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Chapter 3.  Analysis of Serum Dioxin Levels of Veterans and Research
on the Appropriateness of the Defoliant Exposure Index

1. Report Summary

A. Introduction

The methods for assessing veterans’ exposure to defoliants consist of exposure
evaluation between those who were exposed and those who were not, qualitative exposure
evaluation, and quantitative evaluation through reconstructing past exposure. The report
attempted to quantitatively infer the degree of exposure and examine the appropriateness of
the quantitative exposure index and self-reported exposure index by using bioindices.

Since the half-life of TCDD within the body varies between individuals,
establishing a defoliant exposure index using biomarkers a long time after initial exposure
would not be more useful than using a qualitative exposure assessment,  In this regard, the
self-reported exposure index is not appropriate.

There are three types of exposure indices created by reconstructing past exposure.

The first index was developed in the Second Epidemiological Study on Damages
Caused by Defoliants in which individual exposure levels of defoliants were deduced using
data on military units and period of participation during the Vietnam War, data on the
period of participation and posts of Korean Vietnam War veterans, and data on the amount
of defoliants sprayed in four areas of Vietnam classified by the U1.S. Army (Fxposure
amount: 0 — non exposed group, and classified 1/3 into low, medium, and high exposure

groups respectively).

The second index was developed in the Third Epidemiological Study on Damages
Caused by Defoliants by using the military records of Korean Armed Forces and the
Exposure Opportunity Model E4 developed by Professor qu?m in the United
States. The Exposure Opportunity Model E4 was used to assess the anfount of exposure
to defoliants including dioxin for each unit from the time of deployment to Vietnam to the
time of withdrawal. E4 exposure amounts of individual veterans were calculated by
determining the division (battalion) and period of participation for each veteran. The
common log of E4 was calculated to yield Led values. E4 values under 4 were classified
as the low exposure group and those greater than E4 as the high exposure group.

The third index which is composed of exposure indices of participating units
consisting of 156,657 veterans is also indicated by E4, the amount of exposure to defoliants
of individual veterans. If the values of Le4, the log of E4, was equal to or less than 4, the
subjects were categorized as the low exposure group, and if the value was equal to or
greater than 4 the subjects were categorized as the high exposure group.
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B. Methods

Of the veterans who submitted to medical examinations, blood was collected from
105 wveterans who had consented to blood transfusions. The blood samples were
submitted to Pohang University of Science and Technology for analysis using high
resolution gas chromatography/mass spectrometer.  The serum dioxin levels were
converted and expressed as toxic cquivalency (TEQs) using the international-toxic
equivalency factor (I-TEFs). The values of TEQs were computed by multiplying the
concentration of each homolog with TEFs and calculating the sum of these values. The
concentration of dioxin in blood samples were adjusted to take into account levels of serum
fat content.
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The method for analyzing serum dioxin levels in blood are as shown in the figure
above.

C. Results

With the exception of two blood samples which contained an insufficient amount
of blood for analysis, serum dioxin levels of 103 blood samples were measured.

When reconstructing past exposure of the groups at the battalion level, the high
exposure group showed a higher concentration of dioxin than the low exposure group. In
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the classification up to the division level, the low exposure group’s concentration of dioxin
was slightly higher than that of the high exposure group.

In the self-reported exposure index I, the level of dioxin concentration was in the
order of the high exposure group, the medium exposure group, the low exposure group, and
the non-exposure group. In exposure index II (exposure level as compared to other
people), the level of dioxin concentration was in the order of the low exposure group, the
medium exposure group, and the high exposure group. The level of 2,3,7,8-TCDD was
low at 0.143 pg I-TEQ/g lipid, and in the case of the index reconstructing past exposure,
this level was found only in three members of the low exposure group. The concentration
of dioxin in the blood of Seoul citizens was extraordinarily higher than that of the War
veterans, In the analysis of the correlation between the concentration of dioxin in blood
and the exposure index, a notable correlation was not observed between the index
reconstructing past exposure (battalion, division level), the second vyear index
reconstructing past exposure, and self-reported exposure index 1, 2. In the analysis of the
correlation among the defoliant exposure indices, the correlation among the index
reconstructing past exposure was very high.

D. Discussion and Conclusion

The TCDD concentration in the blood of War veterans was very low (0.143 pg).
The TCDD concentration of 100 among the total 103 veterans was detected below the
analysis critical point, and other dioxin concentrations in the blood were also negligible.
Currently, it can be inferred that the dioxin concentration in the blood of Korean Vietnam
War veterans has reached the point of hackground level.

The compilation of exposure indices using biomarkers seems to be limited in
validity because most of the TCDD is seemingly eliminated from the body. Furthermore,
the self-reported exposure index also seems to have limitations because it is not correlated
with other indices. Currently, the index reconstructed from past exposure based on the
Stellman defoliant exposure index is the most appropriate method,
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2. Report Evaluation
A. Introduction

Due to the fact that many sections of Chapter 2 are duplicative, these sections
require summarization.

B. Methods

1) Due to the insufficiency of the 2,3,7,8-TCDD measurement quantity, the
study was undertaken without offering concrete evidence for the validity of the index
reconstructed from past exposure., As a result, the problems regarding the collection,
storage, and analysis of samples need to be reexamined, and it is necessary to reconsider
whether 105 blood samples are representative of the entire exposed group.

2) The study classified groups into fow, medium, and high risk groups and
attempted to determine the validity of such classilications by measuring the quantity and
correlation of dioxin amongst the groups. Moreover, the accuracy of the research is
questioned because it compares the concentration of TCDD of Vietnam War veterans with
that of Seoul citizens, measured under different conditions. Therefore, a comparison using
an appropriate control group (i.e., soldiers who did not participate in the Vietnham War
during the same time period) is necessary.

3) The study classified the subjects into low exposure group and high
exposure group based on Le4, the value logged by an exposure quantity, developed by the
Steflman study. However, in reality, because the Stellman study did not present the
standards for selecting the Le4 value, the standard for selecting this datum value should be
revealed. Moreover, if a different value (1-2) is selected as a standard, these study results
should be compared with the results obtained from a study using a different standard vaiue.
Furthermore, instead of classifying the Le4 value ranging from 0 to 0.1 as the low exposure
group, this group should be subdivided into two groups, a low exposure group and non-
exposed group. This part is also described in Chapter 2: “Development of Indices
Measuring Exposure to Defoliants.”

C. Results

When comparing battalion level unit information with brigade/division unit
information, the quality of information for the battalion/company is better than for the
brigade because more detailed information is requested from this level. This can be
supported by the fact that 1) “when risk of disease was analyzed using the exposure index
obtained by using unit information of the brigade/division level, not unit information of the
battalion level, diseases that were statistically significant were less frequent” (p.246) and 2)
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in comparison to the index reconstructed from past exposure of cach battalion level, the
correlation between the exposure index of the brigade/company and the concentration of
dioxin in the blood was relatively insignificant (p. 61). Therefore, applying the Le4 of each
division may be problematic. Chapter S-Investigation of Deaths Related to Exposure to
Defoliants (study subjects: 153,899 persons) and Chapter 6-Investigation of Cancer
Development (study subjects: 153,463 persons) appear to have used information from the
battalion/company lfevel, and the results appear to reveal that the low exposure group had a
higher death and cancer development rate than the high exposure group. We believe that
the Le4 value obtained from information of the division/ brigade level is problematic.
Thus, it is necessary to re-analyze the results of the studies mentioned in Chapter 5 and 6
using data from the battalion/company level.

D. Discussion and Conclusion

First of all, the questions in the two self-reported surveys are unclear, and risk
groups are divided based on answers to only six simple questions. Furthermore, there is
no mention of what criteria was used to classify questions and thus the results of the
analysis appear to lack value and connection to other data, which altogether generate an
inappropriate exposure index. It is thus necessary that more detailed and appropriate
questions are devised in order to categorize the various risk groups.

3. Generai Opinion

A. Language needs to be revised for consistency. “Dioxin” should be referred
to as “dioxin congeners” whereas “2,3,7,8-TCDD” should be referred to consistently as
“2,3,7,8-TCDD or “TCDD” in order to avoid confusion. “TCDD” should not be referred
to as “dioxin” as in page 60. Furthermore, “healthy laborer effect” should be corrected to
“healthy soldier effect.” In addition, some parts of the report state that the Le4 value was
obtained by taking the log of the sum of one and the E4 exposure amount while other parts
explain that it was obtained by simply taking the log of E4 (p. 48). Also, while it is stated
in one part of the report that exposure groups were categorized according to their Led
value-low exposure group if Le4 value is equal to or less than 4 and high exposure group if
Le4 is equal to or greater than 4, all Le4 values less than 4 should be classified as the low
exposure group. In the explanation of Table 3-5 (p. 55), the word “average” is used with
the word “overall” in some parts, or the other word ¢ “each” in other parts. Clearly, this
causes confusion and should be corrected. The total number of subjects examined for
presence of dioxin congeners in their body should be uniform throughout the report, i.e.
103 persons {p. 65}.

B. The report’s discussion on the exposure indices is illogical. While in one
part of the report, it is argued that Stellman’s index is appropriate whereas the self-reported
index is not, this further confuses the reader by discussing dioxin as though it has no
connection to dioxin concentrations. In other parts of the report, the authors state that they
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had no choice but to use Stellman’s index because neither the selfereported exposure index
nor dioxin concentrations were appropriate. The latter argument simply appears to be
justification for a weakness of the report.

C. Since multiple cycles of the half life of dioxin (9-12 years) have passed, it
is important that we select an appropriate group of subjects for comparison and be able to
accurately measure even minute amounts of dioxin to determine exposure to defoliants by
tracing dioxin in the blood. If appropriate comparison and risk groups are selected, an
analysis of study results based on subjects’ diseases and the rate at which these diseases
may develop, as well as information on diseases already known to be related to exposure to
dioxin, would be possible. In addition, since dioxin itself can be exposed not only through
defoliants but also as an ingredient in substances that pollute the environment, the group of
subjects for comparison should consist of soldiers who did not participate in the Vietnam
War of similar age and physical characteristics as the veterans.

D. Even if multiple cycles of the half life of dioxin (9~12 years) have passed.,
it is difficult to understand why the TCDD concentration of 100 subijects out of 103 was
insufficient for analysis. 1t is advised that the report review these results and contact other
institutions to reexamine the subjects’ blood content or that of other veterans.

E. Rather than classifying groups with an Le4 value ranging from 0 to less
than 0.1, it is necessary to subdivide this group further into non-exposed group (or a group
with extremely small amounts of exposure), and low exposure group. We believe that this
would eliminate bias which may result from the differences in rank, occupational specialty,
and responsibility between a group with a Led ranging from 0 to less than 0.1 and other
groups. Moreover, such a detailed classification would be more appropriate for observing
the dose-response effect without a group for comparison.
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Chapter 4. Survey of Veterans

1. Report Summary
A, Intreduction
1 The First Epidemiological Study on Defoliant Damages was published in

1996, and the Second Epidemiological Study on Defoliant Damages was published in 2001.
These studies are certainly valuable in the sense that no previous research studying the
relationship between veterans and exposure to defoliants exists in Korea. However, the
First Study showed weaknesses in its assessment of exposure levels and bias in selecting
subjects. The Second Study is also flawed because it failed to explain the confounding
variables, and because there were limitations to accurately measure individual exposure
levels in developing the index reconstructed from past exposure. Therefore, the Third
Epidemiological Study on Defoliants acknowledged the results of the First and Second
Epidemiological Studies on Defoliant Damages while taking into account their weaknesses

as well.

2) In the survey, we attempted to investigate the confounding variables which
affect death, cancer development, or other diseases and included tables of information on
54 discases to understand disease development in veterans. As regards to the diseases
which appear to be possibly related to exposure to defoliants according to this survey and
the Second Epidemiological Study on Defoliant Damages, we plan to confirm the causal
relationship between defoliant exposure and development of diseases through additional
studies. Moreover, we fried to gather detailed data on the units to which each veteran
belonged, information that is crucial to developing the index reconstructed from past

exposure,
B. Methods
[} Subjects and Study Methods

A) In order to secure study subjects, a list of 187,897 veterans was obtained
and information on their current addresses and residency. Excluding veterans who have
passed away, or those currently residing abroad, 164,208 veterans were selected as the final
subjects to whom a survey was sent on two occasions.

B) The survey did not include questions only related to defoliant exposure
level and disease history, but also those regarding smoking, drinking, obesity, agrichemical
use, and socio-economic level, factors which may influence disease development. The
survey also included questions related to mental health of veterans such as subjective health
levels (SF-12), depression (GDS), social support (MOSSS), and hostility {(MMPI HO
Scale).
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2) Exposure Evaluation

Exposure was assessed from seli-reported exposure evaluations obtained from
surveys and information on exposure evaluation based on the reconstruction of past
exposure using military records. Self-reported exposure indices were obtained by using
survey results.  Through the use of these results, study subjects were classified into high
exposure, medium exposure, low exposure groups, and non-exposed groups.

3) Analysis Methods

The distribution of the diseases of each exposure group was studied using the X?
test which used logistic regression analysis to control confounding variables including age,
whether or not one smoked or drank, level of exercise, income level, education level,
agrichemical use, and BMI (Body Mass Index).

C. Results
1) Response rate

The total number of respondents was 114,562 persons, amounting to a response
rate of 70%.

2) Disease Examination

The study first examined 54 minor classification groups of diseases which were
then categorized into 7 major classification groups. Of these 7 groups, circulatory
diseases (61,221 persons) constituted 53.4%, other diseases (51,401 persons) comprised
44.9%, and digestive diseases (50,784 persons) accounted for 44.3%. Of the 54 diseases
that were studied, hypertension was the most commeon with 43,895 or (38.3%) developing
hypertension.

3) General Characteristics

The average age of subjects was 60.8+3.5 years, 40,314 persons (36.4%) were
smokers, and 93629 persons (87.4%) were drinkers. The average BMI was 23.7+3.3, and
the range between 23 and 24.9 comprised the highest percentage at 30.8%. With regards
to education level, high school graduates accounted for the greatest percentage with 32.2%.
In terms of income, 1,000,000 to 1,490,000 won comprised the greatest percentage (24.9%).
The average age of the high exposure group was higher than that of the low exposure group.
There existed significant differences in whether or not one smoke or drank, education level,
income level, and agrichemicals use among subjects in the different exposure groups.
However, the difference regarding whether or not one exercised was negligible.
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4} Measurement Scale

The study used methods to measure mental health conditions. GDS, or Depression
indices, were higher as the exposure levels based on the self-reported exposure index
increased. There were also significant differences in GDS value among the exposure
groups with regards to the exposure index reconstructed from past exposure,

5) Self-reported Exposure Evaluation

A) 37,349 people (33.4%) were in the non-exposed group, 15,093 people
(13.5%) in the low exposure group, 40,935 people (35.6%) in the medium exposure group,
and 18,496 people (16.5%) in the high exposure group.

B) Of the diseases within the 7 major classification groups, the exposed
groups were at a higher risk of developing diseases than the non-exposed group.

O) With regards to the 54 diseases classified into minor groups, the medium
and high exposure groups had a higher risk of developing diseases within the minor
classification of diseases than non-exposed groups such as gastric cancer, liver cancer,
esophagus cancer, gall cancer, pancreas cancer, brain cancer, urinary cancer, Hodgkin
lymphoma, non-Hodgkin lymphoma, cerebral hemorrhage, and multiple sclerosis.
Exposed groups had a statistically significant higher risk of developing diseases than the
non-exposed group with regards to the 7 minor classification groups of diseases.

6) Exposure Evaluation through Reconstruction of Past Exposure

A) The low exposure group was 1.04 times more likely to develop respiratory
diseases than the medium exposure group with regards to the 7 diseases categorized into the
major classification group. The medium and high exposure groups were 1.04 times and
1.06 times more likely to develop other diseases respectively.  The high exposure group
demonstrated a noticeably higher risk of developing circulatory diseases. The medium
exposure group showed a noticeably higher risk of developing neuro-muscular discases
than the low exposure group.

B3) The medium and high exposure groups were 1.05 times more likely to
develop skin diseases than the low exposure group with regards to the 7 diseases classified
into minor groups. ‘the medium exposure group demonstrated a statistically signiticant
higher risk of developing diseases than the low exposure group with regards to multiple
myeloma, peripheral vascular disease, chronic bronchitis, peripheral neuropathy, and
hyperlipidemia, The medium exposure group had a significantly higher risk of developing
diseases such as cerebral infarction, gallstone multiple paralysis, and multiple sclerosis than
the low exposure group. The medium exposure group also demonstrated a higher risk of
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developing other respiratory diseases than the low exposure group. The high exposure
group demonstrated a statistically significant higher risk of developing respiratory diseases,
circulatory diseases, and other diseases than the low exposure group.

C) In regards to the list of diseases, the exposed groups had a significantly
higher risk of developing cerebral infarction, peripheral vascular disease, other respiratory
discases, peripheral neuropathy, and multiple sclerosis than the non-exposed group. The
exposed groups showed a noticeably higher risk of developing hyperlipidemia than the non-
exposed group.

T Analysis of Correlation among Exposure Indices

Since the coefficient of correlation between the index reconstructed from past
exposure and the self-reported exposure index was 0.99, this indicated a low correlation
between the two indices.

&) National Policies Related to Defoliants

A) In response to the question, “Are you satisfied with the national
compensation policy?” 31.1% responded “Not at all” whereas 33% answered “No.” The
responses demonstrated that most veterans were not satisfied with national policies.

B) In response to the question, “Should we work on further increasing
awareness of defoliant related policies?” more than 80% of respondents answered “Yes”
{32.4% responded “absolutely” and 54.7% responded “yes™).

) In response to the question, “Should all suspected aftereffects be simply be
considered aftereffects?” almost all respondents answered “Yes” (31.8% responded
“absolutely” and 51.2% responded “yes™).

D) In response to the question, “Should compensation for aftereffects and
suspected aftereffects be standard irrespective of degree of disability?” the majority of
respondents answered “Yes.” In response to the question, “Should all large inpatient
hospitals be required to judge the severity of suspected aftereffects?” the majority of
respondents answered “Absolutely” and “Yes.” In response to the question, “Should only
veterans hospitals be required to judge the scverity of aftereffects and suspected
aftereffects?” only 24.3 % of respondents answered “Absolutely” and “Yes,” which
suggested that the opinion on the current efforts of the Ministry of Patriots & Veterans
Affairs were generally negative.

E) In response to whether compensation for aftereffects should be increased,
more than 90% of respondents answered “Yes” and “Absolutely.” To whether
compensation should be increased for suspected aftereffects as well, most respondents
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answered in the affirmative.

D. Discussion

1} In all three indices created from reconstructing past exposure, the risk for
developing cerebral infarction, peripheral neuropathy, peripheral vascular disease, multiple
nerve paralysis, multiple sclerosis, and skin diseases increased with exposure to defoliants.
In case of skin diseases, the exposed group had a statistically significant higher risk of
developing diseases compared to the control group.

2) In two exposure indices, risk for developing multiple myeloma, chronic
bronchitis, other respiratory diseases, and hyperlipidemia increased as exposure fo
defoliants increased.

3) In one exposure index, the diseases whose risk increased with higher
exposure to defoliants were liver cancer, myocardial infarction, other cardiac disorders,
artery sclerosis, gastritis, and mental illness.

4) The results demonstrated that groups with higher exposure to defoliants
were statistically more likely to develop diseases. However, exposure indices and analysis
of diseases using surveys might have various limitations in examining the relationship
between exposure to defoliants and disease prevalence rate.

5) First, self-reported disease development and progression may differ from
reality. Therefore, a more objective examination of such reported disease development
should be conducted.

6) Self exposure evaluation may be limited in its validity as a tool for
investigating exposure to defoliants.

7 These surveys focused more on investigating various factors such as
smoking and drinking habits, obesity rates, agrichemical use, and socio-economic levels of
veterans, thereby yielding confusion in assessing the relationship among exposure to
defoliants and disease and death rather than determining disease condition and exposure
level of veterans.

8) The survey results demonstrate that the research team believes there should
be more publicity on national policies related to detoliants.
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2. Report Evaluation

A. Methods

1) This study utilized a cross-sectional study design, with the entire veteran
population as study subjects. The Third Study, which had a 70% participation rate and
included descriptions of confounding factors and mental health, reflected attempts at
improving the accuracy and depth of the study as compared to the First and Second Studies.

2) Although it may be an inherent flaw in such research, the appropriateness
of the exposure index created from self-reported information leaves much doubt. Unlike
in the First and Second Studies, more progressive methods were adopted in creating an
exposure index reconstructed from past exposure in the Third Study, therefore a more
advanced evaluation of exposure levels was able to be conducted.

3) It was a significant methodical improvement to investigate the relationship
between defoliants and diseases while conirolling confounding indices.

B. Results

B A statistical correlation was found between many diseases and levels of
self-reported exposure. It is problematic to accept these results as establishing a
connection or causational relationship between diseases and levels of self-reported
exposure due to limitations in reliability and appropriateness.  This was evident also in the
exposure indices which showed no correlation. Furthermore, an academically objective
discussion about the correlation can only be conducted if more results are accumulated
through diverse research methodologies and study designs,

2) Surveys on national policies evince the desire of veterans for substantial
compensation for their participation in the War. Specifically, the survey showed little
awareness among veterans regarding policies on defoliants and calls for more consideration
on the establishment, formation and execution of political measures, and public campaigns.

