaths from the cause of inter-
est serving as “cases” and deaths from other causes serving as “controls.”  Be-
cause of an unusual method of identification, it is unknown whether all eligible
veterans were identified.  The sample was restricted to men who would have been
age 18 to 29 during the Vietnam war.  Significantly elevated relative risks for all
GI cancers and for pancreatic cancer were found in blacks only.  Neither risk was
elevated in the overall sample.  We cannot rule out the possibility that these
elevated risks occurred by chance, given the apparent lack of a priori justification
for the separate analyses by race, the lack of confirmation of the results in the
overall sample, and the weaknesses of the proportionate mortality design (dis-
cussed in VAO).

A retrospective cohort mortality study was performed among women Viet-
nam veterans, compared with women veterans who served elsewhere and with
women in the general U.S. population (Dalager et al., 1995).  This is an extension
of a previous study (Thomas et al., 1991).  No increased risk was observed for
colon cancer.  There was a nonsignificant excess risk of death among Vietnam
women veterans relative to non-Vietnam veterans (RR = 2.8, CI 0.8-10.2).  This
excess was confined to Vietnam veteran nurses, who had a statistically signifi-
cant adjusted RR of 5.7 (95 percent CI 1.2 to 27.0).

Summary

With only rare exceptions, studies on gastrointestinal cancers and herbicide
exposure found relative risks close to 1.0, providing no evidence of any increase
in risk.  Importantly, no evidence of increased risk was observed even with longer
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latency periods.  One recent analysis of a subgroup defined by race found a
significant elevation in risk for pancreatic cancer, but it was not clear that this
subgroup was defined in advance with any biological explanation for the separate
analyses.  Two other recent studies found a significant elevation of pancreatic
cancer in women Vietnam veterans who were nurses, and in white female farm-
ers.

Conclusions

There is limited/suggestive evidence of no association between exposure to
the herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD; cacodylic acid; and
picloram) and gastrointestinal cancers (stomach, pancreatic, rectal, and colon
cancers).  The evidence regarding association is drawn from occupational and
other studies in which subjects were exposed to a variety of herbicide and herbi-
cides components.

HEPATOBILIARY CANCERS

Background

According to the American Cancer Society, approximately 18,500 new cases
of hepatobiliary cancer (ICD-9 155.0-155.2) were diagnosed in the United States
in 1995, and some 14,200 persons died of cancer of the liver and the biliary
passages (ACS, 1995).  Similar numbers of cases are seen in men and women.
According to the committee’s calculations, assuming that veterans have the same
cancer rate as those in the general U.S. population, 70 cases of cancers of the liver
and the biliary passages were expected among male Vietnam veterans and 0.1
among female veterans in 1995.  For the year 2000, the expected numbers are 151
cases in male veterans and 0.1 cases in female veterans.

Because this type of cancer is of special interest to the Department of Veter-
ans Affairs (DVA), this discussion integrates the studies reviewed in VAO with
those published more recently.

In the United States, liver cancers account for about 1.4 percent of new
cancer cases and 2.4 percent of cancer deaths.  Misclassification of metastatic
cancers as primary liver cancer can, however, lead to over-reporting of deaths
due to liver cancer (Percy et al., 1990).  In developing countries, especially sub-
Saharan Africa and Southeast Asia, liver cancers are common and are among the
leading causes of death.

About 90 percent of primary liver cancers are hepatocellular carcinomas;
tumors of the intrahepatic bile ducts (cholangiocarcinomas) represent approxi-
mately 7 percent of malignant tumors of the liver (Mayer and Garnick, 1986).
Each form is a separate histological appearance of differentiated cells derived
from a common progenitor in the early embryo derived from the foregut epithe-
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lium.  As such, both forms have many of the same characteristics and can be
rationally grouped together for epidemiologic studies.  Other liver malignancies,
such as angiosarcomas, are extremely rare.

The plausibility of an association of TCDD with liver malignancy follows
from the finding of increased risk of liver and biliary cancer among individuals
exposed to similar compounds that also act through the Ah receptor that appears
to play a role in regulating cell proliferation and differentiation.  Kuratsune et al.
(1986) found a substantial increase of liver cancer deaths among Yusho patients
exposed to dibenzofurans.  Nine deaths from liver cancer were observed among
males and two among females.  The expected numbers of deaths, based on rates
of the Fukuoka and Nagasaki prefectures, were 2.3 and 0.8, respectively.  A
review by Nicholson (1987) of all data on the mortality of industrial workers
involved in the manufacture of capacitors who were exposed to PCBs showed
seven deaths to have occurred from cancer of the liver, biliary passages, and
gallbladder, compared with 2.54 deaths expected.  Thus, there is evidence that
very high exposures to other compounds that interact with the Ah receptor in-
crease hepatobiliary cancer risk.

Epidemiologists have established hepatitis B virus (HBV) infection as a
major risk factor for primary liver cancer (Beasley, 1984).  HBV is endemic in
the regions where liver cancer is most common, but is also becoming increasingly
widespread in Western countries.  Recent evidence also links primary liver can-
cer to the hepatitis C virus (Yu et al., 1990).  Alcohol consumption, with or
without cirrhosis, appears to be a principal risk factor for liver cancer in Western
countries (Yeh et al., 1989).  Cancer of the intrahepatic bile duct has been attrib-
uted to liver flukes (Clonorchis and Opisthorchis), which are ingested by humans
through uncooked fish and then reside primarily in the intrahepatic bile duct,
where they cause chronic damage (Belamaric, 1973).  Hepatic angiosarcomas
have been associated with exposure to arsenicals, thorotrast, and vinyl chloride
(Greenwald and Greenwald, 1983).

Epidemiologic Studies

Occupational Studies

The mortality experience was evaluated for 754 employees who worked at a
Monsanto plant with potential exposure to TCDD and 4-aminobiphenyl (Collins
et al., 1993).  This cohort included 122 employees who developed chloracne as a
result of the accident in 1949.  This study is an expansion of the study by Zack
and Suskind (1980).  Two cases of hepatobiliary cancer were observed, which
yielded an SMR of 1.4 (CI 0.2-5.2), compared to the general U.S. population.

Production Workers In a study of production workers at 12 U.S. plants
that produced chemicals contaminated with TCDD, six deaths were observed due
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to cancer of the liver and biliary tract, and the SMR was 1.2 (CI 0.4-2.5)
(Fingerhut et al., 1991).  When the exposure was limited to those workers who
had more than 20 years of latency, only one death was observed due to liver
cancer, somewhat lower than expected (1.7), giving an SMR of 0.6 (CI 0.0-3.3).

In another combined cohort of workers exposed to herbicides, Saracci et al.
(1991) identified four deaths due to liver cancer among those who were exposed,
giving an SMR of 0.4 (CI 0.1-1.1).  These reduced rates of liver cancer may
reflect the contribution of the “healthy worker effect” to the onset of this cancer;
chance or differences in lifestyles may also explain the results.

In a study of workers from Denmark involved in the manufacture of phenoxy
herbicides, Lynge (1985) observed three cases of liver cancer among men and
none in women.  Given that the expected number of cases was 3.1, the relative
risk of liver cancer among men was 0.96, showing no elevation.

Agricultural/Forestry Workers A study of farmers in Denmark and Italy
by Ronco et al. (1992) observed no evidence of increased liver cancer in the
cohort from Denmark; the group from Italy was too small to be informative.
Among self-employed Danish men, 23 were diagnosed with liver cancer, giving
a relative risk estimate of 0.4, compared to that of the Danish population.  Among
Danish men classified as farm employees, nine liver cancers were observed,
giving a relative risk estimate of 0.8.  Among self-employed women and employ-
ees, no cases of liver cancer were observed, but among those women classified as
family workers (i.e., those who were actively involved in the work of the farm
owned by their husbands), five cases of liver cancer were observed, giving an
estimated relative risk of 0.5.  In a study of agricultural workers by Wiklund
(1983), 103 cases of liver cancer were observed.  This was significantly lower
than the expected number (306), giving an incidence ratio of 0.3 (99 percent CI
0.3-0.4).

In a study in Finland, 1,909 male herbicide applicators were followed pro-
spectively for 18 years (Asp et al., 1994).  This is an update of a previous study
(Riihimaki, 1982, 1983).  SMRs and standardized incidence ratios (SIRs) were
calculated, based on zero, ten, and 15 years latency since first exposure.  Assum-
ing zero latency, there were two deaths from hepatobiliary cancer (SMR = 0.6, CI
0.1-2.2) and three cases of hepatobiliary cancer diagnosed (SIR = 0.9, CI 0.2-
2.6).

In the United States, a PCMR study was performed for farmers in 23 states,
using occupational information from death certificates (Blair et al., 1993).  Based
on 326 deaths from liver cancer in white male farmers, the PCMR was 1.0 (CI
0.9-1.1).  The numbers were small and nonsignificant for the other racial and
gender groups studied: nonwhite males and white and nonwhite females.

In a case-control study in Sweden, Hardell et al. (1984) observed a positive
relationship between exposure to phenoxy or dichlorophenoxy herbicides and
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risk of liver cancer.  Based on 102 cases, these authors observed an odds ratio
(OR) of 1.8 (CI 0.9-4.0).

Paper/Pulp Workers In a study of mortality among pulp and paper work-
ers, Solet et al. (1989) observed two deaths due to liver cancer; only one was
expected.  Based on this small number of cases, the confidence interval was
broad, ranging from 0.2 to 7.3 (PMR = 2.0).

Environmental Studies

Follow-up of the population involved in the Seveso incident (Bertazzi et al.,
1989b) showed that during ten years, only three deaths among males due to liver
cancer—no more than expected occurred in the population of Zone B.  Among
those in Zone R, only seven deaths due to liver cancer were recorded, giving a
mortality ratio of 0.4 (CI 0.2-0.8). Additional liver cancer incidence data show
similar results (Pesatori et al., 1992).

Bertazzi et al. (1993) provides information on combined liver and biliary
tract cancer diagnosed among Seveso residents and thus supplements the data on
liver cancer alone.  In Zone A, where exposure was heaviest, one hepatobiliary
cancer occurred; 0.7 cases were expected.  In the second most contaminated area,
zone B, a nonsignificant increase in the risk of hepatobiliary cancer was observed
in both men and women.  In Zone R, the least contaminated area, a nonsignificant
decrease in the risk of hepatobiliary cancer was also observed in both men and
women.

Data from U.S. populations living in contaminated areas do not add any
useful information.  The residents of the Quail Run trailer park in Times Beach,
Missouri, the site of a major realease of TCDD-contaminated oil were free from
diagnosed liver cancer, whereas 1.5 cases were expected (Hoffman et al., 1986;
Stehr-Green et al., 1987).

A case-control study by Cordier et al. (1993) described the hepatocellular
carcinoma risk among 152 North Vietnamese cases and 241 controls, in relation
to viral infections and chemical exposures.  The dominant risk factor was found
to be positive for hepatitis B surface antigen, which carried an odds ratio of 62
(95 percent CI 30-128).  Use of organochlorine pesticides did not indicate any
statistically significant trend, but military service in South Vietnam did.  Those
who served for more than ten years in South Vietnam (N = 11) had an OR for
hepatocellular carcinoma of 8.8 (CI 1.9-41). However, direct contact with aerial
sprayings showed only a slight, nonsignificantly increased OR of 1.3.  The value
of this study is limited because most cancer cases were made on clinical or
biochemical grounds and were not confirmed histologically.
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Vietnam Veterans Studies

Studies of liver cancer among veterans are hampered by small study size.
For example, in the study of Wisconsin Vietnam veterans (Anderson et al.,
1986a,b), no men were observed to have died from liver cancer.  In the mortality
component of the Centers for Disease Control and Prevention’s (CDC) Vietnam
Experience Study (Boyle et al., 1987) only one death from liver cancer was
observed among Vietnam veterans.  In a larger mortality study among U.S. Army
and Marine Corps Vietnam veterans, Breslin et al. (1988) identified 34 liver
cancer deaths among the Army veterans; the PMR was 1.0 (CI 0.8-1.4).  The data
from the Marines are consistent with this result though there were fewer deaths
among Marines.  Based on six deaths from cancer of the liver or bile ducts, the
PMR was 1.2 (CI 0.5-2.8).

The CDC’s Selected Cancers Study (CDC, 1990) included a pathologic re-
view of studies to confirm the diagnosis of 130 men with primary liver cancer.
Only 6 percent (N = 8) of the men with primary liver cancer served in Vietnam,
compared to 7.5 percent of the control subjects.  After adjusting for design and a
range of established risk factors, the relative risk was 1.2 (CI 0.5-2.7).  Of the
eight Vietnam veterans with primary liver cancer, four were in the Navy and
three were in the Army.   (For one, the proxy respondent did not know the branch
of service.)  The risk for Vietnam veterans was slightly lower than for men who
served elsewhere in the military.

Summary

There are relatively few occupational, environmental, or veterans studies of
liver cancer (Table 7-1), and most of these are small in size and have not con-
trolled for lifestyle-related risk factors.  One of the largest studies (Hardell et al.,
1984) indicates an increased risk for liver cancer and exposure to herbicides, but
another study of Swedish agricultural workers (Wiklund, 1983) estimates a rela-
tive risk that is significantly less than 1.0.  The estimated relative risks from other
studies are both positive and negative.  In summary, given the methodological
difficulties associated with most of the few existing studies, the evidence regard-
ing liver cancer is inadequate or insufficient to determine whether an association
with herbicides exists.

Conclusions

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides (2,4-D, 2,4,5-T and its contami-
nant, TCDD; cacodylic acid; and picloram) and hepatobiliary cancer.  The evi-
dence regarding association is drawn from occupational and other studies in
which subjects were exposed to a variety of herbicides and herbicide compo-
nents.
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TABLE 7-1 Selected Epidemiologic Studies—Hepatobiliary Cancer

Exposed Estimated
Reference Study Population Casesa Risk (95% CI)a

Occupational

Cohort studies

Bond et al., 1988 Dow 2,4-D production workers 1.2
Fingerhut et al., 1991 NIOSH cohort   6 1.2 (0.4-2.5)

20 years latency   1 0.6 (0.0-3.3)
Lynge, 1985 Danish production workers   3 1.0
Saracci et al., 1991 IARC cohort   4 0.4 (0.1-1.1)
Wiklund, 1983 Swedish agricultural workers 103 0.3 (0.3-0.4)b

Ronco et al., 1992 Danish and Italian farm workers
Danish male self-employed farmers  23 0.4
Employees of Danish farmers   9 0.8
Female family workers   5 0.5

Solet et al., 1989 Paper and pulp workers   2 2.0 (0.2-7.3)

Asp et al., 1994 Finnish herbicide applicators   2 0.6 (0.1-2.2)

Collins et al., 1993 Expansion of Zack and Suskind, 1980   2 1.4 (0.2-5.2)

Blair et al., 1993 U.S. farmers in 23 states 326 1.0 (0.9-1.1)

Case-control studies

Hardell et al., 1984 Male residents of northern Sweden 102 1.8 (0.9-4.0)

Environmental

Pesatori et al., 1992 Seveso male residents—zone A and B   4 1.5 (0.5-4.0)
Female residents—zone A and B   1 1.2 (0.2-9.1)

Stehr et al., 1986 Missouri residents   0 —

Hoffman et al., 1986 Residents of Quail Run Mobile Home Park   0 —

Bertazzi et al., 1993 Seveso male residents—Zone B   5 1.8 (0.7-4.4)
Female residents—Zone B   5 3.3 (1.3-8.1)

Seveso male residents—Zone R  11 0.5 (0.3-1.0)
 Female residents—Zone R  12 0.9 (0.5-1.7)

Cordier et al., 1993 Military service in South Vietnam
 for ≥ 10 years after 1960  11 8.8 (1.9-41.0)
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NASAL/NASOPHARYNGEAL CANCER

Background

Nasal and nasopharyngeal cancers (ICD-9 147.0-147.9, 160.0-160.9) can
develop from any of the cell types present in any of these organs.  The epithelium
of the nasal and nasopharyngeal cavities is partly squamous, partly columnar and
ciliated pseudostratified columnar.  Precise distribution is variable.  Also, there
are serous and mucous glands and lymphoid aggregates in close association with
the epithelium.  Several types of adenomas may develop in the nasal cavity
(“nasal polyps” papillomas).  Squamous-cell carcinomas may develop in dysplas-
tic epithelium at any surface site and are the most common type.  They tend to
spread locally, eroding into adjacent structures (orbit, cranial cavity, oral cavity),
and may metastasize to cervical lymph nodes.  Malignant mesenchymal tumors,
especially rhabdomyosarcomas, are relatively frequent in this region and are
derived from underlying connective tissues.  Nasopharyngeal cancers occur in
three histological variants: keratinizing squamous-cell, nonkeratinizing squa-
mous-cell, and undifferentiated.  Also, sarcomas and lymphomas (both Hodgkin’s
and non-Hodgkin’s) are frequently seen in this region.

Because this type of cancer is of special interest to the DVA, this discussion
integrates the studies reviewed in VAO with those published more recently.

Surgery, radiation, and chemotherapy are used individually or in combina-
tion to treat these neoplasms.  Because of the proximity of vital anatomic struc-

Vietnam veterans

Cohort studies

Breslin et al., 1988 Army Vietnam veterans  34 1.0 (0.8-1.4)
Marine Vietnam veterans   6 1.2 (0.5-2.8)

Anderson et al., 1986a,b Wisconsin Vietnam veterans   0 —

Case-control studies

CDC, 1990 U.S. men born between 1921 and 1953   8 1.2 (0.5-2.7)

aGiven when available.
b99% CI.

TABLE 7-1 Continued

Exposed Estimated
Reference Study Population Casesa Risk (95% CI)a
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tures, success of treatment is limited unless the tumor is diagnosed early in the
evolution of the tumor cells.

Associations have been found between nasal cancers and occupational expo-
sure to nickel (Doll et al., 1977) and to chromates (Higginson and Muir, 1973).
Exposure to wood dust is also a risk factor for nasal cancer (Andersen et al.,
1977); smoking (Elwood, 1981) or exposure to formaldehyde (Luce et al., 1993)
may increase the risk associated with wood dust.  There is also evidence that
workers involved in processing leather have an increased risk for nasal cancers
(Luce et al., 1993).  A study in Shanghai, China, demonstrated an association
between chronic nasal diseases and consumption of salt-preserved foods (Zheng
et al., 1992b).

Although nasopharyngeal cancers are relatively uncommon, higher incidence
is seen in southern China and Southeast Asia.  Even among Chinese living in the
United States, their cancer rates are higher than for whites or blacks (Burt et al.,
1992).  Dietary factors, including consumption of salt-preserved foods containing
nitrosamines, appear to contribute to increased risk (Ablashi, 1978).  A study in
Shanghai of occupational risk factors found excess risks for workers in a variety
of settings, including textile weaving, baking, and metal smelting, forging, and
grinding (Zheng et al., 1992a).  Nasopharyngeal cancer has also been associated
with the Epstein-Barr virus, but the role of the virus is not yet clear (Henle and
Henle, 1981).  A genetic risk has been suggested as well (Gajwani et al., 1980).

Incidence of nasopharyngeal cancer in the United States is highest among the
Chinese population and lowest among whites (Burt et al., 1992).  Rates are
generally twice as high in men as in women.  Incidence remained stable between
1973 and 1986, but survival appears to have improved (Burt et al., 1992).  Age,
sex, and histologic type of the tumor each independently influence survival.

Epidemiological Studies

Occupational Studies

The study by Saracci et al. (1991) of production workers and sprayers showed
a relative risk of 2.9 (CI 0.6-8.5) for these cancers, based on three cases.  In
addition, the study of chemical workers involved in the production of MCPA
(Coggon et al., 1986) showed an elevated risk of 4.9 (CI 1.0-14.4), based on the
same three specific cases.  A case-control study by Hardell et al. (1982) found an
odds ratio of 2.1 (CI 0.9-4.7) for those exposed to phenoxy acids, based on eight
exposed cases.

Other studies showing inconclusive results included studies of agricultural
workers (Wiklund, 1983; Ronco et al., 1992) and of paper and pulp workers
(Robinson et al., 1986).

Asp et al. (1994), in an 18-year follow-up of 1,909 Finnish herbicide applica-
tors, presented few data and combined cancers of the nasopharynx and larynx
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into a single category.  In this broad category of cancer, four incident cases were
observed, giving a relative risk of 1.1 (CI 0.3-2.7).  Only one case died, yielding
a mortality RR of 0.5 (CI 0.01-2.9).

Environmental Studies

Bertazzi et al. (1993) reported on cancer of the nose and nasal cavity based
on follow-up of the Seveso population.  There were no cases in Zones A and B,
the more contaminated areas.  In Zone R, the least contaminated area, two cases
were observed among women, giving a relative risk of 2.6 (CI 0.5-13.3), and no
cases were observed among men, though 1.5 were expected.

Vietnam Veterans Studies

In the CDC Selected Cancers Study of Vietnam veterans (CDC, 1990), there
were 48 cases of nasal cancer and 80 cases of nasopharyngeal cancer, with two
and three of the subjects, respectively, having served in Vietnam.  No significant
associations for Vietnam service and these cancers were found.  Results for nasal
and nasopharyngeal cancer are summarized in Table 7-2.

Summary

The scientific evidence on the association between herbicide exposure and
nasopharyngeal cancer continues to be too sparse to make a definitive statement.

Conclusions

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides (2,4-D, 2,4,5-T and its contami-
nant, TCDD; cacodylic acid; and picloram) and nasal/nasopharyngeal cancer.
The evidence regarding association is drawn from occupational and other studies
in which subjects were exposed to a variety of herbicides and herbicide compo-
nents.

RESPIRATORY CANCERS

Background

Carcinomas of the lung and bronchus (ICD-9 162.2-162.9) are now the
leading causes of cancer death in the United States.  According to the American
Cancer Society, approximately 169,900 new cases were diagnosed in the United
States in 1995, and some 157,400 persons died from respiratory cancers (ACS,
1995).  Substantially more men (96,000) than women (73,900) were diagnosed
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TABLE 7-2  Selected Epidemiologic Studies—Nasal/Nasopharyngeal Cancer

Exposed Estimated
Reference Study Population Casesa Risk (95% CI)a

Occupational

Cohort studies

Coggon et al., 1986 British MCPA production workers 3 4.9 (1.0-14.4)
Saracci et al., 1991 IARC cohort 3 2.9 (0.6-8.5)
Wiklund, 1983 Swedish agricultural workers 64 0.8 (0.6-1.2)
Robinson et al., 1986 Paper and pulp workers 0  —
Asp et al., 1994 Finnish herbicide applicators 1 0.5 (0.01-2.9)

Case-control studies

Hardell et al., 1982 Residents of northern Sweden
  Phenoxy acid exposure 8 2.1 (0.9-4.7)
  Chlorophenol exposure 9 6.7 (2.8-16.2)

Environment

Bertazzi et al., 1993 Residents in Seveso (Zone R) 2 2.6(0.5-13.3)

Vietnam veterans

CDC, 1990 U.S. men born between 1921 and 1953
Vietnam veterans 2 0.7 (0.1-3.0)

aGiven when available.

with these cancers.  According to the committee’s calculations, assuming that
veterans have the same cancer rates as those of the general U.S. population, 1,266
cases of cancer of the lung and bronchus were expected to be diagnosed among
male Vietnam veterans and 2.3 among female veterans in 1995.  For the year
2000, the expected numbers are 2,860 cases in male veterans and 4.6 in female
veterans.  The committee’s calculations indicate that 166 cases of cancer of the
larynx (ICD-9 161.0-161.9) were expected to be diagnosed among male Vietnam
veterans and 0.1 among female veterans in 1995.  For the year 2000, the expected
numbers are 364 cases in male veterans and 0.3 in female veterans.

Because VAO classified respiratory cancers in the category of limited/sug-
gestive evidence of an association with exposure to herbicides, this discussion
integrates the studies reviewed in that report with those published more recently.

The incidence and mortality rates for lung cancers have increased markedly
during the past half century, reflecting the earlier patterns of smoking among the
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U.S. population.  Decreases in recent years in the prevalence of smoking among
men are now leading to small reductions in the incidence of lung cancer and will
eventually result in reductions in mortality.  Incidence and mortality rates for
lung cancer in women began increasing more recently than those for men.  In
1987, lung cancer deaths among women exceeded deaths from breast cancer for
the first time (ACS, 1992).  For men and women, the incidence of lung cancer
increases rapidly beginning at about age 40.

The principal types of lung neoplasms are identified collectively as broncho-
genic carcinoma or carcinoma of the lung.  The lung is also a common site for the
development of a metastatic cancer.  It is therefore necessary to have histological
examination of the lung tissue to avoid the misclassification of some other type of
cancer as primary lung cancer.  Squamous-cell carcinoma accounts for 50 to 70
percent of lung tumors, adenocarcinoma for 10 to 25 percent, small-cell (oat-cell)
carcinomas for about 5 percent, and large-cell carcinomas for about 5 percent
(McGee et al., 1992).  Often a neoplasm may be made up of mixtures of these cell
types.  These different types of lung tumors are often combined in epidemiologic
studies for several reasons: (1) there are frequently mixed patterns of a variety of
different cell types; (2) there is abundant evidence that these tumors arise from a
common stem cell that differentiates along one or more of these pathways; and
(3) they often arise in a similar location near the hilum of the lung in the first- or
second-order bronchi.

Cigarette smoking is the major risk factor for lung cancer, and is estimated
by the American Cancer Society (1992) to be responsible for about 87 percent of
lung cancer deaths in the United States.  The risk increases with length of time
and number of cigarettes smoked (U.S. DHHS, 1987).  Tobacco smoke may
include both tumor initiators and promoters.  Other important risk factors include
exposure to radon, arsenic, asbestos, chromium, nickel, and aromatic hydrocar-
bons.  Asbestos and radon interact with cigarette smoking, increasing the risk of
lung cancer beyond that predicted from the simple combination of the individual
risks (ACS, 1992).

Epidemiologic Studies

Occupational Studies

Production Workers In a study of Dow Chemical Company workers in-
volved in the production of 2,4-D (Bond et al., 1988), the SMR for lung cancer
was 1.0 (eight observed versus 7.7 expected deaths, CI 0.5-2.0) (Table 7-3).
When other Dow workers are used as a comparison group, the effect estimate is
slightly higher, as might be expected from a more comparable, relatively healthy
comparison group (i.e., less bias from the “healthy worker effect”).  The SMR for
all respiratory cancers (lung alone is not given) is 1.2 (nine observed versus 7.4
expected deaths, CI 0.6-2.3).  The authors estimated lifetime cumulative expo-
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TABLE 7-3  Selected Epidemiologic Studies—Lung Cancer

Exposed Estimated Risk
Reference Study Population Cases (95% CI)

Occupational Studies

Bond et al., 1988 Dow 2,4-D production workers; 9 1.2(0.6-2.3)
15 years latency

Low cumulative exposure 1 0.7
Medium cumulative exposure 2 1.0
High cumulative exposure 5 1.7

Bloemen, 1993 Dow 2,4-D production workers; 9 0.8(0.4-1.5)
update of Bond et al., 1988

Coggon et al., 1986 MCPA production workers 101 1.2(1.0-1.4)
Background exposure 39 1.0(0.7-1.4)
Low-grade exposure 35 1.1(0.8-1.6)
High-grade exposure 43 1.3(1.0-1.8)

Coggon et al., 1991 Phenoxy herbicide production workers 19 1.3(0.8-2.1)
14 1.2(0.7-2.1)

Lynge, 1985 Danish phenoxy herbicide production
workers -  males 38 1.2

 - females 6 2.2
Manufacture and packing only - males 11 2.1(1.0-3.7)

Lynge, 1993 Update of manufacturing subgroup 13 1.6(0.9-2.8)
- males

Zober, 1990 TCDD reactor accident workers 6 1.6
High exposure 4 2.0(0.6-5.2)
Chloracne 6 1.8(0.7-4.0)

Manz et al., 1991 Phenoxy herbicide production workers 26 1.7(1.1-2.4)
Saracci, 1991 Herbicide spraying and production 173 1.0(0.9-1.2)

workers
Probably exposed subgroup 11 2.2 (1.1-4.0)

Bueno de Mesquita, Phenoxy herbicide workers 9 1.7(0.5-6.3)
1993
Fingerhut et al., TCDD-exposed workers 89 1.1(0.9-1.4)
1991 ≥ 1 year exposure; ≤ 20 years latency 40 1.4(1.0-1.9)
Kogevinas et al., 1993 Female herbicide spraying and

production workers 2 1.4(0.2-4.9)
Axelson et al., 1980 Herbicide sprayers in Sweden 3 1.4(0.3-4.0)
Asp, 1994 Finnish herbicide applicators 37 1.0(0.7-1.4)
Blair, 1983 Licensed pesticide applicators in

Florida, lawn and ornamental
herbicides only 7 0.9(0.4-1.9)

Green, 1991 Herbicide sprayers in Ontario 5 1.1(0.4-2.5)
Bender, 1989 Herbicide sprayers in Minnesota 54 0.7(0.5-0.9)
Wiklund et al., 1989 Pesticide applicators in Sweden 38 0.5(0.4-0.7)
Swaen, 1992 Herbicide applicators 12 1.1(0.6-1.9)
Blair et al., 1993 U.S. farmers from 23 states

- white males 6,473 0.9(0.9-0.9)
- nonwhite males 664 1.0(0.9-1.1)
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sure to 2,4-D, and when the cohort was divided into three groups with a 15-year
exposure lag with respect to this estimate, the SMRs were: low exposure, 0.7;
medium exposure, 1.0; high exposure, 1.7.  These subgroup SMRs were based on
one, two, and five deaths, respectively; a test of the null hypothesis that there is
no trend evidenced in these data has a p-value of 0.1.

Bloemen et al. (1993) updated a cohort mortality study of Dow Chemical
Company production workers exposed to 2,4-D.  This update added four addi-
tional years of follow-up for the 878 employees to the original study (Bond et al.,
1988).  Nine deaths from respiratory cancer were observed (SMR = 0.8, CI 0.4-
1.5).

The mortality experience was evaluated for 754 male production workers at
a Monsanto Company trichlorophenol plant at which an accident caused the
release of TCDD in 1949 (Collins et al., 1993).  One hundred and twenty two of
these employees had developed chloracne as a result of the accident.  Many of the
employees in the plant were also exposed to another carcinogen, 4-aminobiphenyl,
which causes bladder cancer in humans.  Thirty eight deaths from respiratory
cancer were observed (SMR = 1.1, CI 0.8-1.5).

Lung cancer mortality in a cohort employed in the production and spraying
of MCPA and other phenoxy herbicides (Coggon et al., 1986) was close to that
expected, with the national comparison population yielding a slight deficit in risk
and the rural comparison a slight excess in risk (with national comparison: SMR
= 0.9, CI 0.8-1.1; with rural comparison: SMR = 1.2, CI 1.0-1.4).  When the
cohort was subdivided by estimated level of exposure to phenoxy acids, weak

TABLE 7-3 Continued

Exposed Estimated Risk
Reference Study Population Cases (95% CI)

Case-control studies

McDuffie et al., 1990 Saskatchewan farmers applying
herbicides 103 0.6

Environmental Studies

Bertazzi et al., 1993 Seveso residents first ten years
after accident

Zone A - males 2 0.8(0.2-3.4)
Zone A - females 0 —
Zone B - males 18 1.1(0.7-1.8)
Zone B - females 0 —
Zone R - males 96 0.8(0.7-1.0)
Zone R - females 16 1.5(0.8-2.5)
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evidence of an increase in risk with increase in exposure was observed (back-
ground exposure: SMR = 1.0 [CI 0.7-1.4]; low exposure: SMR = 1.1 [CI 0.8-1.6];
high exposure: SMR = 1.3 [CI 1.0-1.8]).

These figures, based on the rural comparison population, may suffer from the
problem of noncomparability of indirectly standardized rates, but the authors do
not provide data with which to perform the more appropriate internal analysis.
Nevertheless, because these three categories are distinguished on “grade” or
intensity of exposure and not on exposure duration, they most likely do not differ
dramatically in underlying age distribution, so comparisons of the three SMRs
are probably appropriate.  When the cohort was subdivided by duration of poten-
tial exposure into three categories—less than one month, one to six months, and
more than six months—the first of these groups contained only seven lung cancer
deaths, and unstable risk estimates.  When the <1 month and 1-6 month groups
are combined into “short” duration, SMR = 1.2 (CI 0.8-1.6); for the “long”
duration (>6 months), SMR = 1.3, (CI 1.0-1.7).  The study included workers
employed over a 29-year period, but maximum length of employment of indi-
vidual workers was not reported.  Note, however, that employment for more than
six months does not necessarily imply substantial exposure and that this compari-
son may be affected by noncomparability of underlying age distributions, as
discussed above.

Using very similar methods, Coggon et al. (1991) have reported on the
mortality experience of the employees of four British factories where phenoxy
herbicides and other chemicals were manufactured.  When compared to either
national or rural population, there was a slight excess of lung cancer mortality
(SMR = 1.3, CI 0.8-2.1 with national rates; rural rates yield nearly identical
results).  However, when the analysis was restricted to those with any exposure
above “background” levels, the risk dropped slightly (SMR = 1.2, CI 0.7-2.1),
which is the opposite of what would be expected from a true association, because
it would be expected that the overall association would be diluted by those with
low exposure in the background group.

In a study of Danish phenoxy herbicide manufacturing workers (Lynge,
1985), the lung cancer incidence of the entire workforce was about that expected
(SMR for males = 1.2, based on 38 observed cases; SMR for females = 2.2, based
on six observed cases).  However, when the cohort was restricted to those actu-
ally engaged in the manufacturing or packaging of phenoxy herbicides, the risk in
men increased (SMR = 2.1, CI 1.0-3.7, based on 11 observed cases).  There was
only one female lung cancer case in these areas of the plant.  These results were
obtained without application of a latency period, but the author reports that the
results were the same when a ten-year latency period was used.  The excess lung
cancer risk was present in both plants studied.  The workers were generally
recruited from the countryside where tobacco consumption was lower than the
national average; however, no direct information on the smoking habits of the
cohort was available.  A review of the other occupational information for the lung
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cancer cases did not identify any known risk factors likely to explain the ob-
served excess.

The study by Lynge was updated for an additional five years (Lynge, 1993).
In the original study 4,461 eligible workers were identified (Lynge, 1985).
Among 690 male employees in the specific departments in which phenoxy herbi-
cides were manufactured and packaged, 13 cases of lung cancer were diagnosed,
which yielded an SIR of 1.6 (CI 0.9-2.8).  The risk of lung cancer was not
elevated among female employees.

In a retrospective cohort mortality study of a population of chemical workers
potentially exposed to TCDD in the production of hexachlorophene at a flavor
and fragrance plant (Thomas, 1987), the SMR for lung cancer in white males was
1.2 (29 observed versus 25.1 expected deaths, CI 0.8-1.7).  Because of the com-
plex exposures of this cohort and the likelihood that only a small, unidentifiable
fraction was exposed to TCDD, these results are of very limited usefulness in
evaluating the associations under consideration.

After an industrial accident involving the release of TCDD, 78 deaths were
observed in a 34-year period (Zober et al., 1990).  With the small number of total
deaths, the results concerning lung cancer (six deaths due to trachea, bronchus, or
lung cancer) are inconclusive.  In the most heavily exposed subgroup, there were
four deaths from lung cancer, compared to 2.0 expected from national mortality
rates (SMR = 2.0, CI 0.6-5.2).  Among those with chloracne, lung cancer ap-
peared somewhat elevated, although the sample size (3,589 person-years) pre-
cludes a precise estimate of this effect. Among those with chloracne, there were
six deaths from lung cancer and 3.3 expected (SMR = 1.8, CI 0.7-4.0).

The workers in a Hamburg, Germany, herbicide production facility heavily
contaminated with TCDD were studied by Manz et al. (1991) in the first few
years of its operation.  Two comparison groups were available for this study, the
general population and a cohort of gas-company workers previously studied by
the authors.  The risk estimate for lung cancer was elevated compared to the gas
company workers (SMR = 1.7, based on 26 observed and 15.6 expected deaths,
CI 1.1-2.4).    The gas worker’s somewhat higher risk estimate was probably due
to the “healthy worker effect.”  Smoking data were not available for all subjects,
but in a subsample of 361 workers, 73 percent were self-reported smokers, com-
pared to 76 percent of 2,860 gas workers who reported smoking.  It is thus
unlikely that smoking differentials could explain the observed excess of lung
cancer.

Saracci et al. (1991) have reported on the mortality experience of a large
international cohort that includes both production workers and herbicide spray-
ers.  The degree of exposure to TCDD is more uncertain than that of the large
U.S. study by Fingerhut and colleagues (1991) described below, in that some of
the cohorts included in the Saracci study are of individuals either spraying or
producing compounds, such as 2,4-D, MCPA, or 2-(4-chloro-2-methylphenoxy)-
propanoic acid (MCPP), which are unlikely to contain significant quantities of
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TCDD.  Mortality from cancer of the respiratory tract was normal, based on 173
observed deaths (SMR = 1.0, CI 0.9-1.2).

The workers in two British herbicide production plants were not included in
the above calculations, because job history information was not available.  Nev-
ertheless, the authors are confident that the majority of the subjects in these two
plants were indeed exposed to phenoxy herbicides to some degree.  An excess
lung cancer mortality risk was observed (SMR = 2.2, CI 1.1-4.0, based on 11
observed cases).  No smoking information is available (Saracci et al., 1991).

A cohort of production workers in the Netherlands (Bueno de Mesquita et
al., 1993) showed no excess lung cancer deaths.  Where results from two factories
were combined, Factory A, where 2,4,5-T was produced, was the only source of
the lung cancers that were reported.

A cohort study of cancer mortality was conducted among 701 women from
seven countries, who were occupationally exposed to chlorophenoxy herbicides,
chlorophenols, and dioxins (Kogevinas et al., 1993).  Female workers on the
IARC Registry who were ever employed in production or spraying of these
chemicals were eligible for the study.  Two deaths from lung cancer were ob-
served, which yielded an SMR of 1.4 (CI 0.2-4.9).  Both of these deaths occurred
within the first ten years since first exposure.

In the NIOSH cohort (Fingerhut et al., 1991) of TCDD-exposed workers, an
elevated risk of respiratory cancer was observed in those with more than one year
of exposure and 20 years of latency (SMR = 1.4, CI 1.0-1.9, based on 43 observed
deaths).  An analysis of mortality according to duration of exposure in processes
involving TCDD contamination shows increasing standardized rate ratios (SRR)
with increasing duration of exposure for cancer of the trachea, bronchus, and lung
(<1 year: SRR = 1.0; 1-5 years: SRR = 1.1; 5-15 years: SRR = 1.7; >15 years:
SRR = 1.4; test for trend, p = .2).  The increased risk for cancer of the lung is
unlikely to be the result of excess cigarette smoking in the cohort.  Workers from
two of the plants were interviewed in 1987 and their smoking histories ascer-
tained.

Summary of Production Worker Studies Additional years of followup were
added to several cohort studies of workers (Bloemen, 1993; Collins et al., 1993;
Lynge, 1993).  The additional person-years of observation and additional cases of
respiratory cancer observed in these studies since the publication of VAO, do not
materially change the results in any of these studies.

One might derive a pooled estimate of the lung cancer risk among production
workers from the following studies (Table 7-3): Bond et al. (1988), Zober et al.
(1990), Manz et al. (1991), Saracci et al. (1991), and Fingerhut et al. (1991).  Of
the six cohorts in these studies, there are three in which the committee is fairly
confident that there was a substantial level of exposure to TCDD: those of Zober
et al. (1990), Manz et al. (1991), and the high-exposure group of Fingerhut et al.
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(1991).  When just those three studies are combined, the pooled SMR is some-
what elevated: 1.4 (CI 1.2-1.8).

The studies of Coggon and Lynge are largely subsumed under the European
registry of Saracci et al. and so should not be viewed as independent measure-
ments of effect.  Note, however, that certain findings in these two studies that are
suggestive of an association with lung cancer are lost when the combined cohort
of Saracci is presented.  In the Coggon study (1986), weak evidence of a trend of
increasing risk with increasing category of exposure was observed (see above).
In the Lynge study (1985), an elevated risk of lung cancer was observed, and this
elevation was consistent over the two plants studied.  In addition, the rural popu-
lation from which the workforce was derived would be expected to have had
lower than average smoking rates, thus indirectly reducing the likelihood that the
lung cancer excess could be explained by smoking.

Because many of the workers smoked and were exposed to other chemicals,
it is not possible to rule out alternative explanations for this small excess risk.  It
is unlikely, however, that smoking explains the entire effect, since the studies of
Fingerhut et al. (1991) and Manz et al. (1991) both found that smoking rates were
only slightly different in samples of their study populations and in the compari-
son populations.  Chemical production workers are often exposed to asbestos,
which until recently was widely used wherever an industrial process involved
high temperature.  This well-known lung carcinogen might confound the ob-
served association with herbicide and TCDD exposure in many of these studies.
But it is also unlikely that asbestos could fully explain these findings, because the
lung cancer risk from asbestos among chemical workers in general (as distinct
from those whose occupations brought them into frequent and direct contact with
the substance) is not elevated (Wong and Raabe, 1989).  Thus, although tobacco
and asbestos cannot be ruled out, the more likely explanation for the observed
elevations in risk involves one or more agents associated with the production of
phenoxy herbicides and related compounds.

Agricultural/Forestry Workers Studies that compare the lung cancer experi-
ence of farmers as a group to that of other occupations or the general population
show a consistent deficit of lung cancer among farmers.  For example, studies by
Burmeister (1981) and by Wigle et al. (1990) in North America, and by Wiklund
(1983) in Sweden, provide strong evidence for a reduced risk of lung or respira-
tory cancer in farmers.  A cohort study of Danish gardeners (Hansen et al., 1992)
observed neither a deficit nor an excess of lung cancer.

In the United States, a recent PCMR study was performed for farmers in 23
states, using occupational information from death certificates (Blair et al., 1993).
Because of the large population size, the confidence intervals are relatively nar-
row.  Based on 6,473 deaths from lung cancer in white male farmers, the PCMR
was significantly decreased, at 0.9 (CI 0.9-0.9).  Based on 664 deaths in nonwhite
male farmers, the PCMR was 1.0 (CI 0.9-1.1).  The numbers of deaths in women
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of all races were small and nonsignificant.  The PCMR for death from lung cancer
was less than 1.0 in 18 of 23 states, a significant finding.

Several authors have attributed this observed deficit in lung cancer among
male farmers to decreased smoking among this group, and there is evidence to
support this supposition, at least in the United States (Sterling and Weinkam,
1976) and Sweden (Rylander, 1990).  Another causal hypothesis that has been
proposed is that farmers are exposed to high levels of bacterial endotoxins in a
wide variety of organic dusts (Rylander, 1990);  these biologically active com-
pounds have been shown to retard cancer growth in laboratory animals and have
been proposed as anticancer drugs (Engelhardt et al., 1991).

Several studies of cohorts whose members were engaged in agriculture-
related activities have examined lung cancer risk, but the connection to herbi-
cides is tenuous and does not add to the evidence of an association (Alavanja et
al., 1988, 1989).

Herbicide and Pesticide Applicators Studies of pesticide applicators are
more relevant than those studies just discussed, because it can be presumed that
applicators had more sustained exposures to herbicides than did members of the
other groups, and the types of herbicides and durations of exposure can often be
quantified generally.  There are several weaknesses in many of these studies,
however, including a lack of individual estimates of exposure, the fact that many
different kinds of herbicides were often used, and limited sample sizes.

Axelson and Sundell (1974) conducted a cohort study of herbicide sprayers
who tended railroad rights-of-way in Sweden; the study initially covered the
period 1957-72, and was extended until 1978 (Axelson et al., 1980).  Based on
follow-up through 1978, the results for lung cancer were ambiguous because of
the very small numbers of both observed and expected cancers; for example, the
SMR for lung cancer was 1.4 (CI 0.3-4.0), based on three observed cases for all
types of exposure.

A cohort of Finnish workers who sprayed the herbicides 2,4-D and 2,4,5-T
was followed by Riihimaki et al. (1982).  Good employment records were avail-
able, and follow-up through 1980 was nearly complete.  Additional strengths of
this study include the apparent lack of confounding by other chemical exposures
(although the authors do not explore what the cohort members did when they
were not spraying) and the relatively high exposures that the subjects probably
experienced during spraying seasons.  No information on smoking habits for the
cohort is available.  By applying a ten-year latency period (the shortest latency
for which data were provided), 12 lung cancer deaths were observed, compared
to 11.1 expected (SMR = 1.1, CI 0.6-1.9).  Lung cancer incidence for the period
1972-78, with ten-year latency applied, resulted in the SIR = 1.4 (nine cases
observed versus 6.6 expected, CI 0.6-2.6) (Riihimaki et al., 1983).

Asp et al. (1994) extended this study by adding ten years of follow-up to the
original eight years (Riihimaki et al., 1982, 1983).  In both studies, the ten years
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following first exposure were not counted as time at risk, to allow time for
disease to develop.  The median duration of exposure was six weeks.  While the
number of respiratory cancer deaths among the 10+ years of latency group nearly
tripled—from 12 to 33—the relative risk estimate of 1.1 was nearly unchanged,
and the confidence interval narrowed (CI 0.7-1.5) with additional follow-up.  The
corresponding SIR, however, dropped to 1.0 based on 33 cases (CI 0.7-1.3).