3. General Opinion

This study had a larger population of study subjects compared to the First and
Second Studies, and improved the response rate, thereby increasing the reliability of the
study. Furthermore, as the researchers mention, the study was significant because the
factors affecting health were examined. The critics evaluate and submit the following
opinion on the viewpoint of the proposal for future mid-term and long term studies with the
evaluation results of the Third Study.

A. Matters to be Considered and Supplemented
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i) It is necessary to analyze data more specifically related to participation in
the War such as rank, occupational specialty and period of service.

2) Regarding the study, general limitations in surveys, such as the possibility
of selective bias and recollection bias should not be excluded. The subjects are likely to
have a biased opinion about the correlation between discase and defoliants.  There is also
a conflict of interest because of potential interest of receiving compensation. Thus, such
deficiencies should be addressed using other rescarch methods.  There is also a conflict of
interest due to the possibility of receiving compensation.

3) A comparison of characteristics of non-respondents would improve the
study. While the survey’s response rate was approximately 70%, a significant increase
from the Second Study, 50,000 subjects or 30% were omitted calling for a comparison of
basic characteristics of respondents and non-respondents.  Specifically, in studies such as
this, participants of the surveys mainly consisted of those who arc interested in the
substance of the study, those who complain about their illness, and those who are existing
patients, and thus may lead to over-exaggeration. This is evident in that the Central
Cancer Registration has only 40 people registered as having multiple myeloma whereas in
the current survey 668 people responded as having the disease. Therefore, supplemental
analysis on non-respondents and those who did not qualify for the survey would improve
the reliability of the study. If possible, a long-term design involving face-to-face
interviews by trained researchers should be adopted rather than mail studies or self-
registered information.

B. Recommendations for Future Studies

1) Of the confounding factors which may affect disease progression, there
should be an investigation into employment history after participation in the War. Apart
from smoking and drinking habits, which were considered and eliminated in the study,
other factors such as occupational causes, which were disclosed after Vietnam War
participation may greatly affect the diseases studied in this rescarch. Thercfore, there
should be additional investigation on these factors.

2) Among the confounding variables, smoking and drinking habits during
participation in the War should be examined in addition to current habits. Such accurate
information at the time of participation in the War is necessary because some veterans
might have quit smoking or drinking after the War due to diseases or other reasons.

3) In examining disease development and prevalence, an analysis of objective
information such as health insurance documents or medical records from health medical
providers, i.e. Provider Check, should be conducted after obtaining consent from study
subjects. In case of deceased veterans, medical records containing causes of death, cancer
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registration data, and health insurance data should be examined in connection with survey
data.

4) Supplemental studies with a narrower focus should be conducted on
ilinesses including skin diseases which showed a correlation to all exposure indices.
Since the results of the self-reported exposure index differ greatly from the results of the
index created from reconstructing past exposure, there may be doubts about the reality of
the self-reported exposure index. However, this study suggested a correlation between the
risk of developing diseases and the exposure index reconstructed from past exposure, and
examined health insurance data in researching disease prevalence. Therefore, there should
be more detailed and precise supplemental studies on several illnesses including skin
diseases which showed a correlation in all three analyses.

5) In terms of surveys conducted on national policies related to defoliants, the
study calls for more comprehensive and qualitative research in addition to quantitative
examinations conducted in this study. In determining whether veterans should be
compensated, the decision on whether or not fo compensate veterans takes into
consideration the general opinion that the entire Vietnam War veteran population should be
compensated regardless of exposure to defoliants and other non-scientific bases such as the
viewpoint of interested parties during the policy making process. Therefore, approaching
the issues of compensation and administration from only a scientific viewpoint has its
limitations, and thus may be beyond what epidemiological researchers can consider.
Hence, there should be political research and consideration regarding the policies.
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Chapter 5. Participation in Vietham War, Exposure to Defoliants and Death

1. Report Summary
A, Introduction

Many Vietnam War veterans believe that they have been exposed to considerable
amounts of defoliants and that defoliant exposure has caused development of rashes,
nervous system malfunctions, and malignant tumors. They have also expressed concern that
defoliant exposure can influence the development of congenital diseases and other diseases.
Because of such concerns, a variety of studies evaluating the health conditions of Vietnam
veterans have been conducted in the United States.

In Korea, the only study examining the decaths of Victnam veterans was the Second
Epidemiological Study on Damages Caused by Defoliants which was conducted from 1998
to 2001, and most other previous studies were conducted abroad. The causes of death which
were reported to be associated with defoliant exposure levels or participation of veterans in
Vietnam by foreign studies may not be revealed in Korean veterans, while new causes of
death not reported by foreign studies may occur in Korean veterans.

This study was conducted to evaluate how participation in the Vietnam War
influenced death rate and causes of death by comparing the death rates of Korean veterans
with that of non-veteran Korean male population of the same age. It was also conducted
with the purpose of determining how death rates and causes of death among veterans
differed depending on defoliant exposure levels.

B. Methods
D Study Subjects

In the Second Epidemioclogical Study, the personal information of 187,897 veterans
out of a total of 297,349 veterans was obtained (Air Force: 889 persons, Navy and Marine:
8,962 persons, and Army: 287,498 persons). In the Third Epidemiological Study, the
current residences of the 187,897 veterans as of the end of June 2004 were confirmed.
Among these veterans, study cohorts consisting of 184,681 were selected, while some
veterans were excluded therefrom, such as dececased veterans, emigrants, persons who
resided in foreign countries, and persons whose domestic resident registrations were erased
as of December 31, 19YZ. Further, with respect to 153,899 veterans whose level of
exposure to defoliants could be reconstructed from past exposure among the study cohorts,
we compared each veteran’s risk of death as a result of exposure to defoliants.

2)  Follow-up Studies on Veterans’ Death
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We first examined mortality and causes of death using statistical data of causes of
death with the cooperation of the National Statistical Office, and considered study subjects
whose thirteen digits of their registration numbers matched those in the statistical data as
deceased. In cases where their registration numbers were recorded under records of the
deceased but not included in the statistical data, those individuals were considered dead if
twelve digits of their registration number matched that in the statistical data, and the latest
confirmation date of their residency status according to the Resident Registry matched that
of the date of death in the statistical data. As for the causes of death, we used those listed in
the statistical data on causes of death. The follow-up study covered January 1, 1993, to
December 31, 2004.

3) Classification of Causes of Death

We classified the causes of death according to the 19 categories in the statistical
data on causes of death and the 103 classification items of general deaths. Causes of death,
which accounted for more than ten deaths in the veteran population over the last twelve
years, were included in the study.

4) Exposure Index Created from Reconstructing Past Exposure

The exposure opportunity model created from the continuous exposure model
developed by Professor Steliman’s team at Columbia University was used to calculate E4
and Le4 values and divided the veterans into low exposure group and high exposure groups
(medium exposure group, high exposure group) based on these values.

5) Analysis Methods
A)  Classification of Defoliant Exposure Levels

Those veterans who were monitored for 12 years from 1993 to 2004 range in age
from 37 to 82 years old, and were compared to the general Korean male population of the
same age range during those 12 years. Stellman’s exposure opportunity model was used to
calculate E4 and Le4 values based on veterans’ period of participation and division to
which they belonged. Based on such values, veterans were divided into two groups (low
exposure group, high exposure group), and three groups (low exposure group, medium
exposure group, high exposure group), and the mortality rate of each group was compared.
In dividing 153,899 subjects into two groups, 75,170 belonged to the low exposure group
while 78,729 belonged to the high exposure group. In the classification into three groups,
the low exposure group had 75,170 subjects, the medium exposure group had 47,535
subjects, and the high exposure group had 31,194 subjects.

B)  Analysis of Mortality Rates
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The mortality rates of veterans were computed by using the number of deaths and
person-year, of follow-up, and the average mortality rate of the general Korean population
was calculated by using the number of people registered as residents and mortality rates.

@ Calculation of “Person-Years™'

The “person-year” for each age group was computed by using the ages at the
beginning of the organization of cohorts and at the end of the follow-up. For those deaths
which occurred before December 31, 2004, the day when the follow-up on mortality began,
the date on which the follow-up ended was taken to be their date of death. Those not
reporied in mortality statistics were assumed to be living. As such, the person-years for
each age group differing by one year was determined.

@ General Korean Population

The aumber of peeple in age groups with an interval difference of five years
between groups was determined using the resident registration data from the National
Statistical Office, and the number of people per age was computed by determining the
percentage of each age within every five year age group using resident registration data and
census data.

@ Age Standardization

Selecting the entire male population from 1993 to 2004 as the standard population,
age-adjusted mortality rate and standardized mortality ratio were directly computed from
the population structure and mortality rates with intervals of by five years. Age-adjusted
mortality rates and standardized mortality ratios were indirectly computed by applying the
population structure and mortality rate of each age for the general male population from
1993 to0 2004 to the person-years for each year and age from 1993 to 2004. In comparing
the low exposure group and high exposure group within cohorts, the age-adjusted mortality
rate was directly computed by setting the general male population from 1993 to 2004 as the
standard population whereas the direct standardized death ratios of age-adjusted mortality
rates were computed with the low exposure group as the standard population. Furthermore,
the standardized mortality ratios of each exposure group, which were computed indirectly,
were compared to yield group standardized mortality ratios of the exposed group.

Using the Poisson model, the confidence interval and significance level of direct
and indirect standardized mortality ratios were computed to be 95%, and the significance
level of standardized mortality ratios were indirectly determined by comparing standardized
mortality ratios or were assessed using the Exact method.

' The sum of the number of years that each mentber of a population has been afflicted by a certain condition
or disease.
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0)  Proportional Hazards Regression Matrix

The death risk ratios, which monitor the strength of correlation between exposure
to defoliants and death, were computed by using Cox’s Proportional Hazard Regression
Matrix to control the age and rank.

)] Analysis Programs

We used SAS system for Windows version 9.1, and all significance levels were
calculated using a two-tailed test.

C. Results

In this study, 16,531 veterans were found to be deceased as of December 31, 2004.
The investigation failed to locate 4,047 veterans while 163,524 were living. As of
December 31, 2004, the current follow-up rate is 97.2%, and the total person-years was
2,102,235 years for all subjects.

1) Participation in the Vietnam War and Mortality

In most causes of death, mortality of Vietnam veterans whose ages were adjusted
by direct methods was lower than the mortality of the general Korean men population,
except chronic ischemic heart diseases. Similar to age interval from 37 to 82 years old, the
mortality of the veterans was low in most cases of the age interval from 45 to 64 years old.
However, the death due to multiple myeloma, acute myelogenous leukemia,
chronic myelogenous leukemia, and murder was significantly higher than the mortality rate
of the general population (Table 5-1).

The standardized mortality ratio about all causes which were age-adjusted by
indirect methods was 0.83, by which the mortality of the veterans was lower than that of the
general population. In the section from 45 to 64 years old, the standardized mortality
ratio about all causes was (.84, by which the mortality of the veterans was also lower than
that of the general population. Statistically there are no significantly higher causes of
mortality of the veterans than that of others (Table 5-2).

2) Defoliant Exposure Levels of Veterans and Mortality

The total observating term for 153,899 people whose historic exposure
reconstruction was possible were 1,740,242 years. The mortality of the high exposure
group by using direct standardization method about all causes of death in classification of
two groups was significantly higher than that of the low exposure group. And each
individual cause was tuberculosis, chronic myelogenous leukemia, chronic ischemic heart

38 @(9/95’



diseases, digestive diseases, and skin discases. But in cases of viral hepatitis, lips/oral/
pharynx cancer, small intestine cancer, and multiple myeloma, the mortality of the high
exposure group was significantly lower than that of the low exposure group (Table 5-3).

The indirectly standardized mortality rate ratio (SMR} which used the indirect
standardization method for all causes of death in two-group classification was 1.09, by
which the mortality of the high exposure group was significantly higher than that of the low
exposure group. Each individual cause was neoplasm, lung cancer, thyroid cancer, chronic
myelogenous leukemia, respiratory diseases, digestive diseases, liver diseases, alcoholic
liver diseases, external causes of death, transportation accidents, and falling accidents
(Table 5-4).

When we controlled ages and ranks in Cox’s Proportional Hazard Regression
Matrix which has defoliant exposure levels as continuance variables, all causes of death
was irrefevant with the defoliant exposure. But thyroid cancer, chronic myelogenous
leukemia, angina pectoris, and alcoholic liver diseases were risks whose death hazards got
higher as defoliant exposure levels increased. All causes of death was irrelevant with the
defoliant exposure in Cox’s Proportional Hazard Regression Matrix which used two-group
classification, but the death caused by a neoplasm, chronic myelogenous leukemia, or
angina pectoris was significantly higher in the high exposure group than in the low
exposure group (Table 5-5).

When we controlled ages and ranks in Cox’s Proportional Hazard Regression
Matrix which used three-group classification, mortality risk of the medium exposure group
was higher than that of the low exposure group in all causes of death, but there was no
significant difference between the high exposure group and the low exposure group. The
cause of death whose death hazard was higher in the high exposure group than in the low
exposure group was thyroid cancer. The causes of death whose death hazard was higher in
the medium exposure group than in the low exposure group were neoplasm, lung cancer,
chronic myelogenous leukemia, angina pectoris, respiratory diseases, and chronic lower
respiratory diseases (Table 5-6).

D. Discussion
D Methods

If the people in the high exposure group which was seriously damaged by
participation in the Vietnam War or defoliant exposure died before they composed a cohort
on January 1, 1993, there is a possibility for a selective survival bias while composing a
study cohort. In such case, this study result will underestimate the risk of death by
participation in the Vietnam War and high exposure to defoliants. Defoliant exposure levels
used the exposure opportunities model of the professor Stellman team in the United States.
In the analysis of mortality rate, it analyzed the study results on the basis of analysis results
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of the indirect standardized mortality ratios more than the standardized mortality ratios by
the direct standardized mortality rate. The variable which we could control in Cox’s
Proportional Hazard Regression Matrix other than ages and whether there was an exposure
to defoliants was the rank. In this study, when the result analyzed by standardization of the
mortality rate and the result of Cox’s Proportional Hazard Regression Matrix were different,
it tried to analyze the resuits on the basis of the results of the Proportional Hazard
Regression Matrix which could control the ranks additionally. In case of the analysis of
cancer, it considered in collaboration with the cancer occurrence analysis. And even if the
cause of death is not cancer, it would be appropriate to analyze with consideration of
prevalence information analysis results which used the health insurance data.

2) Results

Among the diseases which showed significance or similar significance in high
death risk in the high exposure group in the analysis of the indirect standardized mortality
ratio, the diseases that showed the significantly high death risk even when we observed the
defoliant exposure as a continuous variable were throid cancer, chronic myelogenous
leukemia, angina pectoris, and alcoholic [iver diseases.

The death caused by thyroid cancer was higher in the high exposure group than in
the low exposure group, but thyroid cancer showed no significant relationship with neither
the two-group classification nor the three-group classification, after the analysis of cancer
occurrence. The diseases related to thyroid cancer in disease prevalence analysis showed
statistically significant relationship with defoliant exposure. These results do not show that
occurrence rate will particularly increase when defoliant exposure is high, but it is possible
to influence the severity. In other words, it can be interpreted that the veterans who were
exposed to defoliants show more serious symptoms and get thyroid cancer which has faster
process of disease.

Chronic myelogenous leukemia in classification of three groups showed
significantly higher causes of death in the medium exposure group than in the low exposure
group. In the result of cancer occurrence analysis, the high exposure group in the two-group
classification showed similar significance when it compared with the low exposure group,
and in the three-group classification the death causes in the medium exposure group were
significantly higher than the other groups.

Angina pecioris in the three-group classification showed higher causes of death in
the medium exposure group than in the low exposure group. But we can say it is
controversial for the correlation between defoliant exposure and angina pectoris because
there is no consistency in the results of the classification I of disease prevalence analysis of
the veterans of survey, disease prevalence analysis, an analysis of death, and so on.

High risk of death of alcoholic liver diseases in an analysis of death can highly
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possibly be contributed to not controlling drinking, because alcoholic liver diseases have no
consistency in before and after controlling drinking.

E. Conclusion

In this study, it tried to confirm whether there is any difference between Vietnam
War veterans and the general men population in the same age group from year 1993 to 2004
in the mortality rate, and the mortality rate and the risk of death between exposure groups
by defoliants exposure levels in the veterans by cross-analyzing follow-up study of death
for 12 years from 1993 to 2004. In result of the death analysis of general male population
and Vietnam War veterans, the mortality rate of the veterans was lower than the mortality
rate of the general male population, and it was statistically significant. We can assume that
it is the ‘healthy solider effect’ that the veterans are more healthy group than the general
male population.

When it observed only the analysis of death based upon defoliant exposure levels
in the veterans, the result that the correlation between the death caused by thyroid cancer,
chronic myelogenous leukemia, angina pectoris, and alcoholic liver diseases and defoliant
exposure are suspectable came out. Especially, when it considered the analysis results of
the disease prevalence and cancer occurrence, we can suspect the correlation of thyroid
cancer and chronic myelogenous leukemia with defoliant exposure, although there are some
limitations. It is controversial in the correlation between angina pectoris and defoliant
exposure after the result of the analysis of the death risk or disease prevalence of all
ischemic heart diseases or myocardial infarction. The death of alcoholic liver diseases has
limitations because of failure to control drinking when we consider the analysis results of
disease prevalence where we could control drinking,.

If the people in a high risk group which was seriously damaged by participation in
the Vietnam War or defoliant exposure died before they composed a cohort on January i,
1993, this study result will underestimate the risk of death by participation in the Vietnam
War and high exposure to defoliants. Also because researchers failed to control several
confounding variables which are highly related to death in the analysis between veterans
and overall general population, and the cross-analysis between exposurc groups in the
veterans, it has limitations in observing the relationship between participation in the
Vietnam War, defoliant exposure and death. Therefore, we should be careful in interpreting
results.
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2. Evaluation of Study Report
A. Methods
D Standards for Exclusion

A)  The Study Report excluded those who died before 1992 (969 people who
were reported to have died and 1503 people whose deaths have been confirmed by date of
death) without providing any reasons for such exclusion.

B)  Because it excluded about 2500 deceased persons who died before 1992, no
carly effects were realized, which may cause some fatal information errors. Although there
may be some significant resuits from the Study Report, there are many limitations in
interpreting results because selective bias may apply. Therefore, those who died after year
1983 should have been used -- at the minimum, it would be essential to study effects on
death by excluding those who died before 1983.

2) A follow-up study of death

With regard fo the statement that “we have confirm a person’s death if the first
twelve digits of his/her resident registration numbers, the identification date of residence
and the date of death are all identical”, it is noted that the thirteenth digit of the resident
registration number could be identified since such digit can be calculated by a specific
formula based on the first twelve digit numbers. Therefore, rather than using the method
ahove, we are of the view that identification of the thirteen digit number and then obtaining
and analyzing information using such number could have reduced a chance of
misclassifiction.. As an alternative method, it is noted that the information regarding the full
thirteen digit resident registration numbers are available from the National Statistical Office.
It appears that one could have received cooperation from the National Statistical Office if
the Ministry of Patriots and Veterans Affairs felt that obtaining the full-digit numbers is a
matter of national significance.

3 Index of Exposure Quantity

Because study subjects are 153,899 people, it seems that Led was constructed
based on information relating to division/brigade levels, rather than battalion/squadron
levels. The study result at page 134, on the other hand, shows that death/cancer risks were
higher in the medium exposure group than in the high exposure group, which could be
interpreted to suggest that Le4, which was constructed based on the information relating to
division/brigade levels, may be problematic. It is necessary to construct Le4 based on the
information relating to battalion/squadron levels and conduct further analyses.

B. Resuits
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)] Participation in the Vietnam War and Death (Table 5-1, Table 5-2)

A)  Table 5-1 is titled as the direct standardized mortality ratio, but it is not clear
whether this direct standardized mortality ratio refers to the calculation by age-adjusted
mortality rate divided by the general population group or the calculation of direct
standardized mortality ratio calculated under the direct standardized method. If it is the
latter, the Study Report should be supplemented accordingly since it makes no reference as
to such method.

B)  Tables 5-1 and 5-2 contain identical contents and the results are similar,
while the only difference appears to be whether the standardization methods are direct or
indirect. There is a room for confusion and some confusion may arise with respect to some
resuits. Therefore, we recommend that a table using the format described below (See Table
1} should be constructed instead.

2) Defoliant Exposure Levels and Death in Veterans (Table 5-3, 5-4, 5-5)

A)  In case of Table 5-3, results are obtained by direct standardization methods
and in case of Table 5-4, results are obtained by indirect standardization methods. Similarly,
these tables show different results depending on the standardization methods
notwithstanding the fact that they contain identical contents. Because most results from
these two tables are similar, it is necessary to make a report as a single result without
confusing readers. Therefore, we recommend researchers to modify the tables in
accordance with the format used in the table below (See Table 2).

B)  Also it is necessary to use a direct standardized mortality rate based on the
general population group rather than using the indirect standardization method (it is
necessary to use the direct standardized method because, under the indirect standardized
method, it is not possible to compare the standard population with other groups).

C)  To compare with the general population group, it is necessary to have the
ratio of mortality rate between the general population group and the low exposure  group,
the ratio of mortality rate between the general population group and the high exposure

group, and the ratio of each mortality ratio.