In a study of licensed pesticide applicators in Florida (Blair et al., 1983), the
overall lung cancer SMR was 1.4 (34 observed deaths versus 25.1 expected, CI
0.9-1.9).  The risk estimate rose with the number of years licensed, from 1.0 for
less than ten years licensed, to 1.6 for 10 to 19 years, to 2.9 for 20 years or more
(in a test for trend, p = .13).  Increased lung cancer SMRs were found for workers
licensed to apply fumigants and to apply pesticides for termites and other wood-
infesting organisms, general household pests, rodents, and lawn and ornamental
pests.  In applicators employed by a small group of firms that were licensed to
treat lawns and ornamental plants, the SMR was not elevated (SMR = 0.9), but
the numbers were small (seven observed deaths versus 7.6 expected, CI 0.4-1.9).
However, workers were exposed to  numerous chemicals, including some known
carcinogens;  individual exposure to phenoxy herbicides or to any TCDD-con-
taminated compound cannot be determined.  It is unlikely that the elevated lung
cancer risk in the entire cohort can be entirely attributable to smoking.  The
SMRs for other smoking-related diseases were depressed, the risk was related to
duration of pesticide use, and implausibly high smoking prevalences would be
necessary among this cohort to explain a lung cancer risk of this magnitude.

A cohort study by Green (1991) of right-of-way sprayers in Ontario, Canada,
was based on records of spraying activities, but the number of subjects was small.
Lung cancer mortality was essentially normal (five deaths versus 4.6 expected,
RR = 1.1, CI 0.4-2.5), but the small numbers of observed deaths preclude strong
conclusions.  Minnesota highway workers (Bender et al., 1989) were at reduced
risk of lung cancer (SMR = 0.7, CI 0.5-0.9), as were Swedish pesticide applica-
tors (Wiklund et al., 1989); the standardized incidence ratio was 0.5 (CI 0.4-0.7),
with 38 observed cases.  No association with lung cancer was found when the
cohort was subdivided by years since license or by year of birth.

Licensed herbicide applicators in the Netherlands were studied by Swaen et
al. (1992).  The study is about the same size as that of Riihimaki et al. (1982) in
Finland and yielded similar results for lung cancer: 12 deaths observed compared
to 11.2 expected (SMR = 1.1, CI 0.6-1.9).

Summary of Pesticide Applicator Studies If the cohorts of Axelson (at sec-
ond follow-up), Riihimaki (with minimum ten-year latency—all others have no
latency restriction), Blair (lawn and ornamental sprayers only), and Green are
considered roughly comparable studies of workers with likely exposure to phe-
noxy herbicides through manual spraying, the observed and expected deaths
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could be combined to yield a more precise estimate of risk.  This yields 27
observed and 25.5 expected deaths and an SMR = 1.1 (CI 0.8-1.5).

Paper/Pulp Workers Unlike the studies of farmers, the reports of paper
worker are not consistent with respect to their estimates of lung cancer risk.
Some studies do report an excess, although usually without adequate control for
potential confounding by smoking (Solet et al., 1989; Jappinen and Pukkala,
1991), while others do not (Robinson et al., 1986; Henneberger et al., 1989).

Case-Control Studies

A case-control study that investigated lung cancer herbicide exposures was
published by McDuffie et al. (1990).  The occupational histories of chemical
exposure for 273 male cases of primary lung cancer from the tumor registry in
Saskatchewan, Canada, were compared to the histories of 187 male controls.
Subjects were questioned about their use of many chemicals, including phenoxy
herbicides.  The response rate was rather low (74 percent), and duration of expo-
sure appears not to have been considered in the exposure assessment.  No asso-
ciation was found between reported use of phenoxy herbicides and lung cancer,
either in the unadjusted analyses (OR = 0.5) or after controlling for cigarette
smoking (OR = 0.6).

Environmental Studies

Studies of the population exposed to TCDD the 1976 industrial accident in
Seveso, Italy, to TCDD include estimates of lung cancer risk (Bertazzi et al.,
1989b, 1993; Pesatori et al., 1992).  Ten years of follow-up for mortality and
cancer incidence demonstrate an inconsistent pattern of lung cancer rates in the
different exposed groups, as well as between males and females.  People most
heavily exposed (those living in Zone A at the time of the accident, but subse-
quently permanently evacuated) are too few in number (two observed lung cancer
deaths in ten years) to provide any information.  In Zone B, the lung cancer
incidence in males was slightly elevated, based on 18 observed cases (RR = 1.1,
CI 0.7-1.8), while there were no observed cases among women (expected number
not given).  The largest and least contaminated area, Zone R, was not found to
have elevated lung cancer incidence rates in males (96 observed cases, RR = 0.8,
CI 0.7-1.0), whereas a slight excess was observed in females (16 observed cases,
RR = 1.5, CI 0.8-2.5).

Smoking is not likely to explain differences in lung cancer rates in people
living in the zones around Seveso and the comparison population, because the
latter consists of the residents of nearby towns that are economically and cultur-
ally similar to the contaminated region.

The Seveso studies followed the population only until ten years after the
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accident.  If the TCDD release did increase the risk for lung cancers, one might
not expect to see the full impact on tumor incidence for some years to come.  At
least another ten years is needed before the impact of the accident on cancer
incidence can be meaningfully assessed.

Vietnam Veterans Studies

Ranch Hands  The follow-up study of Ranch Hand veterans is too small to
evaluate excess cancer risks (Michalek et al., 1990).  Lung cancer mortality was
similar in Ranch Hands and the comparison group, although the study was based
on only five Ranch Hand lung cancer deaths (incidence density ratio = 0.9, CI
0.3-2.1).

CDC  The Vietnam Experience Study (Boyle et al., 1987) was too small to
consider lung cancer risk; only one lung cancer death occurred in the comparison
group of Vietnam era veterans.

DVA Studies  Breslin et al. (1988) and Watanabe et al. (1991) have studied
Army and Marine Vietnam veterans and Vietnam-era veterans, and both studies
found a small increase in lung cancer risk in Army and Marine Corps veterans
who served in Vietnam.  For both groups combined, the PMR is 1.1 (CI 1.0-1.2),
and the risk is only slightly higher in Marine than in Army veterans.  No smoking
data are available on this cohort, but other studies have suggested that the smok-
ing habits of Vietnam and Vietnam-era veterans were not significantly different
from each other.

Investigators at the DVA designed an additional PMR study based on de-
ceased Army veterans who served in Military Region I (I Corps), where the
majority of Marines were stationed (Bullman et al., 1990).  Lung cancer risk was
comparable in Army I Corps veterans and Army Vietnam-era veterans (PMR =
0.9, CI 0.8-1.1, based on 187 observed deaths).

The mortality experience of women who served in Vietnam has been studied
by DVA investigators (Thomas et al., 1991).  Lung cancer mortality was compa-
rable or perhaps somewhat reduced in Vietnam veterans, although based on only
eight lung cancer deaths in the exposed group; after adjusting for potential con-
founding factors, the relative risk was 0.6, CI 0.3-1.5.

The cancer mortality rates in 4,586 female Vietnam veterans were compared
to the rates in 5,325 female veterans who served elsewhere (Dalager et al., 1995).
This is an update of a previous study with four additional years of follow-up
(Thomas et al., 1991).  Based upon 15 cases of lung cancer, the adjusted SMR
was 0.9 (CI 0.4-1.7).  More than over 80 percent of the Vietnam cohort were
nurses; therefore, their exposure to herbicides was probably low.

Twenty-two U.S. Army Chemical Corps units assigned to Vietnam between
1966 and 1971 have been followed for vital status through 1987 (Thomas and
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Kang, 1990).  In the final cohort of 894 men, there were only two deaths from
lung cancer, against 1.8 expected based on the entire U.S. male population (SMR
= 1.1, CI 0.1-4.0).

State Studies  Studies of Vietnam veterans in several states have examined lung
cancer mortality rates.  There include Wisconsin (Anderson et al., 1986a,b),
Massachusetts (Kogan and Clapp, 1985, 1988), New York (Lawrence et al.,
1985), and West Virginia (Holmes et al., 1986).  In each case, lung cancer
mortality rates were comparable between Vietnam veterans and Vietnam-era
veterans.

A proportionate mortality study examining causes of death among veterans
on Michigan’s Vietnam-era Bonus list was recently reported (Visintainer et al.,
1995).  The cause-specific mortality rates among 3,364 Vietnam veterans were
compared with the rates among 5,229 age-matched veterans who served else-
where.  There were 80 deaths from lung cancer among the Vietnam veterans
(PMR = 0.9; CI 0.7-1.1).

Australian Vietnam Veterans  In a study that compared Australian Vietnam
veterans to Australian Vietnam-era veterans who served elsewhere, the relative
risk for lung cancer was 2.7 (CI 0.2-30.0) (Fett et al., 1987).  This association is
based on only two cases among the Vietnam veterans.

Summary of Veterans Studies Current studies of lung cancer risk in veterans
are of limited usefulness for evaluating the effect of herbicide exposure, either
because the studies are too small or because it is not possible to identify those
soldiers who were likely to have been exposed to herbicides.

Epidemiologic Studies of Laryngeal Cancer

In nearly all studies analyzing respiratory cancers, the authors either group
all of the different types of cancer in this broad group together (ICD codes 161 to
165, which include trachea, bronchus, lung, larynx) or present data for the largest
category within this group (ICD code 162, which includes trachea, bronchus, and
lung).  Cancers of the latter three sites are often simply called “lung cancer.”  In
only a few cases are the data broken out to allow assessment of other respiratory
sites.

Of note are five studies of production workers in which data for laryngeal
cancer (ICD 161) are presented separately (Fingerhut et al., 1991; Bond et al.,
1988; Coggon et al., 1986; Manz et al., 1991; Saracci et al., 1991).  Although the
numbers are too small to draw strong conclusions, the consistency of a mild
elevation in relative risk is suggestive of an association for laryngeal cancer.
Pooling all but the Coggon data (Coggon et al., 1986, 1991) yields an odds ratio
of 1.8 (CI 1.0-3.2).  Potential confounders of an occupational risk for this cancer
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include tobacco and alcohol consumption.  As noted previously, these studies did
not directly control for smoking, although its magnitude in Manz et al. (1991) and
Fingerhut et al. (1991) is not likely to be large.  There is no information on alco-
hol consumption in any of the studies.

Other than these studies of production workers, there is only one other study
that reported separate results for cancer of the larynx.  A PCMR study was
performed for farmers in 23 states, using occupational information from death
certificates (Blair et al., 1993).  Based on 162 deaths from laryngeal cancer in
white male farmers, the PCMR was significantly decreased, at 0.7 (CI 0.6-0.8).
This was consistent with a significant decrease in lung cancer in the same sub-
group.  Based on 32 deaths from laryngeal cancer in nonwhite male farmers, the
PCMR was 1.1 (CI 0.8-1.5).  There were no deaths from this cancer in female
farmers.

Summary

Among the many epidemiologic studies of respiratory cancers reviewed by
the committee (see Table 7-3), positive associations were found consistently only
when TCDD or herbicide exposures were probably high and prolonged.  This was
especially true in the largest, most heavily exposed cohorts of chemical produc-
tion workers exposed to TCDD (Zober et al., 1990; Fingerhut et al., 1991; Manz
et al., 1991; Saracci et al., 1991).  Studies of farmers tended to show a decreased
risk of respiratory cancers (perhaps due to lower smoking rates), and studies of
Vietnam veterans were inconclusive.  The committee concluded that the evidence
for this association was limited/suggestive rather than sufficient, because of the
inconsistent pattern of positive findings across populations with various degrees
and types of exposure and because the most important risk factor for respiratory
cancers—cigarette smoking—was not fully controlled for or evaluated in all
studies.  The update of scientific literature continues to support these conclusions.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is limited/suggestive evidence of an association between exposure to
the herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD; cacodylic acid; and
picloram) and respiratory cancers (lung, larynx, trachea).  The evidence regard-
ing association is drawn from occupational and other studies in which subjects
were exposed to a variety of herbicides and herbicide components.
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BONE CANCER

Background

According to the American Cancer Society, approximately 2,070 new cases
of bone and joint cancer (ICD-9 170.0-170.9) were diagnosed in the United
States in 1995, and some 1,280 persons died of this cancer (ACS, 1995).  These
cases are divided approximately equally between men and women.  According to
the committee’s calculations, assuming that veterans have the same cancer rates
as those of the general U.S. population, ten cases of bone cancer are expected
among male Vietnam veterans and 0.1 among female veterans in 1995.  For the
year 2000, the expected numbers are 21 cases in male veterans and less than 0.05
cases in female veterans.

Primary bone cancers are among the least common malignancies.  The bones
are, however, a frequent site for secondary tumors of other cancers that have
metastasized, meaning that they have spread from another site.  Only the primary
cancers are considered here.

Summary of VAO

Studies of bone cancer and herbicide exposure have included chemical pro-
duction workers (Coggon et al., 1986; Bond et al., 1988; Zober et al., 1990;
Fingerhut et al., 1991); agricultural workers (Burmeister, 1981; Wiklund, 1983;
Ronco et al., 1992); and Vietnam veterans (Lawrence et al., 1985; Anderson et
al., 1986a,b; Breslin et al., 1988).  The studies regarding bone cancer were evenly
distributed between positive and negative studies.  Because of its rarity, this
cancer is particularly difficult to study; very few of the studies were of sufficient
size to have much statistical power, and the confidence limits were typically
large.  Case-control studies focusing on populations with potentially heavy expo-
sure, such as production workers, might conceivably change this situation, but
none had been published for bone cancer.

Update of the Scientific Literature

Bone cancer mortality was evaluated for a cohort of 754 white male employ-
ees of a Monsanto Company trichlorophenol plant at which an explosion oc-
curred in 1949 (Collins et al., 1993).  As a result of the accident, 122 employees
developed chloracne.  SMRs were calculated, based on a follow-up period through
1987 and using mortality rates in the local general population.  Based on two
observed cases of bone cancer, the SMR was 5.0 (0.6-18.1).  The authors did not
mention whether these two bone cancer cases had developed chloracne.

A PCMR study was performed for farmers in 23 states, using occupational
information from death certificates (Blair et al., 1993).  Based on 49 deaths from
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bone cancer in white male farmers, the PCMR was 1.3 (CI 1.0-1.8).  The numbers
of bone cancer were very small and nonsignificant in the other racial and gender
groups: nonwhite males and white and nonwhite females.

Summary

The committee found only two new studies that reported bone cancer as an
endpoint.  These studies do not change the VAO’s conclusions concerning bone
cancer.

Conclusions

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides (2,4-D, 2,4,5-T and its contami-
nant, TCDD; cacodylic acid; and picloram) and bone cancer.  The evidence
regarding association is drawn from occupational and other studies in which
subjects were exposed to a variety of herbicides and herbicide components.

SOFT-TISSUE SARCOMAS

Background

According to the American Cancer Society, 6,000 new cases of soft-tissue
sarcoma (STS) (ICD-9 171.0-171.9, 164.1) were diagnosed in the United States
in 1995, and some 3,600 persons died of these cancers (ACS, 1995).  New cases
were slightly more common in men than in women, but similar numbers of deaths
occurred.  According to the committee’s calculations, assuming that veterans
have the same cancer rates as those of the general U.S. population, 65 cases of
STS are expected among male Vietnam veterans and 0.1 among female veterans
in 1995.  For the year 2000, the expected numbers are 86 cases in male veterans
and 0.2 in female veterans.

STSs arise in the soft somatic tissues that occur within and between organs.
Three of the most common types of STS—liposarcoma, fibrosarcoma, and rhab-
domyosarcoma—occur in similar numbers in men and women.  Because of the
diverse characteristics of STS, accurate diagnosis can be difficult.

A recent review of U.S. cancer registry data (the SEER program) clarifies
many of the difficulties in the classification of the sarcomas (Mack, 1995), and
underscores the challenges facing epidemiologic analyses of this cancer.

Summary of VAO

The strongest evidence for an association between STS and exposure to
phenoxy herbicides comes from a series of case-control studies conducted in
Sweden (Hardell and Sandstrom, 1979; Eriksson et al., 1981, 1990; Hardell and
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Eriksson, 1988).  The studies, involving a total of 506 cases, show an association
between STS and exposure to phenoxy herbicides, chlorophenols, or both.  The
committee concluded that although these studies have been criticized, there is
insufficient justification to discount the consistent pattern of elevated risks and
the clearly described and sound methods employed.  These findings are sup-
ported by a significantly increased risk in the NIOSH study (SMR = 9.2, CI 1.9-
27.0) for the production workers most highly exposed to TCDD (Fingerhut et al.,
1991), and a similar increased risk in the IARC cohort (SMR = 6.1, CI 1.7-15.5)
for deaths that occurred between ten and 19 years after the first exposure (Saracci
et al., 1991).  These are the two largest, as well as the most highly exposed,
occupational cohorts.  Some studies in other occupational, environmental, and
veterans groups showed an increased risk for STS, but the results were commonly
nonsignificant, possibly because of small sample sizes (related to the relative
rarity of STS in the population).  An exception was the significantly elevated risk
for males in Zone R of Seveso, which is consistent with the findings supporting
an association.

Because of difficulties in diagnosing this group of tumors, the epidemiologic
studies reviewed by the committee were inconsistent with regard to the specific
types of tumors included in the analyses.  The available data did not permit the
committee to determine whether specific forms of STS are or are not associated
with TCDD and/or herbicides.  Therefore, the committee’s findings relate to the
class of STS as a whole.

Update of the Scientific Literature

Cancer mortality from STS was evaluated in the IARC cohort of 16,863 male
and 1,527 female workers in ten countries, who were employed in the production
or spraying of pesticides (Kogevinas et al., 1992).  Exposure to chlorophenoxy
herbicides and chlorophenols was evaluated on the basis of job histories and
company questionnaires.  Based on four deaths from STS, a nonsignificant two-
fold increased risk was observed for the total cohort.  The deaths occurred ten to
19 years after first exposure (SMR  =  6.1, CI 1.7-15.5).

A nested case-control study of STS within the IARC multicountry worker
cohort has recently been published (Kogevinas et al., 1995).  There were 11 cases
of STS and five controls chosen per case.  In the full cohort study, Saracci et al.
(1991) had detected an elevated risk with a very crude exposure classification.  A
detailed exposure reconstruction was performed for all cases of STS and a set of
controls by a team of industrial hygienists who did not know case or control
status (Kauppinen et al., 1994).  The team estimated cumulative exposures to
TCDD and numerous phenoxy herbicides and related chemicals.  There were
associations between STS risk and exposure to “any phenoxy herbicide,” “any
dioxin,” and several other definitions of exposure.  The authors noted that be-
cause many of the workers had multiple exposures and few had single exposures,
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it is difficult to conclude with confidence that the risk is more strongly associated
with any specific exposure in the broad class of phenoxy acids and related com-
pounds.  There was evidence of increasing risk with increasing cumulative expo-
sure to several agents, including TCDD, and 2,4-D, a herbicide that does not
contain TCDD.

Collins et al. (1993) point out that “All but one of the confirmed STS cases
among more than 5000 workers in 12 plants mentioned in the Fingerhut et al.
[(1991)] study occurred among the 754 persons in the [Monsanto] study,” and,
based on a detailed analysis of the exposure histories of the STS cases, argue that
the TCDD is unlikely to be responsible and that 4-aminobiphenyl may be.

Several authors have added additional years of follow-up to occupational
cohort studies (Bloemen et al., 1993; Lynge, 1993; Asp et al., 1994).  Lynge
(1993) found the risk of STS similar to that reported in the earlier study of this
cohort of Danish herbicide manufacturers (Lynge, 1985).  There were five cases
of STS observed, versus 2.5 expected (relative risk = 2.0, CI 0.7 to 4.8).  When
the definition of exposure was restricted to those with at least one year of work in
exposed areas, and a ten-year interval was applied between the start of exposure
and the start of follow-up time considered to be at risk, there were 3 observed
cases, compared to 0.5 cases expected (RR = 6.4, CI 1.3 to 18.7).  These workers
were engaged in the manufacture of 2,4-D and a related herbicide, 4-chloro-2-
methylphenoxyacetic acid (MCPA), but not 2,4,5-T.

Despite additional follow-up, the Bloemen et al. (1993) study of 2,4-D work-
ers was still of insufficient size to be useful for an evaluation of STS.  This study
was an extension of a cohort mortality study of 878 Dow Chemical Company
workers exposed to 2,4-D (Bond et al., 1988).  There were no deaths observed
from this cancer, and considerably less than one case would have been expected.

Similarly, the Asp et al. (1994) study was too small to be useful for detecting
an evaluation in risk of STS.  This study was an update of a cancer incidence and
mortality study of 1,909 herbicide applicators in Finland (Riihimaki et al., 1982,
1983).  The authors noted that with 0.8 cases of STS expected, their study had
sufficient power to detect only relative risks of 7.0 or greater with 90 percent
confidence.

In the United States a PCMR study was performed for farmers in 23 states,
using occupational information from death certificates (Blair et al., 1993).  Based
on 98 deaths from STS in white male farmers, the PCMR was 0.9 (CI 0.8-1.1).
The numbers of deaths due to STS were small and nonsignificant in the other
racial and gender groups: nonwhite males and white and nonwhite females.

The Bertazzi et al. (1993) study of cancer incidence at Seveso yielded results
similar to those reported in earlier publications from this group and summarized
in VAO (Bertazzi et al., 1989a,b; Pesatori et al., 1992).  In the small, most heavily
exposed group (Zone A), there were no cases of STS observed, when the class is
defined as those tumors in ICD 171: “malignant neoplasms of connective and
other soft tissues.”  There were two cases of “soft tissue sarcomas of parenchymal
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origin,” which were not included in ICD 171 but which, by some classifications,
belong in the group of tumors under consideration (Mack, 1995).  It is difficult to
evaluate this finding, because of the problem of estimating a comparable ex-
pected incidence for the same tumors, but the authors note that 1.4 cases would be
expected in this cohort when cancers including ICD 171 and cancers of parenchy-
mal origin are combined.  In the larger but less exposed group from Zone B, there
were again no cases of ICD 171 cancers observed, while about 0.5 cases were
expected.  Zone R is the largest group, with considerably lower exposures to
TCDD on average.  Two cases of STS (ICD 171) were observed in females (RR
= 1.6, 95 percent CI 0.3-7.4).  In males, six cases were observed, yielding an RR
of 2.8 (95 percent CI 1.0-7.3).  There appeared to be a trend in increasing risk
with increasing duration of residence in Zone R.

A PMR study that examined the causes of death among veterans on the state
of Michigan’s Vietnam-era Bonus list was recently reported (Visintainer et al.,
1995).  The mortality rates of 3,364 Vietnam veterans were compared to the
morality rates of 5,229 veterans who served elsewhere.  Based on eight deaths
from STS, the PMR was 1.1 (CI 0.5-2.2).  No data were available to identify
whether individual Vietnam veterans had been exposed to herbicides.

Summary

The reports issued since the publication of VAO, notably the Kogevinas et al.
case control study (1995), provide additional evidence for an association between
exposure to herbicides and STS.

Conclusions

Evidence is sufficient to conclude that there is a positive association between
exposure to the herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD; cacodylic
acid; and picloram) and soft-tissue sarcoma.  The evidence regarding association
is drawn from occupational and other studies in which subjects were exposed to
a variety of herbicides and herbicide components.

TCDD has been shown to have a wide range of effects in laboratory animals
on growth regulation, hormone systems, and other factors associated with the
regulation of activities in normal cells.  In addition, TCDD has been shown to
cause cancer in laboratory animals at a variety of sites.  If TCDD has similar
effects on cell regulation in humans, it is plausible that it could have an effect on
human cancer incidence.  TCDD administration increased fibrosarcoma forma-
tion in both rats and mice (NTP, 1982a,b).  In contrast to TCDD, there is no
convincing evidence of, or mechanistic basis for, the carcinogenicity in animals
of any of the herbicides, although they have not been studied as extensively as
TCDD.
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SKIN CANCERS

Background

Skin cancers are generally divided into two broad categories—malignant
melanomas and nonmelanotic skin cancers.  According to the American Cancer
Society, approximately 34,100 new cases of melanoma (ICD-9 172.0-172.9) were
diagnosed in the United States in 1995, and some 7,200 persons died of this
cancer (ACS, 1995).  The incidence is similar in men and women, but men
account for about 60 percent of deaths.  Other skin cancers (basal-cell and squa-
mous-cell carcinomas) led to about 800,000 new cases and 2,100 deaths.  Ac-
cording to the committee’s calculations, assuming that veterans have the same
cancer rates as those of the general U.S. population, 486 cases of melanoma were
expected among male Vietnam veterans and 1.1 among female veterans in the
year 1995.  For the year 2000, the expected numbers are 632 cases in male
veterans and 1.3 in female veterans.  No calculations were made for the very
common and highly curable nonmelanotic skin cancers.

Epidemiologic Studies

Most of the epidemiologic studies reviewed in VAO did not find an excess
risk of skin cancer among TCDD-exposed workers or veterans.  These included
studies of chemical production workers in the United States and other countries
(Suskind and Hertzberg, 1984; Lynge, 1985; Coggon et al., 1986; Bond et al.,
1988; Zober et al., 1990; Fingerhut et al., 1991; Manz et al., 1991; Saracci et al.,
1991), agricultural workers (Burmeister, 1981; Alavanja et al., 1988; Wigle et al.,
1990; Hansen et al., 1992; Ronco et al., 1992), pesticide applicators (Blair, 1983;
Swaen et al., 1992), Seveso residents (Pesatori et al., 1992), and Vietnam veter-
ans (Lawrence et al., 1985; Boyle et al., 1987; Breslin et al., 1988; CDC, 1988;
Anderson et al., 1986a,b).   The lack of association was also seen in a study in
which the cohort observed consisted of those with chloracne (Moses et al., 1984).
One exception is melanoma mortality following the Seveso accident.  Bertazzi et
al. (1989a,b) found an elevated risk in males from Zones B and R, but this was
based on two and one melanoma deaths, respectively.  In addition, the Ranch
Hand study (Wolfe et al., 1990) found a relative risk of 1.5 (CI 1.1-2.0) for
nonmelanomic skin cancer.  One study of agricultural workers in Sweden
(Wiklund, 1983) found an elevated risk for skin cancer excluding melanoma (RR
= 1.1, 99 percent CI 1.0-1.2), but these results may be confounded by sun expo-
sure in these groups.

One more recent study reviewed by this committee did find an excess risk of
skin cancer (Lynge, 1993).  Melanoma was studied in employees of two phenoxy
herbicide manufacturing facilities in Denmark.  There were 1,651 men and 468
women who were judged to have had potential exposure to phenoxy herbicides.
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Based on four cases, a statistically significant increase in the risk of melanoma
was observed in the subgroup of men who had been employed for at least one
year, using a ten-year latency period (SIR = 4.3, CI 1.2-10.9).  However, no
information is given about the risk in men with less than 10 years of latency and
expected numbers for women are not reported so observed elevated risk in the
men with 10+ years of latancy cannot be put into context.

In the United States, a PCMR study was performed for farmers in 23 states,
using occupational information from death certificates (Blair et al., 1993).  Based
on 244 deaths from melanoma in white male farmers, the PCMR was 1.0 (CI 0.8-
1.1).  Based on 425 deaths from other types of skin cancer in white male farmers,
the PCMR was 1.1 (CI 1.0-1.2).  The numbers for these two types of cancer were
very small and nonsignificant for the other racial and gender groups: nonwhite
males and white and nonwhite females.

The cancer incidence (including the rates of melanoma and other skin can-
cers) in the Seveso population was investigated for the first ten years after its
potential exposure to TCDD (Bertazzi et al., 1993).  No cases of melanoma were
reported in Zones A or B.  There was also no increase in the risk of nonmelanotic
skin cancer in any of the zones.  There was no increase in the risk of melanoma in
men or women in Zone R, the least contaminated area.  These risks were calcu-
lated based on only one or two cases, except for Zone R, there were larger
numbers of both types of skin cancer.

Three other studies calculated SMRs for skin cancer, all of which were too
small to have sufficient statistical power to give definitive results (Asp et al.
1994; Bueno de Mesquita et al., 1993; and Collins et al., 1993).  These authors
observed zero, one, and one cases of skin cancer, respectively.

Summary

Some of the studies have utilized melanoma as the end point of interest,
whereas others have utilized skin cancer, which primarily reflects melanoma.
While the studies are fairly evenly distributed between positive and negative
studies, one recent study (Lynge et al., 1993) did find an excess risk of skin
cancer.  Another study also found a significant excess risk in men from the
Seveso area (SMR = 3.3), based on only three cases (Bertazzi et al., 1989a,b).
The committee felt that these studies, while not even suggestive evidence about
an association, undermined the evidence of no association in VAO, and thus
warranted changing skin cancer from the “limited/suggestive evidence of no
association” category to the “inadequate/insufficient evidence to determine
whether an association exists” category.

Conclusions

There is inadequate or insufficient evidence to determine whether an asso-

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


CANCER 211

ciation exists between exposure to the herbicides (2,4-D, 2,4,5-T and its contami-
nant, TCDD; cacodylic acid; and picloram) and skin cancer.  The evidence re-
garding association is drawn from occupational and other studies in which sub-
jects were exposed to a variety of herbicides and herbicide components.

CANCERS OF THE FEMALE REPRODUCTIVE SYSTEM

Background

According to the American Cancer Society, new cases and deaths in the
United States in 1995 for each of these cancers were as follows (ACS, 1995):

Site New Cases Deaths

Cervix   15,800*  4,800
Corpus uteri   32,800  5,900
Ovary   26,600 14,500
Other genital    5,700  1,200

*Excludes carcinoma in situ (65,000 cases of cervical cancer).

According to the committee’s calculations, 1.6 cases of cancer of the uterine
corpus were expected among female Vietnam veterans in 1995; For the year
2000, the expected number of cases is 2.8.  For cervical cancer, 1.2 cases are
expected among female Vietnam veterans in 1995; for the year and in 2000, the
expected number of cases is 1.2 cases.  For ovarian cancer, 1.5 cases were
expected among female Vietnam veterans; for the year 2000, the expected num-
ber of cases is 1.9 cases.

Summary of VAO

Studies that examined exposure to herbicides and uterine and ovarian can-
cers were extremely limited.  In a case-control study specifically designed to
address the relation between herbicide exposure and risk of ovarian cancer, Donna
et al. (1984) compared exposure histories among 60 women with ovarian cancer
to controls (women with cancers at other sites, including breast, endometrium,
cervix, and other organs).  Overall, 18 women with ovarian cancer were classified
as definitely or probably exposed, compared to 14 controls, giving an odds ratio
of 4.4 (CI 1.9-16.1).  These data provide the most direct evidence of an associa-
tion between herbicides and ovarian cancer.

Bertazzi et al. (1989b) followed the Seveso population for ten years after the
1976 accident.  If the TCDD did initiate cancers of female reproductive organs,
the elapsed time is probably insufficient for these tumors to have come to clinical
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attention.  In particular, women exposed to TCDD, during adolescence may be at
increased risk for cancers that could not be detected for 20 or more years after the
exposure.

Other studies examining the association between ovarian or uterine cancer
and exposure to herbicides are Wiklund, 1983; Saracci et al., 1991; Ronco et al.,
1992.

Update of the Scientific Literature

A cohort study of cancer incidence was conducted among employees of two
phenoxy herbicide manufacturing facilities in Denmark (Lynge, 1993).  This
cohort included 1,071 women who were followed for the period from  1947 to
1987.  A statistically significant increase in the risk of cervical cancer was found,
based on seven cases (SIR = 3.2; CI 1.3-6.6).

A cohort study of cancer incidence and mortality was conducted among 701
women in the IARC cohort, who were occupationally exposed to chlorophenoxy
herbicides, chlorophenols and dioxins (Kogevinas et al., 1993).  Of these 701
women, 468 (66 percent) worked at two herbicide plants in Denmark, so there is
considerable overlap with the cohort investigated by Lynge (1993).  One death
was observed from each of the following types of cancer: cervical cancer (SMR
= 80); uterus nonspecified (SMR = 192); and ovary (SMR = 74).

Cancer incidence during the first ten years following exposure to TCDD was
investigated in the Seveso cohort (Bertazzi et al., 1993).  There were no signifi-
cant increases in the rates of uterine cancer among female residents of Zones A,
B, or R, based on two, two, and 21 cases, respectively; the relative risks were 2.6,
0.4, and 0.6, respectively.  No cases of ovarian cancer were diagnosed among
women in Zones A or B.  Based on 20 cases, the relative risk for ovarian cancer
in Zone R, the least contaminated area, was 1.1 (CI 0.7-1.7).

In the United States, a PCMR study was performed for farmers in 23 states,
using occupational information from death certificates (Blair et al., 1993).  Based
on 21 deaths from cervical cancer in nonwhite female farmers, the PCMR was
significantly elevated at 2.0 (CI 0.3-3.1).  This may partially reflect the increased
risk for this cancer type among both nonwhite women and women in the lower
socioeconomic groups.  Based on six deaths from cervical cancer in white female
farmers, the PCMR was 0.9 (CI 0.3-2.0).  The numbers of deaths from cancer of
the uterine corpus were small and nonsignificant for both white and nonwhite
female farmers.

The cancer mortality rates among 4,586 female Vietnam veterans were re-
cently evaluated, as well as the rates among 5,325 female veterans who had
served elsewhere (Dalager et al., 1995).  Based on four cases of cancer of the
uterine corpus, the relative risk for Vietnam veterans was 2.1 (CI 0.6-5.4), com-
pared to that of the general U.S. population.
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Summary

There has been considerable recent interest in the potential association of
exposure to chlorinated hydrocarbons, including TCDD, and female reproductive
cancers and other health outcomes in women.  For example, teratogenic effects
due to maternal exposures to TCDD have been well-documented in experimental
animals (see Chapter 3).  Endometriosis has recently been demonstrated in mon-
keys exposed to TCDD (Rier et al., 1993), and research on this disease has been
proposed for women in the Seveso cohort (Bois and Eskenazi, 1994).  The avail-
able epidemiologic evidence, however, is inconclusive.  The committee con-
cludes that more research is needed on populations of women with documented
exposure to herbicides and TCDD.

Conclusions

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides (2,4-D, 2,4,5-T and its contami-
nant, TCDD; cacodylic acid; and picloram) and uterine and ovarian cancers.  The
evidence regarding association is drawn from occupational and other studies in
which subjects were exposed to a variety of herbicides and herbicide compo-
nents.

BREAST CANCER

Background

Approximately 11 percent of U.S. women will develop breast cancer some-
time during their lifetimes.  Among U.S. women 40 to 55 years of age, breast
cancer is the leading cause of death (U.S. DHHS, 1987).  Rates of breast cancer
increase rapidly up to the time of menopause.  After menopause, incidence rates
continue to increase with age but more slowly than before.  Long-term increases
in incidence rates have been observed.  An analysis of SEER data indicates that
the incidence of breast cancer increased 4 to 6 percent annually between 1980 and
1987.  Only some of the increase can be attributed to more extensive screening
and earlier diagnosis (Miller et al., 1991; Harris et al., 1992).  Mortality patterns
vary by age and race, with decreases seen among white women under age 65 and
increases among older white women and black women of all ages (Miller et al.,
1992).  Earlier detection of tumors and improved treatments have kept increases
in mortality lower than increases in incidence.

According to the committee’s calculations, assuming that veterans have the
same rates of cancer as those as the general U.S. population, 13.2 cases of breast
cancer were expected among female Vietnam veterans in 1995.  For the year
2000, the expected number of cases is 15.5.
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Because of the public health significance of breast cancer, this discussion
integrates the studies reviewed in VAO with those published more recently.

By far the most common histological type of breast cancer is adenocarci-
noma, derived from the epithelium of breast ducts.  Lobular carcinoma derived
from gland lobule epithelium is a separate category (less than 5 percent of breast
cancer).  Lobular cancers are usually bilateral and grow very aggressively.  Other
malignant, although somewhat less invasive, cancers include medullary, muci-
nous, and tubular carcinomas.  Noninvasive carcinomas are found in breast ducts
(e.g., comedocarcinoma) and lobules.  Intraductal papillomas, another histologi-
cal variant, are nearly always benign and do not appreciably alter the overall
statistics.

Risk factors for breast cancer include early age at menarche, late age at first
birth and low parity (or nulliparity), late age at menopause, and family history of
breast cancer and personal history of benign cystic breast disease (Henney and
DeVita, 1987).  Women living in the United States who are of northern European
heritage have four to five times more breast cancer than women of Asian heritage
living in Asian countries.  Dietary factors have been postulated to modify risk,
but only alcohol intake is consistently related to increased risk of breast cancer
(Henderson, 1991).  Investigations into the relationship between stress and breast
cancer have not been conclusive.  Age is an important modifier of risk, in that
exposure to radiation between the onset of menses and first pregnancy creates a
greater risk than a similar exposure at older ages.

Epidemiologic Studies

The data relating exposure to herbicides to cancer among women are ex-
tremely limited.  The committee attempted to examine cancer among women
separately from cancer among men.  However, compared with the sparse data
available for men, data for women are almost nonexistent.

Many studies have excluded women from analysis because of their small
numbers in the groups under study.  For example, in their follow-up of workers
from 12 companies, Fingerhut et al. (1991) identified 67 women who were then
excluded from the report.  Likewise, Moses et al. (1984) excluded three women
from their follow-up analysis of workers, and Zack and Suskind (1980) excluded
the one woman who was living at the end of the study.  Among the studies that
were based on follow-up of workers, women contribute a minor portion of the
data, and the results are accordingly even less precise than those reported for
men.

Occupational Studies

Manz et al. (1991) describe a retrospective cohort of chemical workers em-
ployed in an herbicide plant in Hamburg, Germany.  The standardized mortality
ratio for breast cancer was elevated, at 2.2 (CI 1.0-4.1).  This SMR, however, was
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based on only nine deaths.  Only 7 percent of the women in this study worked in
high-exposure departments, and the small number of women precluded separate
examination of those with high exposure.

In a study focusing on all persons employed in the manufacture of phenoxy
herbicides in Denmark before 1982, Lynge (1985) linked employment records
for 1,069 women (contributing 17,624 person-years of follow-up) with the Na-
tional Cancer Register.  Thirteen cases of breast cancer were diagnosed, giving an
SMR of 0.9.

As described in Chapter 6, Saracci et al. (1991) have established a study
population comprising members of 20 cohorts from ten countries other than the
United States who were likely to have had exposure to phenoxy herbicides or
TCDD.  Among the more than 18,000 workers included in this cohort, 1,527 were
women.  Follow-up continued for an average of 17 years. It is assumed that the
follow-up rates were similar for women and for men, although details are not
reported.  Among the exposed women, there was one death from breast cancer—
a lower mortality rate than expected.  Among nonexposed women, four deaths
were observed due to breast cancer.  This mortality was not significantly different
from that expected.

Additional data have been reported by Kogevinas et al. (1993), who identi-
fied and followed the subset of women in the IARC cohort who had been occupa-
tionally exposed to chlorophenoxy herbicides, chlorophenols, and dioxins
(Saracci et al., 1991).  Among the 701 women who were followed, 29 cases of
cancer were diagnosed.  Overall, no increase in total cancer was observed (SIR =
1.0, CI 0.6-1.4).  Among those workers exposed to chlorophenoxy herbicides
contaminated with TCDD, excess cancer incidence was observed, based on nine
cases (SIR = 2.2, CI 1.0-4.2).  However, no excess of breast cancer was observed
among these 701 women; seven cases resulted in an SIR of 0.9 (CI 0.4-1.9).
When the 169 women who were probably exposed to TCDD were analyzed
separately, only one case of breast cancer was diagnosed (SIR = 0.9, CI 0.0-4.8).

Among women farm workers in Denmark, the standardized incidence ratios
for breast cancer, ovarian cancer, and uterine cancer were all less than 1.0 (Ronco
et al., 1992). There were 429 cases of breast cancer diagnosed, and the standard-
ized incidence ratio of 0.8 was significantly less than unity.  In this group, the
standardized ratios for cervical cancer, uterine cancer, and ovarian cancer were
all based on 100 or more cases, and all were significantly less than 1.0.  The
actual level of exposure of these women to herbicides is not defined, however,
and it is possible that the reduced incidence of reproductive cancers reflects
general patterns of female cancers seen elsewhere, in which rates are lower for
rural than for urban populations.

In a similar occupational study based on census data for economically active
women in Sweden (Wiklund, 1983), the SIR for breast cancer was 0.8.  This
result is not adjusted for reproductive risk factors for these cancers, and the actual
exposures of interest are not defined.
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In the United States, a PCMR study was performed using death certificate
data from male and female farmers from 23 states (Blair et al., 1993).  Occupa-
tion and industry data were coded based on the information listed on the death
certificates.  Based on the 71 deaths from breast cancer among white female
farmers, the PCMR was 1.0 (CI 0.8-1.3).  Based on 30 deaths from breast cancer
among nonwhite female farmers, the PCMR was significantly decreased, at 0.7
(0.5-1.0).

In Seveso, one study includes cancer mortality among women (Bertazzi et
al., 1989b).  The ten-year mortality follow-up provides limited information for
women in the high- and medium-exposure groups.  Person-years of follow-up
were 2,490 in Zone A (high exposure), 16,707 in Zone B, 114,558 in Zone R, and
726,014 in the reference area.  There were only three deaths due to any cancer in
females in Zone A; therefore, no conclusions are possible.  Among the 14 deaths
of Zone B women, 5 were due to breast cancer, resulting in a mortality ratio of 0.9
(CI 0.4-2.1).  In Zone R, the least contaminated area, 28 women died from breast
cancer, giving a significantly reduced estimated relative risk of 0.6 (CI 0.4-0.9).

Cancer incidence in the Seveso cohort during the first ten years following
exposure to TCDD was investigated in the Seveso cohort (Bertazzi et al., 1993).
One case of breast cancer was diagnosed among women in Zone A (RR = 0.5, CI
0.1-3.3).  Among women in Zone B, there were 10 cases of breast cancer diag-
nosed (RR = 0.7, CI 0.4-1.4).  Among women in Zone R, the least contaminated
area, there were 106 cases of breast cancer diagnosed (RR = 1.1, CI 0.9-1.3).

Vietnam Veterans Studies

Thomas et al. (1991) assembled a list of female Vietnam veterans and fol-
lowed them from 1973 to 1987.  Cause-specific estimates of mortality risk among
women Vietnam veterans relative to those for Vietnam-era veterans who served
elsewhere were derived from proportional hazards multivariate models adjusted
for rank (officer, enlisted), occupation (nurse, nonnurse), duration of service (at
least ten years), age at entry to follow-up, and race. Of these women, 80 percent
were classified as officers/nurses, and the majority served between three and 19
years. Slightly more than one-fourth of the cancer deaths were due to breast
cancer among the Vietnam veterans.  The relative risk was not significantly
elevated (RR = 1.2, CI 0.6-2.5) compared to that among the other Vietnam-era
veterans.

Cancer mortality rates among 4,586 female Vietnam veterans were recently
compared with the rates among 5,325 female veterans who had served elsewhere
(Dalager et al., 1995).  This extended the follow-up of Thomas et al. (1991) an
earlier study for four additional years, through 1991.  There were 196 deaths
observed among the Vietnam veterans.  Based on 26 deaths from breast cancer
among the Vietnam veterans, the relative risk was 1.0 (CI 0.6-1.8).
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Summary

There have been a few occupational studies, two environmental studies, and
two veterans studies of breast cancer among women exposed to herbicides and/or
TCDD (Table 7-4).  These include four recently published studies (Bertazzi et al.,
1993; Blair et al., 1993; Dalager et al., 1995; and Kogevinas et al., 1993).  Most
of these studies reported a relative risk of approximately 1.0 or less, but it is
uncertain whether or not the female members of these cohorts had substantial
chemical exposure.  TCDD appears to exert a protective effect on the incidence
of mammary tumors in experimental animals (see Chapter 3), which is consistent
with the tendency for the relative risks to be less than 1.0.  In summary, however,
the committee believes that there is insufficient evidence to determine whether an
association exists between exposure to herbicides and breast cancer.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides (2,4-D, 2,4,5-T and its contami-
nant, TCDD; cacodylic acid; and picloram) and breast cancer.  The evidence
regarding association is drawn from occupational and other studies in which
subjects were exposed to a variety of herbicides and herbicide components.

Biologic Plausibility

TCDD has been shown to have a wide range of effects in laboratory animals
on growth regulation, hormone systems, and other factors associated with the
regulation of activities in normal cells.  Although animal data suggest TCDD may
act as an antiestrogen, and it has been shown to inhibit growth of breast cancer
cell lines in tissue culture, the extrapolation to prevention of breast cancers is
plausible, but has not been clearly demonstrated in humans.

PROSTATE CANCER

Background

According to the American Cancer Society, approximately 132,000 new
cases of prostate cancer (ICD-9 185) were diagnosed in the United States in 1992,
and some 34,000 persons died of prostate cancer (ACS, 1992).  According to the
committee’s calculations, assuming that veterans have the same cancer rates as
those in the general U.S. population, 179 cases of prostate cancer were expected
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TABLE 7-4  Selected Epidemiologic Studies—Breast Cancer

Estimated
Exposed Risk

Reference Study Population Casesa (95% CI)a

Occupational

Cohort studies

Ronco et al., 1992 Danish family farm workers 429 0.8 (p<.05)
Wiklund, 1983 Swedish economically active 444 0.8 (0.7-0.9)b

agricultural workers

Donna et al., 1984 Female residents near Alessandria, Italy
Lynge, 1985 Danish production workers 13 0.9

Manz et al., 1991 German production workers  9 2.2 (1.0-4.1)
Kogevinas et al., 1993 701 women from IARC cohort  7 0.9 (0.4-1.9)
Saracci et al., 1991 IARC cohort  1 0.3 (0.01-1.7)
Blair et al., 1993 Female farmers from 23 states

-white 71 1.0 (0.8-1.3)
-non-white 30 0.7 (0.5-1.0)

Environmental

Bertazzi et al., 1993c Seveso female residents —Zone A  1 0.5 (0.1-3.3)
—Zone B 10 0.7 (0.4-1.4)
—Zone R 106 1.1 (0.9-1.3)

Vietnam Veterans

Thomas et al., 1991 Women Vietnam veterans 17 1.2 (0.6-2.5)
Dalager et al., 1995d Women Vietnam veterans 26 1.0(0.6-1.8)

aGiven when available.
b99% CI.
cThis is further follow-up of women included in Bertazzi et al., 1989.
dThis is further follow-up of women included in Thomas et al., 1991.

among male Vietnam veterans in 1995.  For the year 2000, the expected number
of cases is 855.