D) It is necessary to supplement p-trend results showing whether or not the
mortality increases or decreases when one moves from the low exposure groups to the
medium and the high exposure group.

3)  Interpretation and Description of Results

Regardless of the direct standardized method or indirect standardized method, if
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the number of the deceased is lower than 5, one cannot exclude the possibility of
coincidence even though the result may bear some significance. In such cases, therefore,
it is unnecessary to describe indirect standardized mortality ratios (SMR) or ratios of direct
standardized mortality rate (DMR) and their confidence intervals. In fact, when results of
foreign cohort analyses are reported, researchers have reserve their opinion by not
indicating any result in case there is less than 5 occurrences in a given cell.  In this regard,
rendering analysis on certain resuits are warranted only when there is a sufficient number
of occurrences identified by sufficient tracing (regarding death causation classification at
page 116, it is described that such classification includes only the occurrences of 10 or
more). Since there is a need to continue with further studies on the mortality rate {Chapter
5), the cancer occurrence rate (Chapter 6) and the prevalence rate (Chapter 7) about
defoliant exposure and such studies should be further conducted, we are of the view that
one should reserve rendering his/her interpretation on certain resuits if such results were
observed in occurrence frequency of less than 5 people in one cell.  Instead, it is necessary
to interpret the resulis when the death, occurrence or prevalence cases occur in higher
frequency.

4)  In casc of Tablc 5-2, there is a classification called [37-82 ycars of age
exposure groups]. The accuracy of the 37 year old must be verified, however. In case of
the 37 year old, assuming that he participated in the war in 1970 and died in 1992, he
should have been 42 years old. Assuming that the age 37 is correct, on the other hand, it
means that he participated in the war at the age of 14. Therefore, it is necessary to verify the
exact ages of the study subjects.

3. Overall Opirion

The Study Report failed to realize any early effects by excluding from the study
subjects those who died before 1992, which may result in fatal information bias as well as
many limitations in interpreting the results because selective survival bias may apply. As
for the exposure marker, it is necessary to construct Led using the information relating to
battalion/squadron levels and conduct further analyses thereon.

Since there is a room for confusion with respect to standardization methods in the
participation in the Vietnam War and death, it is desirable to present a single, consolidated
table, and same also applies to the defoliant exposure levels and death of the veterans.
When the death occurrence is observed in less than 5 people, it is desirable not to insert any
indirect standardized mortality ratios {SMR) or ratios of direct standardized mortality rate
and their confidence iulervals in the “interpretation and description of results™ section
because one cannot exclude a possibility of coincidence. If the death occurrence of less
than 5 is observed in a given cell, it is necessary to interpret the results when the death,
occurrence or prevalence cases occur with respect to a larger subject pool.
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Table 1. Participation in Vietnam War and death

Caus | ICD General All exposure groups SMR of 37-82 years old SMRof | 45-64 years old SMR of’
esof | -10 | population group all CXpOSUre group 37-82 EXPOsuIe group 45-64
death Numb | Normal | Numb | Normal | Age- exposur | Numb | Age- years Numb | Age- years
er of | mortali } er of | mortali | adjuste | ¢groups | er of | adjuste aid er of | adjuste oid
death ty rate death tyrate | d as death d exposur | death d eXposUr
mostali | against morlali | e group mortati | e group
ty rate general ty rate as ty rate as
populali against against
on group general general
(95% pepulati populati
()] on group on group
(95% {%5%
Cl) Cch

** When numbers of cases are less than 5, the results need to be reserved (It is recommended that RR[95% CI3) is

not provided.

Table 2. Defoliant exposure levels and death

Causes 1CD- General population High exposute gronp Low expasure gronp MRRI1 MRR2 Ratios High exposure proup Medium exposu
of 10 proap between between belween group

death Number Normal Number Direct Nusher Direct high low MMRI Number Ape- Number Ap
of death mortalit cf death standardize of death standardize eXpOSUTE cxXposure and of death adjusted af death adju
¥ rate d Ape- dAge- group and group and MMR2 mortatif mori
adjusted adjusted generat general {95%) ¥ rate v

martality mortality pepulation population

rate rate group group
(95% C1) (95% CH)

** When the number of cases is smaller than 5, reserve the results (better not to provide RR[95% CI]).
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Chapter 6  Participation in the Vietnam War » Exposure to Defoliants, and
Occurrence of Cancer

1. Report Summary

A. Introduction

The purposes of this study include as follows:

First, to examine how participation in the Vietnam War affected occurrence of cancer by
comparing the Korean veterans of the Vietnam War with general Korean male population
belonging to the same age groups. Second, to examine if there is any difference among the
Korean veterans of the Vietnam War depending on the level of exposure to defoliant.

B. Study Methods
1) The subject of study

A) The subjects of this study are the veterans of the Vietnam War, specifically
184,681 males who were believed to be alive as of December 31, 1992, and whose cancer
occurrences are estimated to be traceable out of 187,897 veterans identified by the second

epidemiological study on defoliant damages.

B) After 504 veterans, who coniracted cancer before 1992, were excluded, 184,177
veterans out of 184,681 veterans were selected as study cohorts for tracing cancer occurrence.

C) Among the above individuals, 153,463 veterans, whose defoliant exposure
markers could be constructed by the historic exposure reconstruction, were selected for
comparing risk comparisons between cancer occurrence and exposure to defoliants.

2) Follow-up study on cancer

A) For confirmation of occurrence of cancer {(existence thereof and relevant part of
the body), the cancer occurrence data in Korea from the Central Cancer Registration office in

National Cancer Center were used.

B) The period for person-years was from January 1, 1993 through December 31,
2003,

3) Types of Cancer

A) The types of cancers were classified according to ICD-10 diagnoses which were
provided by the National Cancer Center.
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B) [CD-10 standard which was used in the book titled “Cancer Incidence in Five
Continents™ Vol VIII (WHO, IRAC) was primarily used.

O In case of cancers of great interest such as Hodgkin’s disease and Lymphoma,
detailed classification was used using ICD-10 4-digit classification.

4} The Defoliant Exposure Marker by Historic Exposure Reconstruction
A) Using E4 value of the exposure opportunity model, the exposure groups were
divided into the low exposure group, of which Le4 value is less than 4 and the high exposure

group, of which Le4 value is 4 or higher. (2 Group Division)

B) Then, the high exposure group of the 2 Group Division was further divided into
the medium exposure group, of which Le4 value is below 5, and the high exposure group, of
which Le4 value is 5 or higher.

5) Method of Analysis
A) Classification by the defoliant exposure level

® Only 153,463 persons could be classified into the 3 groups {(fow exposure group:
74,978 persons, medium exposure group: 47,535 persons, high exposure group: 31,194 persons).

@ Le4 value was used as a continuous variable,
B) Analysis of the cancer occurrence rate

The cancer occurrence rates of the veterans were calculated per 100 thousand persons,
and standardized for comparison by observing term for follow-up and number of cancer patients.

8] Proportionate Risk Regression Model

The cancer occurrence ratios were calculated after controlling ages and military ranks as
confounding variables.

D) Program for Analysis

SAS Windows V9.1 was used.
C. Resnlts

As a result of comparison between the high exposure group and low exposure group in
Ratio of the Indirect Standardization of Incidence Rate (RSIR), the types of cancers, of which the
death rates were significantly higher or borderline higher in the high exposure group than the low

exposure group, were lip cancet/oral cancer and chronic myeloid leukemia (Table 6-4). In the
comparison of the 2 groups of the Cox Proportional Regression Model in which ages and military
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ranks were confrolled, the types of cancers, of which the occurrence rates were significantly
higher or borderline higher in the high exposure group than the low exposure group, were lip
cancer/oral cancer, stomach cancer, small intesting cancer, rectal cancer and chronic myeloid
leukemia (Table 6-5). When observing the exposure to defoliants as a continuous variable, the
types of cancers, of which the occurrence risks increased with an increase in the exposure, were
lip cancer/oral cancer, salivary gland cancer and T-cell lymphoma (Table 6-5). In the comparison
of the 3 groups of the Cox Proportional Regression Model, the type of cancer, of which the
occurrence rate was significantly high or borderline high in the high exposure group, was small
intestine cancer, while the types of cancers, of which the occurrence rates were significantly high
or borderline high in the medium exposure group were lip cancer/oral cancer, stomach cancer,
flung cancer and chronic myeloid leukemia (Table 6-6).

D. Discussion
1) Discussion on study methods

In this Study Report, the data from the Korea Cancer Regisiry were used to follow up the
occurrence of cancer. Although there are some limitations as to the substantiality of the pre-dated
information in Cancer Registry, such limitations did not present any significant limitations since
the purpose of this study was not to precisely calculate any cancer occurrence rate and the
purpose was instead to compare the cancer occurrence rafes and risks of the veterans and the
general male population and among the veterans themselves depending on the exposure to
defoliants among the general male population. But, there is a possibility of underestimating the
actual cancer occurrence risks caused by participation in the Vietnam War or exposure to
defoliants if there were many veterans who died of cancer before January 1, 1993, i.e., when the
cohort on a severely damaged group was constructed and such veterans were excluded from the
purview of this Study Report. The defoliant exposure level was constructed by the exposure
opportunity model developed by Professom?’ the United States. In the analysis of
occurrence rate of cancer, researchers focused on the Gutput by the indirect standardization of
incident rate rather than the output by the direct standardization of incident rate. In the Cox’s
proportional risk regression model, the only controllable variable except ages and exposure/non-
exposure to defoliants was the military ranks. In this research, researchers tried to focus on the
output of proportional risk regression model in which the military ranks were additionally
controlled in the event that there were discrepancies between the output from standardization of
incidence rate and the output of Cox’s proportional risk regression model.

2) Discussion on study results

As a result of comparison between the veterans of the Vietnam War and the general male
population regarding the occurrcnce rates of cancer, such rates of the veterans were lower than
the general male population, and this result was statistically significant. This result can be
attributable to the “healthy soldier effect,” i.e., the veterans generally belongs to a group which is
healthier than the general male population. Accordingly, it is more desirable to compare among
the veteran groups rather than to compare the veterans with the general male population for
exposure to defoliants and cancer.
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In the analysis of the incidence of cancer according to the defoliant exposure level, the
two most suspicious types of cancers were small intestine cancer and salivary gland cancer, while
chronic myeloid leukemia was also suspected of having a correlation with the exposure to
defoliants when the cancer occurrence and death analyses were taken into consideration.
Regarding stomach cancer, lip cancer and oral cancer that showed significant results in some
analyses notwithstanding the fact that the veterans” occurrence rates were lower than those of the
general male population, there is a need to further study the relation between such rates and the
exposure {o defoliants the general male population.

In the comparison between the veterans and the general male population, only ages and
the year of observation were controlled whereas, in the comparison among the exposure groups
within the veterans, only ages, the year of observation and the military ranks as of the completion
of the war participation were controlled as the confounding variables. Thus, there were still some
limitations in examining the relations among the exposure to defoliants, the incidence of cancer
and the participation in the Vietnam War, necessitating care in interpretation of the results.

In case of lip cancer/oral cancer, the incident rate of cancer was significantly high when
the exposure level was examined as a continuous variable in the Cox’s proportional risk
regression model, and such rate was higher in the high exposure group than the low exposure
group in the 2 group comparison. It is morc desirable to make an individual evaluation because
this result was based on the sum of 10 different cancers. When the evaluation was made by
excluding gland cancer, the result was not statistically significant.

Oral cancer and stomach cancer did not accord with the increase of incidence of cancer
according to the exposure to defoliants. In case of salivary gland cancer, the occurrence rate was
significantly high when the exposure level was constructed as a continuous variable in the Cox
proportional risk regression model. However, an analysis was not possible because no one from
the low exposure group in the 2-group comparison contracted this type of cancer. In case of small
intestine cancer, the risk of cancer occurrence was significantly high when the exposure to
defoliants was constructed as a continuous variable in the Cox proportional risk regression model,
and such risk was statistically higher in the high exposure group than the low exposure group in
the 2-group comparison. In the 3-group comparison, there was no significant difference in the
medium exposure group, but the risk of cancer occurrence was significantly high in the high
exposure group. In case of rectal cancer, the risk of cancer occurrence was statistically significant
in the 2-group comparison in the Cox proportional hazard regression model. In case of lung
cancet, the risk of incidence was higher in the medium exposure group than in the low exposure
group in the 3-group comparison of the Cox proportional hazard regression model. In case of
chronic myeloid leukemia, the risk of cancer occurrence showed similar significance in the 2-
group comparison of the Cox proportional hazard regression model. Prostate cancer was the
cancer of which the death rale of veterans was significantly higher than death rate of the general
male population.

D. Conclusion

As a result of the comparison of incidence rates between the veterans and the general
male population, those of the veterans were lower than those of the general male population, and
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this result was statistically significant. This result is attributable to the “healthy soldier effect,”
i.e., that the veterans generally belonged to a group which is healthier than the general male
population. Accordingly, it is more desirable to make the comparison among the veterans
themselves than to compare with the general male population regarding the exposure to
defoliants and cancer.

In the analysis of the incidence of cancer according to the defoliant exposure level, the
two most suspicious cancers were small intestine cancer and salivary gland cancer, while chronic
myeloid leukemia was also suspicious of having a correlation with the exposure to defoliants
when analyses on the cancer incidence and death were taken into consideration. Regarding
stomach cancer, lip cancer and oral cancer that showed significant results in some analyses
notwithstanding the fact that the veteran’s incident rates were lower than the general male
population, the correlation with the exposure to defoliant should be further examined.

There is a possibility of underestimating the actual cancer occurrence risks caused by
participation in the Vietnam War or exposure to defoliants, if there were many veterans who died
of cancer before January 1, 1993, i.e., when the cohort on a severely damaged group was
constructed and such veterans were excluded from the purview of this Study Report. In the
comparison between the veterans and the general male population, and in the comparison among
(he exposure groups among the veterans, certain confounding variables having high corrclations
with the cancer occurrence could not be controlled. So, there are some limitations in examining
the relation among the participation in the Vietnam War, the exposure to defoliants and the
incidence of cancer, necessitating careful interpretation of the results.
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2. Report Evaluation
A, Study Methods

i §] Study Subjects

A) Limitations which are inherent with the subject of epidemiological study cannot
be solved.
B) If personal information of 187,897 veterans were available, identification of

death caused by cancer and cancer incidence could be verified.

C) If the exposure to defoliants increased the cancer incident risk, such risk and
death caused by cancer should be observed immediately after the exposure to defoliants, which is

not possible.
2) Foliow up Study for incidence of cancer

A} Because of incompleteness of Korean cancer registry database, it is possible to
underestimate the actual risk ratio if the subjects’ cancers were not registered. Ispeciaily, the data
before 1998 were the ones newly registered by treating hospitals and it is impossible to calculate
the national incidence rate based thereon, and thus, it is estimated that about 20% of cancer
occurrences were not registered (After 1999, it is estimated that more than 90% of national
cancer occurrences were registered).

B) It is most desirable to implement a survey to soldiers who were exposed to
defoliants to examine if a cancer actually occurred by both active and passive surveillance. In
some cases, however, cancer patients may not know their diseases even though they were
diagnosed with cancers, and it is too difficult to identify the existence of cancers if patients were
reluctant to report their cancers. If self-reported data were available, one may try to identify
unregistered cancer by active surveillance (o the medical institutions, which would be impossible,
however.

3) Classification of Cancers

A) There is no problem because they were classified in accordance with the
international standard.

B) The errors stemming from converting diagnosis made in the ICD-0-3
classification system used in cancer registration into ICD-10 and especially the accuracy of Non-
Hodgkin’s lymphoma, Hodgkin’s disease and Chronic lymphatic leukemia, which were identified
as having a correlation with the exposure to defoliants in U.S. were the very limitations which the
researchers could not overcome.

4) Defoliant Exposure Indices by Historic Exposure Reconstruction



It is impossible to know the defoliant exposure level by means of the amount of
defoliants sprayed in the Korean participating units’ base and tactical areas. Other than the
foregoing, however, there are no other data, which is a limitation in itself.

5) Method of Study

A) In this Report Study, those who contracted cancer before 1992 were excluded
from the population group, but the reason for that exclusion was omitted. Since the cases in
which cancer occurred immediately after exposure to defoliants were also excluded, we are of the
view that the initial effect was not realized. Since non-realization could result in a significant
difference if there had been some strong initial effect, detailed reasoning is further needed.

B) The period of person-years was from 1993 to 2003, and one may know the
differences in influences from mid- and long term effects by dividing such period into 2 sub-
periods, i.¢., 1993-1997 and 1998-2003 in the comparison of directly standardized incidence ratio
between the target groups and the general male population. Although one may not overcome the
inherent limitations as to the fact that substantiality of the cancer registry data varied depending
on a period, we believe that some meaning can be attached to a result which is based on the
assumption that substantiality of the subjects was the same as that of the general male population.

B. Results

Due to the limitations as to the study method, it is difficult to render interpretation of the
results.

C, Discussion

Due to the limitations as to the study method, it is difficult to render interpretation of the
study results and some suggestions were made as to such method.

D. Conclusion

A) Possibility of developing a new defoliant exposure index which was described in
Purpose of Research has its own limitations.

B) Although researchers did their best to utilize data and information available to
the applicable data, such data and information have their own limitations, resulting in distortion
of study results.

C) We suggest person-years be divided into 5-year periods. This is to compare
impacts on each of such periods from the exposure to defoliants through incidence of cancer.

3. Overall Opinion

A. Researchers identified how the veterans of the Vietnam War were exposed to
defoliants, and examined whether the exposure to defoliants acted as a risk factor by comparing
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with Korean national incidence rate of cancer.

B. They utilized all of the data available in Korea, which, however, had some
inherent limitations which could not be overcome.

C. Because of many limitations, no other researchers could produce a better study
than this Study Report.

D. It is possible that the cancer risks of the Korean veterans of the Vietnam War
could be different from those of other countries who were exposed to a different level of
defoliants and cancer risks, However, if the identical study method and exposure level were used,
one may be forced to interpret that the respective veterans were subsequently exposed to different
environments after their exposure to the defoliants, as opposed to certain peculiar cancer-causing
factors unique to Koreans.

E. If the veterans were entitled to compensations by the mere fact that they were
exposed to defoliants, any epidemiological study of which the sole purpose is to collect evidence
seeking to establish the standard for such compensation would be meaningless. However, the
follow up study on the exposure to defoliants and its influence on diseases should continue.

F. Regarding the incidence of cancer, as was the case with the mortality number, it
is desirable to reserve one’s analysis and explanation if it is less than 5 people.
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Chapter. 7 Exposure to Defoliants and Prevalence of Diseases

1. Report Summary

A, Introduction

Health hazard from the exposure to defoliants varies greatly, depending on various
factors such as race, heredity and environments. Accordingly, one may not rely on foreign studies
in their entirety and there is a need to conduct studies on Korean veterans of the Vietnam War.
This Study Report sought to see if there is a difference in the prevalence rates of the Korean
veterans of the Vietnam War depending on different defoliant exposure levels.

B. Study Methods
1) Subject of Study

Among 291,220 veterans, 187,897 veterans’ resident registrations were identified in the
second epidemiological study on the defoliant damages. Of these veterans, and of 164,208
veterans whose resident information were verified as of June 2004, 136,603 veterans whose
health insurances were identified as the general veterans, Of these velerans, 96,126 veterans were
identified as surveyed veterans [low exposure group: 56,876, high exposure group: 39,250
(medium exposure group: 20,638, high exposure group: 18,566)] whose confounding variables
could be controlled.

2) Disease Prevalence Survey

A) For the veterans, we examined periodic prevalence rate with health insurance
inspection data and veterans’ hospital medical treatment data for 5 years and 9 months during
2000.1 ~ 2005.9. For the general male population, we examined periodic prevalence rate with
health insurance inspection data for 4 years and 9 months during 2001.1 ~ 2005.9.

B) For the definition of disease prevalence, two classification methods were used.
For type 1, the main disease and the first sub disease names were used while, as for type 2, only
the main disease names were used. In case of hospitalization of one time or more or ambulatory
care was identified as disease prevalence.

) Defoliant exposure level: in case of the surveyed veterans, the groups based on
military bases of the operation forces at the level of battalion/squadron were used.

3) Classification of Prevalent Diseases

For classification of prevalent diseases, ICD-10 was used, and the diseases were
classified into those relating to aftereffects and suspected aflereffects of defoliants excluding
cancer.

4) Statistical Analysis
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A) For prevalence rate, a periodic prevalence rate was used.

B) Age-adjustment was conducted by taking year 2003 as the basis and using one
generation structure. For p-value, Poisson distribution was used.

C) Using logistic regression analysis, factors relating to military ranks, ages,
smoking, drinking, education, income, BMI (Body Mass Index) were supplemented.

C. Results

1) Comparison between general veterans and general population group - indirect
standardization

In Type 1 prevalence analysis, veterans’ prevalence rates were statistically lower than the
general male population in most diseases, but as for post traumatic stress disorder, multiple
sclerosis and other polyneuropathy, the veterans’ prevalence rates were significantly high (See
Table 7-1).

In Type 2 prevalence analysis, velerans’ prevalence rates were significantly lower than
the general male population in most diseases, but as for hyperlipidemia, Post-traumatic stress
disorder, multiple sclerosis, other polyneuropathy, Buerger’s disease, atopic dermatitis,
seborrheic dermatitis, other epithelial hypertrophy and xeroderma, veterans’ prevalence rates
were significantly higher than the general male population (See Table 7-2).

2) Comparison of veterans’ prevalence rate according to the exposure level

In Type 1 prevalence analysis, the diseases, of which the prevalence rates of the high
exposure groups is 1.2 times higher than those of the low exposure group, were benign neoplasm
of adrenal gland, benign neoplasm of pituitary gland, neoplasm of uncertain behavior of thyroid
gland, neoplasm of uncertain behavior of adrenal gland, neoplasm of uncertain behavior of
pituitary gland, immune related diseases, hyperfunction of pituitary gland, hyperprolactinemia,
hypofunction of pituitary gland, hyperaldosteronism, primordial hyperalsostreonism, amyloid
degeneration, post traumatic stress disorder, secondary Parkinson’s disease, other degeneration of
nervous system, Alzheimer’s discase, demyelinating disease of the central nervous system,
multiple sclerosis, cerebral infraction, Buerger’s disease, pulmonary emphysema, celiac sprue,
leukoplakia, necrotizing respiratory granuloma and osteonecrosis.

In Type 2 prevalence analysis, general atrophy due to central nervous system, spinal
muscular atrophy, polyneuropathy, antherosclerosis, other peripheral vascular disease, Behcet's
disease were added, and cerebral infarction and pulmonary emphysema were excluded (See Table

7-3).

In Typel prevalence analysis, the diseases, of which the prevalence rates increased with
an increase of defoliant exposure level constructed in the continuous variable model, were benign
neoplasm of pituitary gland, neoplasm of uncertain behavior of thyroid gland, diabetes mellitus,
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insulin independent diabetes mellitus, primordial hyperalsostreonism, metabolic discase,
hyperlipidemia, amyloid degeneration, post traumatic stress disorder, intermittent holding disease,
sheep liver fluke, nerve/nerve root and structural disorder, polyneuropathy, hypertension, primary
hypertension, ischemic heart disease, agina pectoris, cerebral infarction, other peripheral vascular
disease, pulmonary emphysema, gastric duodenal ulcer, gastroduodenitis, alcoholic hepatism,
unclassified chronic hepatitis, liver cirrhosis, seborrheic dermatitis, allergic contact dermatitis,
pruritus, erythema nodosum, other epithelial hypertrophy, xeroderma and osteonecrosis (Table 7-

4y,

On the other hand, the diseases, of which the prevalence rates of the high exposure group
were significantly higher than the low exposure group were neoplasm of uncertain behavior of
thyroid gland, diabetes mellitus, insulin dependent diabetes mellitus, insulin independent diabetes
mellitus, other endocrine disease, hyperfunction of pituitary gland, hypofunction of pituitary
gland, metabolic disease, hyperlipidemia, amyloid degeneration, intermittent holding disease,
nerve/nerve root and structural disorder, polyneuropathy, hypertension, primary hypertension,
ischemic heart disease, agina pectoris, acute cardiac infarction, cerebral infarction, other
peripheral vascular disease, gastric duodenal ulcer, gastroduodenitis, alcoholic hepatism,
unclassified chronic hepatitis, liver cirthosis, Seborrheic Dermatitis, pruritus, other epithelial
hypertrophy and xeroderma (See Table 7-4).

In the 3-group comparison in Type | prevalence analysis, the diseases, of which the
prevalence risks were high in the high exposure group were benign neoplasm of thyroid gland,
benign neoplasm of adrenal gland, benign neoplasm of pituitary gland, neoplasm of uncertain
behavior of thyroid gland, neoplasm of uncertain behavior of adrenal gland, neoplasm of
uncertain behavior of pituitary gland, thyroid gland disease, diabetes mellitus, insulin
independent diabetes melitus, other endocrine gland disease, hyperfunction of pituitary gland,
hyperprolactinemia, hypofunction of pitoitary gland, metabolic disease, hyperlipedemia, amyloid
degeneration, post traumatic stress disorder, intermittent holding disease, epilepsy, nerve/nerve
root and, polyneuropathy, ischemic heart disease, agina pectoris, acute cardiac infarction, cerebral
infarction, gastric duodenal ulcer, gastroduodenitis, unclassified chronic hepatitis, liver cirrhosis,
pruritus, leukoplakia and xeroderma (table 7-5).

On the other hand, the diseases, of which the prevalence risks were high in the medium
exposure group were diabetes mellitus, insulin dependent diabetes mellitus, insulin independent
diabetes mellitus, intermittent holding disease, nerve/nerve root and structural disorder,
polyncuropathy, hypertension, primary hypertension, cerebral infarction, other peripheral
vascular disease, Bueger’s disease, pulmonary emphysema, gastric duodenal ulcer,
gastroduodenitis, alcoholic hepatism, liver cirrhosis, seborrheic dermatitis, pruritus, other
epithelial hypertrophy and xeroderma (Table 7-5).

In Type 2 prevalence analysis model in which the defoliant exposure levels were
constructed as continuous variables, the diseases of which the prevalence risks increased with an
increase in the exposure level were benign neoplasm of pituitary gland, neoplasm of uncertain
behavior of thyroid gland, diabetes mellitus, insulin independent diabetes mellitus, post traumatic
stress disorder, general atropy due to central nervous system, intermittent holding disease,
epilepsy, nerve/nerve root and structural disorder, polyneuropathy, hypertension, primary
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hypertension, ischemic heart disease, agina pectoris, cerebral infarction, antherosclerosis, gastric
duodenal ulcer, gastroduodenitis, alcoholic hepatism, unclassified chronic hepatitis, liver
cirrhosis, seborrheic dermatitis, allergic contact dermatitis, pruritus, leukoplakia, other epithelial
hypertrophy and xeroderma (Table 7-6).

The diseases, of which the prevalence rates of the high exposure group were higher than
the low exposure group were diabetes mellitus, insulin dependent diabetes mellitus, insulin
independent diabetes mellitus, hyperprolactinemia, intermittent holding disease, nerve/nerve root
and structural disorder, polyneuropathy, hypertension, primary hypertension, ischemic heart
discase, agina pectoris, cerebral infarction, antherosclerosis, gastric duodenal ulcer,
gastroduodenitis, alcoholic hepatism, unclassified chronic hepatitis, seborrheic dermatitis,
pruritus, leukoplakia, other epithelial hypertrophy, and xeroderma (Table 7-6).

In the 3-group comparison of Type 2 prevalence analysis, the diseases of which the
prevalence risks were high in the high exposure group were neoplasm of uncertain behavior of
thyroid gland, neoplasm of uncertain behavior of adrenal gland, hyperprolactinemia, metabolic
disease, hyperlipedemia, post traumatic stress disorder, intermittent holding disease, epilepsy,
polyneuropathy, primary hypertension, ischemic heart disease, agina pectoris, acute cardiac
infarction, cerebral infarction, chronic bronchitis, gastric duodenal ulcer, gastroduodenitis,
unclassified chronic hepatitis, seborrheic dermatitis, pruritus, leukoplakia, other epithelial
hypertrophy and xeroderma (Table 7-7).

The diseases, of which the prevalence risk of the medium exposure group were high,
were diabetes mellitus, insulin dependent diabetes mellitus, insulin independent diabetes meliitus,
nerve/nerve root and structural disorder, polyneuropathy, ischemic heart disease, agina pectoris,
antherosclerosis, other peripheral vascular disease, Buerger’s disease, gastric duodenal uicer,
gastroduodenitis, ulcerative colitis, alcoholic hepatism, seborrheic dermatitis, other epithelial
hypertrophy and xeroderma (Table 7-7).

When confounding variables by logistic regression analysis were controlled, the diseases,
of which the prevalence risks increased with an increase of the exposure level in the same manner
as Type 1 prevalence analysis, in which the defoliant exposure levels were constructed a
continuous variable, were benign neoplasm of pituitary gland, neoplasm of uncertain behavior of
thyroid gland, neoplasm of uncertain behavior of pituitary gland, idiopathic thrombocytopenic
purpura, thyroid gland disease, hypothyroidism, autoimmune thyroiditis, diabetes mellitus,
insulin independent diabetes mellitus, other endocrine gland disease, hyperfunction of pituitary
gland, hyperprolactinemia, hypofunction of pituitary gland, metabolic disease, hyperlipedemia,
amyloid degeneration, paranoid schizophrenia, post traumatic stress disorder, general atropy due
to central nervous system, Alzheimer’s disease, intermittent holding disease, epilepsy,
nerve/nerve root and structural disorder, polyneuropathy, cerebral palsy, cerebral infarction,
chronic bronchitis, gastric duodenal ulcer, gastroduodenitis, liver cirrhosis, seborrheic dermatitis,
allergic contact dermatitis, unspecified contact dermatitis, chronic simplex nuchae/ prurigo,
erythema nodosum, other epithelial hypertrophy and  xeroderma (Table 7-8).

The diseases, of which the prevalence risks were significantly higher in the high
exposure group than in the Jlow exposure group were benign neoplasm of thyroid gland, benign
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neoplasm of pituitary gland, neoplasm of uncertain behavior of thyroid gland, neoplasm of
uncertain behavior of adrenal gland, neoplasm of uncertain behavior of pituitary gland, thyroid
gland disease, other hypothyroidism, other nontoxic goiter, autoimmune thyroiditis, diabetes
mellitus, insulin dependent diabetes mellitus, insulin independent diabetes mellitus, other
endocrine gland disease, hyperfunction of pituitary gland, hypofunction of pituitary gland, other
hormonal disorder, metabolic disease, lipoprotein metabolic disorder, Alzheimer’s disease,
epilepsy, nerve/nerve root and structural disorder, polyneuropathy, cerebral palsy, agina pectoris,
cerebral hemorrhage, intracerebral hemorrhage, cerebral infarction, chronic bronchitis, asthma,
gastric duodenal ulcer, gastroduodenitis, liver cirthosis, seborrheic dermatitis, allergic contact
dermatitis, unspecified contact dermatitis, chronic simplex nuchae/prurigo, psoriasis, erythema
nodosum, other epithelial hypertrophy, xeroderma and Behceet’s disease (See Table 7-8).

When confounding variables were controlled by logistic regression analysis, the diseases,
of which the prevalence risks were high in the high exposure group of the 3-group classification
in Type 1 prevalence analysis were neoplasm of uncertain behavior of thyroid gland, neoplasm of
uncertain behavior of adrenal gland, neoplasm of uncertain behavior of pituitary gland, thyroid
gland disease, other nontoxic goiter, autoimmune thyroiditis, other endocrine gland disease,
hyperfunction of pituitary gland, hyperprolactinemia, metabolic disease, hyperlipedemia, amyloid
degeneration, parancid schizophrenia, post traumatic stress disorder, Alzhcimer’s disease,
epilepsy, polyneuropathy, cerebral hemorrhage, intracerebral hemorrhage, cerebral infarction,
chronic bronchitis, gastric duodenal ulcer, seborrheic dermatitis, unspecified contact dermatitis,
chronic simplex nuchae/ prurigo, hidradenitis, suppurativa, other epithelial hypertrophy and
xeroderma (Table 7-9).

The diseases, of which the prevalence risks were high in the medium exposure group
were benign neoplasm of pituitary gland, neoplasm of uncertain behavior of thyroid gland,
hypothyroidism, diabetes mellitus, insulin dependent diabetes mellitus, insulin independent
diabetes mellitus, hypofunction of pituitary gland, other hormonal disorder, Alzheimer’s disease-
dementia, extrapyramidal movement disorder, Parkinson's disease, secondary Parkinson’s disease,
nerve/nerve root and structural disorder, polyneuropathy, cerebral palsy, cerebral infarction,
chronic bronchitis, asthma, gastric duodenal ulcer, gastroduodenitis, liver cirrhosis, seborrheic
dermatitis, allergic contact dermatitis, unspecified contact dermatitis, chronic simplex
nuchae/prurigo, erythema nodosum, other epithelial hypertrophy and xeroderma (Table 7-9).

When confounding variables were controlled by logistics regression analysis, the
diseases, of which the prevalence risks increased as was the case with the exposure level in Type2
prevalence analysis, in which the defoliant exposure levels were constructed as continuous
variables, were benign neoplasm of pituitary gland, neoplasm of uncertain behavior of thyroid
gland, neoplasm of uncertain behavior of pituitary gland, diabetes mellitus, other endocrine gland
disease, nictabolic discase, hypetlipedeniia, scliizophienia, general atropy due to central nervous
system, spinal muscular atrophy, Alzheimer’s disease, intermittent holding disease, epilepsy,
nerve/nerve root and structural disorder, polyneuropathy, ischemic heart disease, agina pectoris,
cerebral infarction, antherosclerosis, chronic bronchitis, gastric duodenal ulcer, gastroduodenitis,
liver cirrhosis, seborrheic dermatitis, allergic contact dermatitis, unspecified contact dermatitis,
chronic simplex nuchae/prurigo, pruritus, erythema nodosum, suppurativa, other epithelial
hypertrophy, xeroderma and Behcet’s disease (Table 7-10).
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Comparing to the low exposure group, the high exposure group’s prevalence risks were
significantly high in benign neoplasm of thyroid gland, benign neoplasm of pituitary gland,
neoplasm of uncertain behavior of thyroid gland, neoplasm of uncertain behavior of adrenal
gland, neoplasm of uncertain behavior of pituitary gland, thyroid gland disease, other
hypothyroidism, other nontoxic goiter, diabetes mellitus, insulin dependent diabetes mellitus,
insulin independent diabetes mellitus, other endocrine gland disease, hypofunction of pituitary
gland, other hormonal disorder, metabolic disease, hyperlipedemia, Alzheimer’s disease-dementia,
paranoid schizophrenia, general atropy due to central nervous system, Alzheimer’s disease,
epilepsy, nerve/netve root and structural disorder, polyneuropathy, ischemic heart disease, agina
pectoris, cerebral infarction, chronic bronchitis, gastroduodenitis, seborrheic dermatitis, allergic
contact dermatitis, unspecified contact dermatitis, chronic simplex nuchae/prurigo, pruritus,
erythema nodosum, suppurativa, other epithelial hypertrophy, xeroderma and Behcet’s disease
(Table 7-10).

When confounding variables by logistics regression analysis were controlled, the
diseases, of which the prevalence risks were the highest in the high exposure group in the 3-
group comparison in Type 2 prevalence analysis were benign neoplasm of thyroid gland,
neoplasm of uncertain behavior of adrenal gland, neoplasm of uncertain behavior of pituitary
gland, other endocrine gland disease, hypofunction of pituitary gland, metabolic disease,
hyperlipedemia, paranoid schizophrenia, post traumatic stress disorder, Alzheimer’s disease,
epilepsy, ischemic heart disease, agina pectoris, cerebral infarction, chronic bronchitis,
gastroduodenitis, atopic dermatitis, seborrheic dermatitis, unspecified contact dermatitis,
suppurativa, other epithelial hypertrophy, xeroderma and Behcet’s disease (Table 7-11).

The diseases of which the prevalence risks were high in the medium exposure group
were benign neoplasm of pituitary gland, neoplasm of uncertain behavior of thyroid gland,
neoplasm of uncertain behavior of pituitary gland, hypothyroidism, diabetes mellitus, insulin
dependent diabetes mellitus, insulin independent diabetes mellitus, hypofunction of pituitary
gland, other hormonal disorder, Alzheimer’s disease-dementia, general atropy due to central
nervous system, nerve/nerve root and structural disorder, polynecuropathy, cerebral infarction,
chronic bronchitis, asthma, seborrheic dermatitis, allergic contact dermatitis, chronic simplex
nuchae/prurigo, erythema nodosuni, other epithelial hypertrophy, xeroderma and Behcet’s disease
(Table 7-11).

D. Discussion
§)] Discussion about the Study Methods

The names of main disease and sub-disease of government-sponsored treatment and
health insurance examination data were used as the prevalence marker. Even though the validity
of the main disease names as set forth in the national health insurance data has increased in
comparison with the past, the fact that such disease names were recorded in the health insurance
data does not necessary mean that veterans actually suffered from such discases. Accordingly, it
is of critical importance to examine how precisely the prevalence data from the main disease and
sub disease names used in the health insurance data reflect the actual prevalence by conducting
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validity tests of significant diseases in the result of analysis.

Because those who died before June 2004 were excluded from this analysis, this
prevalence study can underestimate the actual prevalence rates of specific disease, which is why
the result of mortality analysis needs to be examined additionally. In this study, susceptibility of
discovery of disease can be decreased when prevalence is considered only by main disease names,
and thus a focus was made with respect to the results from Type | composed of the main disease
names and the first sub-disease names.

In case of 136,603 people whose marker was constructed using the historic exposure
reconstruction, the information relating to division/brigade level data for defoliant exposure level
were used, and in case of 96,126 who participated in the survey, those relating to the
battalion/squadron level data were used. Accordingly, the defoliant exposure marker the surveyed
veterans was constructed more precisely.

To control many confounding variables, the logistics regression analysis was used. To
the extent that there were any discrepancies in the analytic results from 136,603 veterans whose
ages and military ranks were controfled only and those from the 96,126 surveyed veterans, a
focus has been made on the analytic result from the surveyed veterans in which other factors such
as smoking, drinking, obesity were controlled and thus a more detailed defoliant exposure marker
could be constructed.

Since it is possible to have certain minute differences in prevalence due to the defoliant
exposure in view of the number of study subjects and prevalence rates, certain diseases, which
were suspected of having a correlation with defoliant exposure levels from all of various analyses,
were mainly considered, rather than diseases showing statistical significance from each of such

analyses.
2) Discussion about the Results

In the prevalence analysis of veterans, prevalence rates of many diseases were
significantly lower than those of the general male population. This can be attributable to the
“healthy soldier cffect.” Generally, indirect standardization prevalence ratio of Type 2 was higher
than Typel, and this shows that a less number of veterans tends to visit hospitals with multiple
diseases than the general male population. Also, the diseases of which the prevalence rates were
significantly higher than those of the general male population were related to aftereffects or
suspected aftereffects of defoliants. Like death analysis or analysis of incidence of cancer, to
show the relation between exposure to defoliants and prevalence, we intend to mainly use
veterans’ internal comparison results according to the defoliant exposure level.

The result of prevalence analysis regarding relation between defoliant exposure and
prevalence implies various significances. First, the result of prevalence analysis shows that
defoliant exposure evaluation in this study is significant. Also this study will serve as a stepping-
stone for studying the relation between defoliant exposure and prevalence going forward.

Second, this study raises the possibility that defoliants and diseases may be related to
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each other, and that that the relation between defoliant exposure and diseases can be identified by
further studies. These diseases are not discovered at random, but their statistical significance was
found in certain disease groups relating to certain specified systems in human body. Thus, we are
of the view that this study demonstrates a possibility that the exposure to defoliants in one’s
youth may have impact on the diseases in 30~40 years. Accordingly, one may be able to better
observe a correlation between defoliants and certain diseases of which such correlation is not
currently clear by way of additional follow up studies.

E. Conclusion

As a result of prevalence analysis, the diseases of which the relation with defoliants was
deemed as the most relevant were autoimmune thyroiditis, Alzheimer’s discase and hypofunction
of pituitary. There were many other diseases which had statistical significance.

The prevalence investigation was conducted retrospectively on the subjects who were
alive as of June 2004. This study was not a study about occurrence of diseases, but a study about
prevalence of diseases, so bias regarding occurrence-prevalence may be formed. Particularly, in
case certain subjects died of certain diseases before June 2004, this study can underestimate the
applicable disease prevalence risks.

Although main discase names and sub-discases names recorded in health insurance
inspection data were used as the prevalence marker, there are still some limitations as to the
validity of such names in the health insurance inspection data, and it is reported that there are
significant differences depending on specific disease types. In the future, an examination to see
how precisely the prevalence data from the main disease names and sub-disease names used in
the health insurance inspection data reflect patients’ actual prevalence will be the key factor in
evaluating the relation between defoliants and diseases.
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2. Evaluation
A. Introduction

1) Although the purpose is to try to establish causation between exposure and
prevalence, it would be advisable to state that it is very difficult to establish such causation in any
one-dimensional studies such as this Study Report.

2) Also it is better to mention that this study conducted not only the comparison
within veterans of the Vietnam War, but also comparison with the general male population as well.

B. Study Methods

1) In this study, the explanation about the method of selection is necessary because
not only among veterans, but also comparison with the general male population was conducted
additionally.

2) In this study, researches used the health insurance inspection data and the
treatment data of veteran’s hospital for the period of 5 years and 9 months from January 2000 to
September 2005 for veterans, while the health insurance inspection data for the period of 4 years
and 9 months from 2001.1 to 2005.9 for the general male population was used. So the
explanation about the different prevalence investigation period is necessary and certain
adjustments are also needed because there were errors in calculating some periodic prevalence
rates.

3) In this study, researchers used two grouping methods (type 1 using main disease
and the first-sub disease names, type 2 using only main disease names) and classified
hospitalization of one time or more or ambulatory care as a type of prevalence. Even though the
accuracy of diagnosis is uncertain, it appears to pose no significant problem in comparing
prevalence ratios as long as the accuracy level is same in every group. However, an explanation
in this regard is still necessary. Going forward, however, further studies seeking (o verify the
disease names of the veterans and the general population by way of sampling, are necessary (o
increase accuracy of future analyses.