Because this type of cancer is of special interest to the DVA, this discussion
integrates the studies reviewed in VAO with those published more recently.

One in 11 men develops prostate cancer, and it is the most common cancer in
men (excluding skin cancers) and the second leading cause of cancer death (Pienta
and Esper, 1993).  Increased age is the major risk factor; more than 80 percent of
cases occur in men over 65.  The incidence of prostate cancer increases sharply at
about age 40.  Among men 65 and older, it occurs at higher rates than in any other
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cancer. With advancing age, the incidence of noninvasive prostate cancer in-
creases.  The percentage of these that undergo invasive transformation remains
unknown.  Prostate cancer occurs about twice as often in black men as in to white
men.  Incidence has increased since 1973 at an annual rate of about 3 percent for
whites and about 2 percent for blacks.  Between 1985 and 1989, the rate of
increase for whites had reached 6 percent per year. Specific causes of prostate
cancer are unknown, but associations have been observed with family history of
prostate cancer, having had a vasectomy, hormonal factors, a high-fat diet, a
history of untreated venereal diseases, multiple sex partners, cigarette smoking,
certain occupations, and possibly exposure to ionizing radiation or cadmium
(Nomura and Kolonel, 1991; Pienta and Esper, 1993).  Improved detection ac-
counts for some of the increase in incidence, but mortality rates are increasing as
well.  Early detection is the most important consideration for a cure.  Hormonal
treatment, radiation, and/or surgery remain the methods of choice.

Epidemiologic Studies

Occupational Studies

For prostate cancer, several studies have shown elevated risk in agricultural
or forestry workers.  Mortality was increased in studies of USDA agricultural
extension agents (PMR = 1.5, CI 1.1-2.0) and forest and soil conservationists
(PMR = 1.6, CI 1.1-2.0) (Alavanja et al., 1988, 1989).  However, subsequent
case-control analysis of these deaths showed no increased risk of prostate cancer
for ever being an extension agent (OR = 1.0, CI 0.7-1.5) or a soil conservationist
(OR = 1.0, CI 0.6-1.8), although the risk was elevated for forest conservationists
(OR = 1.6, CI 0.9-3.0).  The risk of prostate cancer was more highly elevated for
those whose employment ended prior to 1960 and who had worked for at least 15
years as a conservationist (OR = 2.1 for forest workers and 2.9 for soil workers).
A case-control study of white male Iowans who died of prostate cancer
(Burmeister et al., 1983) found a significant association (OR = 1.2) with farming;
this was not connected to a specific agricultural exposure. Higher relative risks
were observed after restricting analysis to those born before 1890 (OR = 1.5) and
for those age 65 or older (OR = 1.3).

A PCMR study was performed for farmers in 23 states, using occupational
information from death certificates (Blair et al., 1993).  Based on 3,765 deaths
from prostate cancer in white male farmers (total N = 119,648), the PCMR was
significantly increased, at 1.2 (CI 1.1-1.2).  Based on 564 deaths from prostate
cancer in nonwhite male farmers (total N = 11,446), the PCMR was also signifi-
cantly increased at 1.1 (CI 1.1-1.2).  This increased risk for prostate cancer was
observed in 22 of the 23 states studied.

In a large cohort study of Canadian farmers, Morrison et al. (1993) found
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that an increased risk of prostate cancer was associated with herbicide spraying,
and the risk was found to rise with increasing number of acres sprayed.  For the
entire cohort, the relative risk for prostate cancer and spraying at least 250 acres
was 1.2 (CI 1.0-1.5).  Adjustment for potential confounders showed no evidence
of confounding for the association.  Additional analyses were restricted to a one-
third sample of farmers most likely to be exposed to phenoxy herbicides or other
herbicides (RR = 1.3, CI 1.0-1.8 for ≥250 acres sprayed).  To focus on farmers
who were most likely to be exposed to herbicides, additional analyses were
restricted to those with no employees (RR = 1.4, CI 1.0-1.9 for ≥250 acres
sprayed); no customary expenses for assisting in work, which might include
spraying (RR = 1.6, CI 1.1-2.2 for ≥250 acres sprayed); age between 45-69 years
(RR = 1.7, CI 1.1-2.8 for ≥250 acres sprayed); and a combination of the three
restrictions (RR = 2.2, CI 1.3-3.8 for ≥250 acres sprayed).  For each of these
comparisons, a statistical test for trend (increasing risk) over increasing number
of acres sprayed was significant.

Other occupational and environmental studies of prostate cancer generally
have been consistent.  These include studies of chemical production workers in
the United States and other countries (Bond et al., 1983; Lynge, 1985; Coggon et
al., 1986; Zober et al., 1990), agricultural workers (Burmeister, 1981; Wigle et
al., 1990; Ronco et al., 1992), pesticide applicators (Blair, 1983; Swaen et al.,
1992), and paper and pulp workers (Robinson et al., 1986; Henneberger et al.,
1989; Solet et al., 1989).

Cancer mortality was evaluated for employees of two Dutch companies that
produced several chlorophenoxy herbicides; these men were a subgroup of the
IARC Registry (Bueno de Mesquita et al., 1993).  Mortality rates for 963 exposed
and 1,111 nonexposed men were evaluated.  Based on three deaths from prostate
cancer among the exposed men, the SMR was 2.6 (CI 0.5-7.7).

The mortality experience was evaluated for employees of a Monsanto Com-
pany trichlorophenol plant, that had an accidental release of TCDD in 1949
(Collins et al., 1993).  The mortality rates in 754 men with varying degrees of
exposure to TCDD and 4-aminobiphenyl were compared to rates in the local
population.  Based on nine deaths from prostate cancer, the SMR was 1.6 (CI 0.7-
3.0).

An 18-year prospective follow-up of cancer morbidity and mortality for
1,909 Finnish herbicide applicators was reported (Asp et al., 1994).  These em-
ployees had previously been identified as being exposed to 2,4-D and 2,4,5-T for
at least two weeks between 1955 and 1971 (Riihimaki et al., 1982).  The median
total duration of exposure was six weeks.  Based on five deaths from prostate
cancer, the SMR was 0.8 (CI 0.3-1.8).  The SIR was 0.9 (CI 0.1-1.3) based on 6
cases.
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Environmental Studies

Cancer incidence and mortality were described for the Seveso population in
three previous studies (Bertazzi et al., 1989a,b; Pesatori et al., 1992).  Cancer
incidence for the first ten years after exposure to TCDD was thoroughly updated
in the Seveso cohort (Bertazzi et al., 1993).  In Zone A and Zone B (the more
highly exposed areas), 4 cases of prostate cancer were diagnosed, and the relative
risk was 1.4 (0.5-3.9) (Pesatori et al., 1992).  In Zone R (the less exposed area),
based on 16 cases of prostate cancer (Bertazzi et al., 1993), the relative risk was
0.9 (CI 0.5-1.5).

Vietnam Veterans Studies

Studies of prostate cancer among Vietnam veterans or following environ-
mental exposures have not consistently shown an association (Anderson et al.,
1986a,b; Breslin et al., 1988).  However, prostate cancer is generally a disease of
older men, and the risk among Vietnam veterans might not be detectable yet in
epidemiologic studies.

A proportionate mortality study examining causes of death among veterans
on the state of Michigan’s Vietnam-era Bonus list was recently reported
(Visintainer et al., 1995).  The cause-specific mortality rates among 3,364 Viet-
nam veterans were compared with the rates among 5,229 age-matched veterans
who had served elsewhere.  There were 19 deaths from male genital cancer
among the Vietnam veterans (PMR = 1.1, CI 0.6-1.7).  Rates for prostatic cancer
were not reported separately from testicular cancer.

Summary

Most of the agricultural studies indicate some elevation in risk of prostate
cancer.  One large, high-quality study in farmers showed an increased risk, and
subanalyses in this study indicated that the increased risk is specifically associ-
ated with herbicide exposure (Morrison et al., 1993).  In addition, a significantly
increased risk of prostate cancer was observed in both white and nonwhite farm-
ers in another large study (Blair et al., 1993).  The three major studies of produc-
tion workers (Fingerhut et al., 1991; Manz et al., 1991; Saracci et al., 1991)
showed a small, but not statistically significant, elevation in risk.  In the NIOSH
study, the subcohort with at least 20 years latency and at least one year of expo-
sure had a slightly increased risk, (SMR = 1.5, CI 0.7-2.9) (Fingerhut et al. 1991).
Most of the studies used mortality as an outcome, so detection bias is not likely to
explain these results.  It should be noted, however, that most of the associations
are relatively weak (RR < 1.5).  Most Vietnam veterans have not yet reached the
age when this cancer tends to appear.  Results are summarized in Table 7-5.
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TABLE 7-5  Selected Epidemiologic Studies—Prostate Cancer

Exposed Estimated
Reference Study Population Casesa Risk (95% CI)a

Occupational

Cohort studies

Fingerhut et al., 1991 NIOSH cohort    17 1.2 (0.7-2.0)
≥20 year latency, ≥1 year exposure     9 1.5 (0.7-2.9)

Bond et al., 1988 Dow 2,4-D production workers     1 1.0 (0.0-5.8)
Coggon et al., 1986 British MCPA production workers    18 1.3 (0.8-2.1)
Lynge, 1985 Danish production workers     9 0.8
Manz et al., 1991 German production workers     7 1.4 (0.6-2.9)
Zober et al., 1990 BASF production workers     0 — (0-7.5)
Saracci et al., 1991 IARC cohort    30 1.1 (0.8-1.6)
Burmeister, 1981 Iowa farmers 1,138 1.1 (p<.01)
Morrison et al., 1993 Canadian farmers

Age 45-69 years, no employees, or
custom workers, sprayed ≥250 acres    20 2.2 (1.3-3.8)

Ronco et al., 1992 Danish self-employed farm workers   399 0.9 (p<.05)
Wiklund, 1983 Swedish agricultural workers 3,890 1.0 (0.9-1.0)b

Blair, 1983 Florida pesticide applicators     2 0.5
Swaen et al., 1992 Dutch herbicide applicators     1 1.3 (0.0-7.3)
Solet et al., 1989 Paper and pulp workers     4 1.1 (0.3-2.9)
Robinson et al., 1986 Paper and pulp workers    17 1.2 (0.7-2.0)
Henneberger et al., Paper and pulp workers     9 1.0 (0.7-2.0)
1989
Asp et al., 1994 Finnish herbicide applicators     5 0.8 (0.3-1.8)
Bueno de Mesquita Dutch Production Workers     3 2.6 (0.5-7.7)
et al., 1993
Blair et al., 1993 Farmers in 23 states -whites 3,765 1.2 (1.1-1.2)

 -nonwhites   564 1.1 (1.1-1.2)

Collins et al., 1993 Monsanto 2,4-D production workers     9 1.6 (0.7-3.0)

Case-control studies

Burmeister et al., 1983 Iowa residents 1.2 (p<.05)
Alavanja et al., 1988 USDA agricultural extension agents 1.0 (0.7-1.5)
Alavanja et al., 1989 USDA forest conservationists 1.6 (0.9-3.0)

 Soil conservationists 1.0 (0.6-1.8)

Environmental

Bertazzi et al., 1993 Seveso male residents - Zone R   16 0.9 (0.5-1.5)
Pesatori et al., 1992 Seveso male residents - Zones A and B    4 1.4 (0.5-3.9)
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Conclusions

There is limited/suggestive evidence of an association between exposure to
the herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD; cacodylic acid; and
picloram) and prostate cancer.  The evidence regarding association is drawn from
occupational and other studies in which subjects were exposed to a variety of
herbicides and herbicide components.

RENAL, BLADDER, AND TESTICULAR CANCERS

Background

Genitourinary cancers include renal (kidney), bladder, and testicular cancer,
as well as prostate cancer.  Cancers of the female reproductive organs are dis-
cussed in the section on female reproductive cancers.  According to the American
Cancer Society, approximately 50,500 new cases of bladder cancer (ICD-9 188.0-
188.9) and 28,800 new cases of kidney and other urinary cancers (ICD-9 189.0,
189.1) were diagnosed in the United States in 1995, and some 11,200 and 11,700
men and women died of these cancers (ACS, 1995).  These cases are slightly
more common in men than in women.  Unlike breast and cervical cancers, in situ
bladder cancers, as well as invasive cancers, are included in these numbers (Miller
et al., 1992).  According to the committee’s calculations, if veterans have rates
similar to those of the U.S. population, 374 cases of bladder cancer and 307 cases
of renal cancer were expected among male Vietnam veterans and 0.4 and 0.3,
respectively, among female veterans in 1995.  For the year 2000, the expected
numbers are 777 cases of bladder cancer and 497 cases of renal cancer in male
veterans and 0.7 cases and 0.6 cases, respectively, in female veterans.  For tes-

Vietnam veterans

Breslin et al., 1988 Army Vietnam veterans  30 0.9 (0.6-1.2)
Marine Vietnam veterans   5 1.3 (0.2-10.3)

Anderson et al., Wisconsin Vietnam veterans   2 —
1986b
Visintainer et al., Michigan Vietnam veterans  19 1.1 (0.6-1.7)
1995

aGiven when available.
b99% CI.

TABLE 7-5  Continued

Exposed Estimated
Reference Study Population Casesa Risk (95% CI)a
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ticular cancer, 117 cases were expected among male Vietnam veterans in 1995,
and 86 cases are expected in the year 2000.

RENAL CANCER

Summary of VAO

Alavanja et al. (1988, 1989) found excess mortality due to renal cancer in
studies of USDA agricultural extension agents (PMR = 2.0, CI 1.2-3.3) and forest
and soil conservationists (PMR = 2.1, CI 1.2-3.3).  In subsequent case-control
studies of these deaths, comparing “ever” versus “never” being an extension
agent resulted in a relative risk of 1.7 (CI 0.9-3.3).  The relative risk for being a
soil conservationist was 2.4 (CI 1.0-5.9) and for being a forest conservationist
was 1.7 (CI 0.5-5.5).  Other studies of renal cancer have generally produced
inconclusive results, in some cases because of small sample sizes.  These include
studies of chemical production workers in the United States and other countries
(Lynge, 1985; Coggon et al., 1986; Bond et al., 1988;  Fingerhut et al., 1991;
Manz et al., 1991; Saracci et al., 1991), agricultural workers (Burmeister, 1981;
Wiklund, 1983; Ronco et al., 1992), pesticide applicators (Blair, 1983), paper and
pulp workers (Robinson et al., 1986; Henneberger et al., 1989), the Seveso popu-
lation (Pesatori et al., 1992), and Vietnam veterans (Anderson et al., 1986a,b;
Breslin et al., 1988; Kogan and Clapp, 1985, 1988; Clapp et al., 1991).

Update of the Scientific Literature

A PCMR study was performed using death certificate data from male and
female farmers from 23 states (Blair et al., 1993).  Occupational data were coded,
based on information on the death certificates, and nonfarmers in each state were
used as the comparison group.  There were 522 deaths due to renal cancer in
white males, six deaths in white females, 30 deaths in nonwhite males, and six in
nonwhite females.  The PCMR among white males was marginally elevated at
1.1 (CI 1.0-1.2).  The PCMRs among the other three groups were not signifi-
cantly different from 1.0.

A case-control study of occupational risk factors and renal cell carcinoma
included 365 cases identified from the Denmark Cancer Registry and from pa-
thology records and 396 controls selected from the country’s Central Population
Registry (Mellemgaard et al., 1994).  Detailed occupational histories were ob-
tained, including exposure to herbicides and pesticides.  Exposure histories were
only considered positive if exposure had lasted more than one year.  Based on 13
cases, the odds ratio for men for herbicide exposure was 1.7 (CI 0.7-4.3).  Based
on three cases, the odds ratio for herbicide exposure for women was 5.7 (CI 0.6-
5.8).  Because of the wide confidence limits, these data are highly uncertain.

Two other occupational studies reported too few cases of renal cancer to
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provide substantial information on risk (Asp et al., 1994; Bueno de Mesquita et
al., 1993).

Cancer incidence during the first ten years after exposure to TCDD was
investigated in the Seveso cohort (Bertazzi et al., 1993).  There were no cases of
renal cancer diagnosed in Zones A or B, the most heavily exposed areas.  Based
on ten cases of renal cancer in men in Zone R, the least exposed area, the relative
risk was 0.9 (CI 0.4-1.7).  Based on seven cases of renal cancer in women in Zone
R, the relative risk was 1.2 (0.5-2.7).

A PMR study examining causes of death among veterans on the state of
Michigan’s Vietnam-era Bonus list was recently reported (Visintainer et al.,
1995).  This study compared 3,364 Vietnam veterans with 5,229 age-matched
veterans who served elsewhere.  Based on 21 cases of renal cancer among Viet-
nam veterans, the PMR was 1.4 (0.9-2.2).

Summary

The studies reviewed since the publication of VAO indicate marginally posi-
tive results.  They are not, however, significant enough to suggest any change in
the committee’s view that there is inadequate or insufficient evidence to deter-
mine whether an association exists between exposure to herbicides and renal
cancer.

Conclusions

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides (2,4-D, 2,4,5-T and its contami-
nant, TCDD; cacodylic acid; and picloram) and renal cancer.  The evidence
regarding association is drawn from occupational and other studies in which
subjects were exposed to a variety of herbicides and herbicide components.

BLADDER CANCER

Summary of VAO

For bladder cancer, Fingerhut et al. (1991) found a small excess in mortality
in their study of chemical production workers exposed to TCDD.  In the total
cohort of 5,172 workers, there was an SMR of 1.6 (CI 0.7-3.0), based on nine
cases. In workers with at least one year of employment and 20 years latency,
there were four cases (SMR = 1.9, CI 0.5-4.8).  Other studies of bladder cancer
have produced inconclusive results.  Occupational studies include studies of
chemical production workers in the United States and other countries (Moses et
al., 1984; Suskind and Hertzberg, 1984; Bond et al., 1988; Zober et al., 1990;
Saracci et al., 1991), agricultural and forestry workers (Burmeister, 1981;
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Alavanja et al., 1988, 1989; Green, 1991; Ronco et al., 1992), pesticide applica-
tors (Blair, 1983), and paper and pulp workers (Robinson et al., 1986;
Henneberger et al., 1989).  Environmental studies of bladder cancer and herbi-
cide or TCDD exposure include the Pesatori et al. (1992) study of Seveso resi-
dents and the Lampi et al. (1992) study of a Finnish community exposed to
chlorophenols.  Studies in Vietnam veterans examining bladder cancer include
the Breslin et al. (1988) study of Army and Marine Corps Vietnam veterans and
a study of veterans in Wisconsin  (Anderson et al., 1986a,b).  On the basis of this
evidence, the committee concluded in VAO that there was limited/suggestive
evidence of no association between exposure to herbicides and urinary bladder
cancer.

Update of the Scientific Literature

As a subgroup of the IARC cohort, a cohort of workers was identified who
manufactured chlorophenoxy herbicides in two factories in the Netherlands
(Bueno de Mesquita et al., 1993).  Among 963 exposed male workers, there was
only one case of bladder cancer (SMR = 1.2, CI 0.0-6.7).

The mortality experience of 754 male production workers at a Monsanto
Company plant was evaluated (Collins et al., 1993).  One hundred and twenty-
two of these workers had developed chloracne as a result of an accidental release
of TCDD in 1949.  Many of the employees studied were also exposed to 4-
aminobiphenyl, a known bladder carcinogen.  Based on 16 deaths due to bladder
cancer, the SMR was 6.8 (CI 3.9-11.1).  Eleven of these cases had documented
exposure to 4-aminobiphenyl; therefore, TCDD exposure was not the primary
suspected risk factor for them.  The SMR was not significantly elevated for the
other five cases non exposed to 4-aminobiphenyl.

An 18-year follow-up study of cancer incidence and mortality in 1,909 Finn-
ish herbicide applicators was reported (Asp et al., 1994).  These employees had
previously been identified as having exposure to 2,4-D and 2,4,5-T (Riihimaki et
al., 1982).  The median total exposure to herbicides was six weeks.  Based on 12
cases of bladder cancer, the SIR was 1.6 (CI 0.8-2.8).

In the United States, a PCMR study was performed for farmers in 23 states,
using occupational information from death certificates (Blair et al., 1993).  The
number of bladder cancer cases among four subgroups of farmers were: 733
among white males, four among white females, 47 among nonwhite males, and
three among nonwhite females.  None of the four PCMR was not elevated.  For
example, the PCMR for white males was 0.9 (CI 0.9-1.0).  Because of the large
sample sizes, the confidence intervals were relatively narrow.

The cancer incidence for the first ten years after potential TCDD exposure
was reported for the population in Seveso (Bertazzi et al., 1993).  In Zone A,
there were two and zero bladder cancers diagnosed in men and women, respec-
tively.  In Zone B, there were eight and one bladder cancers diagnosed in men and
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women, respectively.  In Zone R, the least contaminated area, there were 39 and
four bladder cancers diagnosed in men and women, respectively.  None of these
subgroups demonstrated a significant increase in relative risk.  These results are
very similar to the previous reports on bladder cancer incidence and mortality in
the Seveso population (Bertazzi et al., 1989 a,b; Pesatori et al., 1992).

Summary

The additional evidence since publication of VAO does not warrant changing
the conclusion on bladder cancer and herbicide exposure.

Conclusions

There is limited/suggestive evidence of no association between exposure to
the herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD; cacodylic acid; and
picloram) and urinary bladder cancer.  The evidence regarding association is
drawn from occupational and other studies in which subjects were exposed to a
variety of herbicides and herbicide components.

TESTICULAR CANCER

Summary of VAO

A case-control study of 137 testicular cancer cases and 130 hospital controls
(Tarone et al., 1991) found an odds ratio of 2.3 (CI 1.0-5.5) for service in Viet-
nam.  Risk for testicular cancer was not significantly elevated by service branch.
In general, the other veteran studies and most of the occupational and environ-
mental studies have shown no association between exposure and outcome, but
the sample size of some of these studies may have been too small to detect an
elevated risk.  Other studies of testicular cancer have generally been inconsistent.
These include studies of chemical production workers in the United States and
other countries (Bond et al., 1988; Saracci et al., 1991), agricultural workers
(Wiklund, 1983; Ronco et al., 1992), residents of Seveso (Pesatori et al., 1992),
and Vietnam veterans (Anderson et al., 1986a,b; Boyle et al., 1987; Breslin et al.,
1988; Watanabe et al., 1991).

Update of the Scientific Literature

A PCMR study was performed for farmers in 23 states, using occupational
information from death certificates (Blair et al., 1993).  Based on 32 deaths from
testicular cancer in white male farmers, the PCMR was 0.8 (CI 0.6-1.2).  Based
on six deaths from testicular cancer in nonwhite male farmers, the PCMR was 1.3
(CI 0.5-2.9).
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Cancer incidence during the first ten years after exposure to TCDD was
investigated in the Seveso cohort (Bertazzi et al., 1993).  There were zero and one
cases (nonsignificant) of testicular cancer in Zone A and B, respectively.  There
were nine male cases in Zone R, the least contaminated area (RR = 1.4, CI 0.7-
3.0).

A recent case-control study investigated the association between potential
Agent Orange exposure and the risk of testicular cancer (Bullman et al., 1994).
The subjects were chosen from the DVA’s Agent Orange Registry; by definition,
all of them were Vietnam veterans.  This included 97 veterans with testicular
cancer and 311 veterans with no clinical diagnosis recorded on the registry.  Risk
of testicular cancer was not significantly increased for ground troops, for combat
duty, for service in the III Corps area (a heavily sprayed area), or for being close
to other areas where Agent Orange was sprayed.  Only Navy veterans had a
statistically significant increased risk of testicular cancer (OR = 2.6, CI 1.1-6.2),
based on 12 cases among 27 Navy veterans.  Only one of these 27 Navy veterans
served in the “brown water” Navy and may have had Agent Orange exposure due
to spraying of riverbanks.

Summary

The new scientific evidence does not warrant changing the conclusions of
VAO on testicular cancer and herbicide exposure.

Conclusions

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between the herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD;
cacodylic acid; and picloram) and testicular cancer.  The evidence regarding
association is drawn from occupational and other studies in which subjects were
exposed to a variety of herbicides and herbicide components.

BRAIN TUMORS

Background

According to the American Cancer Society, approximately 17,200 new cases
of brain and other nervous system cancers (ICD-9 191.0-191.9, 192.0-192.3,
192.8-192.9) were diagnosed in the United States in 1995, and some 13,300
persons died of these cancers (ACS, 1995).  These cancers are slightly more
common in men than in women.  According to the committee’s calculations,
assuming that veterans have the same cancer rates as those in the general U.S.
population, 226 cases of cancers of brain and nervous system were expected
among male Vietnam veterans and 0.4 among female veterans in 1995.  For the
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year 2000, the expected numbers are 268 cases in male veterans and 0.4 cases in
female veterans.

Summary of VAO

A case-control study of gliomas and occupational exposure to chemical car-
cinogens was conducted in Italy (Musicco et al., 1988).  Farmers had an increased
risk of gliomas (RR = 1.6, CI 1.1-2.4) compared to all controls; this was found to
be associated with the farmers’ use of chemicals, including insecticides and
herbicides.  Another occupational study (Alavanja et al., 1988) found a PMR of
2.1 (CI 1.2-3.7) among USDA agricultural extension agents.  A subsequent case-
control analysis comparing “ever” versus “never” being an extension agent re-
sulted in an OR of 1.0 (CI 0.4-2.4).  A study of Wisconsin veterans (Anderson et
al., 1986a) showed an excess risk (RR = 1.6, CI 0.9-2.7).  On the other hand, no
excess risk of central nervous system tumors has been found among other occu-
pational groups or in other studies.

Other relevant reports on brain cancers included studies of chemical produc-
tion workers in the United States and other countries (Lynge, 1985; Coggon et al.,
1986; Bond et al., 1988; Fingerhut et al., 1991; Saracci et al., 1991), agricultural
workers (Burmeister, 1981; Wigle et al., 1990; Morrison et al., 1992; Ronco et
al., 1992), pesticide applicators (Blair, 1983; Swaen et al., 1992), paper and pulp
workers (Robinson et al., 1986; Henneberger et al., 1989), the Seveso population
(Bertazzi et al., 1989a,b; Pesatori et al., 1992), and Vietnam veterans (Lawrence
et al., 1985; Anderson et al., 1986a,b; Boyle et al., 1987; Breslin et al., 1988;
Thomas and Kang, 1990).

The only epidemiological study in VAO that had quantitative exposure mea-
surements on serum TCDD levels was the NIOSH study of occupational workers,
who had an estimated mean maximum TCDD level of 1,434 ppt (Fingerhut et al.,
1991).  Five deaths from brain cancer were observed, compared to an expected
number of 7.3 deaths. For workers with more than 20 years latency, two such
deaths were observed, compared to an expected number of 3.2.

Update of the Scientific Literature

Since VAO, a number of new studies on brain cancer have been published.  A
PCMR study was performed for farmers in 23 states, using occupational informa-
tion from death certificates (Blair et al., 1993).  No information on individual
exposures to herbicides was available.  Based on 447 deaths due to brain cancer
in white male farmers, the PCMR was marginally increased at 1.2 (CI 1.1-1.3).
Based on much smaller numbers of brain cancer deaths, the rates were not el-
evated in other race and gender groups.

In Finland, an 18-year prospective follow-up of cancer morbidity and mor-
tality for 1,909 herbicide applicators was reported (Asp et al., 1994).  These
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employees had previously been identified as being exposed to 2,4-D and 2,4,5-T
for at least two weeks between 1955 and 1971 (Riihimaki et al., 1982).  The
median total duration of exposure was six weeks.  Based on three deaths from
brain cancer and eye cancer combined, the SMR was 1.2 (CI 0.3-3.6).

A cohort study of cancer mortality in Ireland was performed using occupa-
tion information on death certificates from the years 1971 to 1987 (Dean, 1994).
There were 195 and 72 deaths due to brain cancer among men and women in
farming occupations, respectively.  These numbers were significantly less than
the 226.1 and 90.5 deaths expected in men and women due to brain cancer.  No
specific information on herbicide use was available.

The cancer incidence for the first ten years after potential TCDD exposure
was recently published for the Seveso population (Bertazzi et al., 1993).  No
cases of brain cancer were diagnosed among residents of the more highly con-
taminated areas (Zones A and B).  In the less contaminated area, Zone R, six
cases of brain cancer occurred in men (RR = 0.6, CI 0.3-1.4); and six cases of
brain cancer occurred in women (RR = 1.4, CI 0.6-3.4).

A PMR study examining causes of death among veterans on the state of
Michigan’s Vietnam-era Bonus list was recently published (Visintainer et al.,
1995).  The mortality rates among 3,364 Vietnam veterans were compared with
the rates among 5,229 veterans who served elsewhere.  Based on 36 deaths due to
brain cancer, the PMR was 1.1 (CI 0.8-1.5).  There was no information on
documented herbicide exposure among the Vietnam veterans.

The cancer mortality rates in 4,586 female Vietnam veterans were compared
to the rates in 5,325 female veterans who served elsewhere (Dalager et al., 1995).
More than 80 percent of the Vietnam veterans were nurses, so their exposure to
herbicides was probably low.  Based on four cases of brain cancer, the SMR was
1.4 (CI 0.4-3.7).

Summary

Although the number of cases of brain tumors is small in many studies, it is
apparent that the risks associated with herbicide exposure are fairly evenly dis-
tributed around the null, and the confidence intervals are relatively narrow.

Conclusions

There is limited/suggestive evidence of no association between exposure to
the  herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD; cacodylic acid; and
picloram) and brain tumors.  The evidence regarding association is drawn from
occupational and other studies in which subjects were exposed to a variety of
herbicides and herbicide components.
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MALIGNANT LYMPHOMAS AND MYELOMA

Background

According to the American Cancer Society, approximately 60,900 new cases
of lymphomas and myelomas were diagnosed in the United States in 1992, and
30,100 persons died from these cancers.  These diseases are slightly more com-
mon in men than women.  According to the committee’s calculations, assuming
that veterans have the same cancer rates as those in the general U.S. population,
94 new cases of Hodgkin’s disease (HD), 380 new cases of non-Hodgkin’s lym-
phoma (NHL), and 57 new cases of multiple myeloma (MM) were expected
among male Vietnam veterans in 1995.  Among women Vietnam veterans, a total
of 0.8 of all these cancers were expected in 1995.  For the year 2000, 109, 494,
and 133 cases, respectively, are expected in male veterans and a total of 1.1 cases
in female veterans.

NON-HODGKIN’S LYMPHOMA

Summary of VAO

Non-Hodgkin’s lymphoma includes a group of malignant lymphomas—that
is, neoplasms derived from lymphoreticular cells in lymph nodes, bone marrow,
spleen, liver, or other sites in the body.  One large, well-conducted case-control
study in Sweden by Hardell et al. (1981) examined NHL and Hodgkin’s disease
together and found an odds ratio of 6.0 (CI 3.7-9.7) for exposure to phenoxy acids
or chlorophenols, based on 105 cases.  These results were replicated in further
investigations of the validity of exposure assessment and other potential biases
(Hardell, 1981).  A more recent case-control study by Persson et al. (1989)
showed increased risk for NHL in those exposed to phenoxy acids (OR = 4.9, CI
1.0-27.0), based on a logistic regression analysis of 106 cases.  Other studies of
farmers and agricultural workers are generally positive for an association be-
tween NHL and herbicides/TCDD; however, only some are statistically signifi-
cant.  All of the studies of U.S. agricultural workers reviewed showed elevated
relative risks (although none was significant), and two National Cancer Institute
studies of farmers in Kansas and Nebraska (Hoar et al., 1986; Zahm et al., 1990)
show patterns of increased risk linked to use of 2,4-D.  The CDC Selected
Cancers Study found an increased risk of NHL in association with service in
Vietnam; other studies of veterans, generally with small sample sizes, are consis-
tent with an association.  In contrast, studies of production workers—including
the largest, most heavily exposed cohorts (Fingerhut et al., 1991; Saracci et al.,
1991; Zober et al., 1990; Manz et al., 1991)—indicate no increased risk.  Thus,
unlike most of the other cancers studied in VAO the data did not distinguish
between the effects of herbicides and TCDD; rather the data suggested that the
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phenoxy herbicides (including 2,4-D) rather than TCDD may be associated with
non-Hodgkin’s lymphomas.

Update of the Scientific Literature

Occupational Studies

Production Studies Mortality from malignant lymphomas was examined
in the IARC registry, which included 18,390 production workers or sprayers from
10 countries (Kogevinas et al., 1992).  Exposure to chlorophenoxy herbicides and
chlorophenols was evaluated from job histories and company records.  Mortality
from NHL among 13,898 workers who were classified as exposed or probably
exposed to these chemicals was not elevated, based on 11 deaths (SMR = 1.0, CI
0.5-1.7).  No difference in risk was seen in relation to potential exposure to
TCDD, based on history of exposure to 2,4,5-T or 2,4,5-trichlorophenol.

A nested case-control study of 32 cases of NHL and 158 controls was per-
formed, using the IARC registry (Kogevinas et al., 1995), which at the time
contained information on 21,183 workers in 11 countries.  Exposure to 21 chemi-
cals or mixtures was estimated by industrial hygienists who evaluated individual
job histories.  None of the exposures was significantly associated with an in-
creased risk of NHL, but there was a threefold increased risk in subjects with
medium or high exposure to 2,4,5-T or TCDD.  The odds ratio was 1.9 for any
exposure to 2,4,5-T (CI 0.7-4.8) and 1.9 for any exposure to TCDD (CI 0.7-5.1).
These results run counter to the trend discussed in VAO that suggested that 2,4-D
rather than TCDD may be associated with NHL.

Two other studies focused on subgroups of production workers in the IARC
registry.  In the Netherlands, Bueno de Mesquita and colleagues (1993) demon-
strated a nonsignificant increased risk of NHL among workers exposed to herbi-
cides based on 2 deaths (SMR = 3.0, CI 0.4-10.8).  In Denmark, Lynge (1993)
found an increased but nonsignificant risk of NHL among male workers exposed
to herbicides based on 10 incident cases (SIR = 1.7, CI 0.5-4.5), but no increase
when men and women are combined (figures not given).  Similarly, an update of
mortality among 878 Dow Chemical workers exposed to 2,4-D demonstrated a
nonsignificant increased risk of NHL, based on 2 cases (SMR = 2.0; CI 0.2-7.1)
(Bloemen et al., 1993).  All of these studies were limited by low statistical power.

Agricultural/Forestry Workers The mortality experience from NHL was
recently evaluated for 155,547 male farm operators in Saskatchewan, Manitoba,
and Alberta (Morrison et al., 1994).  Overall, the observed number of deaths from
NHL was significantly lower than expected (SMR = 0.8, CI 0.7-0.9).  There was
no association between the number of acres sprayed with herbicides in 1970 and
the relative risk of NHL.  For farm operators who lived on the same farm in both
1971 and 1981, an increased risk of NHL mortality was associated with the
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number of acres sprayed with herbicides in 1970.  The relative risk for the highest
quartile of acres sprayed, 380 acres or more, was 2.1 (CI 1.1-3.9).  The relative
risk for the highest quartile of spraying for both 1970 and 1980, relative to
farmers who reported no herbicide spraying in either 1970 or 1980, was 3.0 (CI
1.1-8.1).  Because this was a cohort study and the health and agricultural data
were collected by separate agencies, the risk of recall bias on the use of herbi-
cides was reduced.

In the United States, a PCMR study was performed for farmers in 23 states,
using occupational information from death certificates (Blair et al., 1993).  Based
on 843 deaths from NHL in white male farmers, the PCMR was significantly
increased, at 1.2 (CI 1.1-1.3).  Twenty states had two or more deaths from NHL;
15 of these states, a statistically significant proportion, had PCMRs greater than
1.0.  The numbers of deaths due to NHL were small and did not significantly
increase in other race and gender subgroups.

A cohort study of cancer mortality in Ireland was performed using occupa-
tional information on death certificates from the years 1971 to 1987 (Dean,
1994).  Among men in farming occupations, there were 244 deaths due to all
lymphomas combined, a significantly decreased risk compared to the 265.7 deaths
expected.  Among women in farming occupations, there were 84 deaths from all
lymphomas, compared to 88.9 expected.

An 18-year follow-up study of cancer incidence in 1,909 Finnish herbicide
applicators was recently reported (Asp et al., 1994).  The median total duration of
exposure to herbicides, including 2,4-D and 2,4,5-T, was six weeks.  There was
only one case of NHL diagnosed (SIR = 0.4, CI 0.0-2.0).

A recent Swedish case-control study compared the occupational histories of
93 men who were diagnosed with NHL between 1975 and 1984 with 204 male
control subjects (Persson et al., 1993).  Based on ten cases and 14 controls,
logistic regression analysis revealed an odds ratio of 2.3 for a history of exposure
to phenoxy herbicides for at least one year (90 percent CI 0.7-7.2).  Work as a
lumberjack was significantly associated with the risk of NHL (OR = 6.0, 90
percent CI 1.1-31.0), but there was no association with exposure to chlorophenols
or creosote, which are used as wood preservatives.

Another Swedish case-control study compared the occupational histories of
105 cases who were diagnosed with NHL between 1974 and 1978 with 335
control subjects (Hardell et al., 1994).  Previously published data (Hardell et al.
1981) that had combined both types of lymphomas was reanalyzed by removal of
the data on Hodgkin’s disease.  Exposure to phenoxyacetic acids was reported by
25 cases and 24 controls (OR = 5.5, CI 2.7-11.0).  Most of these 49 individuals
had been exposed to a combination of 2,4-D and 2,4,5-T.  Thirty-five cases and
35 controls reported exposure to chlorophenols (OR = 4.8, CI 2.7-8.8).  An
increased risk due to exposure to either class of chemical was found for all
histological subtypes of NHL, according to the Rappaport classification.

A population-based case control study conducted in eastern Nebraska com-
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pared the occupational histories of 184 women diagnosed with NHL with 707
control subjects (Zahm et al., 1993).  The risk of NHL was not increased in
women who had ever lived or worked on a farm (OR = 1.0, CI 0.7-1.4).  No class
of herbicide, whether used on the farm or personally handled, was associated
with a significantly increased risk of NHL.  Only a few women, however, re-
ported personally handling herbicides (four cases and 11 controls).

Environmental Studies

Cancer incidence during the first ten years after potential exposure to TCDD
was investigated in the Seveso cohort (Bertazzi et al., 1993).  No cases of NHL
were found in the most heavily exposed population residing in Zone A; only 0.4
cases were expected.  For women in Zone B, the relative risk of NHL was 0.9 (CI
0.1-6.4), based on one case.  For men in Zone B, the corresponding relative risk
was 2.3 (CI 0.7-7.4), based on three cases.  Larger numbers of cases were found
in the lower-exposed and much larger Zone R population.  Relative risks for NHL
were 1.2 (CI 0.6-2.3) in women, based on ten cases,  and 1.3 (CI 0.7-2.5) in men,
based on 12 cases.

Vietnam Veterans Studies

A PMR study that examined the causes of death among veterans on the state
of Michigan’s Vietnam-era Bonus list was recently published (Visintainer et al.,
1995).  The mortality rates of 3,364 Vietnam veterans were compared to the
mortality rates of 5,229 veterans who served elsewhere.  No data were available
to identify whether individual veterans had been exposed to herbicides.  Based on
32 deaths from NHL, the PMR was significantly increased, at 1.5 (CI 1.0-2.1).

Summary

The recent scientific literature continues to support the conclusion that there
is a positive association between exposure to herbicides and non-Hodgkin’s lym-
phoma.

Conclusions

Evidence is sufficient to conclude that there is a positive association between
exposure to the herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD; cacodylic
acid; and picloram) and non-Hodgkin’s lymphoma.  The evidence regarding
association is drawn from occupational and other studies in which subjects were
exposed to a variety of herbicides and herbicide components.
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HODGKIN’S DISEASE

Summary of VAO

Hodgkin’s disease, also a malignant lymphoma, is a neoplastic disease char-
acterized by painless, progressive enlargement of lymph nodes, spleen, and gen-
eral lymphoid tissues.  Fewer studies have been conducted of HD in relation to
exposure to herbicides or TCDD than have been conducted of soft-tissue sarcoma
or non-Hodgkin’s lymphoma, but the pattern of results is strikingly consistent.
The 60 HD cases in the study by Hardell et al. (1981) were later examined by
Hardell and Bengtsson (1983), who found odds ratios of 2.4 (CI 0.9-6.5) for low-
grade exposure to chlorophenols and 6.5 (CI 2.7-19.0) for high-grade exposures.
The study by Persson et al. (1989) of 54 HD cases showed a large, but not
statistically significant, OR of 3.8 (CI 0.5-35.2) for exposure to phenoxy acids.
Furthermore, nearly all of the 13 case-control and agricultural worker studies
show increased risk for HD, although only a few of these results are statistically
significant for HD.  As with NHL, even the largest studies of production workers
exposed to TCDD do not indicate an increased risk.  The few studies of HD in
Vietnam veterans tend to show elevated risks; all but one are statistically insig-
nificant.

Update of the Scientific Literature

Occupational Studies

Mortality from malignant lymphomas was examined in the IARC registry,
which included 18,390 production workers or sprayers from ten countries
(Kogevinas et al., 1992).  Among the 13,898 workers classified as exposed or
probably exposed to chlorophenoxy herbicides or chlorophenols, there were three
deaths from HD (SMR = 0.6, CI 0.1-1.7).  One of these deaths occurred in a
female employee (Kogevinas et al., 1993).

In the United States, a PCMR study was performed for farmers in 23 states,
using occupational information from death certificates (Blair et al., 1993).  Based
on 56 deaths due to HD among white male farmers, the PCMR was 1.0 (CI 0.8-
1.3).  The numbers of deaths due to HD were very small and nonsignificant for
the other race and gender subgroups.

An 18-year follow-up study of cancer incidence in 1,909 Finnish herbicide
applicators was recently reported (Asp et al., 1994).  The median total duration of
exposure to herbicides, including 2,4-D and 2,4,5-T, was six weeks.  Two cases
of HD were diagnosed (SIR = 1.7, CI 0.2-6.0).

A recent Swedish-case control study compared the occupational histories of
31 men who were diagnosed with HD with 204 male control subjects (Persson et
al., 1993).  Five cases and 14 controls reported a history of at least one year of
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exposure to phenoxy herbicides, which yielded a significantly increased adjusted
odds ratio of 7.4 (90 percent CI 1.4-40.0).

Environmental Studies

Cancer incidence during the first ten years after exposure to TCDD was
investigated in the Seveso cohort (Bertazzi et al., 1993).  No HD cases were
reported among residents in Zone A, which was the most heavily contaminated
but had the smallest population.  Among women in Zone B, one HD case oc-
curred (RR = 2.1, CI 0.3-15.7); among men in Zone B, one HD case occurred (RR
= 1.7, CI 0.2-12.8).  Among women residents of Zone R, the zone with the lowest
exposure, three cases of HD occurred (RR = 1.0, CI 0.3-3.2); there were four
cases in men (RR = 1.1, CI 0.4-3.1).  This study, which has one of the highest
documented human exposures to TCDD, is limited by the relatively small size of
the population in Zone A and by a short period of follow-up.

Vietnam Veterans Studies

A recent PMR study examined the causes of death among veterans on the
state of Michigan’s Vietnam-era bonus list (Visintainer et al., 1995).  The mortal-
ity rates were compared between 3,364 Vietnam veterans and 5,229 veterans who
served elsewhere.  No data were available to identify whether individual veterans
had been exposed to herbicides.  Based on 20 deaths from HD, the PMR was not
significantly elevated, at 1.1 (CI 0.7-1.8).

Summary

The recent scientific evidence continues to support the conclusions of a
positive association between exposure to herbicides and Hodgkin’s disease.

Conclusions

Evidence is sufficient to conclude that there is a positive association between
exposure to the herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD; cacodylic
acid; and picloram) and Hodgkin’s disease.  The evidence regarding association
is drawn from occupational and other studies in which subjects were exposed to
a variety of herbicides and herbicide components.

MULTIPLE MYELOMA

Background

Because VAO classified multiple myeloma in the category of limited/sug-
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gested evidence of an association with exposure to herbicides, this discussion
integrates the studies reviewed in VAO with those published more recently.

Multiple myeloma (MM) is characterized by proliferation of bone marrow
stem cells that results in an excess of neoplastic plasma cells and the production
of excess abnormal proteins, usually immunoglobulins.  Identification of these
proteins in the blood or urine (especially Bence-Jones protein) represents the best
diagnostic feature of this disease.  Multifocal aggregates of plasma cells in bone
result in destructive “punched-out” bone lesions.  Renal deposits of myeloma
cells (interstitial infiltrates) occur in about 75 percent of cases.