4) As it is explained in the examination section of this report, the more serious the
disease is, the more accurate the diagnosis in the insurance record becomes. Accordingly, the
validity of this study was seriously damaged because the method in which one time ambulatory
care is also counted as prevalence may include one-time visit for diagnostic purposes. Thus, it is
necessary to narrow down qualifications for prevalence such as at least two-time ambulatory
cares of the same disease or hospitalization,

5) Researchers used a periodic prevalence rate to calculate the prevalence rate,
notwithstanding the fact that the periods for comparison as applied to the veterans and the general
population were different. We also note that no explanation was given as to why the period for
prevalence rate determination started from 2000, while, in case researchers wished to rely on the
insurance inspection data, those from as early as year 1997 or so were available. An additional
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explanation in this regard is necessary.

6} Among the confounding factors which were controlled in logistic regression
analysis, no reference was made as to any interaction among the military rank, age, education and
income. An explanation about selection of the model is necessary.

7) As was the case with the number of death, it is desirable to defer any explanation
on the number of prevalence if it is less than 5 people.

C. Results
b Comparison of Veterans with General Population

The healthiest Korean people are presumed to have participated in the war among the
same age group at the time of their entry into the war. Also, if the veterans survived for 30
years or more following the end of the Vietnam War, it is highly likely that the surviving veterans
were healthier than other veterans. Moreover, the exposure level is different among the veterans.
Therefore, we hereby suggest the following for the accurate comparison.

A) Comparison between Veterans and General Population

@ Low exposure group among veterans vs. general population (a) = The
prevalence rate of the low exposure group is expected to be lower than that of general population
due to the healthy soldier effect.

@ High exposure group among veterans vs. general population (b) -> Despite the
healthy soldier effect, the prevalence rate of the high concentration exposure group is expected to
be higher than that of the low exposure group.

@ Evaluation of the prevalence rate by dividing (b) with (a), that is, the comparison
value of the above two values = For example, assuming that (a) is 0.6, and (b) is 0.9, while these
are lower than the prevalence rate of general population, the ratio of (b/a) is 1.5.  We believe this
method would supplement the prevalence rate due to the healthy soldier effect, and that, going
forward, it would be desirable to see if there are any dose-response effects through further
analyses on the trends among the low, medium and high exposure groups (Table 3).

B) Comparison between Veterans and Non-veterans

While this study compared among the veterans according to their exposure level, the
exposure marker may be inaccurate, and the harmtul effects from the fact of participation in the
Vietnam War could not be identified. Hence, we believe that the most credible method would be
to make a retrospective cohort comparison with a group of military personnel who were the
members of non-participating forces as of the war participation (in the same manner as used in
the study on the veterans) (regular-duty military personnel, career military personnel). The
introduction of the study provides that such study method is not possible, but does not explain
any reason. We hereby suggest reviewing the feasibility of the above method for implementation

Leyy
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for future studies.
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3. Overall Opinion
1) The number of veterans should be corrected from 133,603 to 136,603.

2) Given that there are no explanations on the results of comparison between
veterans and the general population, such explanations should be added. For example, “post
traumatic stress disorder” was found to be significant only in this comparison.

3) Further explanations are necessary as to whether any diseases, which were
previously unknown or found to have a low correlation, are found fo have a high correlation
through this study (or vice versa).

4) It is necessary to provide comparison tables and explanations according to the
level of correlation. That is, it is necessary to identify types of diseases continuously did or did
not show a correlation, regardless of exposure level, disease classification method and variation
of analysis method, and provide the reasons therefor.

5 No explanation was given with respect to a disparity between the contents of
document review set forth in Chapter 8 and the study results set forth in Chapter 7.

6) It is necessary to carefully analyze any diseases of which the accuracy of

diagnosis is low and it would be desirable to set forth such details and to add the interpretation of
the study results taking into account the accuracy of diagnosis.
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Tabie 3. Comparison between the prevalence of discase developed among veterans and that among general pepulatien

MRRT between | MRR2 bevween 3 MRR3 boiweon
High Exposurc Medinm I,n\.v Fxposure Rowoof | Rownar prirend {unalysis of heod of
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lnddirect
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Rabo{95% Iy

** when the number of cases is less than 5, the resulis need 1o be reserved (1 is recommended that RR $95% CI} is not provided).
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Chapter 8. Review of Literature on Defoliants

1. Report Summary

A. Introduction

This report reviewed and organized the domestic and overseas study results after
reviewing the correlation between defoliants and resulting diseases.  The review mainly focused
on documents reported after the second epidemiological study on damages caused by defoliants,
and briefly summarized and inserted data available prior to 2001 if deemed necessary. As for
the exposure effects, the 2004 report by the Institute of Medicine of the U.S. (IOM) was mainly
referred to, and Pubmed was used to research most recent studies. This report first explained
the background surrounding respective diseases, summarized the results of reviewing documents
up until 2001 when the second epidemiological study on damages caused by defoliants was about
to commence, and lastly, analyzed recent documents and their review methods. The document
analysis was conducted according to the type of exposure (e.g., occupation, environment and
participation in the Vietnam War) and concluded with the level of basis for epidemiological study
by disease, hiological relevance, and the foundation for the Vietnam War veterans and

epidemiology.
B. Basic Direction to Document Review

As the basic direction to the document review, researchers considered the following
points: (i} whether or not statistical correlation exists between the exposure to herbicide and the
discascs, in consideration of the portion of scientific evidence and appropriateness of statistical
and epidemiological nitethods; (ify whether or not the risk to diseases is higher for soldiers who
were exposed to herbicides during their participation in the Vietnam War; and (iii) whether or not
biological relevance or other evidence existed with respect to the causation between the exposure
to herbicides and diseases.

C. Approach to Document Review

This study focused on reviewing the epidemiological study of humans as well as
experimental studies. In order to evaluate the correlation between the exposure to herbicides
and diseases, researchers reviewed the studies conducted on the Vietnam War veterans and the
results of studies conducted on various participants. Also, inspections were conducted to see
whether or not nwmerous fuctors including vonfounding factors, coincidence or sclection bias or
error in measurement factors that may affect the correlation existed, for the purpose of assessing
credibility of evidence.

- 68 ~

tmp78CD.DOC éé —/\I!g



D. Scope of Review

The review mainly covered the toxicity of applicable ingredients and the assessment of
exposure to toxic elements. Further, in order to examine the correlation between the exposure and
specific diseases, this review classified the diseases largely into caner, genitalia and development
effects, nerve disorder and other diseases in keeping with the method used by the Institute of

Medicine of the U.S,

E. Conclusion

1) Disease

Table 8-1 summarizes the correlation between diseases and exposure identified through
the document review, but the results of this pending study were not reflected.

2} Risk of Occurrence of Disease to Vietnam War Veterans

Numerous studies on Vietnam War veterans have been conducted, but most of the studies
contained insufficient exposure evaluation on herbicides and TCDD, or had some problems in
methods. Although sufficient evidence existed to draw a general conclusion on the correlation
between diseases and the exposure to herbicides, there were limitations in quantifying and
evaluating the disease occurrence risks of individual Vietnam War veterans or veteran groups, in
view of the circumstances where the information on exposure level of the Vietnam War veterans

was ihaccurate.

- 69 -

tmp7aCD.DOC

ol



2. Report Evaluation

Through the table 8-1, this report systematically categorized domestic and overseas
documents by summarizing the results of primary studies on the correlation between the exposure
to herbicides and diseases. Especially, it maintained homogeneity and validity when drawing a
conclusion after evaluating the results of other studies by maintaining same standard for exposure
type (occupation, environment, participation in the Vietnam War), level of foundation for
epidemiological study by disease, biological relevance, foundations for the Vietnam War veterans
and epidemiology.
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V. Conclusion and Recommendations

Chapter 1. Introduction

The introduction systematically describes the past procedures and various facts related to
Vietnam War veterans and defoliants, in order to help readers understand the overall development

of this research study.

However, whereas the Vietnam War and defoliants section specifically described the
ingredient of dioxin in great detail, researches on the correlation between veterans and defoliants
and the measurement of diseases due to the exposure to defoliants which should be considered in
the epidemiological study on damages caused by defoliants in Korea, were not sufficiently
described. In addition, it is desirable to concisely state the exposure evaluation method as it can
be sufficiently discussed in the detailed study method section. Description of the current
compensation system (Aftereffect/Suspected aftereffect) pertaining to the basis for compensation
for the Vietham War veterans as well as the causation between the exposure to defoliants and
diseases should be described in the main text, not the introduction section. It described that
there will be a review on the difference between participants and non-participants in the medical
examination and survey of the second epidemiological study. However, since such comparison
was excluded in the main text, further explanations should be given in this regard.
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Chapter 2. Development of Defoliant Exposure Index

In order to ascertain the relationship between the exposure to defoliants and related
disease, accurate classification of exposure group and non-exposure group is essential, and to this
end, the exposure to defoliants should be evaluated first. The general evaluation method of
defoliant exposure are (i) exposure evaluation depending on the exposure or non-exposure, (i1)
qualitative exposure evaluation; and (iii) quantitative evaluation, but all of which are vulnerable;
it is thus necessary to develop a new exposure marker. For this reason, it would be desirable to
specifically classify exposure groups by using defoliant exposure markers through self-reported
exposure markers and historic exposure reconstruction, and use the outcome in reviewing the
relevance among the markers.

Accurately evaluating exposure is exceedingly difficult where a fairly long period has
lapsed since the occurrence of the exposure to defoliants. In this respect, there is no choice but
to utilize the Stellman method, i.e., exposure index through the historic exposure reconstruction
which was developed and used abroad; and thus, it can be evaluated as a desirable method.
However, this report does not specifically explain the calculation of exposure amount by the
aforementioned method nor does it sufficiently provide examples of the outcome and utilization
of existing studies. Furthermore, it seems that this report does not sufficiently explain the
consideration and supplementary measures with respect to the limitation of application such as
shortage in specific information or assessment of low exposure. Given that the historic
exposure reconstruction marker in the Stellman method plays a significant role, this should be
supplemented in the preparation of the report.
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Chapter 3.  Analysis of Dioxin Concentration in the Blood among Veterans
and Study on Validity of Index of Defoliant Exposure

Consistent terms should be used throughout this report. Dioxin is a kind of dioxin
congeners and thus, 2,3,7,8-TCDD should be replaced with 2,3,7,8-TCDD or TCDD to avoid
confusion. It is also desirable to use the phrase “healthy soldier effect,” rather than “healthy
worker effect”. Where Le4 is 4 and Led is no more than 4, these cases should be all classified
as the low exposure group. When explaining a concept of average in Table 3.5 (p.55), the terms
“generally” or “respectively” were used, which may cause confusion. As such, an accurate
choice of wording should be made. The number of dioxin congeners analyzed should be
consistently used as 103 participants (p. 65).

In some respects, the flow of this report on the exposure index is illogical. Although the
self-reported exposure marker is unreasonable whereas the Stellman index is reasonable, the
report emphasized on the technology of dioxin as if such markers are not related to dioxin
concentration, which gives rise to confusion to the readers. Logically, a better flow would be to
say that one has no choice but to use the Stellman markers since the self-reported exposure
marker and dioxin concentration are unreasonable, which would in turn better deliver the authors’
assertion or position to the readers.

Dioxin’s half life period was proven to have lapsed on several occasions so as (o
determine the exposure or non-exposure through the measurement of dioxin. Thus, the exact
measurement on a fairly small amount of dioxin and selection of a comparison group based on
which appropriate comparison is to be made would be most crucial. As such, if the appropriate
comparison group and hazardous group are selected, it is possible to analyze the results of the
study based on the occurrence rates of specific discases and relevant diseases which are already
known. In addition, becausc dioxin itsclf may be exposed to externally contaminated
environments, it would be appropriate that the comparison group should be selected mainly
among non-war parlicipating military personnel whose physical conditions, ages or other factors
are similar to those of the Vietnam War veterans.

Even considering the dioxin half life period (9~12 years), it is difficult to understand that
the TCDD concentration which is below the minimum analysis level was detected in 100 among
103 persons. Drawing blood samples from the same study subjects or other Vietnam War
veterans and having other institutions re-examine such samples should be considered.

Rather than classifying those having Le4 of 0 to less than 0.1 as falling under the low
exposure group, it is desirable to subdivide such persons as the non-exposure group {(or
exceedingly low-exposure group), low exposure group, etc. Such subdivision would be more
appropriate to observe the dose-response effect where no comparison group exists.
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Chapter 4. Survey of Veterans

This study was significant in that it performed surveys on a much larger number of
people relative to the first and second prior studies, improved the response rate and strengthened
credibility towards the study results, and investigated factors that affect health levels, as
mentioned by the researchers. Matters that could be supplemented or further considered include
data related to war participation such as military rank, military branch, and duration of service,
and more detailed analysis of such data. The general limitations in surveys such as the possibility
of selective bias or retrospective bias may also exist and should be supplemented by other
methods. Comparing the characteristics of persons that did not respond could also increase the
validity of this study.

Provider checks on confounding factors, for example, jobs after the war of veterans,
drinking and smoking during the war, and objective data of disease incidence and prevalence,
such as health insurance data or medical records by health care providers are necessary.
Moreover, further and more concentrated researches are necessary with regard to certain diseases
such as skin diseases that commonly show a relation to exposure markers. Surveys on national
policies regarding defoliants should be more comprehensive and quality-based, in addition to the
quantitative research conducted in this study. There are limitations in using an approach based
solely on scientific grounds when studying the problems of compensation and management,
which is beyond the capabilities of epidemiological study researchers. Therefore, political and
policy oriented studies and consideration are necessary.
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Chapter 5. Participation in the Vietnam War, Exposure to Defoliants and
Mortality

By excluding persons who died before 1992 from the subjects of this study, this study
could not show any early effects. If many members of a high risk group that suffered serious
harms from serving in Vietnam or being exposed to defoliants died before January 1, 1993, when
a cohort was formed, it is possible to underestimate the risk of death from Vietnam War
participation or defoliant exposure. It is possible to make critical errors in information and there
are many restrictions in interpreting the results if selection survival bias comes into play. Thus, in
constructing exposure level marker, it is necessary to perform further analysis applying Le4,
which uses data on the squadrons or troops level.

Due to possible confusion on the standardization methods in Vietnam War participation
and deaths, it is proper to display all in one table, and this applies to defoliant exposure levels and
deaths regarding veterans. Even in cases where the number of deaths is low and less than five,
notwithstanding any statistical significance attached thereto, the possibility of coincidence cannot
be ruled out, and it is necessary to refrain from writing anything on Standardized Mortality Ratio
(SMR), Direct Mortality Ratio (DMR), and the ranges of credibility concerning them. When less
than five cases are observed in a single cell, it is proper to interpret the results when cases of
death, incidence, or prevalence of disease are based on a larger number of study subjects.
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Chapter 6. Participation in the Vietnam War, Exposure to Defoliants and
Development of Cancer

This study dealt with defoliant exposure to Vietnam War Veterans and conducted an
analysis of whether such exposure acted as factors that increased the risk of cancer based on
Korea’s cancer rate. It is important to note that the possibility for development of new defoliant
exposure marker stated in the purpose of the study is limited. Moreover, even if all currently
available data in Korea is applied, it is difficuit to overcome the data restraints in Korea. Due to
the inherent limitations in conducting such studies, it would be difficult for other researchers to
conduct studies better than the one conducted here.

Cases of cancer that arose before 1992 were not dealt with in this study and the reason
for this was not detailed. By excluding cases where cancer diagnosis occurred immediately after
defoliant exposure, the early effects were excluded from this analysis of the risk of cancer as a
result of exposure. If the early effects are significant, it would increase the chance of producing
error. Therefore, indicating the reason for this omission is necessary. While the investigation and
follow-up period was from 1993 to 2003, it is desirable to observe whether there are differences
in the mid to long term effects shown by subdividing this 11-year period into two periods, (e.g.
1993 to 1997; and 1998 to 2003) in a comparative analysis of cancer rates among the study
subjects and direct standardized cancer rate applying the cancer rate of the general Korean male
population to standardized rates. It is appropriate to defer rendering analysis and explanation on
data of less than five people with regard to cancer incidence, as well as deaths.

Although it is possibie that defoliant exposure and risk of cancer for Korean veterans are
different from those of other countries, if the study methods and levels of exposure are the same,
interpretation of such differences is unfeasible, not because there is anything distinctive about
Koreans in cancer diagnosis, but since it is impossible to rule out the different environments that
veterans have been exposed to defoliants. Granting compensation for the sole reason that one is a
veteran exposed to defoliants would render epidemiological studies seeking to obtain evidence
for the purpose of setting standards for compensation meaningless. However, observing and
following up on high risk factors like defoliant Exposure, including tracking diseases that arise
from the effecis, should continue.
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Chapter 7. Exposure to Defoliants and Prevalence of Disease

This study retrospectively investigated the prevalence of discases among the subjects
currently living. It is possible that this study will be biased towards studying the incidence of
diseases instead of the prevalence of diseases. If subjects with diseases have died before the study
began, this prevalence study could underestimate dangers regarding the prevalence of the
diseases. Moreover, by comparing Vietham War veterans and the general public, the healthy
soldier effect may heavily influence the study results. The reasonableness of the diagnosis
recorded on health insurance data, used in this study, still has limitations and large differences are
reported depending on the disease. Observing the accuracy of whether a patient actually has the
disease stated in health insurance records, by way of an investigation into the validity of the
diagnosis stated, will be very important in evaluating the relation between defoliants and diseases.

It is necessary to identify certain diseases, among the diseases that were perceived to
have a weak correlation to the defoliants or were not well known, which is found to have a strong
correlation to the defoliants according to this study, and vice versa. Tables and explanations
comparing the different levels of connections are necessary. In other words, it is important to
explain which diseases show and which do not show continuous correlation regardless of
variations in exposure level, disease classification method, or analysis method. In addition, it is
important to exercise caution when interpreting diseases that have low accuracy rates in diagnosis,
make a note of such fact, and add interpretations of research results in accordance with the level
of accuracy in the diagnosis.
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Chapter 8. Review of Literature on Defoliants

Through Table 8-1, this report systematically categorized domestic and overseas
documents by summarizing the results of primary studies on the correlation between the exposure
to herbicides and diseases. Especially, it maintained homogeneity and validity when drawing a
conclusion after evaluating the results of other studies by maintaining same standard for exposure
type (occupation, environment, participation in the Vietnam War), level of foundation for
epidemiological study by disease, biclogical relevance, foundations for the Vietnam War veterans
and epidemiology.
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Chapter 9. Policy Proposals

The results should be used to present the type of compensation to be granted, as well as
how and under what conditions such should be granted, so that policy proposals can be made.
Separate research on this policy issue is necessary in this regard. Since this study was conducted
with a key focus on scientific evaluation, the policy aspect should be considered separately from
such scientific evaluation in the future.

The Act Related to Support for Patients Suffering from Quasi-Aftereffects of Defoliants
(the “Act”) considers defoliant victims to include, not only Vietnam War veterans, but also
persons that worked in the North-South border area, civilians attached to the military, and
members of the press. However, the Act limits Vietham War Veterans as the subjects of defoliant
epidemiological studies, and it is necessary to expand the scope of study subjects. Dividing and
presenting various diseases of this study into such that have “aftereffects” and “suspected
aftereffects” would help in the understanding of laws and disease incidence phases. Moreover, if
this study should provide grounds for compensation in the future, it is necessary to consider the
validity of dividing diseases into such that have “aftereffects” and “suspected aftereffects”
presented under the Act, as well as new diseases that may need to be considered additionally in
the future. The Act specifies support measures related to different types of compensation and
medical treatment, and deeper research and analysis is necessary in learning the actual
effectiveness of the Act, including the amount of actual compensation and problems in the
procedures for compensation and medical treatment. The second generation victims of defoliants,
who suffered from Spinal bifidia, peripheral neuropathy, and paraplegia due to spinal cord lesion,
are recognized as aftereffects patients. It is necessary to review defoliants and its genetic effects
through broad research on second generation victims.

The Second Epidemiological Study on Damages Caused by Defoliants and the scientific
evaluation report on the study presented proposals for researching policies relating to defoliants
and evaluations on such, but the proposals and evaluations were hardly reflected in this study.
There is a need for further research on the effectiveness of policies for defoliant victims in the

future,

-79 -

tmp78CH.OC

LEST



itom i Nooler 00927

Sy
B ‘.r)ﬁg&‘{ﬁﬁ&m%ﬁ e

; 's’@“éw
Aither 5 Newton, Michael

j

R

Sy

Corperats Author

Reywt/Articlg Titls  Potential Exposure of Humans fo 2,4,6-Tand TCDD
in the Oregon Coast Ranges

Journol/Beak Titlg  Fundamental and Applied Toxicology
Yoar 1981
Macth/Bay July/August

kot L1
Norkor of images 8

Deseripten Mot AL, Young fiied thig item under the category
"Human Exposure to Phenoxy Herbicldes and TCDD"

Fiiday, March 18, 2001 é é é )

Page 927 of 967



-

N .w_-_\'op_\,_ U, )*QMQ‘

pp—TT
F
FUNDAMENTAL AND APPLIED TOXICOLOGY 1:33¢-346 (1081}

bt

e

B S

Human
uwy Tend
2451

Potential Exposure of Humans to 2,4,5-T and TCDD
in the Oregon Coast Ranges

MICIHAEL NEWTON" and LOGAN A, NORRIS"

Aprofessor of Forest Ecolegy, Oregon State University, Corvallis; BChief Research Chemist,

USDA lorest Service, Corvallis, Oregon

NJTICE: This mateyial n
be protected by copyﬁguw

. law
ABSTRACT

Potential Lxposure of Yfumans to 2,4,5-T and TCDD in
the Oregon Coast Ranges.' Newton, M., and Norris, L.A.
{1981), Fundam. Appl. Toxicol. 1:339-346, Research on the
use of 2,4,5-trichiorophenoxyacetic acid ¢2,4,5-T) contami-
nated with 2.8 X 10° parts 2,3,7 8-tetrachlorodibenzo-p-
dioxin (TCD D) in forests of the Oregon Coast Ranges per-
mlts estimates of human exposures for both compounds.
Fntimuted tatnd exposure of aenrby (178 mile distant} resi-
deints divhng the flest week ufier ppplication is0.0839 mg/hg
of 2,4,5-T fora T0-kgadult, Expasure (0 TCDD Inthesame
episode would be 1.9 X 10 * mg/kg. Nearly haif the total
exposure, i.e. 0.0019 mg/kg 2,4,5-T and 5.0 X 10" mg/ke
TCDD would occur the first day. Based on published and
unpublished acute no-effect estimates of 48 mg/kg for 24,5
T and 00001 mg/kg for TCDD, the smallest safety faclors
for the iwo chemicals are 20 006:1 for 2,4,5-T for | day and
1 000 000:£ for TCDD for I week. Applicators are far more

heavily exposed, with daily maxinum actual intake for

helicopter loaders {the highest exposure group if they do not
wear gloves) of49.063 me/kg per day 2,4,5-T and 1.6 X 107
mg/ kg per day TCOD. Minimum sufety factors for the most
heavily exposed workers hased on these data are estimated
al 635:1 for ane-time exposure to 2,4,5-T; 83 333:1 for one-
time exposure to TCDD; 318:1 for dally exposure to 24,5-T;
and 625:1 for daily exposure to TCDD. Nearly all exposure
to 2,4,5-T in forestry operations is through dermal contact.
inhalation appears minor. Urine is a reliable indicator of
exposure 10 2,4,5-T if collected within 1 (o 4 duys of expo-
sarc (depending on the degree of exposure). Human skin
exposed to a concentrated spray mixtore containing B4ag

2,4,5-T per liter, as the ester, transmitted 0.0013 mg/cm” per
hr during the period of saturated contact,

INTRODUCTION

Use of phgnoxy harbicides in forested areas of Oregon and
elsewhore has prompted fears that applicators and residents
might be exposed to harmful amounts of the chemicals. This
paper is 9 synihesis of data obtained through 16 years of
research and provides insight into the extent of exposure of
humans from forest applications of 2.4,5-trichiorophanoxy-
acetic acid {2,4,5-T), with its contaminant 2,3,7 8-tetrachloro-
dibanzo-p-dioxin {TCDD).

PA prefiminury repof of Usds publication was preseated al the 1980 Weed Sciene
Saciely of America mecting, Toronto, Canada, Februury 6, 1980, This publicition
repandy ceserered invoiving pesticides. 3 dovs not cantin reesmmendutions for twir
wse ROF deck i inply that e aresdiscassed have beearegivtered. Al wreh of pestivides
atilst be repistered by appropriste State nadior Federal agencics huore (wy van
be recammended

Copyrphi 1981, Society of Toxlcdogy

Fundaments and Applicd Taxicelogy (1} 7-8/81

£Title 17, ﬂq.,ﬁohﬂodé'\

Humans may be exposed to herbicides through drift; inges-
tion of wild and domestic meat, vegetables, and fruit; con-
sumption of water; and dermal contact while handling the
chemicals, equipment, and treated vegetation. The range of
potential exposure extends from zera, if there 8 no encountar
with the herbicide, to the worst situation where the person has
ancountered the highest levels of water gontamination, drift
SRPCA G, IREE contaminmien, anth dormpl oxposury sinvil.
tanooutily, Wi have brogjiv attinuon of ull soniiog gk
to determine the possible rangs of total exposure from
al} spurces. v

The kuman health risk from short-term axposureto 8 chem-
ical is & function of the level, duration, and frequency of con-
tact dose with the chemical, compared with the maximum
leve!, duration, and frequency of exposure preducing he symp-
toms. The frequency of exposure producing no symptoms is
estimatad from animal tests in the absence of contvolied
human experiments, We are operating under the genera!
agsumption that exposuré has no health imptlications unless
the chemical enters the body where physiological processes
must deal with it. The degree of risk ig estimated by the ratlo
between the maximum no-observad-effect level (NOEL} and
that level of intake encountered in various ralevant human
activities, This ratio may be used to.express a “'safety factor.”
Thus, a safety factor of 100 means the maximum no-effect

{evel is 100 times farger than the maximum exposure. Safety

factors calculated from “worst case’ exposures provide the
most conservative estimatas of actual safety. Safety margins
increase as frequency of exposure decreases and the risk of.
chionia Intoxication subsides. We have assembled data from
various sources to eslimate several worsi-case types

~ of exposures.

METHOL'S

The {indings reparted here are based on a study of human
axposure through dermal contact, résearch and monitoring of
field applications and water quality since 1963, and studies of
wildlife contamination accurring with field use of herbicides.
We relied oniiterature to provide estimates of drift and thrash-
old or maximum ““no-observed-effect’” parameters of toxicity,

Exposure through dermal contact — applicators

A coramercial herbicide applicator may come in direct con-
tact several days per week during a 3- to B8-month spray sea-
son. Applicator exposure is reported as largely dermal {USEPA
1978, USDA 1979} It is therafore necessary 10 estimate the
rate of transport through skin when a mixqure containing a
specific concentralion maintaing contact with a given area
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FIG. 1. Micrograms 2,4,5-T per day in urine of bumans afier 2-hour contact by 2,4,5-T ester emulsions of varions concenfrations on 900

cm’ of skin.

Specitic absorption rate by human skin — experimeanial

Cats on the absoluts penetration of 2,4,5-T through skin
wa lacking in the literature, it was therefore necessary to
conduct an exploratory controfied experiment to determine the
roles at which operationally used mistures of 2,4,6-T would
lead to physiological exposure of humans. An exposure test
wag run on four volunteers, including one women. Contact
was provided by placement of 900-cm’ bloached denim
patches anthe thigh, at which time 40 mb of 2,4,5-T propylene
gtvcot butyl ether ester emulsion was applied by syringe, salu-
raling the patch to the drip point. Concentrations applied to
patches included the range of those in registered use, varying
ety 2.4 (s BRA g/ ior neid apsiveiand in tha sproy migiare (2
10 32 s/ 100 gnt).

After epplication of horbicide to the paich, 1the patchy was
covered with plastic film to prevent drying, and pressed
against the skin firmly with an elastic bandage, bringing a
continuous liquid phase into contact with skin. After 2 hours,
the bandage and patch wara removed and skin cleaned with
isopropy! alcohol swabs. All patches and swabs were saved
for analyses. :

Physiclogical exposure was measured in terms of recovara-
ble 2.4,6-T in vrine. Atsorption of 2,4,5.T was measured by
snaiveip of the totel amount of herbiclde slimihated in the
uring, as teserihad by Galhiring ef a4 (18731 Uring egliaotion
began 24 hours before application of the treated patch, with
24-hour samples being composited for a period of & days.
Aliquots of the composites wore analyzed using a procadure
similar to tha method of Smith and Hayden {1979} using the
macroreticular resin XAD-77 According 10 Gehring et al.
(1973}, 2.4.5.T raken by mouth is almost entirely eliminated in

)

LR, Jebmson amd M1, Maonsgoniery, Department of Agricdloial Clentisiry.
Chvepon Stale Vuiversity. Corvallis, analysed the vrine for 24.5-T.

M0 W é,{ épcg

urine within b days, According to their calculations, half the
2,4,6-T in plasma disappeared in about 23 hours, suggesting
that the' total physiclogical body burden would at no time
excead twice the amount recoverad in any 23-hour period.
The denim patches offered some opportunity for adsorption
of the chemical, hence there I8 a degree of uncertainty as to
how much chemical was free 1o move into the skin. Adsorption
to denim is weak, however, as evidenced by the apparent sase

with which nearly all unhydrolyzed ester may be washed from

such fabric. In contrast, skin with its lipid content, hag substan-
tini affinity for the ester. A pretise calculation of partitioning
botween skin and denim was bayond tho scope of thig axperi-
me approgimation of at
otlginating frois gl contmt. Furghmooe, e vessiven
reprosontod by the lorgo volumo of enndsion huldd incomndact by
the cloth is substantiaily graater than would be present in
typical exmay ba washad from
such fabric. Inconirasy, skin with its lipid content, has substan-
tial affinity for the ester, A precise calculation of partitioning
betwesen skin and denim was beyand the scope of this experi-
meposuras througlt splattering or incidental contact.
Excration of 2,4,6-T in urine after the highest levels of der-
mal exposure was not as rapid as Gehring &t &l (1973}
oheérvad after oral Ingeation. Lower gontentrations approxi-

mated the raie of eiytion they obagrved, but higher cangentra-

tions showed svidence in skin of a rate-Himiting phenomenon
of ynkpown cause, it was therefore necessary to extend the
recovery curves by extrapolation according lo proportional
degradation curves from exposed applicators{USDA 1879}, so
that they could be integrated for estimation of total output (fig.
1}. Analyses of patchas and swabs demonstrated thal such o
small proportion of total applied herbicide was taken up by skin
{=0.2 percent} that we could not estirmate unmeasured reten-
tlon by difference because of its remaining within the analyti-
cal error for the large rasidue on the patches. Fach curve on
figure 1 represents the recovery from s single dosing.

Fundam. Appl, Toxi:co!. {1 July/ August. 1981
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EXPOSURE OF (HUMANS TO 2,4,5-T ANDTCDD

TABLE |

Total Absorption, Rate of Absorption, and Maximum

Exposure Level in Humans Subjected to 2-Hour Dermal
Contacy with 2,4,5-T Ester Loulsion on 2 900-cm® Area

Maximum®
hady burden
Concentration of 2,¢,5-T Absorbed perhour  Absorption
265 Tonpatch  Measured” Estimated” Total  of contact rale
gfl mg mg? mg mg cm *hr!
24 0.3381 0.060 0.441 0.284 ¢.000245
4.8 0.718 220 (L8238 8.500 0.000466
192 0,601 D.480 1.140 O.444 0.000633
8.4 1.380 0.960°  2.340 0.752 0.0013

AThese data {derived from Fig. 2) are expressed in total exposure. To estimate toxic
burden. mitligrams must be divided by kilogeams body weight,

EMeasired 2,4,8-T reenvered in uring in first § days.

“Fram extended curves as.in figure 2. Integraly plotted aml values obtained from
Fanction: i eluted = 30X (concentration, achg) which is a lincar dpproximation of

the indegeals,

Bum of meastiren] sl estiomtlend) postmedsarenten ] e s,

TABLE 2
Maximum Field Exposure to 2,4,5-T in 70-kg Applicators®
Estimated from Dermal Experiments with Humans and Compared
to Measured Exposure in the Field

From
2,4,5-T E‘f.rfm.l.u!.““&?_ Ramsey ¢f i,
Job description Skin exposed  concentration  Total Net {1979)
chn® ghiter mg  mglkg? itk
9
Backpack applicalor, 1800 192 342 0.049  0.015-0.108
3 hetday nuzzle ime
(tong-slceved shirt, but
no hat or gloves)
Mixer-loader® 225 48 L0 0016 0015-0.121
{gloves, hat, coveralis} {900) (1.39)  (0.063)
Flapgor 900 24 0,367 0.005 4.0015-0.004
{hat and long-sleeved
shirt)

A70-kg body weight.

"ifference between our data and those of Ramsey er ab {1979} may be attributable to
assumption that gloves were worn conslantly. Figures ir parentheses coflect expected vxpo-

sure withovut gloves.

We regard the total measured and estimated recovery of
2,4,5-T in urine as a reasonable approximation of dermal
absorption during 2 continuous, Saluration-level expusure
lasting 2 howrs. Based on this assumption, i1 is possible to
estimate fotal physiclogical exposure from dermal contact
with 2,4,5-T op the basis of spray concentration, duration of
sxposure, and area of skin exposed. Table 1 illustrates total
measured and estimated absorption, rate of absorption per
unit of skin area by concantration, and maximum momentary
physiological exposura rosulting from expasures ancountered
in this experiment.

Fundusientel znd Appiicd Foxleology fiy7-8/81

Clearly, this experlment is only a preliminary estimate of
absorption, with too few persons to provide useful statistical
treatment. Thera is uncerteinty in the extrapolation curves in
that their kinetic properties were determined by another series
of observatiens with dermal exposures of 2,4,5-T onthe senior
author, on whoem the highest soncenirgtion had been applied.
In view of the majority of efution having taken place during the
first 8 days, we betieve the error from this origin 10 be small,
Anothar potential uncertainty arises from using denim patches
with an tinknown partition coefficient for 2,4,5-T. We feel that
this uncertainty is also small, bacause 2,4,5-T ester appears to

b6 3
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be Weakly bound by bieached cloth, the ratio of herbicide to

_ clath was high, and the occurrence of fatty substances in skin
wauld favor partition of herbicide toward skin instead of cloth,
Thus, despite acknowledged uncartainties and smalf sample
size, wa feol that these data are internally consistentandare a
reagsonable first approximation of absorption of 2,4,5-T by
human skin in the absence of other data,

Estimated absorption from discontinous contsct

Exposure of applicators who soak clothing, or who other.
wise come in continuous contact with a spray mixture, say be
astimated from the above calculations, The flaggers, who
guide aircraft from below, encounter a differant type of expo-
sure. Droplets do not cover the skin completely, and the verti-
il orientation of skin does not expose a frontal target. Absorp-
tion must then be estimated from vertical projection of
exposed skin, coverage estimates, number of fimes hit per day,
and percent of chemical absorbed. For the lattar quantity, we
rely on the measuremant of §-percent absorption for 2,4-0 by
Serat et 8l {1973}, and assume that the flagger was directly
sprayed eight times per day at a rate of 2.2 kg/ha. Table 2
provides such estimates for several asks associdted with
application of 2,4.5-T, based on expectation of exposing
known araas of gkin,

Tabie 2 compares estimates derived from our axperiment
with data observed under field conditions by Ramsey et &/
{1979}, It is noteworthy that there is reasonable agreement

where chemical of known concentration is encountered by

reascnably well-defined areas of skin for a finite interval.

Exposure of forest residents through water, food, and air
Exposure through drinking watet

Qur research on levels of herbicide contamination resulting
from forest usage near straams extended from 1963 to 15868
continuously, and intarmittently to the present. Much of the
research was conducted before untreated buffer strips were
required along streams to reduce dirgct stream contamination
in Qregon. This program has determinad the range of contam-

ination isvels likely io be encountered in streams flowing from
or through forest areas trested aperationally with herbicides
for vegetation control with or without streamside buffers. In
addition to research, monitoring by public agencies has pro-
vided extengive data regarding fleld-use tevels of eontamina-
tion when huffer strips are used. These monitoring data indi-
cate that contamination jevels under practical conditions of
herbicide use are substantially below the maximum observed
in our research intended to measure “worst-case” shuations.

in the research and monitoring program for herbicide con-
tamination of forest watersheds, streams were samgpled at
various intervals, extending from before treatment 10 13
months fater. Phenoxy herbicides were emphasized In these
studios bacause of their wide uge. Similar bu: less detailed
studies of atrazine, amitrole, dicamba, glyphosate, picloram,
and triclopyr have yielded similar findings. Results of specific
experiments with streams have been summarized {Norris,
1967, 1978; Norris and Moora, 1978},

Cur findings to date heve demonstrated that, with few
exceptions, herbicide found in stream water is the rasult of
diract application to the water, including deposit of fine drop-
lets at the edge of swaths. At most, marginally detectable
quantitieg have reached water through runoff subseguent to
application unfess heavy raing foilowed application imme-
diately, Virtually all stream contamination represented by our
data is the result of aerial application, Inallinstances, contam-
ination hag been at very low Javels and of very brief duration,

For our calculations, we used datg from the most heavily
phenoxy-contaminatad stream under study inweastern Oregon
to estimate the upper limit of axposure through drinking water
{Norris, 1967). Our watershed of maximum c¢ontamination
was treated with 2,4-dichlorophenasyacetic acid (2.4-D}, a
compound closelyrelatedto 2,4,5-T. The pattern of concentra.
ticn in this stream showed an abrupt peek of 0.071 mg/liter
shortly after treatment, followed by a decline to 0.044 mq/ liter
4.5 hours after treatmant, This concentration decreased grad-
ually in the pattorn of siow-moving water, reaching nondetec-

.

80 T T I
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FIC. 2. Herbicide concentration in the most heavily conlaminated forest watershed (Hunt Cr., 1965) lrcated with 214 pounds 2,4-D per acre

without buffer rones.
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EXPOSURE OF HUMANS TO 2.4,5-T AND TCDID

TABLE 3

Maximum Total Exposures of Nearby Residents to 2,4,5-T and TCDD
from Water, Wildlife, and Drift After Application®

Dose
Source Total {70-kg person) Safety factors
24 hrs [68 hrs 24 hrs 168 hrs 24 hrs 168 hrs
erarees B eseiar aieniinas mplkg. ...
24,5T
Water (croek) 0136 0.267 0.00t0 0.0038
Vepison 0.002t 0.0095 0.00003 0.00014
Atmosphere  0.00075  0.00075 0.60001 0.00001
Total  0.120 0277 00089 0.0039 21 0523 a5 pe7
TCDD
Woler (creeh) 34 po? eo7x " 4.0 [0 oasx o
Venisen san it zazy et 73~ 0t Adxpe™
Alrengthaese oot v~ gp" O U KTV
[P T N N TT R TI I U T LA R TY A Juoo ol £ o0 1ol

*Residents nol invabved in hundfing materials. Assumoes 00 g deer liver perday; 484 i per week. Safety
factors based enacide and chroniv no-effect fevels of 2,4,5-T, and aeute levels of TCDD takeninone or
seven increoents, No-effect jevels are:

2481 24 ies - 40 mypglhg: chroniy dose - 20 mgfkg per day;: {os hrs - 140 aguhg e, seven daily doses
ol 20 mytty per day)
TCOY 24 hes - 00000 mygikg: 108 hirs - 0.0001 mplkg (i, the single no-pffect dose delivered in

seVen incremenis}

teble levels (S0.001 mg/liter) 168 hours after treatment
{fig. 2).

The maximum amount of herbicide that could be taken
internally by a8 human using this water for total water supply
was estimated by assuming ingestion of watar at the rate of 2
liters per day, integrated for the 168-hour period. Integrating

‘the total for the week of contamination, a total ingestion of
0.267 mg of herbicide would result, of which 0.1 36 mg would
be ingested the first day.

The 2,4-O-treated watershed represents an example of
highest potential contamination with 2,4,5.7. We use herbi-
gide tevels to calculate the maximum centamination with
TCDD, meking the assumption that the ratic of 2,4,6-Tro TCOD
ramaing constant in water after initial contamination. Recent
data indicates that TCOD concentration in 2,4,6-T acid ranges
downward fromi 2.5 X 10® {USEPA, 1979a). Based on 0.071
mo/titer of 2,4,5.T {containing 2.5 X 10" parts TCDD) our
Worst-case example provides a peak stream loading of 1,77 %
10" mg/tiver TCOD {1.77 pasts per quadsillion), with a weak-
tong integral of 6.67 X 10™ microgram if 2 liters of water are
consumed per day. Such. concentrations of YCDD are sub-
stantially below the present detection timit for TCOD in water,
and. in fact, TCOD has not been detected in any stream,

The tow sclubility of TCDD {Anonymous, 1978) sugpests
thar there will be greater differantial adsorption of TCDD on
sediments in preference to 2,4,56-T, and that the actual expo-
sura to TCDD will be tower than the celculated level {lsensee
and Jones, 187B). Although adsorption is reversible, re-

Fundamensl and Applied Toxicolugy {F) 7:8/81

release of the TCDD into water would be minor because of the
extremely low original input and the strong partition in favor of
the sediment. Degradation tekes place during the period of
adsorption, hence tatal exposure would be reduced both by the
adsorpiion phenomenon and by degradation /n situ. Thus, our
astimate of exposure is not likely to be exceeded, or avenused,

Contamination of wildlite

Ingestion of contamingted wild foods from sprayed eroas
reprosents another potentiai source of human gxposure.
Forests with serious brush problems abound with deer and
occasionally suppor! edible blackberries and mushrooms. Qur
data are limitad to wiildlife because of the low expectation of
finding ediblae, accessibie fruit or mushrooms in sprayed areas,
The obvicus odor during the period immediately after applica-
tion, and visible signs of damaged vegetation later, indicate
that such foods have been treatsd with chemical. These signs,
therefore, render them unlikely to be cotlected for consumption.

Venison is often a part of the diots of rural regidants, and
deer are exposad when their habitat has baen treated. Othar
forest witdlife species also may be consumed in smallor
amounts by humans, We will summarize some of our findings
from analysis of wildlife in herbicide-treated arcas.