The incidence of MM has changed little since 1973.  The incidence is very
low in people under age 40.  Incidence reaches a peak at age 70 and older.
Mortality rates have shown a small but steady increase of about 1.5 percent per
year.  Rates for blacks are about twice those for whites.  Risk factors for MM
remain unclear.  Links to exposure to ionizing radiation have been suggested by
studies of Japanese atomic bomb survivors (Higami et al., 1990), U.S. radiolo-
gists (Matanoski et al., 1975), and workers who made radium dials in watches
(Stebbings et al., 1984).  Increases in MM deaths have also been seen in those
engaged in farming and agricultural work and in cases of nonspecific occupa-
tional exposure to metals, rubber, leather, paint, and petroleum (Riedel et al.,
1991).  The evidence for an association with immune suppressive diseases is
mixed.  One new study indicates an increased risk in association with such
conditions as allergies, rheumatoid arthritis, and rheumatic fever (Riedel et al.,
1991).  This study also suggests that genetic factors may be involved (Riedel et
al., 1991).

Epidemiologic Studies

A substantial number of studies have investigated associations between mul-
tiple myeloma and occupation or exposure to specific agents.  Many of these
studies have found an association with farming.  Unfortunately, most such studies
did not further investigate specific farm exposures.  Among those studies that did,
an association with herbicide use, exceeding that of the category of farming, was
found in some but not all cases.

Occupational Studies

Production Workers Two studies dominate the data on the exposure of pro-
duction workers to phenoxy acids and TCDD: a study by Fingerhut et al. (1991)
in the United States and a study by Saracci et al. (1991) elsewhere.  In the U.S.
cohort (Fingerhut et al., 1991), 1,052 deaths occurred, five of which were due to
MM; 3.0 deaths were expected (SMR = 1.6, CI 0.5-3.9).  Three deaths occurred
in the group with 20 years or more latency and with more than one year of
exposure, yielding an SMR of 2.6 (CI 0.5-7.7).  No MM deaths occurred in a

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


238 VETERANS AND AGENT ORANGE:  UPDATE 1996

separate study by Bond et al. (1988) of 878 2,4-D production workers at a Dow
Chemical Company plant.  The expected number of MM deaths, however, would
have been less than 0.4.

Four MM deaths were reported in the Saracci et al. (1991) analysis of non-
U.S. cohorts of workers engaged in the production and spraying of phenoxy
herbicides or of compounds contaminated with TCDD.  The SMR was 0.7 (CI
0.2-1.8).  However, data on two of the 20 cohorts, comprising 3,544 of the 13,482
workers studied by Saracci et al., were published separately by Coggon et al.
(1986).  For this work force that manufactured or sprayed the phenoxy herbicide
MCPA, Coggon and colleagues listed 5 deaths from MM, compared to 3.1 ex-
pected.  One of these deaths was for an individual with only background expo-
sure.  The overall SMR was 1.6 (CI 0.5-3.8).  The SMR for greater than 10 years
latency was 2.3 and for the longest duration category, more than six months
exposure, the SMR was 2.7.  The apparent absence of MM deaths in the remain-
der of the Saracci group has no immediate explanation but may reflect a long
latency for a cancer that occurs most commonly among the elderly (age 70 or
older).  Lynge (1993) found an increased risk of MM (SMR = 12.5, CI 0.6-45.1)
among the women in a Danish cohort of production workers in the IARC registry,
but there were no cases of MM among men.  The observed elevated risk among
women cannot be put into context because the expected number of cases for the
entire cohort (men in particular) is not reported.

No MM deaths were observed in a group of workers exposed to TCDD from
an accident that occurred in a BASF plant (Zober et al., 1990).  However, fewer
than 0.2 would be expected.  A group of phenoxy herbicide production workers in
the Netherlands was studied by Bueno de Mesquita et al. (1993).  No MM deaths
were observed; 0.8 was expected.

Summary of Production Worker Studies There is some limited evidence
in the Fingerhut and colleagues (1991) study of a relationship between exposure
to TCDD and development of MM, which is not present in the Saracci et al.
(1991) study.  However, only seven or eight deaths from MM are known to have
occurred among all U.S. and foreign chemical production workers.  Further,
uncertainties regarding exposure to TCDD exist in the study of Saracci and
colleagues.

Agricultural/Forestry Workers Table 7-6 summarizes the principal results of
studies of MM and agricultural and forestry workers.

Multiple myeloma was investigated in analyses of the mortality of USDA
forest and soil conservationists (Alavanja et al., 1989).  The analyses produced a
PMR of 1.3 (CI 0.5-2.8).  There was a nonsignificant trend in increased risk of
MM associated with duration of work as a conservationist.  A similar analysis
was conducted by Alavanja et al. (1988) of USDA agricultural extension agents,
but the uncertainty introduced by other possible MM farm-related risk factors
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would apply; other potentially confounding risk factors are less likely with the
forestry/soil conservationists.

Among studies of farming populations potentially exposed to herbicides was
a nested case-control analysis of MM among subjects enrolled in the prospective,
nationwide Cancer Prevention Study of the American Cancer Society (Boffetta et
al., 1989).  From an analysis of 282 MM cases and 1,128 controls, an odds ratio
of 2.1 (CI 1.0-4.2) was obtained for any exposure to pesticides and herbicides.
For herbicide use among farmers, the odds ratio was 4.3 (CI 1.7-10.9); farmers
reporting no exposure to herbicides or pesticides had an odds ratio of 1.7 (CI 0.8-
4.0).  A logistic regression analysis with six occupations and 15 risk factors
produced an odds ratio of 1.6 (CI 0.7-3.7) for herbicides/pesticides.

Burmeister (1981) found an increased SMR of 1.5 (p < .01) and an increased
PMR of 1.3 (p < .01) among white male farmers in Iowa.  The PMR for deaths
among these under age 65 was substantially greater than for those 65 or older (1.7
versus 1.2).  This difference might be due to such factors as a greater exposure of
younger farmers to carcinogenic agents and a “healthy worker effect” for nonma-
lignant deaths among younger farmers.  In an extension of this study, a case-
control analysis was undertaken (Burmeister et al., 1983), using other causes of
death, to evaluate the effect of herbicide usage.  The overall odds ratio for farmers
with MM was 1.5.  The results showed odds ratios of 1.8, 2.7, and 2.4, respec-
tively, for deaths of farmers born before 1890, from 1890 to 1900, and after 1900
in the 33 counties with highest herbicide use.  The odds ratios for birth cohorts
from 1890 to 1900 and after 1900 were statistically significant and lend support
to an herbicide-related association, because younger farmers are more likely to
have used herbicides than older farmers.  Analyses also showed significantly
increased odds ratios for counties that have high levels of egg-laying chickens,
hog production, and insecticide use.

Among the more recent studies reviewed, Brown et al. (1993) is of particular
importance.  It is a case-control study of farm herbicide and pesticide use in Iowa.
The area had been studied previously by Burmeister et al. (1981, 1983), but these
studies lacked information on individual usage of specific pesticides.  The newer
study, which compared 173 white males who had been diagnosed with MM with
650 controls, found a relative risk of only 1.2 (CI 0.8-1.7) for farmers who
reported using either herbicides or pesticides.  This is to be compared with the
earlier study by Burmeister et al. that found risks for farmers of 1.8 to 2.7, based
on data from the counties with highest herbicide usage.  Analyses by specific
types of herbicides did not reveal any of them to be associated with a significantly
increased risk of MM.  A negative correlation was observed between MM risk
and number of years farmed.

Cantor and Blair (1984) investigated the association of MM with farming
and herbicide use in Wisconsin.  Farmers had an odds ratio of 1.4 (CI 1.0-1.8)
compared with nonfarmers. Among the 15 counties in which herbicides were
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TABLE 7-6 Selected Epidemiologic Studies—Multiple Myeloma

Exposed Estimated
Reference Study Population Casesa Risk (95% CI)a

Occupational

Cohort studies
Fingerhut et al., 1991 NIOSH cohort   5 1.6 (0.5-3.9)

20 years latency, 1+ years exposure   3 2.6 (0.5-7.7)
Saracci et al., 1991 IARC cohort   4 0.7 (0.2-1.8)
Alavanja et al., 1989 USDA forest/soil conservationists 1.3 (0.5-2.8)
Swaen et al., 1992 Dutch herbicide applicators   3 8.2 (1.6-23.8)
Asp et al., 1994 Finnish herbicide applicators   3 2.6 (0.5-7.7)
Semenciw et al., 1993 Farmers in Canadian prairie provinces 160 0.8 (0.7-1.0)
Dean, 1994 Irish farmers 170 1.0
Lynge, 1993 Danish production workers

Male   0 —
Female   2 12.5 (1.5-45.1)

Blair et al., 1993 Farmers from twenty-three states
White males 413 1.2 (1.0-1.3)
White females  14 1.8 (1.0-3.0)
Non-white males  51 0.9 (0.7-1.2)
Non-white females  11 1.1 (0.6-2.0)

Farmers in central US states
White males 233 1.2
White females  12 2.6

Case-control studies

Boffetta et al., 1989 ACS Prevention Study II subjects  12 2.1 (1.0-4.2)
Farmers using herbicides or pesticides   8 4.3 (1.7-10.9)

Burmeister et al., Iowa residents
1983 Farmers in counties with highest

herbicide usage
Born 1890-1900 2.7 (p<.05)
Born after 1900 2.4 (p<.05)

Cantor and Blair, Wisconsin residents
1984 Farmers in counties with highest 1.4 (0.8-2.3)

herbicide usage
Morris et al., 1986 Residents of four SEER areas 2.9 (1.5-5.5)

Eriksson and Karlsson, Residents of northern Sweden  20 2.2 (1.0-5.7)
1992
Pearce et al., 1986 Male residents of New Zealand

Use of agricultural spray  16 1.3 (0.7-2.5)
Likely sprayed 2,4,5-T  14 1.6 (0.8-3.1)

LaVecchia et al., 1989 Residents of the Milan, Italy, area
 Agricultural employment 2.0 (1.1-3.5)

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


CANCER 241

used on the most acres, the odds ratio for farmers was also 1.4 (CI 0.8-2.3),
suggesting no special herbicide-related risk.

A case-control study of herbicide and insecticide use by Nebraska residents
presented some unusual results (Zahm et al., 1992).  The odds ratios for use of
either herbicides or insecticides was 0.6 for men.  But, for women, the odds ratio
for herbicide use was 2.3 (C.I = 0.8-7.0) and 2.8 (CI 1.1-7.3).  The observed
gender-related effect is interesting, but given that relatively few cases were con-
sidered, it may be the result of chance and requires confirmation by other studies.
It is noteworthy that the comparison category, nonfarmers, contained only seven
female cases.

In another U.S. study that examined farm use of herbicides in relation to the
risk of cancer, Morris et al. (1986) used data from cancer registries in Washing-
ton, Utah, metropolitan Detroit, and metropolitan Atlanta.  Results indicated an
adjusted odds ratio of 2.6 (CI 1.5-4.6) for exposure to pesticides when data from
all cases and controls were used.  When only self-respondent interviews were
used, the adjusted odds ratio was 2.9 (CI 1.5-5.5); the only other exposures with
odds ratios in which the confidence intervals did not include 1.0 were to paints or
solvents, metals, and carbon monoxide.  The odds ratio for having lived on a farm
was 1.3 (CI 1.0-1.6). Explicit exposure to herbicides gave an odds ratio of 4.8 but
was based on only four cases.

Zahm et al., 1992 Eastern Nebraska users of herbicides
 Male   8 0.6 (0.2-1.7)
 Female  10 2.3 (0.8-7.0)
Eastern Nebraska users of insecticides
 Male  11 0.6 (0.2-1.4)
 Female  21 2.8 (1.1-7.3)

Brown et al., 1993 Iowa male users of pesticides or 111 1.2 (0.8-1.7)
herbicides

Environmental Studies

Bertazzi et al., 1993 Seveso residents
 Zone A - male   0 —
 Zone A - female   0 —
 Zone B - male   2 3.2 (0.8-13.3)
 Zone B - female   2 5.3 (1.2-22.6)
 Zone R - male   1 0.2 (0.0-1.6)
 Zone R - female   2 0.6 (0.2-2.8)

aGiven when available.

TABLE 7-6 Selected Epidemiologic Studies—Multiple Myeloma

Exposed Estimated
Reference Study Population Casesa Risk (95% CI)a
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A proportionate mortality study by Blair et al. (1993), which included 23
states, demonstrated a slightly increased risk of MM among white male farmers.
Based on 413 deaths due to MM, the PMR was 1.2 (CI 1.0-1.3).  However, no
information was available on herbicide usage by individuals or groups.  Twenty
states had two or more deaths from MM; of these, 15 states had a PMR for MM
that was greater than 1.0.  This is a significant proportion of states.  The numbers
of deaths due to MM was small and nonsignificant in other racial and gender
groups.

A cohort study of cancer mortality in Ireland was performed using death
certificate information from the years 1971 to 1987 (Dean, 1994).  There were
170 deaths due to multiple myeloma among men in farming occupations, which
was less than the 177.9 deaths expected.  There were 72 deaths due to MM among
women in farming occupations, which was slightly more than the 67 deaths
expected.

A cohort of 155,547 male farmers in Saskatchewan, Manitoba, and Alberta
was followed from 1971 to 1987 (Semenciw et al., 1993).  Based on 160 deaths
due to MM, the SMR for farmers was significantly decreased at 0.8 (CI 0.7-1.0).
There was a small, nonsignificant increase in risk of MM among farmers who had
reported using herbicides in 1970.

In New Zealand, two studies by Pearce et al. (1985, 1986) found no evidence
of an association between MM and herbicide exposure.  In the initial study
(Pearce et al., 1985), odds ratios for agricultural employment were 2.2 (CI 1.3-
3.8) for MM cases identified at 20 to 64 years of age and 1.3 (CI 0.8-2.0) for cases
identified over age 64, compared with correspondingly aged cases of other cancer
in the New Zealand cancer registry during the period 1977-81.  These odds ratios
were the highest found in this study, which also considered NHL and HD, but no
individual data on exposure to herbicides were given.  However, in a follow-up
case-control study (Pearce et al., 1986), interviews and a detailed questionnaire
on use of herbicides were completed.  The study produced an odds ratio of 1.7 (CI
1.0-2.9) for MM in relation to farming, an odds ratio of 1.3 (CI 0.7-2.5) for any
agricultural use of chemical spray, and an odds ratio of 1.6 (CI 0.8-3.1) for
spraying of specific plants on which phenoxy herbicides (specifically 2,4,5-T)
are generally used.  Potential exposure to chlorophenols found in wood preserva-
tives used in fencing work gave an odds ratio of 1.6 (CI 0.9-2.7), and potential
exposure in a sawmill gave an odds ratio of 1.4 (CI 0.5-3.9) for sawmill workers
or timber merchants, although the odds ratio for explicit exposure to chloro-
phenols was 1.1 (CI 0.4-2.7), based on six cases.

Eriksson and Karlsson (1992) undertook a case-control study of MM in
relation to occupation and exposures in northern Sweden between 1982 and
1986.  An odds ratio of 1.7 (CI 1.2-2.6) was found for farmers and an odds ratio
of 2.2 (CI 1.0-5.7) for exposure to phenoxy herbicides.  An analysis by the
number of days that phenoxyacetic acid was used showed no clear trend with
exposure; the odds ratio for each of three exposure categories was 2.0 or greater.
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In a multivariate analysis involving 22 exposure factors, the odds ratio for
phenoxyacetic acids was 1.9 (CI 0.7-5.7).  The multivariate analysis eliminated
the raising of sheep, hogs, and poultry as risk factors and decreased the odds ratio
for raising horses, cattle, and goats.

A case-control study of MM was undertaken in the region surrounding Milan,
Italy, by LaVecchia et al. (1989).  A multivariate regression analysis with terms
for age, gender, area of residence, and smoking gave a relative risk of 2.0 (CI 1.1-
3.5) among those employed in agriculture.  An 18-year follow-up study of cancer
incidence and mortality in 1,909 Finnish herbicide applicators was reported (Asp
et al., 1994).  These employees had previously been identified as having exposure
to 2,4-D and 2,4,5-T (Riihimaki et al., 1983).  The median total duration of
exposure to herbicides was six weeks.  Based on three deaths from MM, the SMR
was 2.6 (CI 0.5-7.7).  The SIR was 1.5 (CI 0.2-5.2) based on 2 cases.

A Dutch study by Swaen et al. (1992) observed three deaths from MM
among licensed herbicide applicators (0.4 was expected), yielding an SMR of 8.2
(CI 1.6-23.8).  Another small study of Canadian herbicide applicators (Green
1991) found no deaths from MM.  However, only about 0.3 deaths would have
been expected.

Summary of Agricultural/Forestry Worker Studies Several studies of
agricultural and forestry workers provide specific information on MM risk in
relation to herbicide or pesticide exposure.  Most studies demonstrated an odds
ratio or SMR greater than 1.0, nine did so at a statistically significant level.

Paper/Pulp Workers Three studies of pulp and paper workers observed that
some cohort members may have had exposure to low levels of dioxins (Robinson
et al., 1986; Henneberger et al., 1989; Solet et al., 1989).  Grouping MM from
these studies with lymphomas other than lymphosarcoma, reticulum cell sar-
coma, and Hodgkin’s disease resulted in a combined number of four cases; 4.4
were expected.

Environmental Studies

Cancer incidence for the Seveso cohort during the first ten years following
exposure to TCDD was reported in more detail by Bertazzi et al. (1993).  There
were no cases of MM in Zone A.  In Zone B, there were two cases of MM among
men, a nonsignificant increase (RR = 3.2, CI 0.8-13.3).  There were also two
cases of MM among women in Zone B, a significant increase (RR = 5.3, CI 1.2-
22.6).  There was a deficit of MM cases in Zone R, the least exposed area, based
on one case in men and two cases in women, (RR = 0.2 in men and 0.6 in
women).
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Vietnam Veterans Studies

The major study of multiple myeloma among veterans is the DVA’s propor-
tionate mortality study by Breslin et al. (1988).  The authors found a PMR of 0.8
(CI 0.2-2.5) for Army Vietnam veterans and a PMR of 0.5 (CI 0.0-17.1) for
Marine veterans (the latter was based on two cases).  Each group was compared
to Vietnam-era veterans of the same service.  No MMs were noted in the CDC
Vietnam Experience Study (Boyle et al., 1987) or the Air Force Ranch Hand
study (Wolfe et al., 1990).  Goun and Kuller (1986) reported that the odds ratio
for MM among Pennsylvania Vietnam veterans was less than 1.0.  The veteran
studies are particularly limited, because of the small numbers of MM deaths in
the few analyses that have been conducted and because they use such a broad
exposure category: service in Vietnam.  With the exception of the Ranch Hands,
no definitively exposed groups were categorized.

Summary

Although multiple myeloma has been less extensively studied than the lym-
phomas, a consistent pattern of elevated risks appears in the studies.  Several
studies of agricultural and forestry workers provide information on MM risk in
relation to herbicide or pesticide exposure.  Most studies demonstrated an odds
ratio or SMR greater than 1.0; nine did so at a statistically significant level.  The
committee determined that the evidence for this association was limited/sugges-
tive, because the individuals in the existing studies (mostly farmers) have by the
nature of their occupation probably been exposed to a range of potentially carci-
nogenic agents other than herbicides and TCDD.  Multiple myeloma—like non-
Hodgkin’s lymphoma and Hodgkin’s disease for which there is stronger epide-
miologic evidence of an association—is derived from lymphoreticular cells,
which adds to the biologic plausibility of an association.

The new data available on MM do not change the committee’s view that
there is a limited/suggestive association between exposure to herbicides and mul-
tiple myeloma.

Conclusions

There is limited/suggestive evidence of an association between exposure to
the herbicides (2,4-D, 2,4,5-T and its contaminant, TCDD; cacodylic acid; and
picloram) and multiple myeloma.  The evidence regarding association is drawn
from occupational and other studies in which subjects were exposed to a variety
of herbicides and herbicide components.
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LEUKEMIA

Background

According to the American Cancer Society, approximately 25,700 new cases
of leukemia (ICD-9 202.4, 203.1, 204.0-204.9, 205.0-205.9, 206.0-206.9, 207.0-
207.2, 207.8, 208.0-208.9) were diagnosed in the United States in 1995, and
about 20,400 persons died of this cancer (ACS, 1995).  It is somewhat more
common among men than women.  According to the committee’s calculations,
assuming that veterans have the same cancer rates as those in the general U.S.
population, 205 cases of leukemia were expected among male Vietnam veterans
and 0.4 among female veterans in 1995.  For the year 2000, the expected numbers
are 259 cases among male veterans and 0.5 cases among female veterans.

Summary of VAO

The epidemiologic evidence for an association between exposure to herbi-
cides and leukemia comes primarily from studies of farmers and residents of
Seveso, Italy.  The observed overall relative risk for leukemia mortality and
incidence in Seveso was elevated, but not significantly.  The increase was signifi-
cant, however, for cases who were in the most highly exposed zone and died five
to ten years after the accident.  A number of studies of farmers also show a
consistently elevated risk of leukemia, but these results are not necessarily due to
herbicide use, because confounding exposures were not controlled for adequately
in the analyses.  Also, when farmers are stratified by suspected use of herbicide,
the incidence of leukemia is generally not elevated.  Some studies of chemical
workers found an increased risk of leukemia, but the number of cases was small
in all of these studies.

The available data on Vietnam veterans are generally not conclusive, be-
cause the exposure data are inadequate for the cohort being studied.  Small
sample sizes weaken the studies of the Ranch Hands or Chemical Corps; there-
fore, excess risks are not likely to be detected.

Since no study has adequately differentiated between exposure solely to
either herbicides or TCDD, or demonstrated a dose-response for any subtype of
leukemia, it is not possible to attribute any symptom or subtype of leukemia as a
result of exposure.

Update of Scientific Literature

Since the publication of VAO, a number of new studies have been published.
There have been two reports on the female subgroup of the IARC registry, but
they contain too few leukemia cases to allow for definite statements about risk.
Kogevinas et al. (1993) reported one case of myeloid leukemia among 701 fe-
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male production workers (not significant).  Similarly, the 18-year follow-up of a
cohort of 1,909 Finnish herbicide applicators reported two cases of leukemia (not
significant) (Asp et al., 1994).  Both of these studies have low statistical power.
A cohort mortality study of 155,547 male farmers in Saskatchewan, Manitoba,
and Alberta has been conducted over the period 1971-87 (Semenciw et al., 1994).
The SMR for leukemia was 0.9, based on 357 cases, a significant decrease (CI
0.8-1.0).  The risk of death from leukemia did not vary by herbicide use, based on
reported numbers of acres sprayed with herbicides in 1970.

A cohort study of cancer mortality in Ireland was performed using death
certificate information from the years 1971 to 1987 (Dean, 1994).  Among men in
farming occupations, there were 138 deaths due to lymphoid leukemia, 114 due
to myeloid leukemia, and 46 due to monocytic and other leukemias.  The corre-
sponding numbers for women in farming occupations were 39, 37, and 24.  None
of these categories was significantly elevated.

In the United States, a PCMR study was performed for farmers in 23 states,
using occupational information from death certificates (Blair et al., 1993).  Based
on 1,072 deaths from leukemia in white male farmers, the PCMR was signifi-
cantly increased at 1.3 (CI 1.2-1.4).  Twenty two states had two or more deaths
from leukemia.  Sixteen states had risks that were greater than 1.0.  The numbers
of leukemia deaths were small and the PCMRs were nonsignificant in other
gender and racial groups.

Cancer incidence in the Seveso cohort during the first ten years following
exposure to TCDD was investigated (Bertazzi et al., 1993).  There were no cases
of leukemia in Zone A.  Among men in Zone B, there were two cases of leukemia
(RR = 1.6, CI 0.4-6.5).  Among women in Zone B, there were also two cases of
leukemia (RR = 1.8, CI 0.4-7.3).  In Zone R, where residents had much less
potential for exposure to TCDD than in Zones A and B, there were eight cases of
leukemia in men (RR = 0.9, CI 0.4-1.9) and three cases in women (RR = 0.4, CI
0.1-1.2).

A PMR study that  examined the causes of death among veterans on the state
of Michigan’s Vietnam-era Bonus list was recently published (Visintainer et al.,
1995).  The mortality rates of 3,364 Vietnam veterans were compared with 5,229
veterans who served elsewhere.  No data were available to identify whether
individual Vietnam veterans had been exposed to herbicides.  Based on 30 deaths
from leukemia, the PMR was 1.0 (CI 0.7-1.5).

Summary

The committee concluded in VAO that there is inadequate or insufficient
evidence to determine whether an association exists between exposure to herbi-
cides and leukemia.  The updated scientific studies do not provide enough infor-
mation to change this classification.
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Conclusions

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides (2,4-D, 2,4,5-T and its contami-
nant, TCDD; cacodylic acid; and picloram) and leukemia.  The evidence regard-
ing association is drawn from occupational and other studies in which subjects
were exposed to a variety of herbicides and herbicide components.

OVERALL SUMMARY FOR CANCER

  Based on the occupational, environmental, and veterans studies reviewed,
the committee has reached one of four standard conclusions about the strength of
the epidemiological evidence regarding association between exposure to herbi-
cides and/or TCDD and each of the cancers under study.  As explained in Chapter
4, these distinctions reflect the committee’s judgment that if an association be-
tween exposure and an outcome were “real,” it would be found in a large, well-
designed epidemiologic study in which exposure to herbicides or dioxin was
sufficiently high, well-characterized, and appropriately measured on an indi-
vidual basis.  Consistent with the charge to the Committee by the Secretary of
Veterans Affairs in Public Law 102-4, the distinctions between these standard
conclusions are based on statistical association, not on causality, as is common in
scientific reviews.  The committee used the same criteria to categorize diseases
by the strength of the evidence as were used in VAO.

Health Outcomes with Sufficient Evidence of an Association

In VAO, the committee found sufficient evidence of an association with
herbicides and/or TCDD for three cancers: soft-tissue sarcoma, non-Hodgkin’s
lymphoma, and Hodgkin’s disease. The recent scientific literature continues to
support the classification of these three cancers in the category of sufficient
evidence.  Based on the literature, there are no additional cancers that satisfy the
criteria necessary for this category.

Health Outcomes with Limited/Suggestive Evidence of Association

In VAO, the committee found limited/suggestive evidence of an association
for three cancers: respiratory cancer, prostate cancer, and multiple myeloma.  The
recent scientific literature continues to support the classification of these three
diseases in the category of limited/suggestive evidence.  For outcomes in this
category, the evidence must be suggestive of an association between herbicides
and the outcome, but may be limited because chance, bias, or confounding could
not be ruled out with confidence.  Typically, at least one high-quality study
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indicates a positive association, but the results of other studies may be inconsis-
tent.

Among the many epidemiologic studies of respiratory cancers (specifically
cancers of the lung, larynx, and trachea), positive associations were found consis-
tently only when TCDD or herbicide exposures were probably high and pro-
longed.  This was especially true in the largest, most heavily exposed cohorts of
chemical production workers exposed to TCDD (Zober et al., 1990; Fingerhut et
al., 1991; Manz et al., 1991; Saracci et al., 1991).  Studies of farmers tended to
show a decreased risk of respiratory cancers (perhaps due to lower smoking
rates), and studies of Vietnam veterans are inconclusive.  The committee felt that
the evidence for this association was limited/suggestive rather than sufficient,
because of the inconsistent pattern of positive findings across populations with
various degrees of exposure and because the most important risk factor for respi-
ratory cancers—cigarette smoking—was not fully controlled for or evaluated in
all studies.

Several studies have shown an elevated risk for prostate cancer in agricul-
tural or forestry workers.  In a large cohort study of Canadian farmers (Morrison
et al., 1993), an increased risk of prostate cancer was associated with herbicide
spraying, and the risk was shown to rise with increasing number of acres sprayed.
The mortality risk was elevated in a study of USDA forest conservationists (PMR
= 1.6, CI 0.9-3.0) (Alavanja et al., 1989), and a case-control study of white male
Iowans who died of prostate cancer (Burmeister et al., 1983) found a significant
association (OR = 1.2) that was not linked  with any particular agricultural prac-
tice.  These results are strengthened by a consistent pattern of elevated, though
nonsignificant, risks in studies of chemical production workers in the United
States and other countries, agricultural workers, pesticide applicators, paper and
pulp workers, and the Seveso population.  The most important recent study
demonstrated a significantly increased risk of death from prostate cancer in both
white and nonwhite farmers in 22 of the 23 states that were studied (Blair et al.,
1993).  Studies of prostate cancer among Vietnam veterans and studies of envi-
ronmental exposures have not consistently shown an association.  However, pros-
tate cancer is generally a disease of older men, and the risk among Vietnam
veterans would not be detectable in current epidemiologic studies.  Because there
was a strong indication of a dose-response relationship in one study and a consis-
tent positive association in a number of others, the committee felt that the evi-
dence for association with herbicide exposure was limited/suggestive for prostate
cancer.

Multiple myeloma, a cancer of specific bone marrow cells, has been less
extensively studied than other lymphomas, but a consistent pattern of elevated
risks appears in the studies.  Several studies of agricultural and forestry workers
provide information on MM risk in relation to herbicide or pesticide exposure.
Most demonstrated an odds ratio or SMR greater than 1.0; nine did so at a
statistically significant level.  The committee determined that the evidence for
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this association was limited/suggestive, because the individuals in the existing
studies (mostly farmers) have by the nature of their occupation probably been
exposed to a range of potentially carcinogenic agents other than herbicides and
TCDD.  Multiple myeloma—like non-Hodgkin’s lymphoma and Hodgkin’s dis-
ease, for which there is stronger epidemiologic evidence of an association—is
derived from lymphoreticular cells, which adds to the biologic plausibility of an
association.

Health Outcomes with Inadequate/Insufficient Evidence to Determine
Whether an Association Exists

The scientific data for the remainder of the cancers reviewed by the commit-
tee were inadequate or insufficient to determine whether an association exists.
For these cancers, the available studies are of insufficient quality, consistency, or
statistical power to permit a conclusion regarding the presence or absence of an
association.  For example, studies fail to control for confounding or have inad-
equate exposure assessment.  This category includes hepatobiliary cancers, nasal/
nasopharyngeal cancer, bone cancer, female reproductive cancers (cervical, uter-
ine, ovarian), breast cancer, renal cancer, testicular cancer, leukemia, and skin
cancer.  A recently published study reviewed by the committee (Lynge, 1993)
contained enough evidence to warrant moving skin cancer from the “limited/
suggestive evidence of no association” category to this one.

The scientific evidence for four cancers will be summarized here.  Hepato-
biliary cancer and nasopharyngeal cancer are of special interest to the Depart-
ment of Veterans Affairs.  The evidence for skin cancer will be presented because
it has changed categories.  Breast cancer also deserves attention, because of its
public health importance.

There are relatively few occupational, environmental, and veterans studies of
hepatobiliary cancer, and most of these are small in size and have not controlled
for lifestyle-related factors.  The estimated relative risk in the various studies
range from 0.3 to 3.3, usually with broad confidence intervals.  Given the meth-
odological difficulties associated with most of the few existing studies, the evi-
dence regarding hepatobiliary cancer is not convincing with regard to either an
association with herbicides/TCDD or the lack of an association.  The few studies
that have been published since VAO do not change the conclusion that there is
inadequate evidence to determine whether an association exists between expo-
sure to herbicides and hepatobiliary cancer (Asp et al., 1994; Bertazzi et al.,
1993; Blair et al., 1993; Collins et al., 1993; and Cordier et al., 1993).

There are only a few occupational studies, one environmental study, and one
veterans study of nasal and/or nasopharyngeal cancer, including two recently
published studies (Asp et al., 1994; and Bertazzi et al., 1993).  The estimated
relative risks in the various studies range from 0.6 to 6.7, usually with broad
confidence intervals.  The few studies published since VAO do not change the
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conclusion that there is inadequate evidence to determine whether an association
exists between exposure to herbicides and nasal/nasopharyngeal cancer.

One recent study (Lynge et al., 1993) found an excess risk of skin cancer.
Based on four cases, a statistically significant increase in the risk of melanoma
was observed in the subgroup of men who had been employed for at least one
year, using a ten-year latency period (SIR = 4.3, CI 1.2-10.9).  However, no
information is given about the risk in men with less than 10 years of latency and
expected numbers for women are not reported so observed elevated risk in the
men with 10+ years of latency cannot be put into context.  Another study also
found a significant excess risk in men from the Seveso area (SMR = 3.3), based
on only three cases (Bertazzi et al., 1989a,b).  The committee felt that these
results, while not even suggestive evidence about an association, undermined the
evidence of no association in VAO, and thus warranted changing skin cancer to
the “inadequate/insufficient evidence to determine whether an association exists”
category.

There have been a few occupational studies, two environmental studies, and
two veterans studies of breast cancer among women exposed to herbicides and/or
TCDD.  These include four recently published studies (Bertazzi et al., 1993; Blair
et al., 1993; Dalager et al., 1995; and Kogevinas et. al., 1993).  Most of these
studies reported a relative risk of approximately 1.0 or less, but it is uncertain
whether or not the female members of these cohorts had substantial chemical
exposure.  For example, more than 80 percent of the women Vietnam veterans in
the two studies were nurses (Thomas et al., 1991; Dalager et. al., 1995).  There
continues to be inadequate or insufficient evidence to determine whether an
association exists between exposure to herbicides and breast cancer.

Health Outcomes with Limited/Suggestive Evidence of No Association

In VAO, the committee found a sufficient number and variety of well-de-
signed studies to conclude that there is limited/suggestive evidence of no associa-
tion between a small group of cancers and exposure to TCDD or herbicides.  This
group includes gastrointestinal tumors (colon, rectal, stomach, and pancreatic),
brain tumors, and bladder cancer.  The recent scientific evidence continues to
support the classification of these cancers in this category. Based on the litera-
ture, there are no additional cancers that satisfy the criteria necessary for this
category.

For outcomes in this category, several adequate studies covering the full
range of levels of exposure that human beings are known to encounter are mutu-
ally consistent in not showing a positive association between exposure to herbi-
cides and the outcome at any level of exposure.  These studies have relatively
narrow confidence intervals.  A conclusion of “no association” is inevitably
limited to the conditions, level of exposure, and length of observation covered by
the available studies.  In addition, the possibility of a very small elevation in risk
at the levels of exposure studied can never be excluded.
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Increased Risk in Vietnam Veterans

Although there have been numerous health studies of Vietnam veterans,
most have been hampered by relatively poor or nonexistent measures of exposure
to herbicides or TCDD, in addition to other methodologic problems.  Most of the
evidence on which the conclusions in this chapter are based comes from studies
of people exposed to dioxin or herbicides in occupational and environmental
settings, rather than from studies of Vietnam veterans.  The committee found this
body of evidence adequate for reaching the conclusions about statistical associa-
tions between herbicides and health outcomes in this chapter.  However, the lack
of adequate data on Vietnam veterans per se complicates the determination of the
increased risk of disease among individuals exposed to herbicides during service
in Vietnam.  Given the large uncertainties that remain about the magnitude of
potential risk from exposure to herbicides in the studies that have been reviewed,
the inadequate control for important confounders, and the uncertainty about the
nature and magnitude of exposure to herbicides in Vietnam (as discussed in
Chapter 5), none of the ingredients necessary for a quantitative risk assessment is
available.  Thus, the committee cannot quantify the degree of risk likely to be
experienced by veterans because of their exposure to herbicides in Vietnam.  The
available quantitative and qualitative evidence about herbicide exposure among
various groups studied suggests that Vietnam veterans as a group (except those
with documented high exposures, such as participants in Operation Ranch Hand)
had lower exposure to herbicides and TCDD than did the subjects in many
occupational and environmental studies.  However, individual veterans who had
very high exposures to herbicides could have risks approaching those in the
occupational and environmental studies.
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8

Latency and Cancer Risk

One of the topics of special interest to the Department of Veterans Affairs
(DVA) is the potential effect of herbicide exposure on cancer latency.  The term
“latency” is used in a variety of ways to denote the effect of the timing of
exposure on the subsequent risk of disease.  The importance of latency effects as
well as other time-related factors, such as age at exposure, in determining cancer
risk has long been recognized (Armenian, 1987).  Some important practical ques-
tions at the heart of the investigation of these time-related factors are:  (1) How
long does it take after exposure to detect an increase in disease risk?  (2) How
long do the effects of exposure last?  (3) How does the effect of exposure vary
with the age at which it was received? and (4) Does a given carcinogen act at an
early or late stage of the carcinogenic process?

Often, either because of poor exposure assessment or the desire to report a
simple summary measure of association, measures of exposure such as ever/
never exposed or cumulative exposure are used to summarize exposure histories.
Although such measures can be useful for detecting whether there is or is not an
association between exposure and disease, it is well-known that timing of expo-
sure plays an important role in determining when and by how much the eventual
disease risk is increased (or decreased) by the exposure.

In response to the DVA’s request to explore latency issues related to Agent
Orange, in this chapter the committee: 1) proposes a methodology to address the
four questions listed above concerning the timing of herbicide exposure and the
risk of cancer; 2) reviews the literature on herbicide exposure and cancers classi-
fied in sufficient and suggestive/limited categories for results that describe how
timing of exposure affects the relative risk due to exposure; and 3) describes
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timing of exposure characteristics of the Vietnam veterans and summarizes the
implications of these factors for their risk of cancer.

ANALYSIS OF LATENCY IN EPIDEMIOLOGIC STUDIES

In order to discuss latency issues, we need to establish what is meant by “the
effect of exposure over time.”  First, for purposes of epidemiologic research and
quantification, we are interested in the rate of disease among exposed individuals
compared to the rate that would be expected if the subjects had not been exposed,
as discussed more fully below.  Thus, we are interested in the relative or excess
rate of disease as the measure of comparison.  Latency effects are essentially the
change in relative or excess rates with “time since exposure.”  For exposures of
short duration, time since exposure is easy to define.  This is the case for environ-
mental exposures from industrial accidents, such as the one that occurred in
Seveso.  If the exposure occurred over a long period of time (a protracted expo-
sure), as with the production workers and pesticide applicators, the time since
exposure is more difficult to quantify.  Conceptually, we think of the effect of
exposure at a particular time in the past as the resulting change in risk that today
is ascribable to that exposure.  Though perhaps overly simplistic, the effect of an
entire exposure history can be usefully thought of as the sum of effects from
exposure at each time point in the past.

In order to adequately study effects of protracted exposures, detailed expo-
sure histories for each study subject, including the dates that the individual was
exposed and, ideally, the level of exposure, are needed.  Appropriate statistical
methods have been developed for an investigation of the effect of exposure
accrued as a function of time since that exposure (Thomas, 1983; Breslow and
Day, 1987; Thomas, 1988), but these have not been used in the analysis of any of
the herbicide-cancer studies.

In general, the ability to investigate the issues of timing of exposure in a
given data set will depend on the quality of the exposure measure, the quality of
the timing of exposure information, the number of people developing the disease
of interest, and variation of exposure over time within the study group.  These
aspects of study quality are, of course, important in evaluating any epidemiologic
investigation.  But there are special problems that arise in the evaluation of time-
related factors (Enterline and Henderson, 1973; Peto, 1985; Thomas, 1987).

Need to control for the effects of aging  Progression along the time-since-
exposure scale is paralleled by increasing age.  Because the rate of most cancers
increases dramatically with age, it is also true that for a given study group, the
expected number of cancers per unit of time will increase with time since expo-
sure, simply because the study group is aging.  Thus, examination of absolute
numbers of cases as time since exposure increases would be misleading.  We
would expect to see an increase even if there were no change due to the exposure.
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Thus, it is standard epidemiologic practice to “normalize” the comparison by
reference to an appropriate unexposed group.  “Appropriate” in this context
means a group with the same age structure at otherwise similar risk of disease as
the study group so that we are measuring the effect of exposure in the develop-
ment of cancers over and above those increases in disease rate that would be
expected if the study group were simply aging with no exposure.

Correlation between various time factors  It is important to keep in mind that
duration of exposure, time since exposure, age of exposure, and exposure level
itself may well be correlated with each other, so that an observed pattern for one
of these factors may actually be due to correlation with one of the others.  Thus,
exploration of one factor within each level of the other, either by stratifying of the
analysis or by modeling their effect, is commonly needed to disentangle the
confounding of time-related variables.  Realistically, however, most data sets do
not have sufficient data to explore these issues, and for the most part, these
considerations merely serve as a cautionary note in the interpretation of results.
The following hypothetical situations help to illustrate how the various time-
related factors are intertwined.  For illustration, we refer to the exposure of
interest as “the agent.”

a) Two people are born in 1945.  Both are continuously exposed to the agent
for ten years.  One person begins exposure at age 20 (continuing to age 30), and
the other begins at age 30 (continuing to age 40).  In 1995, at age 50, the first
person has 30 years since his first exposure, whereas the second had only 20
years since first exposure.  Thus, age at first exposure and time since first expo-
sure, for a given duration of exposure, are linked.

b) One person begins exposure to the agent in 1970, a second starts in 1975.
Both are the same age at first exposure and continue exposure until 1985.  When
evaluated in 1995, the first person has both a longer duration of exposure (15 vs.
10 years) and a longer time since first exposure (25 vs. 20 years), showing the
link between those two factors for a given age at first exposure.

c) Two people are born in 1945.  One starts exposure at age 20, the other at
age 30.  Both stop exposure at age 40.  The first person has started at a younger
age, has a longer duration of exposure, and a longer time since first exposure,
showing that all three factors may be potentially linked.

d) Two people are both exposed at the same intensity, in the sense that the
airborne concentration of the agent (e.g., in parts per million) is the same for both.
The person with the longer duration of exposure will, by definition, have a higher
cumulative exposure.

Although it is possible to construct counter-examples to the above, we believe
these examples are fairly typical of what happens in many occupational settings
and present them primarily to illustrate that interpreting an examination of the
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effects of one time-related factor may be difficult without information on the
others.

Need for sufficient variation in time-related factors  In evaluating the evolu-
tion of relative risk with time, the value of a study is limited by the amount of
time that has elapsed along the time scale of interest.  For instance, the ability to
explore the pattern of relative risks as a function of time since exposure depends
on the range of time since exposure among the study group.  We note that this is
not necessarily the “follow-up” time for the study group, although the amount of
information about time-related factors increases with the amount of follow-up.
Rather, it depends on the variation of the factors within the group.  Thus, a case-
control study with cases obtained over a short period of time may be very infor-
mative about latency effects if both cases and controls have a wide range of times
of exposure.

Mortality and incidence studies for examining latency  Generally, it is be-
lieved that carcinogenic agents increase the chance of cancer occurence but do
not increase the likelihood of death once the cancer has occurred.  If this is true,
as we will assume, then studies of cancer incidence are preferable to those of
mortality since exposure after the development of the cancer has no role in its
etiology.  In terms of the investigation of latency, the changes in relative risks
with time since exposure will occur later for mortality studies compared to inci-
dence studies, by an amount of time approximately equal to the average time
from occurrence of the cancer to death.  With the exception of Asp et al. (1994),
the studies that reported latency results in the reviewed literature for the cancers
we examined were mortality studies.  We do not discuss this issue further in our
description of the results, under the assumption that the exposure is associated
with the cancer but does not change the risk of death once cancer occurs.  How-
ever, it should be noted that mortality studies will result in a pattern of relative
risks “shifted to the right” of the pattern that would have been observed in the
corresponding incidence study.  This phenomenon may also have implications
for the number of “events” (deaths vs. cases) available for study at any given
point in time, particularly for cancers with high survival rates.  This, in turn, may
have implications, especially in cohort studies, for statistical power.

Measurement errors that are time related  In many instances, in epidemiologic
studies, misclassification of exposed individuals as unexposed, and vice versa,
tends to produce bias toward showing no association between exposure and dis-
ease when, in fact, an association may truly exist.  This type of bias, called
random misclassification, can generally be found when the misclassification of
exposure status is unrelated to a person’s ultimate disease status.  In attempts to
evaluate how time-related factors influence risk, this general principle still ap-
plies, but is far more complicated than in simple cases of classifying people as
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exposed or unexposed.  Because of the complexity of the relationships, the effect
of misclassification of time-related factors is difficult to predict in a straightfor-
ward, generalizable manner.

Questions Addressed by the Committee

For each question outlined in the introduction to this chapter, we discuss the
measures that we are seeking in the reports of study results, how these measures
are examined to address the particular question, the types of data a study would
need in order to be informative about this question, and problems associated with
the measures we have chosen.

How long does it take after exposure to see an increase in disease risk?

Measures of interest  Relative risks for specific intervals of time since exposure
are the appropriate measures of interest for this question.  One must examine the
pattern of relative risks, looking for the earliest indication of an increase in risk
relative to the unexposed comparison group.  For protracted exposures, it is
sufficient to examine the relative risks by time-since-first-exposure because it is
likely that the earliest detectable increase in relative risk is a manifestation of the
earliest exposure.  In fact, relative risks for specific times since first exposure are
the only measures reported for the herbicide effects studies with protracted expo-
sure.

Data requirements  The critical data item for this measure is the date of first
exposure.  This is needed in order to determine the time that each subject spent in
each time-since-first-exposure category.  If full exposure histories are available,
more sophisticated analyses are possible.

Potential problems with this approach  The “earliest indication of an increase
in relative risk” is not a fixed value, and it will be refined as more data are
collected.  First, it is likely that changes in risk occur continuously rather than
suddenly jumping from “normal” to “above normal.”  Actual changes in relative
risk probably would occur earlier than indicated by the analysis, but this would
not be detectable.   Second, “indication” necessarily means statistically detect-
able, and detectability is a function of the size of the particular data set as well as
the magnitude of both the background level of risk and the relative increase in
risk.  In addition, the higher the quality of the exposure data, and the larger the
exposure, the more likely the data would be to detect changes that occur earlier.
In our evaluations, we determine the earliest increase in relative risk that can be
detected based on the study results described in the literature.  These are, of
course, subject to change as more information becomes available.
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How long does the effect of exposure last?

Measure of interest  Relative risks for specific intervals of time since exposure
are the major measures used to address this question.  The pattern of relative risks
must be examined for the latest indication that the relative risk is greater than one.