Forost wildlife have been examined for residues of 2,4,5-T,
TCDD, and atrazine in forested areas aerielly treated with
2.4.5-T or atrazine (Newton and Norris, 1968; Newton and
Snyder, 1978; USDA, 1979}, We have found residues of 2,4,5-
T in deer to be nondotsetable (<0.006-0.010 my/kg detection
limi) in alf edible parts of animals except the liver when the
animals were killed 10 10 43 days after application (Newton

CEy
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and Norris, 1968). A residue of 0.021 mg/kg was cbserved in
the liver of ona animal. Deer were observed to have concentra-
fiong in the rumen of roughly one part per million or lass of
either herbicide per acre-pound of 2,4,5-T used on the habitat,
Theiack of retention of 2,4,5-T, we noted, was consistent with
the findings of Clark ef al {1875} and St, John et'al (1964 for
other ruminants, These workers observed that 2,4.8.T is
excreted unchanged, largely in the uring, with a low degrec of
retention by tissues other than the liver,

if a forast resident consumes 454 g {1 pound) of deer liver
with the maximum level of contamination (0.021 mg/kg 2,4,5-
T3 during 1 week, total exposure from thal source will be
10.0095 mg of 2,4,5-T. TCDD from the same source cannot be
estimated precisely, because datectable residues of TCDD in
fivers of deer, cattle, or rodents have not been reported in the
scientific literature® at detection dimits down to 3 ng/kg (2
parts per trillion} (Newton and Snydsr, 1978}, if TCDD were
present at 2.5 X 10" times the amotint of 2,4,5-T, the total
amount of TCDD would be 2,376 X 107" mg per 454 g liver. In
view of the compensatory tendencies of TCDD Lo be retained in
liver more than 2,4,6-T, but to degrade more quickly onforage,
we betieve the ratic of TCDD to 2,4,5-T given is reasonable in
the short term and generous in the long term.

g recenl Feparts have heen prpsented al the WA, Fovieannwmal Proeciion
Apeucy vanceliagion heariogs en X457 indivitiag deterithle residues of TCDT Y in
fan of deer amd elk. Oue ditty set. prescated by USDA, observed that peaned deer
rxpused to fowl sopplics treated directly with 3.3 &p-ba 2457 showed 10T
residues &0 Tt of B4LIHEG pg Ke. Tle preseace of FCDT westdies i ane of (wo
eutlral doar pens greestions s 10 Hse souree of dlaxin, Assuming the fevels repocied
ariginaied front 2,450, ad apphvasga five peecentfactor teaflow for the propartion
of 1 wial rauge of uapenned deee fikels to he resied. (he USTYA Jevels are neiely
identicitl with Huse we bine wsad, 1 he esher unpublished dan st was peesented by
the Foviconne il Prowction f\l_d"llt‘:\‘. ey deserihed $OTHY in S ol deer and ¢lh
roblccied in unspecidied proxioiny 1o sHes with seme bistory of 24,577 (renlawent.
Those ddta furve Been discowtited i ot aisivads beedise of their findlag tin addition
trthe 23,7851 CH M ewaisomers ped found in 245 Y. Fhis finding casis considers-
by deb gk to whether 2457 could have beco the aomee,

NTWTON ANDY NORRIS

Atmospheric exposure

Drilt from forest applications tends to be a transitory phe-
nomenon. Aerial applications of herbicides to forests use large
droplet sizes and high volumes. When applied from a low-
flying airplane, droplets have a volume adjusted maan diame-
ter (VMD)] on the order of 450 microns. According 1o Yates 6t o,
{1974}, an average of approximately 1 percent of total spray
volume may move more than 100 m away from the point of
application at wind velocities of 8.3 to 16 miles per hour.
Forest spray operations are typically conducted early in the
morning, when air movement is nearly stifl. Applications are
terminated when winds bagin to move in gusts of more than s
mites per hour, Such gusts, when they do ocour in the morn-
ing, are the result of thermal currents, usually up-velley. Yypi-
¢ally, residences are down-valley from large tracts of commer-
ciat timberland, or downslope. Thus fine spray particles, i
present, tend to move away from residences or do not trovel.

Phenoxy herbicide esters have low but measurable vapor
pressures. Airvapor content varies with temperature and area
treated. Vapors move downhill as air cools during the evenings
of hot days, Only low-leve! exposure upwind will occur. The
vapor toad carried by sir has been summarized for various
estars of 2,4-0 by the Nationat Ressarch Council of Canada
{Anonymous, 1978). The maximum concentration in air
reportad for a low-volatilo ester of 2,4-D was 0.0031 mg/m” at
unspacified distances downwind from large-scele applica-
tions of 2,4-D in wheat. Forest spray uhits are usually widely
scattered and sefdom more than 40 ha {100 acres). Given that
2.4,5-T is less volatile than 2,4-0 (USDA, 1979), that condi-
tions are unfavorable for evaporation, and that mass effect of
treating range areas is absent when applications are made to
scattered patches in the cool forested aress of the Coast
Ranges, a reasonable upper limit for the level of 2,4,5-T in alv
might be about 0.001 mg/m". This figura compares with a
range of 0.000012 to 0.000898 mg/m’ in a 2,4,6-T treated
forast area reporied by Cheney et al. (n.d.} and Q.00004 to

TABLE 4
Estimated Dermal Exposure for 70-kg Applicators Per Day. and
Satety Factors Calculated for Dally and One-Time Contact®

mg

RIC B

Basckpack sprayer {lsare R P
haands, shoet sleevos)

Helicapter mviwe r-loader 4.390
(withou] gloves}

Flapper 0.36Y

T

Backpack sprayee aox Lot

Helicopter loaduer RES N

Hapgor 0.0 1"

Daily expasure max.

iyl

0.0 Kol To: |

G003 [AXN RS ¥ ]

Q.005 BOOGO: 4000; 1
1.2x 10" A3 3330 BAXE
rexio® &2 500:1 o251

1.ax 10" 768 200:)

Anfo-cbloct lovels: 2.4,5-T - one oxposure 40 mptkg, daily exposure 20 mpfky

per day

TCDD - one exposure 8.0007 mpiky, daily expesure ¢,000001]

mgiky porday

s bbbt
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. ) EXPOSURE OF HIUMANS 1O 2,4,5-T AND TCDD

0.0038 mg/in’ abservad by Young ef a/. {1978} from & volatite
point source of concentrated 2,4-0 and 2,4,5-T.

The volume of air inhalod has baen variously reported as 0.9
to 1.8 m'/hr (USDA, 1979; USEPA, 1978). If the average
human breathes 1.5 m" of air during & 1-kour drift exposure,

-and absorbs ell the 2,4,56-T, respiratory exposure may be esti-

mated from the integraf of 1he total breathed air in which the
concenlration increases from zero to Q.001 mg/m’ then

“decreases from 0.001 mg/m’ to zero, to be a totat of 0.00076

 mg of 2,4,5-T. Acknowledging that {hete are major uncertain-

tias In the above assumptions of drift, it Is eviden that the totsl
axposure vig this route 18 exceadingly amail, even In o worst-
case siluation. Because of the very low volatility of TCDD,
respiratoty exposure via vapor is regarded ag nagligible. i
TCDOD were vaporized proportional to its concentration in the
2,4.6.T formulation (2.5 X 10, exposure wauld be 1.87 X
10" g TCDD, Although the possibility of occurrence in fine
dropiets cannol be excluded, degradation would be extremely
rapid in the prasence of oll, 2,4,6-7, or other solvents in the
presence of light {Crosby and Wong, 1977}

No -toxic-etfect axposare levels for 2,4 .5-F and TCDD

arred estinating of safoty foctors
by dedereanmsiyg G s oxpeien e cim Bo dofor

" atodd withl nG ethect, wi howve idonbliod luvels roported n the

fitorature ais follows for single acute exposures and for chronic
exposure for 2,4,5-T and TCOD:
24.5-T

Single dose 48 my/kg'

Chronic dose/day 20 mg/kg per day (USEPA, 1078)
{tifetime basis)
TCDD
Stngle dosey.. 0.0001 mg/kg" (monkeys, rats)’
Chronic dose/day 0.00000% mg/kg per day {USEPA,

{lifatime basis) 1978L; Murray et &, i1979)

The calculations for exposure of forest residents Is Summa-
rized in Table 3 to estimate the total range of éxposure for
pergons who do not handle the chemicals during application,
and who reside adiacent {2 1/8 mile distance)to 8 major spray
unit raceiving a single treatment of 2.2 kg/ha of 2,4,5-T con-
taining 2.5 X 10 parts TCDD.

For applicators, Tabte 4 illustrates the safety factors (number
of exposures that must be encountered simultanaously o

FNo-cffcet levet far single exposiie is cateulioed il bwice the v."hwnic keved of Mg kg
pey day, based on pharmacokincics nf a subhstance with moap relention {me of
roughly 24 huug..

"Maxsmuons acute no-eleeClovel of TCDIT iy bused o £ EEof the conudintive *vlfeet™
e reporied By W MeNaliy (1980 O Repingad Peimate Lahorgeary,
Beaverton, Orepon. Unpublished)and 4 K. Alen (University of Wisconsio, Madion,
upublishest) as produciog seproductive clieers inowcnkeys, Dy, MoNulty bay jnd)-
ented yeservinions about EEHE mp kg as @ "noeieer” dose, based o opserved
ferenaxivity af N mg kg in rheoaus monkeys, To onre knowledge, wo effecks hove
been sepuried atsingle dasapes of §.0001 g, kg s vy species, b this weust be wry
G 10 1he misimam “effece level.

#availahle das on po-etivet kevels of TCIIY ire based an samdivs of Iaboratory 1ats
antl Thesus monkeys, hese species wespond vthers diffcrenidy 10 acue intoxication
dosages but rather simidacly tocliranie dosing in weems of reproduciive offects, fnview
of s fong-fert apture of the chroade sests and by gernuiabers of ppitns ipvolved in
1ext5, we cong hude il the estimate ol no-ebfect fevel Top chyanic oxposuee is defined
with greater certainty than (haf of ane-tibe dosing.

Fundamental and Applicd Toxicology it} 2-8/81

667

reach & “maximum’’ no-effact level), based on acute {1-day

exposure) of 40 mg/kg for 2.4.5-T and Q.0001 mg/kg for
TCDD. These levels may he debated, if further assessment of
1oxicotogical dala suggests thal no-effect levels be adjusied
upwards or downwards, a proportional shift will be appro-
priate for the related safety factors. These salety factors are
reduced if the subjoct comes in daily contact; chronic exposure

- maxima ate raduced only stightly (to 20 mg/kg per day} for the

acutely toxic 2,4,5.T, but are severely reduced {to 0.000001
my/kg per day} for the highly chronic toxicant, TCDD,

The safety faotors shown for applicators are applicable for
the highest risk cohort of exposed parsons. These may be
contrasted with those for residents whose exposure occurs
once or al wide intervalis, Such a comparison suggests that
apphicators are the group most likely to offer observable symp-
toms for epidemiclogical investigation. All safety factor values
are based on maximum exposures. One would expact much
fower mean exposures, for both residents and applicators,
than we have used hers. Thus, owr estimalas of safety factors
are probably considerably smaller than average estimates {or
Ay given poputatien, and purfindiogs sbould nel be consiraed
thard el s s e ihaely ovonis

CONCLUSIONS

Our data confirm that applicators are substantially more
heavily sxposed than persons who live in or near spraved
{orost tands. Based on publishet! and unpublished estimates of
no-effect levels compared with gbsotved and calculated absorp-
tlon rates, applicators are untikely Lo receive exposutes lead-
ing to a safety factor lowar than 300:1 for 2,4,5-T and 600:1 for
TCDD. Applicators who handle 2,45.T infrequently have
larger safety factors for 2,4,8-T and negligible exposure to
TCDD. These estimates are in reasonable agreement with
field-exposure studies, For occasional exposure, the slow
panetration of 2,4,5-T inta body Huids feads 1o lower body fluid
concentrations per unit of intake than provided by oral ingestion.

Exposure of forest residents from all sources is extremely
low, even when residents are in close proximity to operations.

Analysis of 2,4,6-T in urine iz a useful measure of exposure
10 2,4, 5-T. Saraples can be calfected during the 4 days follow-
ing suspacted exposure and provide a reasonable approxima-
tion of total intake and physiological exposure wheh extrapo-
fated back to the time of contact.
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- This historinal surrmry was praparcd from :he minutcs ‘of the meetingsf"
" of the Subcommittee on Defolinntq!-\nhicrop Systems of rhe Joint Tech~"

v _.nica! Coordinating Group/Chewical-Bicleglcal since its inceptien in - -
o June 1967. Topics and source material discussed by the Subcomittce
e ) at its quarterly weetings have been collated vwith emphasis on a

chronology of events and presem:ation of pr(or and current sums i
of each topic discussed. ' o . Lo S )

This Taeport con ains only unclassif ed materials. Re.cre‘ac% is given

¢ tha ariginal minutes anc actompanying docimants awaiiahle ro .
JICG/CE ar.d Subcomaiztee mexbers for additional classified inforcation.
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_exchange of informatfon at the technical working level in the RDTE.

'man of the new subcou \ttee is given In Appendln A,

B. CHARTER oF DEFOLIAVTS/ALTICRQ? S\STEHS SLBCGHH{TTEE

charter werc £nn1udcd with minutes o

C. CHRO\OLDGICAL LIST OP SUBCOMMITTEE OPFICERS

ey e e e e e i

: '-"o'ntA}:'Iz)xrlo:: Axp- m'.\zc"rro:'e or.simco'mu"r"x"zs ,"'_

i

" The JTCC!CB Defoliants/AnLicrop Systems Subcummittee ‘was nstab- 0 .
lished by the Joint Technical Conrdinating Group for ChLmicallsiologin BT
cal (JTCG/CB} in June 1967 for the purpose of providing Interservice L

programs in defolients and anticrop systems. A-copy.of the letter
of insrruetion irom Merl Ringenberg, Executive Secretary; JTCG/CB
te LU AFATL, Eglin Air Ferce 2ase, Florida, as Chalr-

In addition to RDTE responsibxlities, cogni?ance of Iogistics,
produccion and procurcment prcblems wcrc £nc1uded 1n the purvieu cf

the subcommittce. =

‘Toe crgan{zatlonn] meeting of the subicommittee vas held at Fort co S
Dettick Fredcrzck Haryland on 21 September 1957. ' et

The charter outlining the mission, compositlon and functioning
of the subcommittee wds developed during the initial meeting of the

,subcommittee at Fort Datrick, 21 September 1967. Copies of the
f that mecting (sec Appnndix B).

At the Scptember 1970 meeting recOmmcndaklons were made :hat Jes,

CINCPAC, and MACV each be invited to provldc a member of thc subcommittce
to serve in an advlsory status. : )

Chatrman * Secretary - ... - .

1967 LT , USAF .. R
Eglin AFR b . ... Fort Detrick G, L

" Eglin AFB
s | Am—
, . Fort Detrick Db . . .. .
1970." W | C—
R _ USAF, SAMMA . . - Eglin AFB bl

1968, . qu vsar M(’
S TS bEe . . Fort Detrick P~

SN |, - s

85 Naval Air Systems Command o

Lt
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' 2-3 September 1970 SAAHA Kclly AFB, San Antonlo Texas
"§-9 December 1970 Yaval Air Systems Command Hashlngton, D. C.
2-3 March 1971 ‘Eglin AFB, F;origa co i
© 9-10 June 1971 Fort Detrick, Frederick, Maryland . .~
! -
. . g
- o - -.
] - .J‘

el . L
T el in AFs
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For_t'~ Detrick *

Datc s

s Septembor’ 1967 - |

X ?eb}uary.19681'
12-13 June 1968

19*20 September 1968 ‘

Ll

< 19-20 August 1969

2.3 Deccnbet 1969

25- 26 Harch 1970

¢
45 June 1970

.DATES AND LOCATlﬂﬂs OF SUBCOHMLTTES HEET{NGS

21-22 January 1969 US Naval aflp Systems Command Headquarters.
s - " Washington, D, C.
:677.pr_1969 "&AAHA Kelly AFB San ﬁntonio, Texas

. Fort nctrick ?rederick Haryland

Edgeuood Arscnai Maryland L

washington, D. C.

Location !

Egli,n AI:’B, Florida _' .

SAAMA, Kelly AFB, San Antonla, Texas

Fort Dctrick Frederlck, Hary!and :

Eglin AFB F!orlda

US Kaval Afr Systems COmmand Headquarteta,

CINCPAC Headquarters, Hawall
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.,Defolxantslﬁntlcrop Sysths Subcammi:Leu of

RF.FERENCB LIbT OF INCIJOSURLS :WB A’I‘IACIMF:NTS D!ST‘R[BUTﬂTJ WITH
MINUTES OF SUBCO)M'[TTEE !ﬂ? T!NGS CLE ;-, R !

1. Hce:ing of 21 Qcp 1967 ror: DLtrick, Haryland. Hinu:es of .
the ncclcn (Confiden:nx)

Agenda

List of Attendeea ' R R
Charter of Jolat Technlcal " Coordinating Group for
Chemical-Blological Dufoliantsznticrop Systems ’
Subcummxttee , t

Incl 1
. “tnel, 2
. *InC1."3

- . .,-.__.'.- ..

2. \[eel:ing of 6 m: 1968 Eglin ms I-‘lori.da

- Incl
Subcomm;ttcc of the JTCGICB.

Eglin AFB, Florida
. Aiiach; 1. .
. Attach, 2.
Artach, 3.

Agenda © - f --_" "

Attendees - 8 : ‘
Statement dtd 31 Jan 68, Stnte of the Art on
"AnalysiZ of ORANGE, prescntud by Dr. J. W.
Brown Fort Dntrick .

) ?} Hceting nf 1’-13 Junc 1968, Kelly AFB. ‘San Antanln; Texas - .

) - Incl 1 Hlﬂutes (For Offtcinl Usa Only)
&. Meettng oE 1%-20 Sep 1968 Edgcwood Arsennl Haryland

Minutes (For 0ffic1a1 Use Only)

I
Al

\ _ " ncl,

1 Technical Informatlcn on HUSS Spray System, 19 Feb .. . P

1968 by Okanggan Copter Sprays

Richmond, B. C.y

: ol e .. Incl.%

Canada
Dept, of Defense Lastruction 5160 5. 7 Teb 196&.

Subject--Rcspnnatbillttes gor Research, nevelopment,
Test and Evaluation on chenlcnl and Btological
Weapons and Defense

- Meeting ai 21-22 Jan 1969, US Nnval Alr Systems Cpmmand Hdgqtrs.,
T uashington, p, C - ) L e

Incl. 1. Hlnutes (Confldencial)

. Gentner, “Rerbicidal actlvity

Incl. 2 Technical article by W
: nm{no-3 5 6- :rtchloropicolinic acid' .

.of vapors of 4~
Qublifhad in Weeds

ds 12239- ~240, 1964 .

% Ttems. stay

red (%) are.lnctudcd in appendix of this report. .

9 .

1. Hlnutes for mecting of the nefoliantslAnticrop Systems -f_IT
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Kelly AFB,
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Meeting
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5.

", wWashington,

10.
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‘S, Childers, USAF, AFML

“tleO-un(ttoe Roster of Aug-usc 196&
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b. €.
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At:ach.gx. Teehnical Report ADTCHTR=70-75, Subj*' High=

Attach. 2. Technical Report ADTC-TR-70-36, Subj:r Cali= . -

Speed Defoliarion Tests with a Hodified THU-
28/8 (PAL-7/B) Tanx, dated Apr 70 (¥) :

bration Test of the UC-J23K/A/AL5Y-1 Spray
System, dated Feb 70 (U) .

Artach. 3. Annual Report JTCG for Chemical & Biolegical

Hﬁettl ng
‘Attach.
Attach,
Mee ting

. Ateach,
Attach.

*Atiach.
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12. "Yeeting of-8-§ Dec 1970. US-Naval Air Systems Comrand Hdgers.,
Washington, D. €, . : I ; -
Attach. 1. '¥Injices {Secret)
Attach. 2. Agenda ST .o T
- *Attach. 3, Preliminary notes, 2 Dec 1970, on incineratien of
. ~GRANGE (V) Co i i bl -
Attach. 4. Lcr. ur.om(mcv) 43
Attach. 5. Ecolegical Information from Eglin Test Grid (U)
Attach. &. USDA Trip Report by | gnter-
. national Economist: AAAS Vietnan Hcrblc? e T
Assessment Conference {Limited Official ¥Tse) ~
Discussion of planning conference at Yoods .
Hole, Mass. 14-21 Junc with synopsis of
Fresentations, - . - . T

13. Meeting of 2-3 Mar 1971, Egltn AFS, Florfda

Incl, I Agenda ) oo o
Incl. 2 Minutas {(Tnclassified) ©~ - - AR :
Incl. 3 Trip Report of C. E, Minarik to AAAS Meetings In
C Chicago, 29 Doc 1970. Includes discussions. of - -
presentaricrs by AAAS Herbicide Assessment Commfssion
and a AAAS panel session "Implications of Contfuuved .
Use of Harbicides in Southeast Asfa" R
Incl. &4 .Transcribed papers from AAAS Panel Session “Implica- -
tiens of Continued Military Use of Herbicides in
Southeast Asfa.™ AAAS Annual Neetin ‘Chicago, Ill.
29 Dec 1970. Dr. @ Chafyman, =
Participants were: ‘ i . -
. E ARS, USDA

CER willlam Stond, USA Rerired, formerly CG, ACSFOR

Depe. of Government, Marvard Untv.
(Prof, of Law, Yniv. of Wisconsin’
Ben. "Richard D. MeCarthy, US House Representative
Lo : Dept. of Biology,. Harvard Univ.
.- Incl.'5 Trip Reporg~-CISNCPAC Mecting on Herbicides; Camp Suit.h,.
8-10 Feb 197] by ({ - S .
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Ik, Neettdg of. 9- 18" Juné 1971,

7 Inely ) Hérbieldes and

. | ,-'- . !.Hﬁ
B < 7 . Lﬁ
_ _ b6

P T PR R,
L T T SR g -

Fon: Dql:'rick; "H:éryla_'nd I
g K Im;!ll;',l_ tige}id_a" BRI C e E R
o Incle o2 Minutes (Unclassificdy .