Data requirements  Dates of each start and stop of exposure are required to
answer this question.  These are needed to classify the subjects’ time spent in
each time-since-exposure category.  If full exposure histories are available, more
sophisticated analyses are possible.  However, if the critical issue is “time since
exposure stopped,” such multiple starts and stops will be difficult to analyze.

Potential problems with this approach  If exposure is protracted, time since
exposure must be analyzed in the proper time-dependent fashion (Clayton and
Hills, 1993).  This would apply to an examination of time since exposure stopped,
when exposure is intermittent.  Finally, a study group must have sufficient num-
bers of subjects with long times since exposure.   Much longer time periods are
needed than for addressing the previous question.

How does the effect of exposure vary with the age at which it was received?

Measures of interest  Relative risks for exposure beginning at various ages are
the critical measures needed to address this question.  One must examine the
pattern of relative risks associated with exposure beginning at various ages and
compare the patterns of relative risks by time since exposure across age at expo-
sure categories.

Data requirements  Dates of exposure and date of birth are the critical data
needed to construct these measures.  These are needed to classify subjects as
exposed or unexposed in each age category.  The date of birth of study partici-
pants is generally known in epidemiologic studies.  If level of exposure informa-
tion is available, it would be used in preference to the simple exposed/unexposed
categorization.  For the relative risks stratified by time since exposure, the data
requirements include those described above.

Potential problems with this approach  The problems with this approach paral-
lel those for the previous questions.  Large studies with long follow-up are more
likely than a small study to detect differential age effects.  Sample size becomes
a practical problem, as analysis within age groups requires more data than pool-
ing all age groups within exposure categories.  For examining time since expo-
sure within age group, the comments about investigation of relative risk by time
since exposure apply here as well.  We found no studies that report the results
needed to address this question for herbicides and cancer risk.
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Does the exposure appear to act at an early or late stage of the carcinogenic
process?

Measures of interest  The key statistical measures needed to address this ques-
tion are the relative risks by age at exposure and time since exposure or, alterna-
tively, the parameters in one of several models of carcinogenesis.  In the multi-
stage model of carcinogenesis, a healthy cell is presumed to go through a series of
stages before becoming a cancer cell (Armitage and Doll, 1961; Chu, 1987).  This
model predicts specific patterns of relative risks by age and time since exposure,
depending on whether the agent acts on an early or late stage of the carcinogenic
process (Whittemore, 1977; Thomas, 1988).  Further, the parameters in the mul-
tistage model or other mechanistic models, such as the two-event “initiator-
promoter” model of Moolgavkar and Venzon (1979), may be estimated from
cohort data to distinguish early- and late-stage effects.

Data requirements  To construct these measures, complete exposure histories
and the date of birth are required.  The study group must include subjects with
protracted exposures, and there must be variation with respect to exposure histo-
ries.

Potential problems with this approach  Estimation of the needed quantities
requires large studies with high-quality exposure-history data.

RESULTS OF THE LITERATURE REVIEW OF
HERBICIDE EXPOSURE AND CANCER

For the purposes of this discussion, the review of the literature on herbicide
exposure and cancer was focused on cancers in the “sufficient” and “limited/
suggestive” evidence of association categories in VAO— that is, those cancers for
which there was some evidence of an association.  These are soft-tissue sarcoma,
non-Hodgkin’s lymphoma, Hodgkin’s disease, prostate cancer, respiratory can-
cer, and multiple myeloma.  Although VAO and Chapter 7 of this report review
the entire relevant literature on herbicide exposure, this chapter only discusses
the articles that provide results that the committee believes reflect, with reason-
able accuracy, the timing of herbicide exposure and that had sufficient cases to
make some judgment about the patterns of relative risks reported.

Limitations of the Literature Review Approach

In Chapter 4, the committee considers the problem of using a literature
review in order to determine whether an association exists between herbicides
and disease.  The committee concludes that for overall questions of association
between exposure and disease, the published literature would adequately report
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results, whether “positive” or “negative,” with respect to association from the
studies that have been carried out to date.  Thus, there should be little “publica-
tion bias,” the tendency for positive results to be published more frequently than
negative, in the review of the literature for association.

In a specific investigation of timing issues based on a review of the literature,
the same question of publication bias needs to be addressed.  That is, is it more
likely that results of investigations of timing issues will be published depending
on the outcome of those investigations?  Unlike measures of association (in
particular relative risk) that are universally reported, results of investigations of
timing issues are not routinely reported.  Indeed, although it is not possible to
determine the reasons that timing was or was not reported, it is quite plausible
that negative results (that is, no differential effect of timing) are less frequently
reported than positive results.  One likely scenario is that if no association is
found between exposure and disease, then either timing issues were not investi-
gated or were investigated and only “interesting” results (that is, large changes
over time intervals) were reported, but “uninteresting” results (no association
over all time intervals) were not reported.  Thus, the committee recognizes that
there is a potential for publication bias in our review.

Overview of the Findings

This focused review of the literature found few articles that were informative
about timing of exposure.  For soft-tissue sarcoma, non-Hodgkin’s lymphoma,
Hodgkin’s disease, and multiple myeloma, the committee concluded that there
was very little information about the timing of exposure and subsequent risk and
therefore that no further discussion of latency issues and these cancers was war-
ranted.  The committee did find that there was enough information about timing
of exposure and respiratory and prostate cancers to warrant reporting these re-
sults, with considerably more information about the former than the latter.  Some
of the available epidemiologic studies, particularly those of production workers,
appear to have adequate variation in timing of exposure available, such that
further analyses of timing issues may well provide additional insights about the
relationship between herbicide exposure and cancer.  However, even for these
cancers, the reports of some potentially informative studies did not include la-
tency results, so there is potential for publication bias.  Also, both of these
cancers are in the “limited/suggestive” evidence category, indicating that the
committee believes that the evidence for association between herbicide exposure
and these cancers is not conclusive.  This view has not changed after this inves-
tigation of latency issues.
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RESPIRATORY CANCER

Background

There is a substantial body of literature that explores issues of timing of
exposure and respiratory cancer, because of its relatively high incidence and
because numerous carcinogenic agents have been identified.  We summarize
some of the studies here to provide a background for the examination of these
issues.

Gamma rays  In an investigation of latency issues for radiation exposure in the
atomic bomb survivors, it was found that the relative risk of respiratory cancer
began to rise within five to ten years after exposure and reached a plateau about
15 years after exposure.  After 30 years of exposure, there was no evidence of a
decrease in relative risk (Land, 1987).

Radon daughters  For miners exposed to radon daughters, the relative risk of
lung cancer was seen to peak within five to ten years after first exposure, then
slowly decline, although the risk still appears to be elevated even 30 years after
exposure (Lubin et al., 1994; Thomas et al., 1994).  In addition, the effect of
exposure varies with age at exposure: a given exposure level results in a lower
relative risk in older workers than it does in younger workers.

Smoking  Based on an analysis of a large case-control study of lung cancer in
five Western European countries, Brown and Chu (1987) reported that relative
risks rise slowly after the start of cigarette smoking and fall quickly after quitting.
Among ex-smokers, the relative risk continues to decline to about 50 percent of
that of smokers by 12 years after cessation but then remains fairly constant (but
still elevated relative to nonsmokers).  Among continuing smokers, for the same
cumulative amount smoked, the relative risk declines with age at start of smok-
ing.

Arsenic  In a cohort of workers from a copper smelter in Montana, relative risks
were observed to increase with time after exposure, reaching a maximum be-
tween 15 and 20 years after exposure, after which they slowly declined (Breslow
and Day, 1987).  There was little change in relative risk with age at first exposure.

Asbestos  In a cohort of workers exposed to high levels of asbestos only briefly
during World War II, the relative risk rose sharply between five and ten years
after exposure, after which the relative risk has remained constant up to 40 years
after exposure (EPA, 1986).  The relative risks are independent of age at expo-
sure.
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Nickel  In a cohort study of nickel refiners in England and Wales, the relative risk
for lung cancer peaks less than 20 years after exposure, then decreases sharply.
After 50 years, however, the risk is still elevated, except in the low-exposure
group.  The relative risks are more or less constant across age at first exposure
(Kaldor et al., 1986).  It is interesting to note that in contrast to these results, the
same author reported quite a different pattern of relative risks for nasal sinus
cancer.  It was found that the relative risks for nasal sinus cancer continued to
increase slowly with time since exposure, but increase markedly with age at first
exposure.

Thus, for all of these exposures, increases in relative risk either reached a
plateau or peaked within 20 years after exposure.  This indicates that the first
detectable increases occurred somewhat earlier than this.  The pattern of relative
risks after reaching the peak and the pattern with age at exposure vary greatly
across the agents, probably reflecting different mechanisms of action.

Review of the Herbicide Exposure and Respiratory Cancer Literature

Five studies have reported timing effects related to herbicide exposure and
respiratory cancer.  The National Institute for Occupational Safty and Health
(NIOSH) study of chemical production workers gives the most detailed account
of timing effects and exposure to TCDD.  Fingerhut et al. (1991) report standard-
ized mortality ratios (SMRs) for lung cancer of 0.8, 1.0, and 1.2 for 0-9, 10-19,
and 20+ years since first exposure to TCDD based on a total of 85 cases.  They
further stratify time-since-exposure SMRs by duration of exposure category, as
reproduced in Table 8.1.  The increasing trend in SMR with increasing time since
first exposure is somewhat consistent over the duration of exposure categories.

The mortality study of Dutch production workers, a subset of the Interna-
tional Agency for Research on Cancer (IARC) study, similarly reports respiratory
cancer SMRs of 0.4, 0.4, and 1.6 for 0-9, 10-19, and 20+ years since first TCDD
exposure.  These results are based on nine cases, however—too few cases to yield
statistically significant results (Bueno de Mesquita et al., 1993).

Assuming that the exposure to TCDD related to the Seveso accident was of
relatively short duration, time since the accident is essentially time since expo-
sure.  The mortality study by Bertazzi et al. (1989a,b) provides some latency
results for lung cancer mortality.  Relative risks, compared to the surrounding
unexposed population, are given by calendar periods 1976-81 and 1982-86 for
males for Zones A, B, and R (see Chapter 7 for further details of this study).  For
those living in the area at the time of the accident, these correspond to 0-5 and 6-
10 years since exposure to TCDD.  Thus, assuming that the in-migrants represent
a small proportion of the cohort, the calendar period relative risks will approxi-
mate time since exposure.  The relative risks are summarized in Table 8.2.  There
are small, but consistent increases in relative risk with calendar period.

In an 18-year follow-up of Finnish herbicide applicators, Asp et al., (1994)
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gives the respiratory cancer SMRs relative to the male Finnish age and calendar
year specific rates by 0, 10, and 15 year “latency intervals.”  These correspond to
0+, 10+, and 15+ years since first exposure to chlorophenoxy herbicides.  There
were a total of 37 respiratory cancer deaths.  By subtracting the given observeds
and expecteds, the SMRs by time since first exposure can be computed.  These
are given in Table 8.3.  These data do not indicate a trend in the SMRs.

Conclusions

Perhaps because respiratory cancers are the most common type of cancer in
all of the cohort studies, there is more latency information available for them than
for any other cancer.  However, based on the review of the evidence in VAO and
Chapter 7 of this report, respiratory cancer is in the “limited/suggestive” evidence
category, indicating that the committee believes that the evidence for association
between herbicide exposure and these cancers is not conclusive.  Although inves-

TABLE 8-2  Seveso Study:  Lung Cancer Relative Mortality in Men by
Calendar Period

Relative Risk

Zone Observed deaths 1976-1981a 1982-1986b

A 2 (not givenc) 2.0
B 20 1.1 1.8
R 77 0.7 0.9

aApproximately 0-5 years since first exposure.
bApproximately 6-10 years since first exposure.
cPresumably 0 cases.

SOURCE: Bertazzi et al., 1989.

TABLE 8-3 Finnish Applicators Study:  Respiratory Cancer Observed and
Expected Deaths and SMRs for Men by Time Since First Exposure to
Chlorophenoxy Herbicide

Time since first employment

0-9 years 11-14 years 15+ years

Obs Exp SMR Obs Exp SMR Obs Exp SMR

4 6.4 0.6 11 8.1 1.4 22 21.0 1.0

SOURCE: Asp et al., 1994, Table 3.
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tigation of latency effects could result in a change in association categorization,
the fact that the committee reviewed the literature for latency effects does not
imply an a priori belief on the part of the committee that the association is
definitive.

How long does it take after exposure to see an increase in disease risk?  The
evidence in the literature suggests that the time from exposure to TCDD to
increased risk of respiratory cancer occurs within ten years.  This conclusion is
based primarily on the NIOSH study (Fingerhut et al., 1991), because this study
is the most informative about the changes in risk of respiratory cancer with time
since first exposure to TCDD.  The Seveso study (Bertazzi et al., 1989a,b) is also
suggestive of an increase in relative risk five years after exposure, but the number
of exposed cases is too small to rule out chance as a likely explanation for the
observed increases.  The other relevant studies have relatively few respiratory
cancer cases but are consistent with this conclusion.  It is unlikely that chance can
explain these patterns of relative risk, given the numbers of cases and the consis-
tency of the pattern across duration of exposure category.

Another explanation of the existing epidemiologic evidence is that TCDD
exposure is not associated with respiratory cancer but is correlated with some
other respiratory cancer risk factor, and that risk factor is related to the cancer and
to TCDD exposure in a way that results in the observed pattern of relative risks
with time since first exposure to TCDD.  This explanation requires that the
putative risk factor explain the observed increasing relative risk with duration as
well as the time since first exposure pattern (see Table 8.1).  Such a situation
would occur if duration of TCDD exposure were correlated with duration of
some other exposure that caused respiratory cancer, such as cigarette smoking or
other chemical exposure.  The committee is not aware of any evidence for this
hypothesis but cannot discount it.

How long do the effects of exposure last?  If there is, in fact, a causal associa-
tion between TCDD exposure and respiratory cancer, the literature suggests that
the risk is elevated at least five years after exposure, but we cannot determine
how long it takes before the relative risks return to one, if they ever do.  However,
chance cannot be ruled out as a possible explanation for the observed pattern of
relative risk.

This conclusion is based primarily on the Seveso mortality study (Bertazzi et
al., 1989a,b) that reports a slight increase in the relative risk in the second five
years after the accident (see Table 8.2), indicating that the risk continues to
increase five years after exposure ends.  All of the study groups that demonstrated
latency results had protracted exposures.  None of these report results of the type
of analysis needed to address this question (see the previous section).  However,
although the NIOSH study does not directly address this issue, we can reasonably
infer that the SMRs for time since exposure in the <1 year duration of exposure
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category closely track those of the time since first exposure.  This is because
subjects with less than one year of exposure were likely to have received all of
their exposure in a single period of time.  This will be less likely for subjects with
longer duration of exposure because the possibility of “intermittent exposure” is
greater.  The SMRs, given in the first column of Table 8.1, appear to increase
from <20 years to 20+ years since first exposure, but this is based on rather small
numbers (nine cases in the <20 year group), and all the SMRs are less than one.

How does the effect of exposure vary with the age at which it was received?
None of the available studies provides information on the variation of the effect
of exposure with age.

Does the carcinogen appear to act at an early or late stage of the carcino-
genic process?  None of the available studies addresses this issue.

PROSTATE CANCER

Background

There are no environmental exposures other than herbicides associated with
prostate cancer for which latency issues have been investigated.

Review of the Herbicide Exposure and Prostate Cancer Literature

The NIOSH study of chemical production workers exposed to TCDD
(Fingerhut et al., 1991) reports SMRs for prostate cancer for 20+ years since first
exposure by duration of exposure <1 and 1+ years as well as for the entire cohort
(Fingerhut et al., 1991).  These SMRs, with observed and expected numbers of
deaths, are given in Table 8.4.  Because numbers of observed and expected deaths

TABLE 8-4 NIOSH Production Workers Study:  Prostate Cancer Observed,
Expected and SMRs for Men by Time Since First Exposure and Duration of
Exposure to TCDD

20+ years since first exposure

Entire cohort < 1 year exposure 1+ years exposure

Obs Exp SMR Obs Exp SMR Obs Exp SMR

17 13.9 122 2 3.0 67 9 5.9 152

SOURCE: Fingerhut et al., 1991, Table 2.
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are not given by duration of exposure for the entire cohort, it is not possible to
compare the SMRs for <20 and 20+ years since first exposure within duration of
exposure categories.  Thus, the most informative comparison is based on SMRs
for time-since-first exposure categories without respect to duration of exposure.
The SMR for 20+ years since first exposure is obtained by summing the observed
and expected numbers for the two duration categories.  The SMR for <20 years
since first exposure is obtained by subtracting the 20+ year numbers from the
total.  These are given in Table 8.5. While both are slightly elevated, there is no
difference in the SMRs between the <20 and 20+ categories.

Assuming that the exposure to TCDD after the Seveso accident was of
relatively short duration, time since the accident is essentially the same as time
since exposure.  The mortality study by Bertazzi et al. (1989a,b) provides results
relevant to timing of exposure for prostate cancer mortality.  Relative risks,
compared to the surrounding unexposed population, are given by calendar peri-
ods 1976-81 and 1982-86 for males for Zones B and R. For those living in the
area at the time of the accident, these time periods correspond to 0-5 and 6-10
years since exposure.  Thus, assuming that inmigrants represent a small propor-
tion of the cohort, the calendar-period relative risks will approximate the time
since exposure.  The relative risks are summarized in Table 8.6. There are too few
cases (three) in Zone B to draw any conclusions about time since first exposure
and changing risk patterns.  In Zone R, there is a decrease in the relative risk with
calendar period, although the small number of cases and the fact that this is a
mortality rather than an incidence study preclude strong statements about the
actual pattern of relative risks.

Conclusions

Our review of the literature yielded only two articles on prostate cancer with
latency-related results and sufficient numbers of cases for statistical analysis.
Prostate cancer is in the limited/suggestive evidence category, so it is important

TABLE 8-5 NIOSH Production Workers Study:
Prostate Cancer Observed and Expected Numbers of
Deaths and SMRs by Time Since First Exposure to TCDD

Time since first exposure

< 20 years 20+ years

Obs Exp SMR Obs Exp SMR

6 5.0 120 11 8.9 123

SOURCE: Derived from Fingerhut et al., 1991, Table 2.
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to keep in mind that the committee believes that the evidence for association
between herbicide exposure and prostate cancer is not conclusive.  Although
investigation of latency effects could result in a change in association categoriza-
tion, the fact that the committee reviewed the literature for latency effects does
not imply an a priori belief on the part of the committee that the association is
definitive.

How long does it take after exposure to see an increase in disease risk?  The
inconsistent, limited data from the NIOSH study (Fingerhut et al., 1991) and the
Seveso study (Bertazzi et al., 1989a,b) do not indicate any increase in the relative
risk of prostate cancer with time since exposure to TCDD.  Because the NIOSH
cohort was grouped into categories of <20 and 20+ years since first exposure,
they give no indication about changes in risk of prostate cancer within 20 years of
exposure.  The Seveso study has too few cases of prostate cancer and too short an
observation period (up to ten years) to be informative on this question.

How long do the effects of exposure last?  The available evidence is not infor-
mative on this issue.

How does the effect of exposure vary with the age at which it was received?
None of the studies provides information on the variation of the effect of expo-
sure with age.

Does the carcinogen appear to act at an early or late stage of the carcino-
genic process?  None of the studies addresses this issue.

TABLE 8-6 Seveso Study:  Prostate Cancer Relative
Mortality in Men by Calendar Period

Relative risk

Zone Observed deaths 1976-1981a 1982-1986b

Ac — — —
B 3 2.8 1.5
R 16 1.9 1.2

aApproximately 0-5 years since first exposure.
bApproximately 6-10 years since first exposure.
cNot provided.

SOURCE: Bertazzi et al., 1989.
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RELEVANCE OF THE LATENCY ISSUE IN ASSESSING THE
EFFECT OF HERBICIDES ON CANCER RISK IN

VIETNAM VETERANS

One of the committee’s tasks was to assess the likelihood that exposure to
herbicides used in Vietnam resulted in or will result in increased risk of disease in
Vietnam veterans.  Currently, this needs to be inferred based on extrapolation
from the findings about disease experience of other groups exposed to TCDD or
herbicides generally.  The validity of an extrapolation of this kind depends on the
comparability of the groups upon which the extrapolation is based and (specific
subgroups of) the Vietnam veterans.  In particular, at the least, exposure status
and level of exposure should be comparable.  In addition, as we have discussed in
this chapter, comparability with respect to timing of exposure may also be very
important.

For the Vietnam veterans, assessing the extent of exposure and, in particular,
identifying highly exposed individuals are perhaps the primary problems in as-
sessing the relevance of findings in other groups to the risk of disease in veterans.
This problem is discussed in Chapter 5.  However, factors related to the timing of
exposure may actually be determined with some accuracy.  For an individual
veteran, it is easy to ascertain the dates of service in Vietnam and the date of
birth.  Thus, although it is difficult to determine the exact dates of possible
exposure, these dates put clear bounds on the number of years since first or last
exposure.  In fact, these limits bound the interval of potential exposure to a range
that is adequate for categorization of time since exposure, given the accuracy
level of epidemiologic studies.  Thus, it is feasible to extrapolate from results on
the timing of exposure from other study groups when determining the likely
effect of exposure on groups of Vietnam veterans defined by age at exposure.
Ideally, a table of relative risks by categories of time since exposure and age at
exposure for a number of exposure-level categories, such as serum TCDD level,
could be constructed.  There is currently not enough information in the literature
to estimate such relative risks.  However, further analysis of existing studies with
a focus on investigation of likely timing of exposure among Vietnam veterans
may yield useful information.
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278

9

Reproductive Effects

INTRODUCTION

This chapter summarizes published scientific literature on exposure to herbi-
cides and adverse reproductive and developmental effects.  The literature dis-
cussed includes papers published since VAO. VAO included a number of environ-
mental, occupational, and Vietnam veteran studies that evaluated herbicide
exposure and the risk of adverse outcomes, including spontaneous abortion, birth
defects, stillbirths, neonatal and infant mortality, low birthweight, and sperm
quality and infertility.  The report concluded that the evidence at that time was
inadequate or insufficient to determine whether an association exists between
exposure to herbicides and each of the above reproductive and developmental
outcomes.

The primary emphasis of VAO and the present review is on the potential
adverse reproductive effects of herbicide exposure for males, because the vast
majority of the Vietnam veterans are men.  Nevertheless, a brief discussion of the
epidemiologic findings pertaining to female exposure is warranted because of the
Department of Veterans Affairs’ planned study of female Vietnam veterans and
their reproductive health.  Additionally, there is growing evidence from experi-
mental animal research on female reproductive toxicity and developmental toxic-
ity via in utero exposure to dioxin.

A number of studies have attempted to evaluate the potential association
between herbicide exposure in women and the risk of adverse reproductive out-
comes, including spontaneous abortion, stillbirth, preterm delivery, and birth
defects (Hemminki et al., 1980; McDonald et al., 1987; Ahlborg et al., 1989;
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Savitz et al., 1989; Fenster and Coye, 1990; Restrepo et al., 1990; Goulet and
Theriault, 1991; Nurminen et al., 1994).  The quality and results of these studies
have been mixed.  A major limitation of nearly all the studies is the determination
of specific exposures.  Many studies have defined exposure solely based on
employment in agricultural occupations.  Exposure to specific chemicals and
other agents in these agricultural settings is usually not ascertained.  Further,
problems such as incomplete ascertainment of the outcome of interest, selection
of inappropriate or no control groups, and failure to account for confounding
factors have plagued some of this work.  Improvements in study design, espe-
cially exposure assessment, should allow for a more definitive evaluation of the
relationship between herbicide exposure and adverse reproductive outcomes
among women.

The following sections will separately discuss specific categories of repro-
ductive effects:  fertility, spontaneous abortion, stillbirth, birth defects, and child-
hood cancer.  Childhood cancer is discussed in this chapter rather than in Chapter
7, since many such cancers are related to preconceptual and in utero exposures.
For most outcomes, a brief summary of the scientific evidence in VAO is pre-
sented, followed by an update of the recent scientific literature.  A complete
discussion of the evidence is presented for birth defects, because the committee
has changed its assessment of this literature since VAO.

FERTILITY

Background

Male reproductive function is a complex system under the control of several
components whose proper coordination are important for normal fertility.  There
are several components or endpoints related to male fertility, including reproduc-
tive hormones and sperm parameters.  Only a brief description of male reproduc-
tive hormones will be given here; more detailed reviews can be found elsewhere
(Yen and Jaffe, 1991; Knobil et al., 1994).  The reproductive neuroendocrine axis
involves the central nervous system, the anterior pituitary gland, and the testis.
The hypothalamus integrates neural inputs from the central and peripheral ner-
vous systems and regulates gonadotrophins (luteinizing hormone and follicle-
stimulating hormone). Both of these hormones are necessary for normal sper-
matogenesis.  Luteinizing hormone (LH) and follicle-stimulating hormone (FSH)
are secreted in episodic bursts by the anterior pituitary gland into the circulation.
LH interacts with receptors on the Leydig cells, which leads to increased tes-
tosterone synthesis.  FSH and testosterone from the Leydig cells interact with the
Sertoli cells in the seminiferous tubule epithelium to regulate spermatogenesis.
Several agents, such as lead and dibromochloropropane (DBCP), have been
shown to affect the neuroendocrine system (Ng et al., 1991; Whorton et al.,
1979).
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Summary of VAO

Only one occupational epidemiologic study is available for assessing the
association between herbicide exposure and altered sperm parameters (sperm
count, motility, morphology).  This study of 2,4-D exposure did indicate an
association with abnormal sperm morphology; however, given the small sample
size and lack of additional studies, the evidence for determination of an associa-
tion is considered inadequate.  No studies were identified that examined occupa-
tional or environmental exposure and impaired fertility. One study of veterans
reported an association with altered sperm measures (reduced sperm concentra-
tion and increased percentage of abnormal sperm), although there was no rela-
tionship to the number of children fathered, self-reported herbicide exposure, or
the extent of combat experience.  The paucity of occupational studies, lack of
consistent findings in veterans studies, and methodologic problems in the studies
reviewed do not permit a valid assessment of an increased infertility.

Update of the Scientific Literature

The Centers for Disease Control and Prevention (CDC) Vietnam Experience
Study (VES) did not find any association between service in Vietnam and alter-
ations in FSH, LH, and testosterone (Centers for Disease Control, 1989).  The
recent analysis of the Ranch Hand data indicated that FSH was not associated
with estimated initial dioxin level (Roegner et al., 1991).  There was a pattern of
decreasing testosterone with increasing serum dioxin, although this was statisti-
cally nonsignificant.

NIOSH researchers conducted a cross-sectional study to evaluate the rela-
tionship between serum dioxin and serum testosterone and gonadotrophins in
men previously occupationally exposed to dioxin and in a referent group (Egeland
et al., 1994).  The exposed group consisted of men who were either current or
former employees at two of the 12 plants that are part of the NIOSH cohort study
of dioxin-exposed workers.  The plants manufactured 2,4,5-T from 1951 to 1969
in New Jersey and from 1968 to 1972 in the Missouri plant.  A cross-sectional
medical study was conducted in 1987, with a total of 586 workers identified.
Among these men, 400 were considered eligible (143 died, 43 were not located).
A total of 357 workers completed the interview, and 281 completed a medical
exam (70 percent of eligible, 48 percent of original group).  For comparison,
age-, sex-, and race-matched neighborhood referents were identified and con-
tacted.  A total of 325 referents were interviewed, and 260 completed the medical
exam.  The original number of referents contacted was not stated.  The interview
included questions on medical history, demographics, and lifestyle factors.  A
random sample of the comparison subjects was chosen (N = 99), and their mean
dioxin value (6.08 picograms/gram) was assigned to the 161 referent subjects
without a serum measurement.  A half-life decay model (7.1 year half-life; steady-
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state background = 6.08 picograms/gram) was used to estimate past dioxin levels.
A single measurement of total serum testosterone, FSH and LH was taken for
each subject.  The strength of the relationship between serum dioxin and serum
levels of testosterone, FSH, and LH were estimated by linear regression (continu-
ous dioxin) and logistic regression (using quartiles of dioxin), adjusting for age,
body mass index (BMI), diabetes, alcohol, smoking, and race.

The results of the linear regression analysis indicated that current serum
dioxin was related to FSH, LH, and testosterone levels.  Serum dioxin was posi-
tively related to FSH (b = .04) and  LH (b = .03), and inversely related to
testosterone (b = –.02). The regression coefficient b represents the unit increase
or decrease in gonadotrophins and testosterone per unit increase in serum dioxin.
The magnitude of the increases or decreases in hormones was thus rather small,
compared to the normal range for these hormones in humans.  The logistic regres-
sion analysis used serum dioxin categorized into quartiles and “high” LH and
FSH and “low” testosterone.  High LH was defined as >28 IU/liter (laboratory
standard for normal range = 5-28 IU/liter) and high FSH as >31 IU/liter (normal
range = 3-31 IU/liter).  Low testosterone was defined as <10.4 nmol/liter (normal
range = 9.4-34.7 nmol/liter).  These cutoffs were at the 8th percentile of the LH
and FSH distributions.   The cutoff for low testosterone was set at the 8th percen-
tile (<10.4 nmol/liter) to be consistent with FSH and LH.  There was an associa-
tion found between high LH and current serum dioxin (2nd dioxin quartile OR =
1.9; 3rd OR = 2.5; 4th OR = 1.9; p for trend = .03).  For FSH, a pattern of
increasing risk with increasing serum dioxin was also found, but the test for trend
was not statistically significant (p = .10).  The adjusted odds ratios for low
testosterone were more elevated (2nd dioxin quartile = 3.9; 3rd = 2.7; 4th = 2.1),
but again the trend test was not significant (p = .10).  Similar estimates were
obtained for half-life serum dioxin extrapolated to the time at which occupational
exposure ended.

The results of this study indicated that estimated dioxin exposure levels were
positively associated with LH and FSH levels and negatively associated with
serum testosterone.  The strengths of the study included the use of an occupa-
tional cohort with documented dioxin exposure and an attempt to control for
potentially confounding factors.  However, the cross-sectional nature of the study,
the fact that only one serum hormone measurement was obtained, the imprecision
of the effect estimates, the failure to detect a dose-response gradient, and the
relatively low proportion of participating workers included in the analyses are of
concern.  The implications of some of these limitations on the interpretation of
their findings are not straightforward.  The authors argued that their single mea-
surement results are likely to be conservative.  Although this issue is not directly
addressed in the original paper, the authors have argued in a Letter to the Editor
in the American Journal of Epidemiology that any laboratory errors in the mea-
surement of serum dioxin and hormones are unlikely to produce the results they
obtained  and that within- and between-assay variation was acceptable (Egeland
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et al., 1995).  As to possible selection bias due to the poor response, no data exist
to directly evaluate possible biasing effects on the odds ratio estimates.

As the authors correctly noted, the magnitude of the differences in hormone
concentrations were small.  Some of the men did have hormone levels that were
either above (LH and FSH) or below (testosterone) the cutoff of the 8th percen-
tile. A major issue in the interpretation of these findings, if real, is whether these
changes in hormone concentration ascribed to dioxin have any implications for
reproductive failure.  Clearly, the hormonal changes are rather subtle and are well
below levels expected to result in gonadal failure.  Although the one study re-
viewed here suggested an association between TCDD exposure and changes in
male reproductive hormones, there were a number of methodologic concerns
with the study that do not permit definitive conclusions to be drawn.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides considered in the report and
altered sperm parameters or infertility.  The evidence regarding association is
drawn from occupational and other studies in which subjects were exposed to a
variety of herbicides and herbicide components.

Biologic Plausibility

Experimental animal evidence supports the notion that dioxin can alter tes-
tosterone synthesis, generally at relatively high doses, but does not provide direct
clues as to the reproductive significance of hormone disregulation of the magni-
tude found in available studies.

SPONTANEOUS ABORTION

Background

Spontaneous abortion (or miscarriage), according to the World Health Orga-
nization (1977), is a “nondeliberate fetal death of an intrauterine pregnancy
before 22 completed weeks of gestation, corresponding to a fetal weight of ap-
proximately 500 grams or more.”  Pregnancy losses prior to implantation (preim-
plantation) are not clinically detectable with current diagnostic procedures. The
rate of early (postimplantation) detectable (but often unrecognized) pregnancy
losses has been estimated to be approximately 30 percent (Wilcox et al., 1988).

Because preimplantation and early postimplantation losses are difficult to
ascertain for epidemiologic studies of pregnancy loss, the appropriate epide-
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miologic endpoint for these studies is not all spontaneous abortions but rather all
clinically recognized spontaneous abortions—those that come to the attention of
a woman or her physician.  All subsequent discussions of pregnancy loss, miscar-
riage, or spontaneous abortion refer to clinically recognized outcomes unless
otherwise specified.

Approximately 10 to 15 percent of all clinically recognized pregnancies end
in a clinically recognized loss.  Of these clinically recognized pregnancy losses,
35 to 40 percent are losses of chromosomally abnormal embryos and fetuses
(Kline et al., 1989).  A wide range of maternal characteristics and exposures has
been linked to miscarriage.  However, two major risk factors have been estab-
lished—advanced maternal age and history of previous miscarriage (Kline et al.,
1989).

Summary of VAO

The studies involving occupational and environmental herbicide exposure
generally reported no association with spontaneous abortion; however, these stud-
ies were inadequate with respect to sample size, elimination of potential bias, and
assessment of exposure.

The available epidemiologic studies of veterans are generally limited by
inadequate sample size, potential bias, and other methodologic problems.  There
are some suggestive findings indicating an increased risk for Vietnam veterans,
including a possible dose-response gradient of increasing risk with increasing
estimated (self-reported or inferred) Agent Orange exposure.  Nonetheless, the
inconsistency with environmental and occupational studies, the uncertainty of the
methods of exposure determination, the marginal magnitude of the increased
risk, and the failure to exclude chance are of enough concern that the evidence
can be considered insufficient.  Future analyses of the data for Ranch Hands, the
Air Force personnel involved in handling and spraying herbicides, may contrib-
ute important evidence regarding an increased risk for spontaneous abortion
among exposed Vietnam veterans.

Update of the Scientific Literature

The general introduction and review of the recently published Ranch Hand
study of reproductive outcomes (Wolfe et al., 1995) can be found in the section
on birth defects below. Overall, the conception and birth rates were similar for
the Ranch Hands and the comparison veterans.  There was a total of 157 (16
percent) spontaneous abortions among Ranch Hands and 172 (14 percent) among
comparison veterans.  The results by dioxin level showed only a weak increased
relative risk estimates for the background (RR = 1.1; CI 0.8-1.5) and low-level
(RR = 1.3; CI 1.0-1.7) categories and no association for the high-level category
(RR = 1.0; CI 0.7-1.3).
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The Ranch Hand study had some clear strengths.  The AFHS cohorts were
well defined and systematically followed, and health outcomes were carefully
monitored.  The Ranch Hands represent veterans with high potential for herbicide
and dioxin exposure, and the use of serum dioxin assays has provided a direct
estimate of exposure that is superior in some respects to the retrospective expo-
sure assessment methods based on troop movement and spraying data.

Several aspects of how the study was conducted and how the data were
analyzed deserve consideration.  First, the difference in the number of original
cohort subjects and those that were included in the final analyses raises the
possibility of selection bias. The authors noted that those who volunteered for the
study were more likely to have children with birth defects than those who did not
volunteer.  The impact on the risk ratio is not likely to be important, because this
volunteerism was not associated with exposure.  Nonetheless, there is no discus-
sion of a comparison of the original cohort subjects and their children with those
who were included in the final analyses, not just those who agreed to the serum
dioxin assay.  The complete exclusion of the subjects with serum dioxin sample
measurements below the level of detectability, rather than their inclusion with the
background or referent categories, does not appear justified.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides considered in this report and
spontaneous abortion.  The evidence regarding association is drawn from occupa-
tional and other studies in which subjects were exposed to a variety of herbicides
and herbicide components.

STILLBIRTH

Background

The use of the terms “stillbirth” and “neonatal death” can be confusing and
has differed in various epidemiologic studies.  Stillbirth (or late fetal death) is
typically defined as the delivery of a fetus occurring at or after 28 weeks of
gestation and showing no signs of life at birth, although a more recent definition
includes deaths among all fetuses weighing more than 500 grams at birth, regard-
less of gestational age at delivery (Kline et al., 1989).  Neonatal death is usually
defined as the death of a live-born infant within the first 28 days of life. Because
there are no clear biological differences between late fetal deaths (stillbirths) and
deaths in the early neonatal period, these are commonly referred to together as
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perinatal deaths (Kallen, 1988).   Stillbirths occur in approximately 1 to 2 percent
of all births (Kline et al., 1989).  Among low-birthweight live- and stillborn
infants (500-2,500 grams), placental and delivery complications such as abruptio
placentae, placenta previa, malpresentation, and umbilical cord complications are
the most common causes of perinatal mortality (Kallen, 1988).  Among infants
weighing more than 2,500 grams at birth, the most common causes of perinatal
death are lethal congenital malformations and placental complications (Kallen,
1988).

Summary of VAO

A statistical association with stillbirth has not been reported in the available
occupational and environmental epidemiologic studies.  The majority of studies
did not have adequate statistical power, and the assessment of exposure was
incomplete.  Some studies of veterans have reported an increased risk, whereas
others have indicated no statistical association.  Interpretation of these veteran
studies is constrained by limited statistical power and most importantly, by un-
certainty of correctly assigning herbicide exposure to study groups.

Update of the Scientific Literature

The general introduction and review of the recently published study of repro-
ductive outcomes among the Ranch Hands is provided in the section on spontane-
ous abortion (Wolfe at al., 1995).  With respect to stillbirth, a total of 14 (1.4
percent) Ranch Hand conceptions resulted in a stillbirth, compared with 13 (1.1
percent) comparison veteran conceptions.  Elevated risk ratios were found for the
background (RR = 1.8; CI 0.7-4.5) and low (RR = 1.8; CI 0.7-4.7) levels, al-
though both estimates were nonsignificant and relatively imprecise.  The risk
ratio for the high level was 0.3 (CI 0.0-2.3), based on one stillbirth among Ranch
Hands.  Thus, study results indicated an association between TCDD levels and
the risk of stillbirth among those Ranch Hand subjects with either background or
low exposure levels.  No association was seen among veterans in the high-expo-
sure category.  The evidence from the previous studies reviewed in VAO was
mixed:  some occupational, environmental, and Vietnam veteran studies sug-
gested an increased risk of stillbirth, while other studies did not report an associa-
tion.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides considered in this report and
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stillbirth.  The evidence regarding association is drawn from occupational and
other studies in which subjects were exposed to a variety of herbicides and
herbicide components.

BIRTH DEFECTS

Background

The March of Dimes defines a birth defect as “an abnormality of structure,
function or metabolism, whether genetically determined or as the result of an
environmental influence during embryonic or fetal life” (Bloom, 1981).  Other
terms often used interchangeably with birth defects are “congenital anomalies”
and “congenital malformations.”  Major birth defects are usually defined as those
abnormalities that are present at birth and severe enough to interfere with viabil-
ity or physical well-being. Major birth defects are seen in approximately 2 to 3
percent of live births (Kalter and Warkany, 1983).  An additional 5 percent of
birth defects can be detected with follow-up through the first year of life.  Given
the general frequency of major birth defects of 2 to 3 percent and the number of
men who served in Vietnam (2.6 million), and  assuming that they had at least
one child, it has been estimated that 52,000 to 78,000 babies with birth defects
have been fathered by Vietnam veterans, even in the absence of an increase due
to exposure to herbicides or other toxic substances (Erickson et al., 1984a).

Epidemiologic Studies of Birth Defects

Because the publication of new data from the Ranch Hand study has caused
the committee to change its conclusion about the strength of the evidence regard-
ing the association between exposure to herbicides used in Vietnam and birth
defects, the following material was included from VAO to present a complete
picture about the evidence for the committee’s conclusions.  The section entitled
“Ranch Hand Study,” however, is based on the new information.

Occupational Studies

Four occupational epidemiology studies have examined the potential asso-
ciation between herbicide exposure of male workers and birth defects.  The
Townsend study (Townsend et al., 1982) of workers with potential dioxin expo-
sure at a Dow Chemical plant did not find an increased risk of birth defects
among dioxin-exposed workers (30 births with anomalies; 47/1,000 births) com-
pared to unexposed workers (87 births with anomalies; 49/1,000 births; OR = 0.9,
CI 0.5-1.4).  A major limitation of this study is its limited statistical power to
detect an elevated odds ratio for specific defects.  The authors noted that the study
had 26 percent power to detect a doubling of risk due to exposure for a group of
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indicator malformations (anomalies thought to be easily recognized and reported
by the mother, such as an oral cleft, spina bifida, and Down’s syndrome).  An
additional problem is that despite the use of these “indicator malformations,”
without medical records, validation of the accuracy of maternal self-report of
birth defects is questionable for many conditions.

Two studies of workers from a 2,4,5-T plant in Nitro, West Virginia, did not
report an association with birth defects among offspring (Moses et al., 1984;
Suskind and Hertzberg, 1984).  The relative risk estimates for any birth defect
were 1.3 (CI 0.5-3.4) for Moses et al. and 1.1 (CI 0.5-2.2) from the Suskind and
Hertzberg study.  Both studies had limited statistical power, given the small
number of subjects (204 exposed workers in the Suskind and Hertzberg study;
117 exposed workers in the Moses study).  This is especially problematic for the
evaluation of most specific birth defects.  Both studies also relied on self-reports
for the ascertainment of birth defects.

A study of 2,4,5-T sprayers found only a slightly elevated odds ratio for
congenital anomalies (OR = 1.2, CI 0.5-3.0) associated with the spraying group
(Smith et al., 1982).  The study used self-administered questionnaires to deter-
mine outcomes.  Like the other studies, it had limited power for the analysis of
individual birth defects.

Environmental Studies

A variety of environmental studies have examined the relationship between
herbicide exposure and prevalence of birth defects (Nelson et al., 1979; Gordon
and Shy, 1981; Hanify et al., 1981; Mastroiacovo et al., 1988; Stockbauer et al.,
1988; White et al., 1988; Fitzgerald et al., 1989; Jansson and Voog, 1989).  Some
studies reported a statistical association with specific birth defects (clubfoot,
Fitzgerald et al., 1989; cleft lip with or without cleft palate, Gordon and Shy,
1981; heart, hypospadias, clubfoot, Hanify et al., 1981; oral clefts, Nelson et al.,
1979), although others have not reported an association (Stockbauer et al., 1988;
Fitzgerald et al., 1989; Jansson and Voog, 1989), including the Seveso study
(Mastroiacovo et al., 1988).  Interpretation of the results of these environmental
studies is difficult, because most of the studies were inconsistent, were based on
ecologic correlations, had inadequate statistical power, did not validate birth
defects recorded from vital statistics or self-reports, and included both male and
female exposures.

A recently published study from Vietnam evaluated the risk of birth defects
among the offspring of mothers who resided in a village in the southern part of
the country that had been sprayed during the conflict (Phuong et al., 1989); 81
cases of birth defects (diagnosis not specified) were identified.  No differences
were reported between cases and controls for the potentially confounding factors
investigated.  Strong associations were found for birth defects (calculated from
data presented; OR = 3.8, CI 1.1-13.1).  The paper is difficult to evaluate given
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the sparse details presented.  Study design factors such as how birth defects were
diagnosed and what types were detected, the size of the original case and control
groups from which the final groups were sampled, the pattern of patient accrual
for this hospital, the method of data collection, and how the potential herbicide
spraying histories were determined were not specified.  Finally, to put the study
in the context of this review, the potential exposure 17 to 22 years earlier pertains
to both the mother and the father.

Results from a number of other studies from Vietnam, both of sprayed vil-
lages in the southern part of the country and of veterans returning to the unsprayed
northern regions, have been reported, mostly in a review by Constable and Hatch
(1985).  These studies indicate an increased risk of birth defects, including anen-
cephaly, oral clefts, and a variety of other anomalies.  Nonetheless, these studies
generally suffer from poor reporting and a variety of methodologic problems
such as limited control of confounding factors, use of a referral hospital, lack of
comparison groups, uncertainty of exposure classification, and no validation of
reported birth defects.  Although the findings are suggestive of an association
between herbicide spraying and birth defects, the available studies are insuffi-
cient to draw firm conclusions.

Vietnam Veterans Studies

As part of the CDC Vietnam Experience Study (1989), the reproductive
outcomes and the health of children of male veterans were examined.  The VES
assessment included a telephone interview, a review of hospital birth defect
records for a subsample of veterans who underwent a medical examination, and a
review of the medical records of selected birth defects for all study subjects.

The interview data revealed that Vietnam veterans reported more birth de-
fects (64.6 per 1,000 total births) among offspring than did non-Vietnam veterans
(49.5 per 1,000 total births).  The adjusted odds ratio estimate for congenital
anomalies as a group was 1.3 (CI 1.2-1.4).  When examined by specific defect
category, elevated adjusted odds ratios were found for defects of the nervous
system (OR = 2.3, CI 1.2-4.5); ear, face, neck (OR = 1.6, CI 0.9-2.8); and
integument (OR = 2.2, CI 1.2-4.0).  A small but statistically significant odds ratio
of 1.2 (CI 1.1-1.5) was found for musculoskeletal defects.  An analysis of specific
defects considered by the investigators to be relatively common and reliably
diagnosed was also conducted.  Elevated (crude) odds ratios were reported for
hydrocephalus (OR = 5.1, CI 1.1-23.1), spina bifida (OR = 1.7, CI 0.6-5.0), and
hypospadias (OR = 3.1, CI 0.9-11.3).  Vietnam veterans also reported having
more children with multiple defects (OR = 1.6, CI 1.1-2.5) than non-Vietnam
veterans.  An analysis of Vietnam veterans’ self-reported herbicide exposure
found a dose-response gradient, with an adjusted odds ratio for birth defects of
1.7 (CI 1.2-2.4) at the highest level of exposure.

The VES also examined serious health problems in the veterans’ children;

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


REPRODUCTIVE EFFECTS 289

that is, the veterans were asked to report physician-diagnosed major health prob-
lems or impairments during the first five years of their children’s lives.  About
half of the health conditions reported were respiratory disease (mostly asthma
and pneumonia) and otitis media.  For most of the conditions, the veterans re-
ported more health conditions than non-Vietnam veterans (all conditions, OR =
1.3, CI 1.2-1.4).  After excluding children with a serious health condition or
either a birth defect or cancer, the overall crude OR was 1.2 (CI 1.1-1.3).  El-
evated crude odds ratios were found for anemias (OR = 2.0, CI 1.2-3.3), diseases
of the skin (OR = 1.5, CI 1.1-1.9), rash (OR = 2.3, CI 1.1-4.9), and allergies (OR
= 1.6, CI 1.2-2.1).  Without medical records that  validate for many of these types
of common conditions and health problems, recall bias may be an explanation for
many of these findings.

The CDC (1989) did conduct two substudies using hospital records to iden-
tify birth defects among the veterans’ offspring.  The first, the General Birth
Defects Study (GBDS), compared the occurrence of birth defects recorded on
hospital records for the children of Vietnam and of non-Vietnam veterans (130
cases and 112 cases, respectively) who participated in the medical examination
component of the VES.  For a variety of characteristics, there were no apparent
differences between the group of men who participated in the exam and the total
interview group. There was no difference in the prevalence of birth defects be-
tween the two groups of children (crude OR = 1.0, CI 0.8-1.3).  There was a slight
but nonsignificant excess for major birth defects (OR = 1.2, CI 0.8-1.9).  When
analyzed by organ system, only digestive system defects appeared to be elevated
(OR = 2.0, CI 0.9-4.6), although the small number of defects precluded the
analysis of several broad categories.  The number of defects was also too small
for the analysis of specific individual defects.  An analysis by race did indicate an
elevated odds ratio (3.4, CI 1.5-7.6) for black Vietnam veterans.  An examination
of the specific defects listed on hospital records for children of black veterans did
not reveal any particular pattern.  A comparison of interview and hospital records
was also conducted to evaluate the extent of potential misclassification of veteran
responses.  In general, interview responses were not predictive of the presence of
a defect for either veteran group.  The agreement between interview and hospital
records was slightly poorer for Vietnam veterans.  For example, the positive
predictive value of the interview response for the presence of a defect in the
hospital record was 24.8 percent among Vietnam veterans and 32.9 percent among
non-Vietnam veterans.  Sensitivity was 27.1 percent among Vietnam veterans
and 30.3 percent among non-Vietnam veterans.  The kappa measure of agreement
was also lower (20.9 percent versus 27.6 percent) among Vietnam veterans.

The second substudy, the Cerebrospinal Malformation (CSM) Study, in-
volved the analysis of medical records for all cases of cerebrospinal malforma-
tions (spina bifida, anencephalus, hydrocephalus) and stillbirths reported by vet-
erans in the interview study.  The substudy found 26 cerebrospinal malformations
(live and stillbirths) among children of Vietnam veterans and 12 among children
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of non-Vietnam veterans.  No formal analysis of the difference in malformations
between the veteran groups was conducted, because negative responses (i.e.,
children without a reported malformation) were not verified and the participation
rates differed between groups (7.8 percent of Vietnam veterans and 22.1 percent
of non-Vietnam veterans refused to participate).

The VES did find suggestive associations for birth defects.  It is interesting to
note that some potential associations were found for birth defects considered by
the investigators to be “relatively common, easily diagnosed, and observable at
birth” (CDC, 1989).  These include hydrocephalus (OR = 5.1, CI 1.1-23.1) and
hypospadias (OR = 3.1, CI 0.9-11.3).  The GBDS did not replicate these findings,
but this sample had limited power for the analysis of specific defects.  Although
associations were not found for all conditions, there was clearly a general pattern
of a greater prevalence of birth defects in the offspring of Vietnam veterans,
according to self-reports.  The authors properly note the potential for recall bias
as an explanation for the pattern of excess risk.  As an attempt to evaluate recall
bias, two record validation studies of birth defects were conducted.  Overall, the
GBDS did not find any association with an increased risk of birth defects among
offspring of Vietnam veterans.  However, this validation study had limited power
to detect an increased risk for specific birth defects.  The second validation
substudy, the CSM review, was flawed by the differentially poor response rate
among the non-Vietnam veteran group.  This result and the fact that negative
responses were not pursued discouraged the investigators from estimating the
relative risk for cerebrospinal malformations.

Another important study of Vietnam veterans was the CDC Birth Defects
Study (Erickson et al., 1984a,b).  In this study, children with birth defects among
428 fathers who were reported to have been Vietnam veterans were compared to
children with birth defects among 268 control fathers who were non-Vietnam
veterans.  The odds ratio for Vietnam veteran status in relation to any major birth
defect among offspring was 1.0 (CI 0.8-1.1).  Analysis of the Agent Orange
exposure opportunity index (EOI; see VAO Chapter 6 for details) based on both
military records and self-reports did not indicate a statistically significant trend of
increasing risk of all types of birth defects (combined) with increasing levels of
Agent Orange exposure.  No association was noted between Vietnam veteran
status or self-reported Agent Orange exposure and risk of fathering a child with
multiple birth defects (OR = 1.1, CI 0.7-1.7).  The odds ratios for Vietnam
veteran status, self-reported Agent Orange exposure, and logistic regression coef-
ficients for EOI based on self-report and military records for most of the 95 birth
defect groups were not significantly elevated.  Although the odds ratio for spina
bifida was not elevated with Vietnam veteran status (OR = 1.1), the EOI indices
showed a pattern of increasing risk.  For example, the odds ratios for the EOI
based on information obtained during the interview for low to high levels of
exposure (levels 1 to 5) were 1.2 (CI 1.0-1.4), 1.5 (CI 1.1-2.1), 1.8 (CI 1.1-3.0),
2.2 (CI 1.2-4.3), 2.7 (CI 1.2-6.2).  A similar pattern was found for cleft lip with/
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without cleft palate— namely, EOI-1 (OR = 1.2, CI 1.0-1.4), EOI-2 (OR = 1.4, CI
1.0-1.9), EOI-3 (OR = 1.6, CI 1.0-2.6), EOI-4 (OR = 1.9, CI 1.0-3.6), and EOI-5
(OR = 2.2, CI 1.0-4.9).  The category “specified anomalies of nails” had an
increased odds ratio for Vietnam veteran status and elevated coefficients (not
statistically significant) for the two exposure indices.  The category “other neo-
plasms” was related to the EOI based on the father’s self-reported Agent Orange
exposure.  This group included a variety of congenital neoplasms such as cysts,
teratomas, and benign tumors.  In an attempt to search for a Vietnam veteran birth
defect “syndrome,” pairs and triplets of defects were examined for combinations
that yielded significant differences in the distribution among Vietnam veterans
and controls.  According to the authors, these analyses did not produce any
important associations or patterns among defect combinations.

The results of this study were generally negative; that is, there was not a
general pattern of increased risk for birth defects among the offspring of Vietnam
veterans.  However, the analysis of the Agent Orange EOIs based on military
records found a significant trend for increased risk for spina bifida with increased
exposure.  As the authors note, this finding must be viewed with caution, because
a related defect, anencephalus, was not found to be associated with a significant
EOI trend.  Another positive association was noted for cleft lip without cleft
palate, where a significant regression coefficient was found for the EOI index
based on the father’s interview.  No association was found for the EOI from
military records.

The CDC Birth Defects Study has many strengths, including the use of a
population-based registry system with careful classification of birth defects for
analysis.  The statistical power of the study was excellent for many major birth
defects.  Use of the Agent Orange EOIs is an attempt to refine exposure assess-
ment procedures compared to measures used in most other studies.  The study did
have several important limitations.  First, the response rates among cases and
controls were problematic, with approximately 56 percent of eligible case and
control fathers interviewed.  Examination of the nonparticipation group revealed
lower participation among persons classified as “nonwhite.”  The analyses by
race did not find important differences, but the potential for bias should not be
overlooked.  Another problem relates to the fact that case births occurred from
1968 through 1980, but interviews took place during 1982 and 1983, up to 14
years after the birth.  To minimize the potential recall bias induced by this long
lag period, controls were matched on year of birth.

Aschengrau and Monson (1990) studied late adverse pregnancy outcomes
among 14,130 obstetric patients who delivered at Boston Hospital for Women
from August 1977 to March 1980.  History of the fathers’ military service in
Vietnam was determined from Massachusetts and national military records by
using the husbands’ names and Social Security numbers.  The likelihood of
combat experience, based on branch of service and military occupation, was used
to estimate potential herbicide exposure.  The analyses compared the risk of
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malformations among children of 107 Vietnam veterans to that for children of
1,432 men without known military service; the risk in 313 non-Vietnam veterans
compared to the men without military service; and the risk in the Vietnam veter-
ans compared with the non-Vietnam veterans.  There was a slight, nonsignificant
increase in the odds ratio for all congenital anomalies for Vietnam veterans
compared to men without known military service (OR = 1.3, CI 0.9-1.9) and for
Vietnam veterans compared with non-Vietnam veterans (OR = 1.2, CI 0.8-1.9).
For major malformations, the odds ratio was elevated for Vietnam veterans com-
pared with men without military service (OR = 1.8, CI 1.0-3.1), but the ratio
decreased for Vietnam veterans compared with non-Vietnam veterans (OR = 1.3,
CI 0.7-2.4).  Only slight increases were found for the analysis of minor malfor-
mations and “only normal variants.”  Although based on small numbers, the
analyses of 12 malformation groups found that children of Vietnam veterans,
compared to children of men with no known military service, had an increased
risk of malformations of the nervous system, cardiovascular system, genital or-
gans, urinary tract, and musculoskeletal system.  Confidence intervals were not
presented with the odds ratio estimates, but it was noted that they included 1.0, so
elevated risks were not significantly increased.  Further examination of specific
anomaly diagnoses for the 18 infants of Vietnam veterans with major malforma-
tions did not reveal any pattern of association with potential herbicide exposure.

Although the study did find a positive association between paternal military
service in Vietnam and the risk of major malformations in offspring, the authors
suggest cautious interpretation of their findings, given the small number of sub-
jects in many of the comparisons involving specific groups of birth defects.
Additionally, it was noted that some of the malformations observed can also be
due to maternal and delivery factors (endocrine condition and fetal presentation).
An important problem relates to misclassification of herbicide exposure due to
equating exposure to service in Vietnam.

Two state health surveys of veterans (Iowa and Hawaii) did not indicate an
increased prevalence of birth defects (Rellahan, 1985; Wendt, 1985), but a survey
in Maine did report an increased risk of birth defects among veterans (Deprez et
al., 1991).  The limitations of these general survey studies affect their usefulness
in this evaluation.

As part of the National Vietnam Veterans Birth Defects/Learning Disabili-
ties Registry and database, a joint project of the Association of Birth Defect
Children and the New Jersey Agent Orange Commission, a self-administered
questionnaire was sent to Vietnam veterans to inquire about birth defects and a
variety of conditions and disabilities in the children of Vietnam veterans and non-
Vietnam veterans (Lewis and Mekdeci, 1993).  A preliminary analysis indicated
no differences in birth defects between the two groups; however, for a variety of
conditions, including allergies, frequent infections, benign tumors, cysts, and
chronic skin disorders, the veterans showed a higher frequency.  The possibility
of recall bias and the self-selected nature of the registry are of concern.  Nonethe-
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less, a carefully designed and comprehensive epidemiologic study with review of
medical records could address the possibility of an association with some of these
childhood health conditions.

A study of birth defects among offspring of Australian Vietnam veterans was
conducted using a total of 8,517 matched case-control pairs, with 127 infant cases
and 123 infant controls having a father who served in Vietnam (Donovan et al.,
1984).  There were 202 cases and 205 controls whose fathers were in the Army
but did not serve in Vietnam.  The adjusted odds ratio for birth defects among
children of Vietnam veterans versus all other men was 1.02 (CI 0.8-1.3).  Analy-
sis of subgroups based on the type of Army veteran (Australian Regular Army
enlistees, National Service draftees) did not detect any increased odds ratios for
these comparisons.  There was a slight, statistically nonsignificant increase in the
odds ratio for National Service Vietnam veterans versus those who did not serve
in Vietnam (OR = 1.3, CI 0.9-2.0).  The risk was independent of the length of
Vietnam service and the time between service and conception.  Analyses by
diagnostic group (central nervous system, cardiovascular, oral clefts, hypospadias,
musculoskeletal, dislocation of hip, chromosomal anomalies) did not show an
excess risk for Vietnam veterans.  However, two defects had odds ratios above
1.5 (statistically nonsignificant)—ventricular septal defects (OR = 1.8) and
Down’s syndrome (OR = 1.7).

Overall, this study was negative; that is, there was no evidence of an in-
creased risk of fathering a child with a congenital anomaly for Australian Army
veterans who served in Vietnam.  As indicated by the upper confidence limit
(1.3), this study had adequate power to rule out an odds ratio greater than 1.3 for
congenital anomalies.  Assessment of potential Agent Orange exposure in this
study is limited, because “history of service” in Vietnam was used as the primary
“exposure” variable.  This uncertainty is further compounded by potential differ-
ences in the location and nature of service of Australian veterans in Vietnam and
their resultant herbicide exposure.

The Australian study of veterans living in Tasmania reported more congeni-
tal anomalies among the 357 Vietnam veterans than among the comparison fami-
lies (Field and Kerr, 1988).  The authors suggested that the results indicated a
pattern of association with congenital heart disease and anomalies of the central
nervous system.  As described earlier in the section on spontaneous abortion,
there are several notable problems with this study, including inadequate presenta-
tion of results, potential selection bias, self-reported health outcomes, and using
service in Vietnam as a surrogate for herbicide exposure.

Ranch Hand Study The latest report from the Air Force Health Study (AFHS)
of Operation Ranch Hand veterans (“Ranch Hands”) and their children was pub-
lished in 1995 (Wolfe et al., 1995).  The Air Force released a first report on the
analysis of reproductive effects in 1982, and this report was reviewed in VAO
(AFHS, 1992).  The original study cohort comprised 1,098 Ranch Hands who
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regularly handled and sprayed herbicides in Southeast Asia from 1962 to 1971
(“exposed cohort”) and a comparison group of 1,549 Air Force veterans who
were in Southeast Asia at the same time but presumably were not exposed to
herbicides.  In 1987, 995 Ranch Hands (91 percent of original study group) and
1,299 comparison veterans (84 percent of original group) participated in a physi-
cal exam and agreed to provide serum samples for the dioxin assay.  A total of
872 Ranch Hands (79 percent of original cohort, 88 percent of 1987 cohort) and
1,036 comparison subjects (67 percent of original group, 80 percent of 1987
cohort) were available for analysis, after exclusion of samples that were unreli-
able because of laboratory error or that had dioxin levels below the level of
detection or above an upper threshold for background (10 parts per trillion [ppt])
for comparison subjects.  Of the 872 Ranch Hands, 454 had 1,006 self-reported
conceptions and 419 fathered 792 liveborn infants during their service in Viet-
nam or until January 1990.  Of the 1,036 comparison veterans, 570 had 1,235
conceptions and 531 fathered 981 liveborn infants during this period.

The initial dioxin level was estimated from the current level using a first-
order decay rate model with a fixed 7.1-year half-life estimate.  The referent
group for the Ranch Hands included the conceptions and offspring of comparison
men with “background” levels (≤10 ppt, N = 570, mean = 3.9ppt).  Ranch Hands
with levels at background were analyzed as a separate stratum (N = 179), since
the authors felt this group included a mixture of exposed and unexposed veterans,
given their mean level of 6.1 ppt and uncertainties in dioxin elimination. The
other strata used in the analysis included Ranch Hand “low” (current ≤10 ppt and
initial ≤ 110 ppt, N = 119) and Ranch Hand “high” ( current ≤10 ppt and initial
>110 ppt, N = 156).  The 110 ppt level was chosen because it is the median
estimated initial dioxin level at the time of conception of the Ranch Hands with
levels greater than 10 ppt.  As the authors point out, this cutoff is arbitrary, with
no assumed biologic meaning.  Reproductive outcomes of comparison veterans
with a current dioxin levels of greater than 10 ppt were not analyzed, because the
investigators suspected that these may reflect dioxin exposure after service in
Vietnam.

The reproductive and developmental outcomes included in the analyses in-
cluded spontaneous abortion (miscarriage, fetal death less than 20 weeks gesta-
tion), stillbirth (fetal death 20 weeks or greater gestation), and birth defects.  All
conceptions reported by the men, their wives, or their partners were verified
through medical records and vital statistics review.  The proportion of adverse
outcomes verified by specific sources was not stated.  This may be important,
given the known limitations of vital statistics records for the identification and
classification of certain pregnancy outcomes.

Stratified analyses were performed, adjusting for six covariates, including
father’s race, mother’s smoking and drinking during pregnancy, mother’s and
father’s age at birth or conception, and father’s military occupation (officer,
enlisted flyer, enlisted nonflyer).  In addition, adjustment was made for history of
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spontaneous abortion prior to service in Southeast Asia.  The authors noted that
the adjustment of father’s military occupation was performed because it may
serve as a proxy for education and occupation is associated with dioxin level.
Adjustment for occupation may, in fact, lead to some degree of “overadjustment”
owing to the high correlation between occupation and exposure potential.  Com-
parison of the adjusted estimates with the unadjusted risk ratio estimates derived
from the data provided in the paper showed little difference, indicating that the
adjustment for military occupation did not materially affect the results.

The validation of self-reported birth defects in this study was systematic and
of high quality.  Although the etiology of most birth defects remains unknown,
the study accounted for an array of factors controlled for in most previous studies
of birth defects.  Considering all birth defects combined, there was a slightly
higher proportion of defects among Ranch Hand children than among compari-
son children (22.3 percent versus 20.8 percent).  No general pattern of increasing
risk with increasing dioxin levels was found. A small increased RR of 1.3 (CI
1.0-1.6) was found for the low-dioxin category.  There was a slightly higher
prevalence of major birth defects among Ranch Hand children compared to com-
parison children (7.4 percent versus 5.7 percent).  There was an elevated risk ratio
for the low-level category (RR = 1.7; CI 1.1-2.7), although a dose-response
gradient was not evident, with an RR of 1.1 for background (0.6-1.8) and 1.2 (CI
0.8-2.1) for the high-level category. The analysis of birth defect groups yielded a
total of 11 increased and five decreased risk ratios for the low- and high-level
comparisons with the referent category.  For example, the analysis of circulatory
system and heart defects found risk ratios of 2.3 for low and 0.9 for high levels.
Genital defects had risk ratios of 1.8 for low and 1.2 for high; urinary system
defects had risk ratios of 2.0 for low and 2.1 for high.  Examination of specific
defects included in this larger defect grouping did not show any specific associa-
tions or patterns.  Interestingly, neural tube defects (spina bifida, anencephaly)
were in excess among offspring of Ranch Hands, with four total (rate of five per
1,000), in contrast to none among the comparison infants (exact p = .04).  The
four cases were distributed as two spina bifida in the high-level category, one
anencephaly and one spina bifida in the low-dioxin category.  There was no clear
pattern of association with developmental disabilities in terms of specific delays
in development or hyperkinetic syndrome, although the low-level stratum for
specific delays in development had a risk ratio of 1.5 (CI 1.0-2.3).

Summary

The recently published results of the analysis of birth defects among the
offspring of Ranch Hands suggest the possibility of an association between di-
oxin exposure and risk of neural tube defects.  These findings require a consider-
ation of the current evidence for an association between herbicides and neural
tube defects and an increased risk among Vietnam veterans exposed to herbi-
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cides.  Table 9.1 includes a summary of the studies that have reported results
specifically for neural tube defects (typically anencephaly and/or spina bifida),
including studies in VAO and more recent publications.  Unfortunately, some
studies (e.g., Seveso), particularly the occupational and environmental studies,
do not have results specific for individual birth defects, usually because of the
small number of cases.  A number of studies of veterans appear to show an
elevated relative risk for either service in Vietnam or estimated exposure to
herbicides or dioxin and neural tube defects (anencephaly and/or spina bifida) in
their offspring.  Many of the estimates are imprecise, and chance cannot be ruled
out.  Nonetheless, the pattern of association warrants further evaluation.  The
CDC Birth Defects Study (Centers for Disease Control, 1988), the CDC Vietnam
Experience Study (Centers for Disease Control, 1989), and the Ranch Hand
Study (Wolfe et al., 1992) are of the highest overall quality.  The CDC VES
cohort study found that more Vietnam veterans reported that their children had a
central nervous system anomaly (OR = 2.3; 95 percent CI 1.2-4.5) than did non-
Vietnam veterans (Centers for Disease Control, 1989).  The odds ratio for spina
bifida was 1.7 (CI 0.6-5.0).  A substudy was conducted in an attempt to validate
the reported cerebrospinal defects (spina bifida, anencephaly, hydrocephalus) by
examination of hospital records.  A difference was detected, but its interpretation
was limited by differential participation between the veteran groups and failure to
validate negative reported—i.e., the veterans not reporting their children having a
birth defect.  Thus, the issue of a recall bias remains a major concern with this
study.

The CDC Birth Defects Study utilized the population-based birth defects
registry system in the metropolitan Atlanta area (Centers for Disease Control,
1988).  There was no association between overall Vietnam veteran status and the
risk of spina bifida (OR = 1.1, CI 0.6-1.7) or anencephaly (OR = 0.9, CI 0.5-1.7).
However, the exposure opportunity index based on interview data was associated
with an increased risk of spina bifida; for the highest estimated level of exposure
(EOI-5), the OR was 2.7 (CI 1.2-6.2).  There was no similar pattern of association
for anencephaly.  This study has a number of strengths, including the use of a
population-based birth defects registry system and adjustment for a number of
potentially confounding factors.  Two study limitations include the relatively low
response proportions among the case and control subjects (approximately 56
percent) and the lag between birth and interview for some cases and controls.

Thus, all three epidemiologic studies (Ranch Hand, VES, CDC Birth Defects
Study) suggest an association between herbicide exposure and an increased risk
of spina bifida in offspring.  Although the studies were judged to be of relatively
high quality, they suffer from methodologic limitations, including possible recall
bias, nonresponse bias, small sample size, and misclassification of exposure.  In
addition, the failure to find a similar association with anencephaly, an embryo-
logically related defect, is of concern.
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TABLE 9-1  Epidemiologic Studies—Neural Tube Defects

Reference Description N OR/RR (95%
CI)

Occupational
No specific results for neural tube defects

Environmental

Hanify et al., 1981 Anencephaly  10 1.4 (0.6-3.3)
Spina bifida  13 1.1 (0.6-2.3)

Stockbauer et al., 1988 TCDD soil contamination in Missouri
 Central nervous system defects   3 3.0 (0.3-35.9)

Vietnam veterans

Erickson, 1984a,b Birth Defects Study
 Vietnam veteran: spina bifida  19 1.1 (0.6-1.7)
 Vietnam veteran: anencephaly  12 0.9 (0.5-1.7)
 EOI-5: spina bifida  19a 2.7 (1.2-6.2)
 EOI-5: anencephaly   7a 0.7 (0.2-2.8)

CDC, 1989 Vietnam Experience Study
 Interview study
  Spina bifida   9 1.7 (0.6-5.0)

among Vietnam
veterans

  5 among non-
Vietnam veterans

  Anencephaly   3 among Vietnam
veterans

  0 among non-
Vietnam veterans

Australian veterans Birth defects and father’s Vietnam service
(Australia)

Health Studies, 1983 Neural tube defects  16 0.9

AFHS, 1995 Follow-up of Air Force Ranch Hands
  Neural tube defects  4 among Ranch Handb

 0 among comparison

NOTE:  N = number of exposed cases; OR/RR = Odds Ratio/Relative Risk; CI = Confidence
Interval; SIR = Standardized Incidence Ratio.

aNumber of Vietnam veterans fathering a child with a neural tube defect given any exposure
opportunity index score.
bFour neural tube defects among Ranch Hand offspring include 2 spina bifida (high dioxin
level), 1 spina bifida (low dioxin), and 1 anencephaly (low dioxin).  Denominator for Ranch
Hand group is 792 liveborn infants.
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Conclusions

Strength of Evidence in Epidemiologic Studies

There is limited/suggestive evidence of an association between exposure to
the herbicides considered in this report and spina bifida.  There is inadequate or
insufficient evidence to determine whether an association exists between expo-
sure to the herbicides and all other birth defects.  The evidence regarding associa-
tion is drawn from occupation and other studies in which subjects were exposed
to a variety of herbicides and herbicide components.

Biologic Plausibility

Laboratory studies of the potential developmental toxicity, specifically birth
defects, of TCDD and herbicides as a result of exposure to adult male animals are
too limited to permit conclusions.

Risk in Vietnam Veterans

Since the strongest associations are from studies of Vietnam veterans and
there are some data suggesting that the highest risks were for those veterans
estimated to have had exposure to Agent Orange (e.g., Ranch Hands), it therefore
follows that there is limited/suggestive evidence for an increased risk in Vietnam
veterans of spina bifida in offspring.

CHILDHOOD CANCER

Background

In most epidemiologic studies, childhood cancer usually refers to cancer
diagnosed from birth through age 15. Childhood cancers are usually classified by
primary anatomic site or tumor cell type.  The distribution of childhood cancers
by type includes leukemia (23 percent), lymphoma (13 percent), central nervous
system (19 percent), neuroblastoma (8 percent), soft-tissue sarcoma (7 percent),
kidney (6 percent), bone (5 percent), retinoblastoma (3 percent), liver (1 percent),
and other (8 percent).  There are approximately 6,500 new cases of cancer diag-
nosed each year in the United States in persons under age 15 (Young et al., 1986).
About 2,200 deaths each year result from childhood cancer.  Compared with
adult cancers, relatively little is known about the etiology of most childhood
cancers, and especially about potential environmental risk factors.
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Summary of VAO

There are no available occupational and environmental epidemiologic stud-
ies of herbicide exposure that address childhood cancer as an outcome.

Two studies of Vietnam veterans found some suggestion of an increased risk
of cancer among offspring.  The evidence is, however, inadequate, given the lack
of other studies, failure to exclude chance and bias, and problems with herbicide
exposure assessment.

Update of Scientific Literature

A mortality study conducted as part of the continuing follow-up of the pos-
sible health effects of the Seveso accident (see Chapter 6 for general description),
suggested an increased risk of leukemia among children and young adults under
age 20 (Bertazzi et al., 1992).  This report led to a more detailed incidence study
of cancer among young persons in the Seveso study groups (Pesatori et al., 1993).
Specifically, the population for these analyses included subjects who were living
in the study accident zones (A, B, R) and a reference (noncontaminated) area on
the day of the accident and were between 0 and 19 years old during the first ten
years afterward.  Cases were identified from linkage of the study population
subjects with the hospital discharge data from the Lombardy region.  Medical
records were reviewed to confirm diagnoses.  The follow-up period was from
1977 through 1986.  Owing to the small number of subjects in Zones A and B, the
three zones were combined for analysis.  Poisson regression was used to compare
the risk of cancer in the exposed study group (Zones A, B, and R) relative to the
risk in the unexposed group.

The vital status ascertainment and follow-up of the subjects was excellent,
with vital status determined for 99 percent of the study group.  At the end of
follow-up, 95 percent of subjects were still living in the Lombardy area.  A total
of 17 cancers were found in the exposed study group from Zones A, B, and R.  A
total of 62 cases were detected in the reference population.  Among the 17 cases,
one was from zone A (the most exposed, 0.2 expected), two from Zone B (1.9
expected), and 14 were from Zone R (the least exposed).  The overall relative risk
was 1.2 (95 percent CI 0.7-2.1; 17 observed, 13.6 expected).  When analyzed by
site or type of cancer, there was a nearly fivefold increased risk of thyroid cancer
(RR = 4.6; CI 0.6-32.7).  Among hematological malignancies, a relative risk of 2
was found for Hodgkin’s disease (CI 0.5-7.6), and a nearly threefold increased
risk of myeloid leukemia was observed (3 observed, 1.1 expected; RR = 2.7; CI
0.7-11.4).  An excess was also found for ovarian cancer (two observed versus
none expected).  No cancer was found among the 186 children who had chloracne
diagnosed after the accident (expected = 0.2).

As the authors acknowledged, the study had a number of limitations.  A
major concern was the small number of subjects, as reflected in the wide confi-
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dence intervals associated with the relative risk estimates.  This forced the inves-
tigators to combine the three exposed zones into one group for analysis.  A
serious concern with the Seveso studies in general is the fact that exposure is
ecological, and all subjects were assigned to one of three exposure groups based
on area of residence.

Thus, results from the Seveso study suggest an increased risk of some types
of childhood cancer among potentially exposed residents.  As described in VAO
report, the CDC Vietnam Experience Study found an elevated relative risk esti-
mate for childhood leukemia (OR = 1.6; CI 0.6-4.0) (Centers for Disease Control,
1989).  The specific types of leukemia found were not reported.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides considered in this report and
childhood cancer.  The evidence regarding association is drawn from occupa-
tional and other studies in which subjects were exposed to a variety of herbicides
and herbicide components.

CONCLUSIONS FOR REPRODUCTIVE EFFECTS

Strength of Evidence in Epidemiologic Studies

There is limited/suggestive evidence of an association between exposure to
the herbicides considered in this report and spina bifida.

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides and infertility, spontaneous
abortion, stillbirth, birth defects (other than spina bifida), and childhood cancer.

Biologic Plausibility

Experimental animal evidence indicates that dioxin can alter gonadotrophin
and testosterone levels, but generally at relatively high doses.  Laboratory studies
of herbicides and male-mediated developmental endpoints such as birth defects
and cancer are too limited to permit conclusions.

Increased Risk of Disease among Vietnam Veterans

Since there are some data suggesting that the highest risks occur in those
veterans estimated to have had exposure to Agent Orange (e.g., Ranch Hands), it
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therefore follows that there is limited/suggestive evidence for an increased risk of
spina bifida among offspring of Vietnam veterans.

Given the large uncertainties that remain about the magnitude of potential
risk of infertility, spontaneous abortion, stillbirth, birth defects (other than spina
bifida), and childhood cancer from exposure to herbicides in the studies that have
been reviewed, it is not possible for the committee to quantify the degree of risk
likely to be experienced by Vietnam veterans because of their exposure to herbi-
cides in Vietnam.
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10

Neurobehavioral Disorders

INTRODUCTION

Neurologic problems in clinical medicine cover a wide variety of disorders.
The nervous system is anatomically and functionally divided into central and
peripheral subsystems.  The central nervous system (CNS) includes the brain and
spinal cord, and CNS dysfunction can be subdivided into two general categories:
neurobehavioral and motor/sensory.  Neurobehavioral difficulties involve two
primary categories: cognitive decline, including memory problems and dementia;
and neuropsychiatric disorders, including neurasthenia (a collection of symptoms
including difficulty concentrating, headache, insomnia, and fatigue), depression,
posttraumatic stress disorder (PTSD), and suicide.  Other CNS problems can be
associated with motor difficulties, characterized by problems such as weakness,
tremors, involuntary movements, incoordination, and gait/walking abnormalities.
These are usually associated with subcortical or cerebellar system dysfunction.
The anatomic elements of the peripheral nervous system (PNS) include the spinal
rootlets that exit the spinal cord, the brachial and lumbar plexus, and the periph-
eral nerves that innervate the muscles of the body.  PNS dysfunctions, involving
either the somatic nerves or the autonomic system, are known as neuropathies.

Neurologic dysfunction can be further classified, based on anatomic distri-
bution, as either global or focal; temporal onset, as acute, subacute, or chronic; or
temporal course, as transient or persistent.  For example, global cerebral dysfunc-
tion may lead to altered levels of consciousness, whereas focal lesions cause
isolated signs of cortical dysfunction, such as aphasia.  Acute onset of motor/
coordination disturbances leads to symptoms that develop over minutes or hours,
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whereas subacute onset occurs over days or weeks and chronic onset over months
or years.  Finally, transient peripheral neuropathies resolve spontaneously, where-
as persistent ones may lead to chronic deficits. In the original report, VAO,
attention was deliberately focused on persistent neurobehavioral dysfunction.  In
the present report, all new data pertinent to clinical neurobehavioral dysfunction
are reviewed; in addition, at the specific request of the Department of Veterans
Affairs (DVA), earlier data relating to transient acute and subacute peripheral
neuropathy are reexamined.

Case identification in neurology is often difficult.  Despite advances in
neuroimaging, many types of neurologic alterations are biochemical and show no
abnormalities on scanning tests.  The nervous system is not usually accessible for
biopsy, so pathologic confirmation is not feasible for many neurologic disorders.
Behavioral and neurophysiologic changes can be partly or largely subjective and,
even when objectively documented, may often be reversible.  Timing is impor-
tant in assessing the effect of chemical exposures on neurologic function.  Some
symptoms of neurologic importance will appear acutely but be short-lived, where-
as others will appear slowly and be detectable for extended periods.  These
caveats must be considered in the design and critique of epidemiologic studies
evaluating an association between exposure to any chemical agent and neuro-
logic or neurobehavioral dysfunction.

Many reports have addressed the possible contribution of herbicides and
pesticides to nervous system dysfunction, and reported abnormalities have ranged
from mild and reversible to severe and long-standing.  These assessments have
been conducted in three general settings, related to occupational, environmental,
and Vietnam veteran exposures (see Table 10-1).  Several case reports of patients
ingesting 2,4-dichlorophenoxyacetic acid (2,4-D) are mentioned under environ-
mental exposures.  This chapter reviews reports of neurologic alterations associ-
ated with exposure to herbicides, TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin),
or other compounds used in herbicides in Vietnam.  The chapter emphasizes the
small number of cross-sectional studies with comparison samples in which both
exposed and unexposed persons were neurologically assessed by systematic
physical examinations and/or ancillary tests, such as neuropsychological evalua-
tions or EMG measurements.

The potential neurotoxicity of TCDD and herbicides in animal studies has
not been thoroughly investigated (see Chapter 3).  A large number of acute and
subchronic toxicity studies have been conducted with TCDD, but the majority of
these studies were not designed specifically to investigate neurotoxicity.  Avail-
able data imply that CNS alterations or changes in the responsiveness of neuro-
chemical processes in the CNS may be associated with lethal or near-lethal dose
levels of TCDD in some animal species; however, the changes observed may also
be regulatory responses occurring secondary to changes induced in other organ
systems.  TCDD concentrations in the brain after systemic exposure are low, and
are quite similar among rodent species.  Relatively little work has been done to

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


306 VETERANS AND AGENT ORANGE:  UPDATE 1996

TABLE 10-1  Selected Neurobehavioral Studies of Herbicide Exposure

Tests of
Neurological Exposure Comparison

Study Group N Dysfunction Measures Group

Environmental

Peper et al., 1993 19 German Neuropsycholog- Serum TCDD None
residents exposed ical battery and
to 2,3,7,8-TCDD symptom

questionnaires

Occupational

Zober et al., 1994 158 German BASF Medical record Chloracne and 161 reference
employees review TCDD levels comparisons

Baader and Bauer, 10 pentachloro- Record review No None
1951 phenol plant Clinical

workers evaluation

Goldstein et al., 2 farmers Neurological No None
1959 1 bookkeeper examination; EMG

Todd, 1962 1 weed-sprayer Neurological No None
examination

Berkley and Magee, 1 farmer Neurological No None
1963 examination

Vietnam

Decoufle et al., 7,924 veterans Self-report with Self-report 7,364
1992 neurological non-Vietnam

examinations veterans
in a subset

Visintainer et al., 151,377 No: mortality No 225,651
1995 Michigan data only Non-Vietnam

veterans  veterans
who served in
Vietnam
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quantify the concentration of Ah receptors in the central or peripheral nervous
systems.

COGNITIVE AND NEUROPSYCHIATRIC EFFECTS

Summary of VAO

In VAO, the committee concluded that the literature was insufficient to deter-
mine whether an association existed between exposure to herbicides and related
compounds and chronic cognitive or neuropsychiatric disorders.  As suggested
by Sharp et al. (1986), the delayed effects of such exposures on human health are
difficult to detect, and the health risks may be sufficiently small that they are
below the power of present epidemiologic studies to detect.

Although there was no shortage of studies concerning this topic, methodo-
logic problems made it difficult to reach definitive conclusions.  Shortcomings in
defining exposure included absent or poor exposure assessments; inconsistencies
in identifying exposed individuals for study (i.e., some studies relied upon the
presence of chloracne for inclusion, while others assumed that all subjects were
exposed); and concomitant exposure to different chemicals, mixtures of chemi-
cals, or concentrations of chemicals.  Studies of cognitive or neuropsychiatric
disorders are also weakened by the small numbers of subjects; poor selection or
absence of comparison groups; confounding of the possible effects of herbicides
with the effects of stress; and inadequate statistical analyses.  Self-reports of
exposure and symptoms may not be verified independently.

The committee noted that in order to maximally define the direct effects of
dioxin on cognitive and neuropsychiatric function, future studies should focus
primarily on occupationally exposed groups for whom levels of exposure were
better known and should include neurobehavioral testing in relative proximity to
the time of exposure.

VAO also concluded that significantly exposed subjects should be followed
for the development of neuropsychological dysfunction in middle and later life.
It is possible that minor CNS changes acquired in early adulthood were too subtle
to be detected by current neuropsychological testing methods, but they could
manifest themselves later when compounded by “normal age-related changes” of
the CNS.  Theoretically, exposure to neurotoxins could produce “accelerated
aging” of the brain due to premature neuronal loss, which could then result in
neurobehavioral deficits.

Update of the Scientific Literature

Several papers on this topic have appeared since VAO.  In the study by Peper
et al. (1993) of chronic exposure to environmental polychlorinated dibenzodioxins
and dibenzofurans (PCDD/PCDF) at high and low exposures, the group with
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high- and low-exposure demonstrated multiple neuropsychological changes, in-
cluding self-reports of memory problems, distractibility, irritability, and fatigue,
and objective changes in verbal conceptualization skills, mnestic organization,
and psychomotor activity.  On the Trail-Making Test, which measures visual
exploration speed, deficits correlated with TCDD tissue levels.  Combined high-
and low-exposure groups, however, deviated only slightly from published norms,
with no significant differences.  The limitations of this study include the small
number of subjects (N = 19), the lack of an external control group, and the low
estimated amount of exposure.  Moreover, there may have been  a selection bias
in the sample.  In consequence, the significance of these findings to the topic of
cognitive and neuropsychiatric dysfunction is uncertain.

Decoufle et al. (1992) studied a large sample of Vietnam veterans whose
exposure to herbicides was determined by subject reports without confirmation.
Reports of psychological dysfunction including posttraumatic stress disorder cor-
related with self-reports of combat exposure and level of herbicide exposure.  The
shortcomings of this study are reported in the discussion below on peripheral
neuropathy.

Zober et al. (1994) reported the health outcomes in 158 men exposed to
TCDD in a factory accident in Germany.   Illness episodes handled by hospital-
ization or outpatient care related to “mental disorders” correlated with severity of
chloracne, but not with TCDD blood levels.  It is not known whether chloracne
documentation close to the time of exposure or TCDD levels many years after
exposure represents the better index of actual TCDD exposure. Therefore, it is
difficult to draw specific conclusions concerning the relationship between TCDD
exposure and mental disorders based on these disparate findings.

In a large mortality study of Vietnam-era veterans in Michigan, proportional
mortality ratios were significantly lower for veterans who served in Vietnam than
for veterans serving elsewhere for the disease categories of “mental disorders”
(not specifically defined) and disorders of “nervous system and sense organs”
(Visintainer et al., 1995).  The authors did not attempt to separate subjects ex-
posed to herbicides, and they acknowledged that no conclusions could be made in
regarding to the specific toxicity of TCDD or Agent Orange. Although some
additional publications have appeared on the effect of military service in Vietnam
on psychological health outcomes, including PTSD, these reports did not assess
the effects of herbicide exposure (Goldberg et al., 1992; Bullman and Kang,
1994).

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence of an association between expo-
sure to the herbicides considered in this report and cognitive or neuropsychiatric
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disorders.  The evidence regarding association is drawn from occupational and
other studies in which subjects were exposed to a variety of herbicides and
herbicide components.

MOTOR/COORDINATION DYSFUNCTION

Summary of VAO

In VAO, the committee was concluded that there are no definitive studies to
determine whether exposure to dioxin or related herbicides is associated with
CNS motor/coordination problems.  However, follow-up of veterans and, to a
lesser extent, environmental observations suggest that motor and coordination
difficulties should be assessed further in exposed subjects.  It was determined that
longitudinal assessments of motor and coordination problems are warranted in
exposed subjects, especially those with high exposure, such as the National Insti-
tute for Occupational Safety and Health cohort studied by Fingerhut et al. (1991).
Vietnam veterans  represent the most systematically evaluated group with chronic
TCDD exposure, and the findings in this group suggest that CNS disorders may
focus on the subtle clinical area of coordination and abnormal involuntary move-
ment disorders.  Since this area is a specific subspecialty of neurology, future
evaluations should involve specialists in this field.  Internationally accepted scales
for movement disorders have been developed, and these scales should be used in
future studies of such problems.

In addition to assessments that capture the disability related to any objective
findings, VAO also stressed that in the past decade an increasing concern—
unrelated specifically to the question of TCDD and the CNS—has developed
scientifically over the possible link between Parkinson’s disease and chemicals
used as herbicides and pesticides (Semchuk et al., 1992).  It was suggested that as
Vietnam veterans move into the decades when Parkinson’s disease becomes
more prevalent, attention to the frequency and character of new cases in exposed
versus nonexposed individuals may be highly useful in assessing whether dioxin
exposure is a risk factor for eventual Parkinson’s disease.

Update of the Scientific Literature

No new data directly addressing this topic have been published since VAO.
There is, however, a persisting concern about the role of herbicides and pesticides
in the pathogenesis of parkinsonism (Semchuk et al., 1993; Butterfield et al.,
1993; Golbe, 1993).  Using multivariate statistical methods, occupational herbi-
cide use was the third highest predictor of eventual Parkinson’s disease risk in the
study by Semchuk et al. (1993).  Butterfield et al. (1993) examined occupational
and environmental factors associated with disease risk in patients with early-
onset Parkinson’s disease, comparing the findings to a control group.  Parkinson’s
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disease was positively associated with herbicide exposure, insecticide exposure,
previous residence in a fumigated house,  and residence in a rural area at the time
of diagnosis.  The authors did not specify the type of herbicide or pesticide, so
direct extrapolation to the agents used in Vietnam is not possible.
    Cases of early-onset parkinsonism are particularly important to testing the
hypothesis that the disease relates to a toxic exposure.  Patients in this category
would presumably have received a heavier dose of toxin than those who devel-
oped the disorder at a more typical age in later life.  For this reason, the system-
atic and prospective examination of Vietnam veterans for the development of
early-onset parkinsonism assumes particular medical and scientific importance.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence of an association between expo-
sure to the herbicides considered in this report and motor/coordination dysfunc-
tion.  The evidence regarding association is drawn from occupational and other
studies in which subjects were exposed to a variety of herbicides and herbicide
components.

CHRONIC PERSISTENT PERIPHERAL NEUROPATHY

Summary of VAO

Although some of the case reports reviewed in VAO suggested that an acute
or subacute peripheral neuropathy can develop with exposure to TCDD and
related products, other reports with comparison groups did not offer clear evi-
dence that TCDD exposure is associated with chronic peripheral neuropathy.
The most rigorously conducted studies argued against a relationship between
TCDD or herbicides and chronic persistent neuropathy.

As a group, the studies concerning peripheral neuropathy have been con-
ducted with highly varying methodologies and have lacked uniformity of opera-
tional definitions of neuropathy.  They have not applied consistent methods to
define a comparison population or to determine exposure or clinical deficits.
Timing of follow-up may be important, since many, but not all, reports that find
neuropathy were based on assessments made only a short time after exposure.  It
was concluded that careful definition of neuropathy and standardization of proto-
cols will be essential to future evaluations.

Update of the Scientific Literature

Several articles on this topic have appeared since VAO.  Decoufle et al.
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(1992) compared the self-reported health of 7,924 Vietnam veterans in 1985-86
with their perceived exposure to herbicides and combat in Vietnam.  When a
subset of subjects was examined neurologically, there was no correlation be-
tween the herbicide exposure index used and the occurrence of peripheral
neuropathy.  The exposure index depended entirely on the subjects’ reports and
no confirmatory documentation or blood levels of TCDD were obtained.  In light
of prior studies (CDC, 1988, 1989) that documented no relationship between this
self-reported herbicide exposure index and a biological marker of actual dioxin
exposure among Vietnam veterans, this study neither confirmed nor refuted a
relationship between neuropathy and dioxin exposure among Vietnam veterans.
The authors, however, suggested that emotional stress could account for the
excessive self-reported symptoms, since complaints were widespread across many
body systems, were often vague in quality, and involved many more subjects than
were estimated to have been actually exposed to high levels of dioxin.

In the study by Zober et al. (1994), the data were originally thought to
suggest an increase in prevalence of disorders of the peripheral nervous system
and sense organs.  However, reanalysis demonstrated that there was only one
case of peripheral neuropathy in the severe chloracne subgroup, and this patient
was diabetic, which is a condition also associated with peripheral neuropathy.
Their findings are consistent with others who found no evidence of increased
occurrence of chronic persistent peripheral neuropathy after TCDD exposure.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence of an association between expo-
sure to the herbicides considered in this report and chronic persistent peripheral
neuropathy.  The evidence regarding association is drawn from occupational and
other studies in which subjects were exposed to a variety of herbicides and
herbicide components.

ACUTE AND SUBACUTE TRANSIENT
PERIPHERAL NEUROPATHY

The methodology used to establish associations between putative causal
agents and persistent chronic neurological deficits relies heavily on epidemio-
logical studies with adequate control or comparison populations.  Such methodol-
ogy can rarely be set in motion with sufficient speed to assess relationships
between unexpected chemical exposure and the development of acute or subacute
transient neurological disturbance.  Because of the very transient nature of the
conditions, documenting signs and symptoms in association with documented
exposures can be difficult to accomplish in a systematic manner.  In such in-
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stances, greater reliance must be placed on isolated case histories and less well
controlled studies.  This section reviews the data from such sources regarding
occupational, environmental, and Vietnam herbicide exposure.  Because this
disorder is of special interest to the DVA, this discussion integrates the studies
reviewed in VAO with those published more recently.

Review of the Scientific Literature

Occupational Studies  A number of reports have suggested that acute or sub-
acute peripheral neuropathies can be associated with occupational exposure to
herbicides (Ashe and Suskind, 1950; Baader and Bauer, 1951;  Goldstein et al.,
1959; Todd, 1962; Berkley and Magee, 1963; Poland et al., 1971; Jirasek et al.,
1974).   However, only a very limited number of studies on the PNS provide any
control or comparison group data.  Since peripheral neuropathies can be induced
by such common medical and environmental conditions as diabetes and poor
nutrition, especially in alcoholics, the presence of neuropathy in an herbicide-
exposed population cannot be attributed necessarily to the herbicide without
consideration of these other factors.  Rigorously defined and examined compari-
son groups, although especially important in the analysis of peripheral neuro-
pathies, are not available for the topic of acute and subacute neuropathies. The
studies cited below provide suggestive but limited evidence of the concept that
acute or subacute peripheral neuropathy can develop after exposure to dioxin or
related compounds.

Todd (1962) reported a sprayer of 2,4-D weedkiller who developed a gas-
trointestinal disturbance and, within days, a severe sensory/motor polyneuropathy
after contact with the chemical.  Recovery occurred gradually over the ensuing
months.  Berkley and Magee (1963) reported another patient who developed a
polyneuropathy four days after exposure to a liquid solution of 2,4-D, which was
being sprayed in a cornfield. The neuropathy was purely sensory in type.  His
symptoms gradually resolved over months.  Goldstein et al. (1959) described
three patients who had sensory/motor polyneuropathies that developed over sev-
eral days and progressed over several weeks after exposure to 2,4-D.  All had
incomplete recovery after several years.   Although these patients were not exam-
ined neurologically before their exposure, the temporal relationship between the
development of their clinical problem and the herbicide exposure was clearly
documented.  Nonetheless, the possibility that their occurrence was unrelated to
the herbicide exposure and represented examples of other disorders, such as
idiopathic Guillain-Barre syndrome, cannot be entirely excluded.

Environmental Studies  After the Seveso, Italy, chemical explosion, inhabitants
from the high-exposure zone were evaluated for signs and symptoms of periph-
eral nerve disease and compared with inhabitants of a lower-exposure zone.  No
information is available on acute transient neuropathic effects, since the first

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


NEUROBEHAVIORAL DISORDERS 313

reports documented findings in patients evaluated more than six months after the
disaster.   Boeri et al. (1978) conducted clinical and neurophysiological examina-
tion of the peripheral nerves 7 to 11 months after the explosion and reported
descriptive differences between 470 volunteer subjects in Zone A (high-exposure
group) and 152 volunteer residents of Zone R (low-exposure group).  Peripheral
nerve problems were frequent in both groups, suggesting to the authors that
undefined neuropathic factors predating the explosion may well have been re-
sponsible for their findings.  Although cranial and peripheral nerve problems
were generally more prevalent among the highly exposed group, no statistical
analyses were performed on the prevalence data. The electrophysiological studies
failed to show any significant abnormalities in either group.

As a complement to the above screening in the first year after exposure,
Pocchiari et al. (1979) echoed the observation that neuropathic symptoms were
more prevalent in the high-exposure group. No new data were provided.  Report-
ing on symptoms and signs in patients examined eight or more months after the
accident, Filippini et al. (1981) compared 308 Seveso residents with 305 non-
exposed residents from nearby towns. They examined patients clinically and
electrophysiologically, using strict physiological criteria for defining peripheral
neuropathy.  The authors found no increased risk of “acute” peripheral neuropathy
among the exposed residents.  However, within the subgroup of exposed subjects
who showed clinical signs of significant exposure (chloracne or elevated hepatic
enzymes), the risk ratio was 2.8 (CI = 1.2-6.5).  Similarly, for Seveso residents
with other risk factors for peripheral neuropathy (alcoholism, diabetes, and in-
flammatory diseases), an elevated risk ratio was also observed (2.6, CI = 1.2-5.6).
The authors argued that heavy exposure to dioxin was associated with mild
peripheral neuropathy in this two-year follow-up report.   Subsequent follow-up
studies suggested that there was no increased prevalence of peripheral neuropathy
several years after the accident among the high-risk Seveso group (Barbieri et al.,
1988; Assennato et al., 1989).

Vietnam Veterans Studies  The committee has identified no data on acute or
subacute neuropathies related to herbicide exposure in Vietnam.  All published
data concern chronic effects.

Summary of Acute and Subacute
Transient Peripheral Neuropathy

There is some evidence to suggest that neuropathy of acute or subacute onset
may be associated with herbicide exposure.  This is based primarily on case
histories from occupational exposure and the descriptive reports following the
Seveso accident. The trend to recovery in the individual cases reported and the
negative findings of many long-term follow-up studies of peripheral neuropathy
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(see section on Chronic Persistent Peripheral Neuropathy) suggest that if a neu-
ropathy indeed develops, it resolves with time.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is limited/suggestive evidence of an association between exposure to
the herbicides considered in this report and acute and subacute transient periph-
eral neuropathy.  The evidence regarding association is drawn from occupational
and other studies in which subjects were exposed to a variety of herbicides and
herbicide components.

CONCLUSIONS FOR NEUROBEHAVIORAL DISORDERS

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides used in Vietnam and disorders
involving cognitive and neuropsychiatric dysfunction, motor/coordination defi-
cits, and chronic persistent peripheral neuropathy.  The evidence regarding asso-
ciation is drawn from occupational and other studies in which subjects were
exposed to a variety of herbicides and herbicide components.
        There is limited/suggestive evidence of an association between exposure to
the herbicides considered in this report and transient acute or subacute peripheral
neuropathy.   The evidence regarding association is drawn from occupational and
other studies in which subjects were exposed to a variety of herbicides and
herbicide components.

Biologic Plausibility

Studies in laboratory animals do not support an association between expo-
sure to TCDD or herbicides and disorders involving cognitive and neuropsychi-
atric dysfunction, or motor/coordination deficits.  New data from animals (Grehl
et al., 1993; Grahmann et al., 1993) suggest biological plausibility for an associa-
tion between TCDD and peripheral neuropathy.

Increased Risk of Disease among Vietnam Veterans

If TCDD is associated with the development of transient acute and subacute
peripheral neuropathy, the disorder would become evident shortly after exposure;
therefore, there is no evidence that new cases that develop long after service in
Vietnam are associated with herbicide exposure that occurred there.
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11

Other Health Effects

INTRODUCTION

A variety of health outcomes are evaluated in this chapter, including chlor-
acne, porphyria cutanea tarda, other metabolic and digestive disorders (diabetes
mellitus, alterations in hepatic enzymes, lipid abnormalities, and gastrointestinal
ulcers), immune system disorders (immune suppression, autoimmunity), and a
number of circulatory and respiratory disorders.  Many of them have not been
addressed as thoroughly in the epidemiologic literature as the health outcomes
described in Chapters 7, 9, and 10.

CHLORACNE

Skin disorders are among the most common health problems encountered in
combat, aside from traumatic injuries.  Because of the tropical environment and
living conditions in Vietnam, veterans developed a variety of skin conditions
ranging from bacterial and fungal infections to a condition known as “tropical
acne” (Odom, 1993).  However, the only dermatologic disorder consistently
reported to be associated with Agent Orange and other herbicides, including the
contaminant TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin), is chloracne.  There-
fore, this discussion will focus on chloracne and its link to TCDD.

Among the numerous industrial chemicals known to cause chloracne, the
most potent appears to be TCDD.  However, as noted later in this discussion,
individual host factors appear to play an important role in determining disease
expression.  Even at relatively high doses, not all exposed individuals develop
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chloracne, whereas others with similar or lower exposure demonstrate the condi-
tion.

Chloracne has a variable natural history.  Longitudinal studies of exposed
cohorts suggest that the lesions typically regress and heal over time.  However,
historical reports indicate that a chronic form of the disease can persist up to 30
years after an exposure (Suskind and Hertzberg, 1984).  As with many dermato-
logic conditions, chloracne can reasonably be suspected on the basis of a careful
medical history or appropriate questionnaire information.  A key element in
diagnosis is the characteristic anatomic distribution.  Because acne is such a
common dermatologic condition, in any analysis attempting to link acne or
chloracne with an environmental or occupational exposure, it is critical that ad-
equate attention be paid to the clinical characteristics, time of onset, and distribu-
tion of lesions, and there should be a careful comparison with an appropriate
control group.  Definitive diagnosis may require histologic confirmation from a
biopsy specimen.

Chloracne can be viewed both as a toxic outcome from exposure to TCDD
and as a potential clinical marker of TCDD exposure.  It is the latter that has
generated the most controversy.  In this section, the primary focus is on the
linkage of chloracne to TCDD exposure.  Dose-response relationships between
TCDD exposure and chloracne are addressed briefly.  The inadequacies of chlor-
acne as a human biomarker of dioxin exposure are discussed in more detail in
Chapter 5.  A major unresolved issue is whether TCDD exposure below the level
required to cause chloracne may cause other adverse health consequences, such
as cancer.

Summary of VAO

Chloracne has been linked to TCDD exposure in numerous epidemiologic
studies of occupationally and environmentally exposed populations.  The data on
Vietnam veterans potentially exposed to Agent Orange and other herbicides are
less convincing.

Update of the Scientific Literature

Several reports of TCDD exposure in occupational settings have appeared
since VAO, some giving updates on previously described populations and others
presenting new cohorts.  Ott et al. (1993) presented serum TCDD levels on 138
subjects at a BASF plant (79 percent of the cohort still alive) who had been
potentially exposed to TCDD and other chemicals in a plant accident in 1953.
This was represented as an update of previous reports of this cohort that pre-
sented TCDD serum levels correlated with the presence and severity of chloracne.
Current TCDD levels ranged from less than 1 to 553 picogram/gram (pg/g) of
serum lipid.  Using a back extrapolation equation assuming a serum half-life of
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seven years, the TCDD levels at the time of the accident were calculated to be as
high as 12,000 pg/g.  Among workers without chloracne, back-extrapolated
TCDD (geometric mean) levels were 38 pg/g.  Levels among subjects with mod-
erate chlor-acne were 421 pg/g, and among subjects with severe chloracne were
1,701 pg/g.

Zober et al. (1994) reported a retrospective cohort morbidity study using
insurance data, comparing 158 men from the BASF plant to 161 nonexposed
referents.  It is not clear how much this study population overlaps with those in
the report by Ott et al. (1993).   Back-calculated TCDD levels (geometric mean)
ranged from 148 pg/g for a group of exposed men who never developed chloracne
to 1,118 pg/g for the severe chloracne group.  Back-calculated TCDD levels
above an arbitrary cutoff level of 1,000 pg/g were present in 63 percent (33 of 52)
of subjects with severe chloracne, 48 percent (29 of 61) of subjects with moderate
chloracne, and 24 percent (11 of 45) of subjects with no history of chloracne.  The
authors noted the very wide range of TCDD levels within each chloracne group
and the high degree of overlap in TCDD levels between groups, suggesting either
differences in exposure patterns (dermal versus inhaled or ingested) or individual
variation in susceptibility.

Schecter et al. (1993) reported seven individuals (three men and four women)
from a previously undescribed cohort of 231 workers at a Russian chemical plant
who were exposed to dioxins during the manufacture of 2,4,5-T.  Five of the
seven had been diagnosed with chloracne, and current TCDD levels ranged from
36 to 291 pg/g.  This report represented a highly selected group of workers, not a
representative cohort, but it did include the first women who demonstrated
chloracne and elevated TCDD levels from an occupational exposure.

A cross-sectional investigation of a self-selected group of 153 workers from
a BASF plant and from five other chemical plants in Germany also attempted to
correlate chloracne with TCDD levels (Von Benner et al., 1994).  Its interpreta-
tion is limited by the self-referral nature of the study population, leading to
uncontrolled selection bias, and the lack of a control population.  The prevalence
of chloracne by history ranged from 17 percent to 80 percent among the six plant
cohorts.  The median current TCDD serum level in this population was 60 pg/g
serum lipid, compared to a reported background level among the German popula-
tion of 4.5 pg/g.  Lack of data on the dates and levels of exposure precluded back-
extrapolation of TCDD levels, and no relationship was observed between current
serum TCDD level and a history of chloracne.

Jansing and Korff (1994) described eight employees who developed chlor-
acne after working in a chemical plant in Germany between 1973 and 1976.  The
plant manufactured trichlorophenol (TCP), and these were apparently newly re-
ported cases. All of the workers were described as having a “long recovery time
with a tendency to relapse.”  Blood TCDD levels were measured, and assuming a
half-life of seven years, the extrapolated blood levels at the time of exposure were
545 to 9,894 pg/g.  The duration of clinical chloracne was one to ten years, with
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the duration of disease approximately correlating with extrapolated TCDD level
at the time of exposure.  Two subjects had extrapolated TCDD levels substan-
tially below the other members of the cohort, which was interpreted by the
authors as indicating a particular sensitivity to developing chloracne.

Jung et al. (1994) presented porphyrin and TCDD data on 27 men with
present or past chloracne from a study cohort of 170 men who had worked at a
German plant manufacturing 2,4-D and 2,4,5-T.  There was no correlation be-
tween presence of chloracne and TCDD levels or porphyrin levels.

Coenraads et al. (1994) described 118 workers in a Chinese factory making
pentachlorophenol (PCP).  Forty-four out of 118 (34 percent) showed clinical
evidence of chloracne.  Most had had the condition for more than 15 years and
stated that it began approximately one year after starting work at the plant.  Four
of the plant’s buildings were used in the manufacturing process, and all 40 work-
ers in one of the buildings had clinical chloracne.  Interestingly, TCDD levels in
the PCP and in the worker’s pooled blood samples did not correlate with the
prevalence of chloracne among workers in each of the buildings, although poly-
chlorodibenzo-p-dioxin (PCDD) and polychlorodibenzofuran (PCDF) congeners
did correlate with chloracne prevalence.  Little was known about historical levels
of exposure or potential exposures in locations other than the buildings in which
the process was carried out.

From these studies, it is apparent that higher levels of exposure to TCDD, as
reflected by increased serum levels, are associated in a general way with in-
creased risk of developing chloracne.  However, the high degree of variability in
TCDD levels among subjects with a history of chloracne and among those with
no evidence of the condition suggests a complex dose-response relationship, with
highly variable individual susceptibility.  In addition, in many subjects, the serum
TCDD levels were measured many years after first exposure or onset of chloracne.
Based on the current data, it is not possible to ascribe a “threshold” TCDD level
associated with chloracne.

Conclusions

Strength of Evidence in Epidemiologic Studies

Evidence is sufficient to conclude that there is a positive association between
exposure to the herbicides considered in this report and chloracne.  The evidence
regarding association is drawn from occupational and other studies in which
subjects were exposed to a variety of herbicides and herbicide components.

Biologic Plausibility

The formation of chloracne lesions after administration of TCDD is ob-
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served in some species of laboratory animals.  Similar observations have not been
reported for the herbicides.

Increased Risk of Disease among Vietnam Veterans

Given the large uncertainties concerning the magnitude of potential risk
from exposure to herbicides in the occupational, environmental, and veterans
studies that have been reviewed, and the lack of information needed to extrapo-
late from the level of exposure in the studies to that of individual Vietnam
veterans, the committee cannot quantify the degree of risk likely to have been
experienced by Vietnam veterans because of their exposure to herbicides in Viet-
nam.  Because TCDD-associated chloracne becomes evident shortly after expo-
sure, there is no risk that  new cases will occur.

PORPHYRIA CUTANEA TARDA

Porphyria cutanea tarda (PCT) is an uncommon disorder of porphyrin me-
tabolism manifested in patients by thinning and blistering of the skin in sun-
exposed areas, as well as by hyperpigmentation (excess pigment in skin) and
hypertrichosis (excess hair growth) (Muhlbauer and Pathak, 1979; Grossman and
Poh-Fitzpatrick, 1986).  The disease is caused by a hereditary or acquired defi-
ciency of uroporphyrinogen decarboxylase (UROD), a cytoplasmic enzyme in
the pathway of hemoglobin synthesis (Sweeney, 1986).  In the hereditary form,
no precipitating exposure is necessary for the appearance of excess uroporphyrin
and coproporphyrin in the urine and the development of clinical symptoms.

In cell culture and in rodents (mice and rats), TCDD causes a toxic porphyria
resembling PCT in humans (De Verneuil et al., 1983; Cantoni et al., 1984; Smith
and De Matteis, 1990).

Summary of VAO

The occurrence of clinical PCT is rare and may be influenced by genetic
predisposition of individuals with low enzyme levels of uroporphyrinogen decar-
boxylase.  The cases reported have occurred relatively shortly after exposure to
specific chemicals, including TCDD, and have improved after removal of the
agent.  Simultaneous exposure to alcohol and other chemicals, such as hexachloro-
benzene, probably increases the risk and severity of PCT.  Abnormal porphyrin
excretion without clinical illness may occur more commonly than clinical evi-
dence of PCT; this may represent a preclinical stage of PCT.

There is no suggestion of an increase in PCT in studies of Vietnam veterans
or the Ranch Hands (the Air Force personnel who handled the herbicides), possi-
bly because of comparatively low dioxin exposure even in Ranch Hand studies,
or a fortuitous absence of genetically predisposed individuals who could develop
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PCT after TCDD exposure.  Further studies of PCT incidence in Vietnam veter-
ans would not be called for, since the biologic and clinical evidence indicate that
the rare appearance of PCT occurs soon after heavy TCDD exposure and im-
proves with time.  Moreover, the association of PCT with alcoholism makes it
difficult to interpret studies of TCDD and PCT that do not simultaneously assess
alcohol consumption.

It is possible that a rare individual with asymptomatic hereditary PCT was
worsened by exposure to TCDD.  Whether such individuals were present in the
military cannot be determined, although patients with overt symptomatic disease
would likely be excluded from military service.  In any individual case, evalua-
tion of potential exposure to chemicals other than TCDD, such as ethanol, estro-
gens, or hexachlorobenzene, would be necessary to attribute abnormalities to
dioxin or herbicide exposure specifically.

The epidemiologic evidence associating PCT and TCDD is sparse because
PCT is rare and because of methodological problems.  However, case reports and
animal studies show that PCT may be associated with TCDD exposure in geneti-
cally predisposed individuals.

Update of the Scientific Literature

Jung et al. (1994) presented porphyrin data on former workers in a German
pesticide plant that had manufactured 2,4-D and 2,4,5-T.  The original cohort
working in the plant numbered approximately 300, and possible selection bias
among the 170 who completed the examination was not described.  Of the 183
men who participated, 170 donated urine and blood samples for analysis of
porphyrins.  An additional 43 men, including 11 with a current or past history of
chloracne and 32 without a history of chloracne, agreed to an adipose tissue
biopsy.   Among the 170 men tested, 27 had present or past chloracne and 128 had
no history of chloracne; for 15 men, the diagnosis was uncertain.  The study
found no difference in porphyrin levels between subjects with and without
chloracne.  There was also no relationship between abnormal liver function tests
and porphyrin levels and the presence or absence of chloracne, and no relation-
ship between porphyrin levels in urine, RBCs or plasma, and TCDD levels in
adipose tissue.  Three cases of chronic hepatic porphyria (none with overt PCT
and none with chloracne) were identified, a number which did not exceed the
expected prevalence in this population.

Calvert et al. (1994) analyzed porphyrin levels and TCDD serum levels in a
cross-sectional medical study of the NIOSH cohort of workers who had been
previously exposed to TCDD through manufacture of sodium trichlorophenol,
2,4,5-T, or hexachlorophene.  The study compared 281 exposed workers with
mean serum TCDD level of 220 pg/g lipid to 260 nonexposed referents with
mean TCDD level of 7 pg/g lipid (back-extrapolated values assuming a serum
half-life of seven years: 1,900 pg/g vs. 6 pg/g).  There were no cases of overt
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PCT, and three exposed and three unexposed subjects with subclinical PCT.
Porphyrin levels did not differ between exposed and unexposed workers, and
there was no significant relationship between urinary porphyrin levels and serum
TCDD levels.

Von Benner et al. (1994) suggested a possible correlation between TCDD
levels and urine coproporphyrin levels in a report of 153 self-referred employees
from six chemical plants in Germany.  Interpretation of this report is limited by
the self-referral nature of the study population, leading to uncontrolled selection
bias, and the lack of a control population.  There was no indication of clinical
PCT among subjects in the cohort.

Taken together, these studies did not support the hypothesis that TCDD
caused disturbances in heme metabolism in humans, even at the relatively high
exposure levels experienced by these cohorts.  In the committee’s view, these
new data, combined with the studies reviewed in VAO, justify moving PCT to the
category of limited/suggestive evidence of an association with herbicide expo-
sure.  The reports that some persons employed in herbicide production have
evidence of increased porphyrins in urine warrant further investigation.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is limited/suggestive evidence of an association between exposure to
the herbicides considered in this report and porphyria cutanea tarda.  The evi-
dence regarding association is drawn from occupational and other studies in
which subjects were exposed to a variety of herbicides and herbicide compo-
nents.

Biologic Plausibility

There is some evidence that TCDD can be associated with porphyrin abnor-
malities in laboratory animals, although PCT has not been reported.  Porphyria
has not been reported in animals exposed to herbicides.

Increased Risk of Disease among Vietnam Veterans

Given the large uncertainties regarding the magnitude of potential risk from
exposure to herbicides in the occupational, environmental, and veterans studies
that have been reviewed, and the lack of information needed to extrapolate from
the level of exposure in the studies reviewed to that of individual Vietnam veter-
ans, the committee cannot quantify the degree of risk likely to have been experi-
enced by Vietnam veterans because of their exposure to herbicides in Vietnam.
Because TCDD-associated PCT would become evident shortly after exposure,
there is no risk that new cases will occur.
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RESPIRATORY DISORDERS

The studies reviewed in this section covered a wide variety of respiratory
conditions.  In the morbidity studies, a variety of methods were used to assess the
respiratory system, including assessing symptoms, performing physical examina-
tion of the chest, and assessing lung function tests and chest radiographs.  Lung
function tests, also called pulmonary function tests, included tests commonly
used to detect airflow obstruction (which can occur in conditions such as asthma,
chronic bronchitis, and emphysema) and restriction or decrease in lung volumes
(which can occur in lung scarring and inflammation).  The tests that measure
reduced in airflow obstruction include FEV1 (amount of air that can be forcefully
exhaled in one second), FEV1/FVC ratio (ratio of the amount of air that can be
forcefully exhaled in one second to the total amount of air that can be forcefully
exhaled), FEF 25-75 (rate of airflow in the middle range of total volume), and
FEFmax (rate of airflow at the highest lung volume).  The test that measures
restriction is the FVC, or forced vital capacity, the total amount of air that can be
forcefully exhaled.  Chest radiographs, which were used in several studies, can
assess whether inhaled agents have damaged the lungs; damage is usually seen as
opacities indicating scarring, or inflammation, or both.

Summary of VAO

Among the morbidity studies, strong rationales for examining respiratory
outcomes were not given.  However, in the case of occupational exposures or
exposures of military personnel who performed spraying, the respiratory tract
could be viewed as a target organ for aerosol or other particulate deposition.
Several studies provided spirometry data, including FEV1, FVC, and FEV1/FVC
ratio (CDC, 1988; Suskind and Hertzberg, 1984; AFHS, 1991; Calvert et al.,
1991).   Results of chest physical examinations were reported in some studies
(AFHS, 1991; Calvert et al., 1991).  Although chest radiograph results were
provided in several studies, there was no uniform reporting system used, such as
the International Labor Organization classification system.  For example, in one
study (AFHS, 1991), chest films were classified as either normal or abnormal.  In
another (CDC, 1988), clinical descriptions were provided by radiologists.  In
another (Pollei et al., 1986), scoring for six specific abnormalities was performed
by three radiologists.  Questionnaires used to assess smoking histories and vari-
ous respiratory symptoms, and the resultant symptoms reported from question-
naire data, also varied across studies.  The lack of working hypotheses about
respiratory disease outcomes associated with herbicides and the nonuniformity in
methods and reported results make it difficult to interpret much of the morbidity
data, especially reports of symptoms and radiographic data.

Any study examining such respiratory outcomes as chronic bronchitis, dec-
rements in lung function, or radiographic abnormalities must take into account
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the effects of cigarette smoking.   Smoking data were generally not available in
the mortality studies, but smoking was taken into account to various degrees in
most of the morbidity studies.

Interpretation of many of the mortality studies is limited by the small number
of deaths observed.  These studies also tend to use the International Classification
of Diseases codes for all respiratory diseases, codes 460 to 519, as the mortality
outcome.   These codes include all diseases of the respiratory tract.   Among the
diseases covered by these codes are acute respiratory infections, other diseases of
the upper respiratory tract, pneumonia, influenza, chronic bronchitis, emphy-
sema, asthma, pleurisy, and pneumoconiosis.  This wide range of diverse condi-
tions and the small number of total deaths make it difficult to assess any particu-
lar respiratory outcome using mortality studies.   In some studies, the ICD codes
used were not stated, making comparisons with other studies difficult.

Update of the Scientific Literature

Senthilselvan et al. (1992) investigated the association between self-reported
asthma and pesticide use among 1,939 male farmers in Saskatchewan in 1982-83.
Pesticide use was categorized as either herbicide or insecticide use.  There was no
significant association of asthma with herbicide use, although an increase in
asthma prevalence was noted among users of carbamate insecticides, which con-
tained a different form of carbamate from that used in herbicides.

Garry et al. (1994) surveyed 1,000 randomly selected state-licensed pesticide
appliers in Minnesota.  The authors found that the general health of appliers was
similar to that of the U.S. population.  There was no increase in respiratory
disease or other health conditions associated with herbicide use.  Interestingly,
chronic lung disease and allergy/asthma were significantly increased in fumigant
applicators, compared with other pesticide applicators.

Zober et al. (1994) carried out a retrospective cohort morbidity study of 158
men formerly employed at a BASF plant who had been exposed to TCDD in
1953, compared to 161 nonexposed referents.  There was no increase in chronic
respiratory disease associated with either elevated TCDD levels or with surro-
gates of exposure, although exposed workers had sought medical attention for
respiratory infections significantly more frequently than did referents.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides and mortality from respiratory
diseases; symptoms or history of respiratory illnesses, such as chronic bronchitis,
bronchitis, asthma, pleurisy, pneumonia, tuberculosis, and respiratory conditions;
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abnormalities on lung or thorax physical examination; pulmonary function test
results; and chest radiographs.  The evidence regarding association is drawn from
occupational and other studies in which subjects were exposed to a variety of
herbicides and herbicide components.

IMMUNE SYSTEM DISORDERS

Immunotoxicology is the study of the effects of xenobiotics (chemical com-
pounds that are foreign to the human body) on the immune system. The com-
pounds may produce an impaired immune response (immunosuppression) or an
enhanced immune response (immune-mediated disease). Although alterations in
the immune system can be related to increases in the incidence of infection and
neoplasm (immune suppression) and immune-mediated diseases (allergy and au-
toimmunity), there has been no observed increase in infectious or immune-medi-
ated disease in the populations examined after exposure to herbicides. However,
alterations have been observed in measures of immune function or populations of
immune cells. The question of possible increases in neoplastic diseases is dealt
with in Chapter 7.

Immune Suppression

The immune system helps defend the host against foreign invaders. It con-
fers resistance to infection by bacteria, viruses, and parasites; it is involved in the
rejection of allografts (tissue transplants); and it may eliminate spontaneously
occurring tumors (Paul, 1993). Proper function of the immune system is exquis-
itely sensitive to disruptions in physiologic homeostasis. The immune response is
highly redundant, and several different mechanisms may be employed to elimi-
nate an antigen. Therefore, a toxicant can affect one facet of the immune system
without altering the ability of the host to survive challenge by an infectious agent.
     Suppression of the immune system leads to increased susceptibility to infec-
tion and neoplasia. However, the degree of immune suppression necessary to
cause disease is unknown and is the subject of intense scientific interest. Immune
deficiency may result from genetic abnormalities (e.g., a deficiency in the en-
zyme adenosine deaminase, leading to severe combined immune deficiency),
congenital malformations, surgical accidents, pregnancy, stress, disease (e.g.,
human immunodeficiency virus [HIV-I] can lead to AIDS), and exposure to
immunosuppressive agents (Paul, 1993). Immune suppression can also occur in
patients with autoimmune disease (discussed below); for example, in systemic
lupus erythematosus, the suppression of complement levels and leukocyte func-
tion has been noted. Impaired host defenses can result in severe and recurrent
infections with opportunistic microorganisms.  As noted, the immune system
may prevent or limit tumor growth, and a high incidence of tumors may follow
immune suppression (Paul, 1993).
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Allergy and Autoimmunity

A number of diseases involve hyperresponsiveness of the immune system to
either foreign allergens (e.g., allergy) or self-antigens (autoimmunity). Allergic
responses have been noted to numerous environmental agents, including plant
pollens and epithelial products of domestic animals. Allergy is the result of
formation of allergen-specific immunoglobulin E (IgE) antibodies, which bind to
the surface of mast cells and lead to mast-cell degranulation upon subsequent
exposure to antigen. The mediators of allergic reactions, such as histamine, are
then released. The alterations discussed below reflect only in vitro immune pa-
rameters, not disease incidence. In fact, no increase in allergic disease related to
herbicide exposure has been reported in any of the studies reviewed.

In general, the immune response is directed against foreign antigens. How-
ever, in some instances, antibodies can be demonstrated that react with endog-
enous antigens (i.e., autoantibodies). Autoimmune disease is the pathological
consequence of an immune response to autologous antigen. Some autoimmune
diseases result when autoantibodies activate the complement cascade or interact
with “killer” mononuclear cells to induce antibody-dependent cell-mediated cy-
totoxicity. Others are caused by cytotoxic T cells acting directly on their targets
or by injurious cytokines released by activated T cells.

It is important to distinguish the mere presence of an autoimmune response
from autoimmune disease.  Autoimmunity, as indicated by the presence of au-
toantibodies, is relatively common, whereas autoimmune disease is relatively
rare. Detecting autoantibodies, particularly in high titers and with high affinity, is
the first step in diagnosing autoimmune disease in humans. A definite diagnosis
of autoimmune disease, however, depends on careful correlation of history and
clinical findings with detailed immunologic investigations.

Summary of VAO

The effects of herbicide exposure on the level of several immune parameters
were presented. The data are divided into two categories: immune suppression
and immune enhancement. Some changes in cellular number or function were
reported, but no changes in the incidence of disease were noted. Currently, the
level of alteration in immune parameters necessary to affect the incidence of
disease is unknown.

These data correlate with some of the data observed in animal studies, but
much more information is required to determine the mechanism and clinical
significance of these alterations in humans. Furthermore, since so many immune
parameters have been assessed in these studies, there is a high probability that at
least some positive results would be noted based on chance alone, which would
undermine the interpretation of the few positive results.
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Update of the Scientific Literature

No reports of heightened susceptibility to infectious disease have been iden-
tified since VAO. In addition, no reports that investigated the association of
autoimmune disease or allergy with exposure to herbicides have been identified.
Malignant diseases are discussed in Chapter 7. Some new information has ap-
peared, however, on the effects of TCDD on immunological parameters mea-
sured in the laboratory.

The study by Jansing and Korff (1994) of eight employees exposed to TCDD
in a chemical plant in the Germany between 1973 and 1976 was described previ-
ously in this chapter. In addition to assessing chloracne, these investigators deter-
mined levels of γ-globulin and lymphocyte subpopulations in the blood. Gamma-
globulin was determined by zonal electrophoresis. Four of the eight samples were
slightly below the normal range defined by this laboratory. There was also a
general correlation between TCDD levels in blood lipids and the decrease in
gamma-globulins, although the number of cases was small. The authors also
reported that the ratio of the CD4 to CD8 lymphocyte subpopulations was within
the normal range.

A long-term follow-up of 138 individuals occupationally exposed to TCDD
in a trichlorophenol production facility in 1953 was described by Ott et al. (1994).
In addition to measuring TCDD concentration in the blood, the authors were able
to perform a number of clinical laboratory tests. The immune system parameters
investigated included IgA, IgG, and IgM levels, complement components C3 and
C4, and the following lymphocyte markers: CD3 for mature T cells, CD4 for T-
helper cells, CD8 for T cytotoxic cells, CD4CDW29 for T-helper/inducer cells,
CD11 for natural killer cells and monocytes, and CD19 for B cells. However, the
tests for complement components C3 and C4 and for T-helper/inducer cells were
added late in the study and data were available for only half of the participants.
The results were compared with a reference population comprising men between
50 and 69 years of age who participated in routine occupational medical exami-
nations during the years 1989-91. None of the immune system parameters mea-
sured was significantly different from those in the reference group.  The total
lymphocyte count, however, was 13 percent lower in the study population than in
the reference group. In regression analyses, slight increases in the IgA and IgG
levels and marginal increases of complement components C3 and C4 were seen
with higher TCDD concentrations.  A marginal decline in T cells and in the total
lymphocyte count was seen and appeared to be positively correlated with TCDD
concentration.  Chloracne was associated with marginal decreases in the percent-
ages of natural killer cells, T cells, and T-suppressor cells.

A cross-sectional study of 153 occupationally exposed employees of six
chemical plants in West Germany was reported by Von Benner et al. (1994).
They found no significant correlation of cell-mediated immunity, as measured by
multiple skin tests, with TCDD concentration. There was, however, a slight
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decrease in total protein concentration and IgM in serum as TCDD increased. A
minimal decrease in the white-blood-cell count was also recorded as TCDD
levels increased.

Svensson et al. (1994) measured the levels of several organochloride com-
pounds—polychlorinated dioxins (PCDD), dibenzofurans (PCDF), and biphe-
nyls (PCB)—in the blood of Baltic Sea fishermen. The subjects were divided into
“high” consumers and “low” consumers of fish. The high consumers, who had
higher levels of the organochloride compounds, had a lower proportion of natural
killer cells, identified by the CD56 marker. There were no changes in other
lymphocyte populations or immunoglobulin levels.

Using monoclonal antibodies in flow cytometry, Neubert et al. (1993) stud-
ied a variety of surface markers on lymphocyte subpopulations of workers ex-
posed to TCDD and other polychlorinated dibenzofurans (TCDF) at the Dekonta
Company, in Hamburg, Germany. Sixty-two volunteers were studied with vari-
ous body burdens of TCDD or TCDF. Since there was no control group, compari-
sons were made between volunteers with low or medium levels and with higher
levels. No differences were observed in the number of total leukocytes or in
absolute or relative numbers of granulocytes and total lymphocytes, nor were
there clear-cut changes in the percentages of the main lymphocyte subpopula-
tions in individuals with different body burdens. There was, however, a trend
toward an increase in the percentage or absolute number of cells carrying the
CD4 and CD45RO biomarkers, representing helper/inducer and memory sub-
populations of T cells. Similarly, there was no decrease in the percentage or
absolute number of total B cells bearing the markers CD20 or CD19. However, a
minor subpopulation of CD19+CD20+CD21+ mature B cells was decreased in 40
percent of the volunteers, in both the higher- and lower-level exposure groups. In
a follow-up study, Neubert et al. (1994) measured in vitro proliferation of lym-
phocytes from workers exposed to PCDD and/or PCDF. The investigators per-
formed regression analyses of the data evaluating the proliferative responses
against the body burdens. There was no indication of a dose-dependent decrease
in proliferative capacity. There was, in fact, a slight trend toward enhanced pro-
liferation in response to phytohemagglutinin at higher body burdens.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides considered in this report and
immune suppression or autoimmunity.  The evidence regarding association is
drawn from occupational and other studies in which subjects were exposed to a
variety of herbicides and herbicide components.
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OTHER METABOLIC AND DIGESTIVE DISORDERS

Diabetes, hepatic enzymes, lipid abnormalities, and ulcers have been re-
ported in the scientific literature as possibly associated with TCDD or herbicide
exposure.  Assessment of these metabolic and digestive disorders in association
with exposure to herbicides and TCDD involves the medical evaluation of a wide
array of clinical signs and symptoms, laboratory parameters, and other diagnostic
tools.  These diagnostic criteria and their use in the clinical evaluation of these
four health parameters are described below.

Diabetes Mellitus

Diabetes mellitus is a syndrome of disordered metabolism and hyperglycemia
due to an absolute or relative deficiency of insulin secretion, a reduction in its
biologic effectiveness, or both.  There are two major types of diabetes: type I
(insulin-dependent) and type II (non-insulin-dependent).   Type I diabetes occurs
most commonly among juveniles but occasionally among adults, whereas type II
diabetes occurs predominantly in adults and only occasionally in juveniles.  More
than 90 percent of the estimated 7 million diabetics in the United States are
classified as type II diabetics (Karam, 1992).  Many of these patients initially
exhibit few or no symptoms, although polyuria (increased urination) and polydip-
sia (excessive thirst) may be present.

Diabetes is associated with high levels of serum glucose.  Plasma glucose
levels in excess of 140 mg/dl after an overnight fast are generally suggestive of an
abnormal glucose tolerance, which is a prerequisite for the diagnosis of diabetes.
The presence of obesity or a strongly positive family history for mild diabetes
suggests a high risk for the development of type II diabetes.

Summary of VAO

Limited information suggests the possibility of increased glucose intolerance
and diabetes in chemical workers and Ranch Hand veterans exposed to TCDD,
but the data are inconclusive.  Additional information on the pharmacokinetics of
dioxin metabolism, particularly with regard to total body fat, is necessary in order
to interpret epidemiologic studies indicating an association between TCDD expo-
sure and serum glucose levels.

Update of the Scientific Literature

Ott et al. (1994) reported on 138 workers at a BASF plant who had been
potentially exposed to TCDD and other chemicals in a plant accident in 1953.
Evaluation of this cohort took place in 1989 and 1990, when the median age of
employees was 61 years.  The relationship between fasting serum glucose and
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TCDD level was studied, adjusting for age, body-mass index, and smoking.
There were no remarkable differences between the exposed and referent groups.
A marginal increase in the log of the fasting serum glucose level was observed
with current TCDD level, but not with back-calculated TCDD level.  Because
TCDD level may be a function of lipid content of the body, it is possible that the
weak positive association between current TCDD and glucose levels is secondary
to the link between diabetes and obesity.

Zober et al. (1994) followed 158 workers at the BASF plant through 1989.
There is considerable overlap between the subjects in this study and the study by
Ott et al. (1994).  The authors compared the coded diagnoses and conditions
reported in the medical insurance claims for these employees with 161 age-
matched control employees without TCDD exposure.  Exposed employees were
stratified in three groups based on history of chloracne—severe, moderate, and
none; they were also stratified with low and high back-calculated TCDD level
groups (<1,000 vs. ≥1,000 ppt).  There was no adjustment for obesity in this
study.  Diabetes was diagnosed significantly less frequently in the exposed groups
than the controls.  The rate of diabetes did not increase with chloracne severity,
and the high TCDD subgroup had no increase compared to the controls.

In 1991 and 1993, 153 employees of six chemical factories in Germany were
studied (Von Benner et al., 1994).  The workers had been involved in the produc-
tion of trichlorophenol from 1953 to 1983, during which time they were they
were exposed to TCDD.  The median TCDD level was 60 ppt (range + 1.0-2,252
ppt).  An unknown number of these employees were also included in the BASF
cohort reported by Ott et al. (1994) and Zober et al. (1994).  The authors stated
that only limited conclusions could be drawn about causality, because of the
selection bias, lack of a control group, and the cross-sectional design of the study.
There was no correlation between serum TCDD levels and blood glucose level;
2.6 percent of the 158 employees were diabetics.  There was a positive correlation
between increasing body-mass index and increasing blood sugar.

Liver Toxicity

Increases in the serum activity of certain hepatic enzymes—including aspar-
tate aminotransferase (AST or SGOT), and alanine aminotransferase (ALT or
SGPT), as well as gamma-glutamyltransferase (GGT), d-glucaric acid, and others
are commonly noted in many kinds of liver disorders.  The relative sensitivity and
specificity of these enzymes for liver disease vary, and several different tests may
be required for a diagnosis.  The only regularly reported abnormality in liver
function associated with TCDD exposure in humans is elevation in GGT.  Esti-
mates of the serum activity of this enzyme provide a sensitive indicator of alcohol
and drug hepatotoxicity, infiltrative lesions of the liver, parenchymal liver dis-
ease, and biliary tract obstruction (Berkow and Fletcher, 1987).  Elevations are
noted with many chemical and drug exposures without evidence of liver injury.
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The confounding effects of alcohol ingestion (frequently associated with in-
creased GGT) make interpretation of changes in GGT in exposed individuals
difficult (Calvert et al., 1992).  Moreover, elevation in GGT may be considered a
normal biologic adaptation to chemical, drug, or hormone exposure.

In animal species that exhibit sensitivity to TCDD, the liver represents one of
the primary metabolic organs; studies show that TCDD is transported to the liver,
where it is stored and metabolized (Lakshman et al., 1986; Piper et al., 1973).
TCDD is metabolized by enzymes in the liver to form derivatives that can dis-
solve in water and therefore be more easily eliminated from the body than TCDD
itself, which is water-insoluble.  Changes in hepatic enzyme levels after TCDD
exposure in animals have been observed, although there is considerable variation
among species (see Chapter 3).

Summary of VAO

Changes in liver function in humans exposed to TCDD are limited to an
increase in GGT; results are inconsistent regarding ALT and d-glucaric acid
excretion.  These metabolic “adaptations” to chemical exposure have been seen
in industrial workers as well as Ranch Hand veterans.  Any study suggesting an
association between TCDD exposure and changes in hepatic enzymes or occur-
rence of liver disease must consider known associations with alcohol, hepatitis,
or other toxic chemical exposures.  Given the long observation period since
TCDD exposure occurred in most studies and consideration of other known risk
factors, it seems very unlikely that there is any association between TCDD or
herbicide exposure (at levels seen to date in humans) and liver dysfunction.

Update of the Scientific Literature

Ott et al. (1994) reported on 138 workers at a BASF plant who had been
potentially exposed to TCDD and other chemicals in a plant accident in 1953.
The relationships between severe liver function indicators and TCDD level were
studied, adjusting for age, body-mass index, and smoking. Alcohol consumption
was not controlled for in the analysis.  Based on regression analyses, none of the
tests was significantly correlated with current TCDD level.  Only one test, for
alkaline phosphatase, was significantly correlated in a positive direction, with
back-calculated TCDD level.  This was also the only test that was significantly
associated with chloracne status, showing higher values with increasing
chloracne.

Zober et al. (1994) followed 158 of the BASF workers through 1989.  There
is considerable overlap between the subjects in this study and the study by Ott et
al. (1994).  There was no control for alcohol use in this study.  There were
nonsignificant increases in the frequency of chronic liver disease, among the total
exposed group versus the controls, as well as among the moderate and severe
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chloracne subgroups versus the controls.  The frequency was also marginally
higher in the high TCDD group (31.5 percent) versus the low TCDD group (21.2
percent), or versus the controls  (23.0 percent).

Von Benner et al. (1994) studied 153 employees of six chemical factories in
Germany in 1991 and 1993.  An unknown number of these employees were also
included in the BASF cohort reported by Ott et al. (1994) and Zober et al. (1994).
There was no correlation between serum TCDD levels and abnormalities in liver
function tests.  The authors interpreted this to mean that “there was no persistent
and/or clinically significant isolated effect of TCDD on the parameters of liver
functioning.”  In contrast, there were “plausible” correlations between self-re-
ported alcohol consumption and increases in SGOT and GGT levels.

Lipid Abnormalities

Hyperlipidemia, or elevation in cholesterol, triglycerides, or the lipoprotein
carriers of these lipids [very low density lipoprotein (VLDL), low-density lipo-
protein (LDL), and high-density lipoprotein (HDLP)] has been described in rela-
tion to hereditary and dietary factors.  The clinical manifestations of these changes
relate primarily to the incidence of ischemic cardiovascular disease and other
forms of atherosclerosis.  Measurement of lipid and lipoprotein levels is essential
to the diagnostic evaluation of hyperlipidemia.  However, the measurements
should be adjusted for diet and sex, because the concentration of lipids varies
with nutritional, endocrine, and gender differences.  There is frequently a sub-
stantial time delay between onset of lipid changes and clinical manifestations of
disease, often 20 to 40 years (Stanbury et al., 1978).

Summary of VAO

The variable results in the reviewed literature do not allow clear-cut attribu-
tion of lipid abnormalities to TCDD exposure.  It is possible that levels of TCDD
were increased in those subjects with hypercholesterolemia (elevated levels of
serum cholesterol) because of the concentration of the chemical in lipids or
because of obesity.  In industrial exposures, increases have been modest and
variable.  A positive association was noted between serum TCDD levels and
triglycerides among Ranch Hands.  Further research on the pharmacokinetics of
TCDD and its relation to the percentage of fat in the body will be important in
understanding the significance of these associations.

The problem of interpreting the observed association in epidemiologic stud-
ies between serum TCDD and lipid levels is complicated by the role of obesity as
both a risk factor for lipid abnormalities and a major determinant of the storage
and metabolism of TCDD in the body (see Chapter 5).  Body fat must be taken
into account in analyses of this kind to ensure the validity of the results.
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Update of the Scientific Literature

Ott et al. (1994) reported on 138 workers at a BASF plant who had been
potentially exposed to TCDD and other chemicals in a plant accident in 1953.
The relationships between four lipids (cholesterol, triglycerides, HDL, and LDL)
and TCDD level were studied, adjusting for age, body-mass index, and smoking.
There were no remarkable differences between the exposed and reference groups.

Gastrointestinal Ulcers

There are usually no specific physical signs in patients with gastrointestinal
ulcers, and the symptoms of gastric ulcer are often nonspecific.  The typical
pattern of epigastric pain is variable, and many patients with this symptom may
not have an ulcer when examined endoscopically, whereas patients with ulcers
demonstrated by endoscopy may report no pain.  Endoscopy is generally recom-
mended only in patients whose symptoms persist despite treatment.  Acid secre-
tory values are of relatively little clinical value in diagnosis of ulcer disease
(Samiy et al., 1987).  In many patients, the disease is associated with the presence
of Helicobacter pylori (H. pylori).

Summary of VAO

The risk of ulcers in populations exposed to TCDD or herbicides has not
been sufficiently studied to determine an association.  However, detection of a
specific association is unlikely, given the frequency of ulcer disease and the many
factors that are known to be related to the onset of symptomatic ulcer disease.
Furthermore, given the length of time that has elapsed since veterans’ last expo-
sure to TCDD in Vietnam, it is unlikely that new cases of ulcer disease will occur.

Update of the Scientific Literature

Zober et al. (1994) followed 158 workers at a BASF plant who were poten-
tially exposed to TCDD during a 1953 plant accident.  The workers were fol-
lowed through 1989.  There is considerable overlap between the subjects in this
study and the study by Ott et al. (1994).  There were no increases in the frequency
of ulcers in the exposed group versus the controls (even in the highest TCDD
subgroup), and no increases with increasing severity of chloracne.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
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ciation exists between exposure to the herbicides considered in this study and
diabetes, liver toxicity, lipid abnormalities, or gastrointestinal ulcers.  The evi-
dence regarding association is drawn from occupational and other studies in
which subjects were exposed to a variety of herbicides and herbicide compo-
nents.

Biologic Plausibility

The liver is the site of TCDD storage and metabolism in laboratory animals.
Some of the herbicides have also induced liver toxicity in laboratory animals.
There have been no reports of an association between TCDD or herbicide expo-
sure and diabetes in laboratory animals.  Hyperlipidemia has been reported in
laboratory animals following exposure to TCDD, but not following exposure to
the herbicides.  Specific digestive disorders have not been reported.

CIRCULATORY DISORDERS

The circulatory diseases reviewed in this section cover a wide variety of
conditions.  The studies reviewed are divided into two categories: morbidity
studies and mortality studies.  In the morbidity studies, a variety of methods were
used to assess the circulatory system, including analysis of symptoms or history,
physical examination of the heart and peripheral arteries,  Doppler measurement
of peripheral pulses, electrocardiograms, and chest radiographs.  Doppler mea-
surements and physical examination of the pulses in the arms and legs are used to
detect decreased strength of the pulses, which can be caused by thickening and
hardening of the arteries.  Electrocardiograms can be used to detect heart condi-
tions and abnormalities such as arrhythmias (abnormal heart rhythms), heart
enlargement, and previous heart attacks.  Chest radiographs can be used to assess
whether the heart is enlarged, which can result from heart failure and other heart
conditions.

Summary of VAO

The circulatory outcomes addressed in these studies include: mortality from
circulatory diseases (including overall circulatory disease mortality and various
subgroups of cardiovascular disease); symptoms or history of circulatory ill-
nesses, such as heart disease, hypertension, coronary artery disease, angina, or
myocardial infarction; abnormalities detected during physical examinations; elec-
trocardiogram results; and chest radiographs.

The usefulness of the mortality studies was limited, because in most studies
there were no a priori hypotheses provided regarding herbicide exposure and
particular circulatory outcomes.  Their usefulness is also limited by assessment of
independent risk factors for circulatory disease.

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


336 VETERANS AND AGENT ORANGE:  UPDATE 1996

Among the morbidity studies, strong rationales for examining circulatory
outcomes were not given.  However, the Air Force Health Study (1991) has
reported associations between serum TCDD and both diabetes and blood lipids.
This suggests a rationale for examining, in future studies, coronary artery disease
in subjects exposed to dioxins, because of the possible association between risk
factors for coronary artery disease and serum TCDD level.  In the morbidity
studies, a wide range of outcomes was assessed, and the presentation of results
varied across studies.  Symptoms or history of heart disease were difficult to
assess across studies, because each study gathered unique noncomparable data.
Data derived from physical examination differed among the studies.

Update of the Scientific Literature

The majority of human studies have not found a significant relationship
between herbicide or TCDD exposures and the development of circulatory and
renal disorders.  Three reports were identified in which cardiovascular and/or
renal effects were identified.  Only one of these studies (Air Force Health Study)
found significant associations between dioxin levels and several lipid-related
variables (Wolfe et al., 1992).  These data are potentially significant, since they
were derived from the first large-scale study of dose-response relationships in
humans.  The cardiovascular and renal effects observed may be related to diabe-
tes mellitus, since no consistent evidence of an adverse effect of dioxin was seen
in nondiabetics.  There was a significant increased risk of essential hypertension
for Ranch Hand workers in the high-current-dioxin category (> 33.3 ppt) relative
to background (< 10 ppt), when the effect of body fat was not considered.  The
adjusted mean level for systolic and diastolic pressures was increased for Ranch
Hands in the high-current-dioxin category.  However, the reverse analysis of
participants suffering from hypertension did not show an association with dioxin,
suggesting lack of dose-response relationships.  The assessment of peripheral
vascular function found a significant association between dioxin and decreased
peripheral pulses.  Because these effects of dioxin were related to body fat con-
tent, causal relationships could not be established, because it is unknown whether
dioxin increases fat or whether fat decreases dioxin elimination (see Chapter 5).

Von Benner et al. (1994) reported on the dose-effect relationship between
serum TCDD level (median = 60 ppt) and disease in 153 occupationally exposed
employees.  Possible correlations were found for elevated systolic blood pres-
sure, but not for diastolic blood pressure.  However, this relationship was difficult
to evaluate, because age and body-mass index also had a significant effect.

Zober et al. (1994) followed 158 workers at a BASF plant who were poten-
tially exposed to TCDD during a 1953 plant accident.  The workers were fol-
lowed through 1989.  There is considerable overlap between the subjects in this
study and the study by Ott et al. (1994).  There were no increases in the frequency
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of ischemic heart disease in the exposed group versus the controls (even in the
highest TCDD subgroup); and no increases with increasing severity of chloracne.

Conclusions

Strength of Evidence in Epidemiologic Studies

There is inadequate or insufficient evidence to determine whether an asso-
ciation exists between exposure to the herbicides considered in this report and the
following circulatory outcomes: circulatory disease mortality and various sub-
groups of cardiovascular disease; symptoms or history of circulatory illnesses,
such as heart disease, hypertension, coronary artery disease, angina, or myocar-
dial infarction; or abnormalities detected from physical examination, electrocar-
diogram results, and chest radiographs.  The evidence regarding association is
drawn from occupational and other studies in which subjects were exposed to a
variety of herbicides and herbicide components.
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APPENDIX

A

Information Gathering

LITERATURE SEARCHES

The primary charge to this committee was to analyze the scientific and
medical literature published on the health effects of herbicides used in Vietnam.
Appendix A of VAO contains a complete description of the methods used to
perform the literature searches and dissemination.  Since we were to focus on
reviewing literature published since the completion of VAO, databases were
searched for articles published between 1993 and 1995.  Also, outside consultants
were not utilized in the analysis of the new epidemiological studies, as they were
for VAO, since there were far fewer studies to review for the present report.
Indexing and critiquing of all epidemiological studies was performed by the
committee and Institute of Medicine staff.

ORAL AND WRITTEN TESTIMONY
PRESENTED TO THE COMMITTEE

A public meeting was held on April 21, 1995, in Washington, D.C., to solicit
scientific information on the health effects of exposure to dioxin and other chemi-
cal compounds in herbicides used in Vietnam during the Vietnam era.  In order to
reach a broad range of interested individuals, more than 1,000 notices of the
meeting were sent to more than 1,000 members of veterans organizations, Con-
gress, government agencies, academic institutions, environmental groups, chemi-
cal companies, pulp and paper industry, medical research associations, and other
groups, as well as to those who attended the first committee’s public meeting in
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September 1992.  At the 1995 public meeting (see list), which was attended by
approximately 100 people, 15 individuals presented oral testimony.  Written
testimony was also received and was accorded the same weight as the oral testi-
mony.

Oral  Testimony Presented at the Public Meeting
April 21, 1994

Session I

Betty Mekdeci, Executive Director, Association of Birth Defect Children, Or-
lando, FL

William Lewis, New Jersey Agent Orange Commission, Trenton, NJ
Steven Stellman, Ph.D., M.P.H., American Health Foundation, New York City,

NY

Session II

Linda Schwartz, R.N., M.S.N., Yale School of Medicine, New Haven, CT
Karen Webb, Wife of Vietnam Veteran, Hampton, GA
John Gullo, Vietnam Veteran, Clinton, MT
Jenny LeFevre, Widow of Vietnam Veteran, Shady Side, MD
Hope Tinoco, Wife of Vietnam Veteran, Olathe, KS (written testimony pre-

sented by Jenny LeFevre)
Turner Camp, M.D., Veterans of Foreign Wars of the United States, Washing-

ton, DC
Robert Golden, Ph.D., Environmental Risk Sciences, Washington, DC
J. B. Harris, J.D., Private Attorney, Washington, DC
Charles Stone, Stone and Associates, Silver Spring, MD

Session III

E. R. Zumwalt, Admiral, U.S. Navy (Ret.), Arlington, VA

Open Session

Jeffrey Land, Legislative Assistant, U.S. Congress
Karen Webb, Wife of Vietnam Veteran, Hampton, GA

Written Testimony Presented to the Committee

Thomas Allen, Vietnam Veteran, Canvas, WV
Topic: Personal account of being diagnosed with lupus, which he believes to be

related to Agent Orange exposure.
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William Barber, Vietnam Veterans Agent Orange March, Mt. Pleasant, PA
Topic: Results of personal research, including scientific articles, on the link

between Agent Orange exposure and peripheral neuropathy.
Noel Benefield, Waiuku, New Zealand
Topic: Questions the use of chloracne as a suitable marker of exposure to

herbicides by non-Ranch Hand servicemen in Vietnam.  Also, he believes
that rashes that occurred among soldiers in Vietnam may have been due to
Agent White rather than Agent Orange.

June Borton, Mother of Vietnam Veteran, Swanton, OH
Topic: Personal account of son’s health problems, including death from

amyotrophic lateral sclerosis, which she believes to be related to exposure to
motor oil and Agent Orange.

Richard Cain, Vietnam Veteran, Jasper, AL
Topic: Personal account of health problems that he believes are related to expo-

sure to Agent Orange.
Turner Camp, M.D., Veterans of Foreign Wars Medical Consultant, Washing-

ton, DC
Topic: Relationship between the findings and recommendations of the first

IOM report and DVA compensation policies.  He expressed concern about
the lack of compensation for metabolic disorders, especially diabetes, in
Vietnam veterans exposed to Agent Orange and pointed out that the results
of the Ranch Hand study suggest an association between disorders of lipid
metabolism and diabetes and herbicide exposure.  Dr. Camp requested clari-
fication of the findings of the first IOM study on peripheral neuropathy and
proposed a future reevaluation of Agent Orange.

John Casanos, Vietnam Veteran, Otter Rock, OR
Topic: Personal account of Mr. Casanos’s health problems, which he believes

to be related to his exposure to Agent Orange.
Richard Christian, American Legion, Washington, DC
Topic: Provided copies of testimony by Dr. Ruth Shearer, consultant in genetic

toxicology, to Congress in 1984 and 1985 regarding Agent Orange and pro-
vided a copy of a GAO report concerning the efforts of DHHS and CDC to
study the health effects of Agent Orange in Vietnam veterans. Request for
the committee to review the connection between chondrosarcoma and Agent
Orange exposure. He also provided a letter from Philip Landrigan, M.D.,
who reviewed the case of Roger Solberg, a Vietnam veteran who died of
chondrosarcoma.  Dr. Landrigan concluded that “Mr. Solberg’s death from
chondrosarcoma could have been caused by his military exposure to dioxin.”

Billy Churchill, Vietnam Veteran, Searcy, AR
Topic: Personal account of health problems, including emphysema and derma-

tological problems, which he believes to be related to Agent Orange expo-
sure.
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George Claxton, Vietnam Veterans of America, Washington, DC
Topic: Results of personal research on the health effects of TCDD.
Joe Cole, Vietnam Veteran, Olympia, WA
Topic: Welfare reform and how it might affect benefits to Vietnam veterans.
William W. Dean, Vietnam Veteran, Apple Valley, MN
Topic: Personal account of health problems, including multiple bilateral

fibromatosis tumors (MBF), which he believes to be related to his exposure
to Agent Orange.  Mr. Dean also provided the results of his research on
exposures that may be related to MBF and requested that the DVA compen-
sate Vietnam veterans for benign soft-tissue tumors, including Dupuytrevis
contractures.

Michael Eckstein, Vietnam Veterans of America, Bayonne, NJ
Topic: Service-connected benefits for Vietnam veterans and reasons why pe-

ripheral neuropathy should be considered service-connected.
Manual Gonzales, Vietnam Veteran, Address Unknown
Topic: Personal account of health problems, especially diabetes, which he feels

are related to his exposure to Agent Orange.
Keith Horsley, M.D., Australian Department of Veterans’ Affairs, Woden, Aus-

tralia
Topic: Update on Australian regulations covering compensation for diseases

related to herbicide exposure.
Industry Task Force on 2,4-D Research Data, Belhaven, NC
Topic: Results of recent research on 2,4-D, including a report from the EPA and

other publications.
Harold Jackson, Vietnam Veteran, Houston, TX
Topic: Personal account of health problems, including peripheral neuropathy

and autoimmune disease, which he believes to be related to Agent Orange
exposure.

Thomas Joyce, Vietnam Veteran, Waitsfield, VT
Topic: Results of personal research into health effects of exposure to Agent

Orange.  He also provided information on herbicide formulations used in
Vietnam.

Renate Kimbrough, M.D., Institute for Evaluating Health Risks, Washington,
DC

Topic: Results of the Ranch Hand studies, specifically metabolic disorders,
including altered lipid metabolism and diabetes.

Robert Ku, Ph.D., DABT, CIH, Syntex USA Inc., Palo Alto, CA
Topic: Results of research on dioxin conducted by Syntex and others.
George Losoncy, Vietnam Veteran, Temple, PA
Topic: Personal account of health problems, including alopecia, which he feels

are related to exposure to Agent Orange.  Mr. Losoncy is also requesting that
the committee look closely at the relationship between exposure to Agent
Orange and dermatological effects.
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John Martignetti, Vietnam Veteran, Bethlehem, NH
Topic: Personal account of health problems, including chloracne and multiple

sclerosis, which he believes to be related to Agent Orange exposure.
Carol Mathews, Widow of Vietnam Veteran, Mendota, IL
Topic: Personal account of husband’s health problems and death from multiple

myeloma at age 43, which she believes were related to his exposure to Agent
Orange.  She also believes that their daughter’s asthma and allergies are
related to her father’s exposure to Agent Orange.

Cheryl Mertens, Widow of Vietnam Veteran, Niantic, CT
Topic: Personal account of husband’s health problems, which she believes to

be related to his exposure to Agent Orange.
Terry Miller, Vietnam Veteran, Mendota, IL
Topic: Personal account of health problems, including chloracne, migraines,

and ulcers, and of daughter’s health problems, including hernia, thyroid
disease, and asthma, which he believes are related to his exposure to Agent
Orange.

William Morgan, Vietnam Veteran, Caldwell, WV
Topic: Personal account of health problems, including macular degeneration

and dermatological problems, which he believes to be related to exposure to
Agent Orange.

Rocky Notnes, Hinton, AB, Canada
Topic: Mr. Notnes has several friends in the United States who are Vietnam

veterans.  He wrote to express frustration with the difficulties his friends face
in lobbying the DVA for compensation for health problems that they believe
are related to Agent Orange exposure.

James Pirkle, M.D., M.P.H., Centers for Disease Control and Prevention, At-
lanta, GA

Topic: Comments and articles from the CDC concerning the health effects of
exposure to dioxin and other chemical compounds in herbicides used in
Vietnam.

Ronald Rick, Lino Lakes, MN
Topic: Results of personal research on reproductive effects of Agent Orange.
Brenda Sanders, Widow of Vietnam Veteran, Plano, TX
Topic: Personal account of family’s health problems, which she believes are

related to her husband’s exposure to Agent Orange.
Arnold Schecter, M.D., M.P.H, SUNY-Health Science Center, Binghamton,

NY
Topic: Information on his research, including books and scientific articles, on

health effects resulting from exposure to dioxin and on the research on the
health effects of Agent Orange being conducted in Vietnam.

John Sherlock, Vietnam Veteran, Levittown, PA
Topic: Personal account of battle with testicular cancer, which he believes to be

related to Agent Orange exposure.
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Micheal Sovick, Oklahoma Agent Orange Foundation, Lexington, OK
Topic: Chemical composition and use of defoliants other than Agent Orange,

including Red, Red/White, and Green. Critiqued the section on immune
system disorders from the 1993 IOM report and provided a copy of Dr. Ellen
Silbergeld’s testimony before the Senate Committee on Veterans’ Affairs on
November 2, 1993, where she criticized the first IOM report.

Jack Spey, Ranch Hand Vietnam Society, Fort Walton Beach, FL
Topic: The Ranch Hand cohort study and the findings from the study indicating

that morbidity and mortality rates are not higher among the Ranch Hand
cohort.  Mr. Spey also believes that the IOM “has allowed itself to mix
science with the politics surrounding Agent Orange” in the past and should
stick to a more scientific focus for the current report.

Charles Stone, Stone and Associates, Silver Spring, MD
Topic: Summary of oral testimony regarding health effects of Agent Orange in

Vietnam veterans presented at the April 21, 1995, public meeting.
John Thomas, Vietnam Veteran, Miami, FL
Topic: Personal account of psychological and behavioral problems, which he

believes to be a result of his exposure to Agent Orange, and a description of
how he believes Agent Orange could cause aggressive, violent behavior.

Ed La Venture, Vietnam Veteran, Menomonie, WI
Topic: Health effects of Agent Orange in the children of Vietnam veterans.  He

also listed the symptoms that his own children are experiencing, such as
epilepsy and asthma, which he believes to be related to his exposure to Agent
Orange.

Shelia Winsett, Friend of Vietnam Veteran, Jasper, AL
Topic: Personal account of Vietnam veteran Gary Jack’s health problems and

eventual death from cardiac failure.
Richard Zalucky, Vietnam Veteran, Troy, NY
Topic: Personal account of health problems, including diagnosis of prostate

cancer at age 46, which he believes to be related to exposure to Agent
Orange.
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B

Risk of Disease in Vietnam Veterans
Bryan Langholz and Malcolm Pike

ESTIMATION OF MEAN MAXIMUM SERUM TCDD LEVEL

The current best estimate of the average half-life of TCDD body-burden
concentration (per unit of fat serum lipids) in people is 8.4 years (weighted
average of values from studies reported in Table 5 of Michalek et al., 1996).
Since the dropoff in TCDD body-burden concentration is approximately expo-
nential (Johnson et al., 1992; Wolfe et al., 1994), this half-life figure can be
expressed as:

exp(-λt
1/2

) = 1/2

where t
1/2

 = 8.4 years and λ is the TCDD body-burden concentration decay rate.
Thus

λ = ln(1/2)/(-8.4) = 0.0825 per year.

If the body-burden concentration decay rate, λ, is known, one may estimate
the TCDD body-burden concentration at the time of last exposure (t = 0) from a
measurement made t years later.  The measured concentration t years after last
exposure, ct, is related to the concentration at last exposure, c0, by the equation

ct = c0 exp(-λt). (1)

Equation (1) has been used by some authors to estimate c0 from measure-
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ments made at varying times after last exposure, and we have made equivalent
calculations for a number of studies, as indicated in Table B-1.

For persons with brief exposure, c0 is directly related to the dose of TCDD
received (per unit body fat) at time t = 0.  The appropriate dose to apply to the
person for purposes of risk assessment is not immediately clear.  The effective
exposure between time 0 and time t would appear likely to be the sum of the
immediate effect of the TCDD exposure at time 0 plus the integrated effect of the
TCDD as it is “released” into the serum and reabsorbed or excreted from the
body, i.e.,

effective cumulative dose by time t = αc0 + βc0[(1 - exp(-λt)]/λ (2)

where  α and β are unknown constants.
For persons with longer exposure, c0 will generally represent their highest

body-burden due to the relatively long half-life of TCDD.  If exposure began at
time tb, then equation (2) will require an additional term to allow for the exposure
between tb and t0; this term could be large if exposure took place over an extended
period of time.  This issue is discussed at some length by Johnson et al. (1992).

The true value of λ will vary between studies to a limited but unknown
extent, since it is known that λ varies between persons and is inversely related to
weight—i.e., the rate decreases with increasing weight (Wolfe et al., 1994).  In
addition to the uncertainty in the value of λ, in many of these studies precise data
are not available on the time between the last exposure and the sample collection
for TCDD measurement, and most importantly, precise data are not available on
the time during which the dose was accumulated.

Despite these known inaccuracies, the values in the table are most valuable
in giving some estimate of relative exposures, and thus to direct attention to the
studies in which exposure was the greatest.  Under any of the risk models that are
generally considered in relating exposure to risk, the risk will be greatest at the
highest dose.  Under additive models the excess risk increases proportional to
dose, while under other models the risk at higher doses is generally even greater
(relative to the risk at lower doses).  Thus, a risk that is not observed at a high
dose casts serious doubt on the results of studies that see a risk at a much lower
dose.  It should be noted that the c0 values calculated for the industrial cohorts in
the table are relatively too low, since these exposures will have been accumulated
over a lengthy period.

APPLICATION OF ESTIMATED MEAN MAXIMUM TCDD LEVELS
TO ESTIMATION OF RISK OF DISEASE IN VIETNAM VETERANS

An initial quantitative risk estimate of the degree of risk likely to have been
experienced by Vietnam veterans from their exposure to herbicides in Vietnam
can be made based on the results from the NIOSH study (Fingerhut et al., 1991)
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and the estimated mean maximum TCDD levels from the NIOSH study and from
various Vietnam veterans groups shown in Appendix B, Table 1 if certain simpli-
fying assumptions are made.  One can extrapolate the risks observed in the
NIOSH cohort of production workers to Vietnam veterans if one assumes that: a)
TCDD was the agent responsible for any association between exposure to herbi-
cides and particular cancers; b) the evidence of elevated relative risks for these
cancers reflects a causal relationship; c) the time patterns of exposure were unim-
portant to risk, so that the long-term exposures of workers and the short-term
exposures of veterans carry comparable risk; and d) there is a linear relationship
between serum TCDD and the excess relative risk in both groups.

The NIOSH workers with ≥1 year of exposure and ≥20 years latency had an
estimated mean maximum serum TCDD level of 2,620 ppt.  This compares with
an estimated mean maximum serum TCDD level of 199 ppt in Ranch Hand
veterans.  If the increase (above 1.0) in relative risk for the NIOSH workers is ‘x’,
then the increase (above 1.0) in relative risk for the Ranch Hand veterans is
estimated as (x/2620)×199 = 0.076x.  Non-Ranch Hand veterans had an average
measured level of TCDD no different from controls, so that no additional disease
risk can be attributed overall for such veterans.

The estimated relative risks for the Ranch Hand veterans are:

Relative Risk in NIOSH Estimated Mean Relative
study (≥1 year exposure, Risk for Ranch Hand

Cancer Site ≥20 years latency) Veterans

Respiratory 1.42 1.03
STS 9.22 1.62
Prostate 1.52 1.04
Multiple Myeloma 2.62 1.12

In addition to the 4 cancers given in this table, the committee also found
sufficient evidence of an association between herbicides and/or TCDD exposure
and Hodgkin’s disease (HD) and non-Hodgkin’s lymphoma (NHL).

The relative risk (RR) for HD in the NIOSH study (≥ 1 year exposure, ≥ 20
years latency) was 2.8 based on a single case of HD.  This suggests that the mean
relative risk for Ranch Hand veterans is about 1.1 (with a wide confidence inter-
val).  The other studies of HD discussed in Chapter 7 do not provide any further
information to check on the appropriateness of this estimate.

The RR for NHL in the NIOSH study (≥1 year exposure, ≥20 years latency)
was 0.9 based on 2 cases of NHL.  The nested case-control study of production
and spraying workers reported by Kogevinas et al. (1995) found a relative risk of
3.6 for “medium” and “high” exposure based on 7 cases.  Assuming that these
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TABLE B-1 Estimated mean maximum serum TCDD levels
(ppt in serum lipids)

Date of Serum Details of Exposed
 Reference  Exposed Group Sampling  Group N

Gross et al., Vietnam veterans  ~1983 “Heavily exposed” 3
1984  ~15 years since “Lightly exposed” 5

 exposure Controls 10

Kahn et al., Vietnam veterans  ~1986 “Heavily exposed” 9
1988  ~18 years since Controls 10

exposure

CDC, 1988 Vietnam veterans  ~1985 Exposed:
~17 years since  Low 298
exposure  Medium 157

 High 191
Controls 97

Kang et al., Vietnam veterans Vietnam veterans 36
1991 Non-Vietnam

veterans 79
Controls 80

Wolfe et al., Ranch Hand ~1985 Exposed 147
1988 personnel ~17 years since Controls 49

exposure
Wolfe et al.,
1990

Fingerhut Herbicide ~22 years since All exposed 253
et al., manufacturing exposure < 1 yr. exposed 134
 1990 workers (NIOSH > 1 yr. exposed 119

study) < 1 yr. exposed; 81
Salvan et al., ≥ 20 yrs. since
 1994 first exposure

> 1 yr. exposed; 95
≥ 20 yrs. since
first exposure

Manz et al., Occupationally ~1985 “High” exposure 37
 1991 exposed exposed up to “Medium” & 11

(Germany) 1984 in some “Low” exposure
cases
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Observed Estimated Mean Remarks
N Mean Level at Maximum

3 37 127a aEstimated from information
5 5 given in the reference.

10 6

9 46 203a aEstimated from information given in
10 7 the reference. “Heavily exposed” are

Ranch Hand or Chemical Corp veterans.

4a aNo relation with exposure
298 level. No Ranch Hand or
157 Chemical Corp personnel.
191

97

36 13*

79 13*
80 16*

147 49 199a aEstimated from information given in the
49 5 reference. These results are from MMWR

(1988): larger JAMA (1990) report only
gives medians—it  appears from
a comparison of medians in the two papers
that the figures quoted here may  be
too high by a factor of approximately
26/12.4 = 2.1

253 233 1,434a aEstimated from information
134 69 425a,b given in the reference
119 418 2,573a

81 78 462a,b bEstimated by assuming the
same ratio to measured mean
as in “All exposed”

95 462 2,620a

37 296 ? Supersedes Beck et al. (1989).
11 73 ?
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Patterson et al., Missouri chemical 1985 Exposed 8
 1989 plant workers ~13 yrs. since Not exposed 5

exposure
Smith et al., Pesticide 9
 1992 applicators (New

Zealand)

Ott et al., 1993 BASF 1953 ~35 yrs. since Exposed 138
accident clean-up accident Controls 102
workers

Littorin et al., Herbicide ~1993 Exposed 5
 1994 manufacturing ~16 yrs. since Controls 5

workers (Sweden, exposure
part of IARC
study)

Mocarelli et al., Seveso residents “Immediately” Zone A; age <16; 10
1991 after accident severe chloracne

Mocarelli et al., Zone A: adults; no 9
1988 chloracne

Cerlesi et al., Zone B
1989

Zone R

*Adipose tissue value.

TABLE B-1 Continued

Date of Serum Details of Exposed
Reference  Exposed Group Sampling  Group N
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8 363 1,023a aEstimated from information
5 15* given in the reference.

9 53 229a aEstimated from information
given in the reference.

138 15a 520b aGeometric means.
102 3a bWeighted average from information

given in Fig. 1 of reference.

5 17 61a aEstimated from information
5 2 given in the reference.

10 19,144 19,144 Zone B and Zone R means estimated from
the 5,240 mean figure for Zone A residents
without chloracne, and the relative amount

9 5,240 5,240 of TCDD found in the soil.

68 68

20 20

Observed Estimated Mean
N Mean Level at Maximum Remarks
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workers had exposures comparable to the NIOSH cohort we estimate the relative
risk of Ranch Hand veterans at 1.20.

Use of Further Information on Exposure

The above estimates for Ranch Hand veterans is indicative of individual risk
insofar as the individual is a Ranch Hand veteran.  With added validated informa-
tion on individual exposure (such as serum TCDD level) a more accurate esti-
mate of risk may be calculated using the same method that was used here for the
Ranch Hand veterans as a group.

Serum TCDD levels measured in non-Ranch Hand Vietnam veterans many
years after Vietnam service have been found to be no different from levels in
controls.  This suggests that, as a group, such Vietnam veterans had no excess
exposure to TCDD.  There may well have been some groups of non-Ranch Hand
Vietnam veterans who were exposed to higher levels of TCDD, but for reason of
their small size or other reason not currently discernible, this exposure is not
demonstrated in the distribution of serum TCDD as measured in non-Ranch Hand
Vietnam veterans.  If such groups or individuals can be identified with validated
information on exposure (such as current serum TCDD level) then their risks may
be calculated using the same method that was used here for the Ranch Hand
veterans as a group.

Linear Extrapolation from the High Dose (Long Exposure),
Long Latency NIOSH Results

The NIOSH study is the only study with risk estimates and serum TCDD
measurement on a large enough sample to make reasonable inferences about
exposure and risk.  The sample of workers with TCDD measurements was not a
random sample of the group but Salvan et al. (1994) make a convincing argument
that they are representative of the NIOSH cohort as a whole.

The statistical model we have chosen specifies that the relative risk of a
specific cancer given a maximum, i.e., back-extrapolated, serum TCDD of c is
(1+βc).  This linear model has the property that the mean predicted relative risk is
the predicted relative risk at the mean exposure.  There are few data with which to
validate the choice of this linear form of the relative risk.  The relative risks
observed for the low dose, long latency NIOSH subgroup are certainly consistent
with this model, but there is little power to detect deviations.  This model is
generally considered conservative.

TCDD Concentrations with Time after Exposure

As discussed in Chapter 5, there has been new research on the Ranch Hand
cohort validating the use of the one-compartment model in back-extrapolating
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serum TCDD levels to the level at the time of last exposure.  We note that prior to
VAO, the only extensive data on the change in serum TCDD with time was from
blood samples at two time points from Ranch Hand volunteers.  Since then a third
sample has been collected and improved statistical methods have been developed
that account for the ‘censoring’ at low levels (Michalek et al., 1996).  A mean
half-life of 8.7 years (95% CI = 8.0-9.5) was computed.  This estimate is based on
measurements made on blood where the first sample was collected a median of
15 years after last exposure.  Results of half-life investigation of 27 individuals
exposed in the Seveso accident yielded a similar mean half-life of 8.2 years (95%
CI = 7.2-9.7; Needham et al., 1994).  In this study, the first samples were taken
shortly after exposure so that the similarity of results to the Ranch Hand volun-
teer study strengthens the use of a one-compartment model.  The other half-life
study was based on samples at two time points on 48 production workers (Flesch-
Janys et al., 1994).  This study was reported as showing a median half-life of 6.9
years.  Since half-life estimates tend to be skewed to the right, the mean half-life
is likely to be somewhat larger than this.  It appears therefore that the mean half-
life of production workers with long exposure is likely to be close to that ob-
served in the other two studies.  This indicates that the use of the same mean half-
life for NIOSH workers and the Veterans is reasonable.

Use of Back-extrapolated Serum TCDD as a Measure of Dose

The back-extrapolated serum TCDD is essentially estimating the serum level
at the time last exposed.  For short-term exposures, this will be highly correlated
with cumulative dose.  This should apply reasonably well to the Vietnam veterans
who were exposed for a maximum period of their tour of duty.  For long-term
exposures, back-extrapolated serum TCDD will underestimate cumulative dose
because some (possibly a significant amount) of TCDD has left the body by the
time of last exposure.  For example, suppose that during the first year of exposure
an individual’s exposure results in a 100 ppt serum concentration.  If the indi-
vidual is exposed for another 8 years, only about 50 ppt from that first years’
exposure will be left in the blood at that time.  This pattern of exposure was
common for workers in the NIOSH cohort.  This implies that the mean-maximum
serum TCDD levels from the NIOSH workers are an underestimate of their mean
cumulative exposure.  Since the risk estimates generated by the methodology
presented in this Appendix are based on a low-dose extrapolation from the mean-
maximum serum TCDD concentration in the NIOSH workers, this methodology
over-estimates the risk in veterans, if cumulative exposure is the appropriate
measure.
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Committee and Staff Biographies

COMMITTEE BIOGRAPHIES
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the Division of Occupational and Environmental Medicine, Department of Envi-
ronmental and Occupational Health, at the University of Pittsburgh.  He received
his M.D. from Mayo Medical School and his M.P.H. from the Harvard School of
Public Health.  He served as a Medical Staff Fellow in the Environmental Epide-
miology Branch, National Cancer Institute; Pulmonary Fellow at Brigham and
Women’s and Beth Israel Hospitals in Boston; Assistant Professor of Medicine at
the University of Cincinnati; and Associate Professor of Environmental and Oc-
cupational Health at the University of Pittsburgh Graduate School of Public
Health.  He is a Fellow of the American College of Occupational Environmental
Medicine and the American College of Chest Physicians, a member of numerous
professional societies, including the American Thoracic Society, the American
Association of Immunologists, the Clinical Immunology Society, the American
Public Health Association, and the American Association for the Advancement
of Science, and a member of the editorial board of the Journal of the American
Industrial Hygiene Association.

Michael Aminoff, M.D., is Professor of Neurology, Director of the Clinical
Neurophysiology Laboratories, and Director of the Movement Disorders Clinic
and the Epilepsy Program at the University of California Medical Center, San
Francisco.  He has published extensively on topics related to clinical neurology
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and neurophysiology, has authored or edited 13 textbooks, and is on the editorial
board of several medical and scientific journals.

Jesse Berlin, Sc.D., is Research Associate Professor of Biostatistics in Medicine
at the University of Pennsylvania School of Medicine, where he has been since
1989.  He received his doctorate in Biostatistics from the Harvard School of
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Dr. Berlin also serves as an Associate Editor for the Journal of General Internal
Medicine and as a Deputy Editor for the Online Journal of Clinical Trials.
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ioral Sciences at the Johns Hopkins School of Medicine, and Environmental
Health Sciences - Division of Occupational Medicine, Johns Hopkins School of
Public Health.  She is currently the director of Neuropsychology at the Johns
Hopkins Bayview Medical Center.  She has been appointed a guest investigator at
the National Institutes on Drug Abuse, Intramural Research Program.  Dr. Bolla’s
primary clinical and research interests concern the neurobehavioral effects of
occupational and environmental neurotoxins and drugs of abuse.

Graham A. Colditz, M.D., Dr. P.H., is Associate Professor of Medicine at the
Harvard Medical School, Associate Professor of Epidemiology at the Harvard
School of Public Health and an Epidemiologist in the Department of Medicine,
Channing Laboratory, Brigham and Women’s Hospital.  He has extensive expe-
rience in lifestyle and health, having worked as Co-investigator on the Nurses’
Health Study since 1982.  This wide range of studies includes screening and
mortality; benign breast disease and risk of breast cancer; diet and activity, and
risk of fractures in women.  He has published numerous studies on chronic
conditions that affect women including heart disease, breast and other cancers,
fractures, gall stones, and obesity.  In addition to his work with the Nurses’
Health Study, Dr. Colditz is responsible for the design and implementation of
several Epidemiologic courses at the Harvard School of Public Health and the
Harvard Medical School.

Seymour Grufferman, M.D., Dr. P.H., is Professor and Chairman of the De-
partment of Family Medicine and Clinical Epidemiology at the University of
Pittsburgh School of Medicine.  He is a pediatrician and cancer epidemiologist
with a longstanding research interest in the epidemiology of Hodgkin’s disease.
He is Principal Investigator for a large N.I.H. grant to do an international case-
control study of Hodgkin’s disease in children.  He was recently elected to a
Fellowship in the American Association for the Advancement of Sciences for his
contributions to the epidemiology of the leukemias and lymphomas.  Dr.
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Grufferman is Director of the Family Medicine Division of the Children’s Hospi-
tal of Pittsburgh, PA and he also holds an appointment as Senior Research Asso-
ciate in Epidemiology and Biostatistics at the European Institute of Oncology in
Milan, Italy.  He is on the editorial board of the Journal of Epidemiology and
Biostatistics.

S. Katharine Hammond, Ph.D., is Associate Professor of Environmental Health
Sciences at the University of California, Berkeley, School of Public Health.  She
received her BA from Oberlin College, her Ph.D. in chemistry from Brandeis
University, and her MS in environmental health sciences from Harvard School of
Public Health, where she holds an appointment as Visiting Lecturer in Industrial
Hygiene.  Her research has focused on assessing exposure for epidemiological
studies; among the exposures she has evaluated are those associated with work in
the semiconductor industry, diesel exhaust, and environmental tobacco smoke.
She served as a consultant to the U.S. Environmental Protection Agency Scien-
tific Advisory Board in its review of the environmental tobacco smoke docu-
ments that culminated in the publication of Respiratory Health Effects of Passive
Smoking:  Lung Cancer and Other Disorders, and she is currently on the Acry-
lonitrile Advisory Panel for the National Cancer Institute.

David Kriebel, Sc.D., received his doctorate in occupational epidemiology from
the Harvard School of Public Health in 1986.  After postdoctoral work at Harvard,
the University of Massachusetts Medical Center, and the Center for the Study and
Prevention of Cancer in Florence, Italy, he joined the Department of Work Envi-
ronment at the University of Massachusetts, Lowell, where he is now Associate
Professor.  In addition to teaching graduate courses in epidemiology, Dr. Kriebel
also conducts research in two broad areas.  The first is the early detection of the
nonmalignant respiratory effects of occupational exposures to dusts and gases,
and the second is the development of improved methods for the utilization of
quantitative exposure data in epidemiologic models.

Peter C. Nowell, M.D., is Professor of Pathology and Laboratory Medicine at the
University of Pennsylvania School of Medicine, where he received his M.D., and
is also Deputy Director of the University’s Cancer Center.  His early work,
demonstrating that bone marrow could be successfully transplanted to ameliorate
radiation injury, ultimately helped lead to marrow transplantation procedures for
treating hematopoietic malignancies. His co-discovery, with Dr. David Hunger-
ford, of the Philadelphia chromosome was the first observation of a consistent
cytogenetic alteration in human cancer.  Some of his current research on lympho-
cyte growth regulation focuses on chronic lymphoid tumors that do not have
consistent genetic alterations.  He has served on the Advisory Committee to the
Director of the National Institutes of Health, and has received numerous honors,
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including election to the National Academy of Sciences and the American Philo-
sophical Society.

Andrew Olshan, Ph.D., is Assistant Professor in the Department of Epidemiol-
ogy, School of Public Health, at the University of North Carolina, Chapel Hill.
He received his Ph.D. in epidemiology from the University of Washington. He
was a postdoctoral fellow in medical genetics at the University of British Colum-
bia from 1987 to 1989 and Assistant Professor in the Department of Clinical
Epidemiology and Family Medicine, University of Pittsburgh, from 1989 to 1991.
He is a member of several professional societies, including the Society for
Epidemiologic Research, the American Society of Human Genetics, the Interna-
tional Genetic Epidemiology Society, and the Teratology Society.  His major
areas of interest include cancer and perinatal epidemiology, particularly male-
mediated effects on abnormal reproduction and development.

Malcolm C. Pike, Ph.D., is Professor of Epidemiology and Flora L. Thornton
Chair of the Department of Preventive Medicine at the University of Southern
California School of Medicine.  He received his Ph.D. in Mathematical Statistics
from the University of Aberdeen in Scotland.  He was formerly Director of the
Imperial Cancer Research Fund’s Cancer Epidemiology Unit and the University
of Oxford.  He is a member of the Institute of Medicine of the National Academy
of Sciences.  Dr. Pike’s main areas of research is the prevention of female can-
cers.

Kenneth S. Ramos, Ph.D.,  is Professor in the Department of Physiology and
Pharmacology, College of Veterinary Medicine and Chairman of the Faculty of
Toxicology at Texan A&M University.  Dr. Ramos received his Ph.D. degree
from the University of Texas at Austin.  He is a member of several professional
societies, including the Society of Toxicology, Society for In Vitro Biology,
American Society for Cell Biology, and American Society for Pharmacology and
Experimental Therapeutics.  He serves in the editorial boards of the Journal of
Biochemical Toxicology, Journal of Toxicology and Environmental Health, An-
nual Review of Pharmacology and Toxicology, Toxicology In Vitro, and Ameri-
can Journal of Physiology.  His primary research interests are in the area of
cellular and molecular toxicology with emphasis on the study of chemically-
induced deregulation of cell growth and differentiation.

Noel R. Rose, M.D., Ph.D., is Professor of Pathology and of Molecular Microbi-
ology and Immunology at the Johns Hopkins University and holds joint appoint-
ments in the Departments of Medicine and of Environmental Health Sciences.
He is also Director of the World Health Organization Collaborating Center for
Autoimmune Diseases and of the Johns Hopkins Reference Laboratory.  Dr. Rose
directs the University’s training program in immunotoxicology and is active as a
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consultant in immunotoxicology.  He has also served on panels of the National
Institutes of Health, the Food and Drug Administration, the National Center for
Toxicological Research, the National Research Council, and other governmental
agencies.
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Michael Stoto, Ph.D., the director of the Division of Health Promotion and
Disease Prevention, oversaw the conduct of the study.  He received an A.B. in
statistics from Princeton University and a Ph.D. in statistics and demography
from Harvard University, and was formerly Associate Professor of public policy
at Harvard’s John F. Kennedy School of Government.  A member of the profes-
sional staff since 1987, Dr. Stoto directed the IOM’s effort in support of the
Public Health Service’s Healthy People 2000 project and has worked on IOM
projects addressing a number of issues in public health, health statistics, health
promotion and disease prevention, vaccine safety and policy, and AIDS.  Dr.
Stoto served as study director for the IOM committee that produced Veterans and
Agent Orange: Health Effects of Herbicides Used in Vietnam, and recently led
the staff responsible for HIV and the Blood Supply: An Analysis of Crisis
Decisionmaking.  Dr. Stoto is co-author of Data for Decisions:  Information
Strategies for Policy Makers and numerous articles in statistics, demography,
health policy, and other fields.  He is a member of the American Public Health
Association, the American Statistical Association, the International Union for the
Scientific Study of Population, the Population Association of America, and other
organizations.

David A. Butler, Ph.D., is a Senior Project Officer in the Division of Health
Promotion and Disease Prevention of the Institute of Medicine.  He received B.S.
and M.S. degrees in engineering from the University of Rochester, and a Ph.D. in
public policy analysis from Carnegie-Mellon University.  He worked as a re-
searcher in the Energy and Environmental Policy Center at Harvard University’s
John F. Kennedy School of Government, and was Research Associate in the
Department of Environmental Health at the Harvard School of Public Health.
Prior to joining the IOM, he served as an analyst for the Environment Division of
the United States Congress Office of Technology Assessment.  Dr. Butler’s re-
search interests include exposure assessment and risk analysis.

Cynthia Abel is a Program Officer in the Division of Health Promotion and
Disease Prevention of the Institute of Medicine.  She received a B.A. in govern-
ment and political science and expects to receive a M.P.P. (public policy) this
year from the University of Maryland.  Most recently, she worked with the
Institute of Medicine (IOM) committee that produced Veterans and Agent Or-
ange:  Health Effects of Herbicides Used in Vietnam and the IOM committee that

Veterans and Agent Orange: Update 1996

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5203


APPENDIX C 365

issued the report HIV and the Blood Supply: An Analysis of Crisis
Decisionmaking.  She has also worked with several other IOM committees in the
area of health promotion and disease prevention and the National Research
Council’s committee that produced the report Safety Issues at the Defense Pro-
duction Reactors:  A Report to the U.S. Department of Energy.

Deborah Katz, M.P.H., is a Research Assistant in the Division of Health Promo-
tion and Disease Prevention of the Institute of Medicine.  She received a B.S. in
zoology from the University of Massachusetts and a Master of Public Health
from George Washington University.  Ms. Katz previously worked at several
health consulting firms in Washington, D.C. which specialized in occupational
and environmental health issues.  She was also the research assistant on an IOM
study which evaluated the clinical program set up by the Department of Defense
to provide medical examinations to veterans of the Persian Gulf war.
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