,Military Operati ons, "P‘rd‘s;;elcr:usrﬁdr T [ .
. Study, Engincor Strategic'AS:udies Croup (ESSG), . L.
" 10 pp with memo for record ded 24 May 1971 By -

y -DDR&E, sublecg:. Status of the . -

' +  DDR&E-sponsored military ueility of herbicides e e
dnel. 4. TWX dated 14 May 1971 fron Aabassador“b‘g- L . 5
T ‘to GSA, Wash., D.cC., subject: Herdicideg, ¢ '

s

Incl. 'S5 Statement did 15 Mar 1971 on ‘Pisposal of Herbicide S - I

ORANCE by Armed Forced Pest Control Board ST
Incl. '6 Draft Departmene of Defense Instruction ded 10 Jun 71 R A
R . subject: "Responsibility for Research, Developrant,

Test and Evaluation on Vegetacion Control Agenes/. . - . &
- Systems". C ‘ ST T

s
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CLUA. I’?RA!\'GE SPECIF}CATIO"Q CMS‘!IPICATIO'J &\b AJALYSIS

FSN 6840, Herbicides. .. . .

1 _Q_ZF_ZS"OLIIATI{&‘&M‘H"ICRU? Ar:;é:x‘fs‘ .

l"‘ri oF Sta tus

Agent ORALGE consistxng o( 50 50 rat:o by volume of n-butyl

- ¢sters of 2,4~ and 2,4,5-T, wes sclected for uprratioﬂai use as.a

defoliant in RUN in ]963, rcp]ac!ng PLR?LE. a patented mixture with

“7 lowez meiting point, Military vﬁchIiCa.xoﬂs for tha tJD_COﬁpDnLﬂts
af ORANGE vere ‘asuod'bj WUCOM, 10 Jui 1963 as MIL-H-31147 (Y for -

2,4-D and MIL-#-51148 (ML) for 2,4,5-T. Revisfons of these specifi-
carians were ﬁade 7 Wov 1966, Tvpe ciassification ef agent ORA%GE
was accomplished by US Army %a:trie: Conmand as AMC’C Ite" 4055,

o np raved ’0 Jan 1966. R

Dcfensc Logistxcs Services Center (DLSC), dhlch {3 responsible
for desipnation of defense item Federal Siock Nurbers, 'assigned FEN
1350-%15-6251 in November 1965 to this agent as a Befoliant described
under a then-classified m{litary specification, MIL-D- -51239 (MU).
Subsequently Air Force, San Antonio Materiel Area, secured an assign-

- ment of DRANGE as an herbiclde under FSN 6K40-926-90%95 on 27 Oct 1966, ‘

Procurement of ORANGE throughout the period of wse in RVN was made by .

. AMr Force through Defense General Sujply Center (BCSC) under FSN 6840.

©n 20 Sep- 1967, a revision of the “1i~1ted zonrd;nation" wilitary
speeification MIL-D-512354 (M) was issued Incjuding two acditional -
agent Iormula:ions, ORANGE II and ORAhGE !11. oo

) Attempts to eecure a fuliv-conrdinazcd mliltary ﬂpeci!ication
for CRANGE as a Defoliant under FSN 1380 were initiated 7 Nov 1567,

- by Arzy which would put the. item under cormodity management by Fort

Detrick {U5 Army Biolagical Laboratories) and procurcpment as an Alr
Force item would be handled by Ogden Alr Materie! Area. Procurement
of ORANGE by Afr Force had prevlously beon handled by SAAMA under

Quality control analysls of contract pracurcncnt prior Lo Sep 1967,

.revealed deficiencies §n analytical precedures for determining percent.

composition and purity, based on the Parr berb techniques outlined in

" the existing military specifications for ORANGE and its component

2,4+D and 2,54,5-T esters. Until this date qunlxty control checks on

" goentract shipments were made by DGSC. .

g Chronalag! ) '. c J:_;. B "

Svgtombvr.l967. Discussions-EnSCd on manuf&cturers'rccnmmcndition;
indicated that methods of apalysis of ORANGE were outdated.

1n£rared techniqne of quanmitative anaI)sls.

;.%ff‘ _'f._ !3

G455

Mr. Vande-. = .
venter, SAAMA, urged that new specificatidns in preparat:on include the -
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AT I dtebsr, i967
’ ment of dlerbicide ORANCE undcr FQC 68&0 us1ny xnfrurcﬁ technique for
quality control._ '

?cbruar\ 1968 Dr. muwn. Fcrt Detrlck.-:cv;ewnd procedurns [or
quull:v determinnttnns o[ agent ORAhGE samplcu (kppcnd!x C) .

Juno 1968, Mr Andcrqon, Edpewood Arsenai, stated that EA has i
mission rcspon%nbiiity Inr preparation nf purchaSc d05criptlcns oI
FSC 63&0 itcms. . : . . :

® o S e Fort Dctrxcn lﬁditatgd that gas—:iruid chromatography metﬁods
: were, preferable for conwns;t;onal anaiys:s of ‘2,4~D and 2 4, Su‘ com-.
, Fonents of ORA\CE.- . L , .

ﬁcg.cﬂacr I'ﬁ Air Force Pnrchase Dcs:r;ptlon ASPID 6840-1
issued for imcrim use . in procurement pending development of a wili-
' . . . rary s"ecxflcation. Infrared method of analys:s was. spocified in
® . AFPID 68401, -

") LT Edgewood Krsenal was - xnstructed by DCSA to prepare a fully
coordiﬂared specification fur ORAhGE .

. ‘Mav 1969. “Respongibility For Quality control analyses ‘of ORANGE
and other agents transferrcd- -from DSA to Alr Force Materials Labora-
. ‘tory at Wright-Patterson AFB. This laboratory Is also responsfible
@ . ' for supplying standard :.amplcs of ORANGE herbicide te contract’

supplicrs.

Auguqt 1969. chu{rcd militar- speciflecation for ORANGE delayed
due to conflicting FSC designations. Edgewood Argenal prepared a
T : specification under Project 6B40-0215 and Fort Detrick onder Project
S 1165-0193. DOD (DLSC) recently confixmed the FSC 6840 classification
® T b . for ORAKGE and related herbicides._ .

. : - 8 August 1969. Assistant Sccrecary of Defonse (Instal!a:tou and "
IR, < ' 77 Logisticsy, in memorandum to Afr Force and DSA directed the managemert

" March 1970. DoOD program analysis for FSE€ 6840 dated 25 Feb 1970

recommended: (1) Reclassification of F3C §}65 numbers to FS5C 6840 '~

billty for speciflration HIL- -51239 (ORANGE) to the Aix Force.

Aly Forece. ?urchnsc Dcscriptiﬂn AFPID 6B40 dated 2 Jan 1970
and- Amendment 1, dated 10 I'eb-1970, were reported to be in use for -
. procurement contracts for ORANGE. Amcndment Ne. I spectifies gas- .
Hiquid chromatﬂgruphic prnccdure for anai;sxs of ORANGE. :

T

SAAHA subm;ctvd a purnhaqc debxrlptlon for procure--

tranafcr of agents ORANGE, WHITE, and BLUE to Air Force under PSC 6840.

under item name herbicide; {(2) transfer preparing activity responsi-

e HoivE)
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" Qurrent Sratus- - LT 0

With cessation of pfoéuremnnt of ‘ORANGE due ta.suSpensieﬁ'dfluse In o

"BV on ‘15 Anril 1970, no further action has been taken in conversion
- of AFFID 6840-1, ORANGE herbictde, into amilitary spectfication,

Analysts of GRANGE {n ceference to {ts dloxin content {s discussed
under 2,4,5+T. . . . T e .
B, WHITE | |

T Prlor Scacus .

Ageat WHITE (Tordon 101, a combination of 20% picloran and 80% .
. 2,4-D) was initially ured in R¥N 1n late 1966 on the basis of recomsen~.
cations. by Dow Chemical Conpany as a substitute for ORANGE for defaligw
 tion in proximity to rubber trees and othor ctop plants, Ligited tests
of WHITE and other piciéran formulations by Fort Detrick had not
established 1ts value a5 a recommended defoliant. - = S -
Procurement vas made by Air Force on the basis of a purchase”
deseription for a proprietary compound. R

ghgoﬁDIOEI" T : '. - ) : "W .-';— I

. damuary 1969, Dow Chemical Cqmpanﬁ suggested the incorporation of
pleloram ester with ORANGE to make "Modified ORANGE™.

May 1968, Sugzested extensive procurement of WHITE was cancelled in
view of the current surplus of ORANGE -and the lack of field dats cons
. firoing the requirement for WHITE near rubber plantations. On a Erfal
basis, ORANGE would ba used tn lleu of WHITE until fleld data. were ob~
tained. . - . e . ’ L.

April 1970, Agent WHITE continucd in wse for defoliation following
suspenslon in use of ORANGE due to veported tevatogenic effects of com=
- ponent 2,4,5+T, ... - - . -
March 1971, No”supply support glven for<SﬁA due to curtaflment {m . -
uge of WHITE., - . . . o S . Co s

‘Current_Status

No current procurement,

15
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. .':"". ‘ AN
Pricr Status .

. The ‘term BLUE was first ysed in.1962 for the pouder Eorm'df'cacéf.
dyliec acjd to be field mized wich watex for spray application in crop
destruction missions. In 1964 procurement of BLUE from Ansul Company

was changed to Phytar 560G,
‘cacodylate and cacodylic ac

Chrﬁhbiﬁgx

‘Gentenber 1965.  3ccause of foaning
. Dafenss General Supply Ceater'a

requlrements in June 196&..

a neutral liquid formulation of sodium - L

id containing surfactant.

problems in the use of BLUE, ..

Procurement of BLUE by Air Force has been

sdod an antifoam agent to BLUE coatract .-

T

from Ansul Company ont 3 sple. scurce basis. -

conducced by purchase order

Inntary 1969. “K limited coordl

nation military specification, )
, was prepated by Army Munitions

uI

LeA~B0733 (B), doted 24 Jan 1969

Command for the liquid sodium

cacodylate

formultacion with 3 to 5%

surfactant and 0.5% antifoam agent.

May 1969. Availability of BLU
was estoblished by Fort Detrick permitt

basis.

ing procurement on a competitive

Lo MIL-A-60733 i use by Afr

August_1969. Military Specificat
ts to obtain SEA requirements.

Force and DGSA in procurasent contrac
October 1969. Revised military specifcation MIL-V-607334 dared '
- 27.0ct 1969 1ssued with reduced surfactant content (0.8 to 3$Ja'- :

Cmarch 1971, No existing demands for procurcment of BLUE for SEA

- activitles. N

T Cdrreﬁ: Status
. .Valid'miiitary specification currently available. Peocurement
‘demands suspended. . . o L e L o

v it . PR

D. ‘PROCUREMENT AND ‘SUPPLY oF DEFOLIANT/ANTICROP AGENTS

) Prior Status ---f;; - e o
for:SEA sctivities (agents

' from additional commercial suppliers('

.TlProcurcmcnt of defoli
ORANGE, BLUE, and WHITE)

ants and herb}c(&eﬁ
was assigaed to Alr Fo
Contrac

ree - {AFLC) operating

t orders frem US suppliers :'.

through Defens
were accumulat
_ atruction Batt

a Ceaeral Supply Center.
od and handled for overseas s
alion Center, Gulfport, Mississippl.

hipment at the US HWavy Con~

RONES
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© the development ‘of plany for few. DRANGE producthu'capabilgty-coco' .
by Amy. Conversion of'a surplius ARC plant at Weldon ‘Springs, Missoupd
to gveate an ‘annnal production capabilicy of 8 million gatlons of ORANGE
wag initiated In late 1967 by Edgewood Arsenal with praduction scheduled
for Dacember 1969. - oL ‘ N : B

Chronology . '
; 'February 1963. Contract let by Edgewooﬂ.Arsen§1 for desjgn and -
construction of the Weldon Springs facility. S ST

Jupe i968. - Coatracts let by Edpewsod Arsenal for procurement of
tetrachlorobenzene, s critical requlrement for production of ORANCE .
at the proposed weldoa Springs faciliey. -7, . . e

During the TET offensive of Jan-Felr- 1968, RANCH HAND aircrafe
wore divérted to nrher missfons sand 4 backlog of herbicides resulted
in RVN. Stockpiling alse oceurved at Gulfport, Mississippi with
suspension of SEA shipments during April-May 1968, ’ o

Reduction in procurenent of BLLE was noted fullowing release
.of a RAND report on crop «destruction progrom in RVN; supplies of WHITE
adequate to meet requirements. . ¢ P

. Scptemher 1568. . A thorouph rovicw of hrogfcsg in construﬁtion‘uf
the Yeldon Springs facility,ls given in the minutes of the meeting
of this date (Item 3). - - S

Reduction fn requirements for ORANGE in FY 69 to FY 70 werq
anncunced by Asst. Secretary of Defense {Instatlstion and Logistics)”
in 8 mecting on 30 Aug 1968 atteaded by JCS, Army, Air Forece and :
Defense Supply Agency parsonnel, At this time it was anticipated that
the Weldon Springs plaat would fuenish the eatire FY 70 requlrement

. - .%ﬁu-!uéreéslng5réaulréﬁén:s,f$r ORAﬁﬁE OQGtIthu bcriéa-léga,si T
toovand projected future demands’ in wvxcess of commercial sources led po -

for ORANGE at a reduc

“January 1969: R&

ed production level from that ni{rially plannpd.

duced requirements coupled with accumulation of

becaune of the resldunl ndrure of pleloram.

some 75,000 drums of ORANGE at Gulfport, Misslssippi led to termina-.
tion of supply contracts. Manmufacturar's aupplies of raw materials
(basic 2,4+D and 2;4,5-T esters) used in the manufacture of ORANCE -

. became the liabtlity of the Covernment. -

Proposal submicted by Dow Chemical Company for conversion of
“ORANGE to "Modified ORANCE' by adding one part of picloram esrer to
‘three parts of ORANGE. Cancorn was cxpressed by CINCPAC that the pro- .-
pozed conversion might render the DRANCE unsuitable for use in RVN .

T . -, LT e
. - e LT . s 17 - [
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‘-'f the weldon Springs prﬂjec!. .”: f -b ", e

' ttal diaposal problem if SEA requtrvmnntl are, reduced or terntnated

-3 !anuarv 1969 Edheuuod Arsunal anncunced thu tcrminatlon of

-nx ‘1969... Accumulation of ORANGE at Gulfport represents a- poten-:

- August 1969 Hurr1¢aﬂe Camille sttuck the Gulfport Hisslsslppi_
About 1,000

herbicide storsge faciliey durlnb

shipiosd operations.

drums of BLUE and ORANGE on the pier wvere scattered in the water and

on the beach.

Later xnvastigauion shoved the drums. fo be Intact with

-ne signg of leakage; 52,000 drums i(n open storage 1.5 miles from the

ceast were not damaged.
suhsequently recovered.

All uamaged drums’ fram the aier site vere

+

A vil 1970

Suspensxon in use of ORAhGE in RV\ arnounced hy .

D‘uuty Secretary of Jefense Packard. As of 1 May 1970 the stocks’ of.
ORA&GE on hand at Gulfport. staissippi amountad to 15 161 drums. .
December 1970. Contracts far BLUE and WHITE were awatded in
October and July 1969, respectively. -Deliveries of BLUE have been
suspendcd and only one shipwent of NHITE was made to SEA in 1970. .

June 1971- . ¥o hcrbi“idbs are currently being sent to SEA..

Current Status

Procurement and Bupply of ORANGE BLUE and WHITE to SEA ‘has .
tercinated. Surplus stocks of ORANGE at Culfport and in RVN and of .
basic. 2,4-D and »4,5-T esters at Kolly AFB heve created a disposal
problem. . o :

E.. DISPOSAL OF SUR?LUS ORANGE AND COMPDVENTS " :.33 L
Prxor Sratus ,

© No- hcrblcidc disposal problems were existent priur to Septembct
1967 because of heavy demands for. SEA. activitias.l

chruno!ng! )
' Januvary 1969, Recognltion was first givcn to a potentia! dtsposal

site.

" preblem in the asccumulation of surplus ORANGE at the Gulfport, Mississlppi N

As of January 1965, 75,000 drums of ORANCE were on hand at

Gulfpore.

Procurement éontracts for ORANGE uere being terminated with
reduced £uture requirements. .

Mav 1969-

-

v’

" of ORANCE. .

'y

.18

SAAHA and Fort Dctrick considering plana for dtsposa! . f.:
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. }\Qril I“:d. Suf-ronsinn Of use 0" ORAM';E in R\'l\ announced by
¢ Deputy Secrotar) of Dcfonse Packard Hetausc 0( pnssihle teratogenic
‘ effacrs oi 2 &, th T, :_ : LT SR i IR
Juna 1920, ° Three d;sposat rtoblcus vere prcsented by Mr..
reeulting from susrcnsion of the use of ORANGE in RVH: ..

‘ (1) Stmkpiie of ORANCE at Gulfport, Lssissippt ot’ 15 161 '
drums (most of uhich had been in opcn storage since 1968)

{2) Stockpz:o of ORANGE in RV\ (Cihed as ccﬂsis:ing of '
688,305 gallons as of 1 May '1970 but latbr estima:es piace aooun: -
in excess of i.4 m:111on gallons.)‘ . . Dt

(3) Raw natcrials inventory of 2 4~D and 2, & 5= T n-hutvi
esters owned by Goverament and {n storage at contractor facility at
’ Govcrnment expense since GOVetnment ternination of ORANGE contracts.
Sewte"hgr 1970. Procedures deveIOped by SAAHA and Axmy for
disposal of CONUS #tnckpiles of GRALCE lnclude the following alter-
aativés; - . .

(1) Use by military for Vegetnt'on contral in iso}atea
areas of ni!itary bhases. (Snbtommittae reccrrmndation)

(2) Use in AID prograns for vcgctation control in undeveIOped
nations, (Subcccmlttee recoaaendation) ‘

(1) Burial in sotl pits or sattling ponds. e

(L) Desttuct;on by incineration. Recomendation for incinerss . -

tion was based on restrictions fmposed on the use of 2, 4 3T because -
of its reported teratogcnxc effects. - .- ’

Deceuber 19:0. Shipment of contractor raw materials invenrcry
to Kelly AFB, Texas for stockpillng. .

. . Su"umry of information on incineration -of ORANGE solicited .
from irdustrial sources bv Fore Detrlck is given as &ppendix D. ‘I-\g

Harch 1971, Proposal for inclneration of Culfport stockpile of -
ORANGE vwas submitted by SAAMA to Headquarters, US Alr Force 19 Feb
1971 based on utilfzation of equipncnt under developmen: at Rocky
Mountain &rsenal. - L. .

Options proposcd by—:he Subcomnittec for disposal ot OKAhGE
in RVN {nclude: Marketing in-country, descruction of stockpile at -
present locatxons. mewe stockpile of fshere for temporary storage,
move stockpile hack to CONUS for subﬂcqucnt disposal, and devclop .

“uses for herbicide.‘ . L

IR
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| Plans foy di.sp-osal n{_TRA'&Cﬁ:;ﬁAxD‘ ;‘asgvef:'s' ince llis-d'i'.n'g ‘t..ha'--s‘:‘c;cﬁ—‘. L
S pile of ORANGE in RVN were: pre{:a‘rcd by MACY 'Iog.submission ‘through S
& S chanae1s on l,‘darch 1978, - . S IR T

‘ June _1971. Asx Force staff study suhmiteed in April !.971"" . .. .
recomending disposal of . CONUS. érockpiie of ORANGE did mot recelve .7 - B
concurrence- A continued sqax:ch was being made “for possible uses: o
. of DRANGE which would avoid. the Mmitation {mposed by the variable
.dioxin content. - ; Lo L. T .
® . A plan was submirred on 23 Apr 1971y JCS, 34 to Deputy
socratary of Defense Packard outlining practicable oprions and . .
roviewing political factors {rvolved in disposal of CO.\'US_and'OCDNUS
supplies of ORANGE. .The report considercd!: (1) Existing situations
were nerbicides couid be used by the ailicary, {2) providing ARVN
with a capabliity fot herbicide gperatiofn, (3) alternacive uses of
. cxisting srockpiles by nonmi1itary proups; and (&) descruction by - S
& {acineration. No acgien had been taken as of 10 June 1971 on the
recosmendations provided in this ¥eports . . o

Deotails of 2 survey. and review of the s:atu.s of the G'\.llfpoﬂ':' S
grockpile 2re given it Appendix Ein 2 Hemorandum dared 15 Mar 1971
from LTC H. ¥- Fowler, Jf- Armed Forces Pest Control Board. o

- . Current Sratus Lo

wo action has bheen taken on ALrX Force proposals concerning the
Gulfport stockpile er on the JCS plan for both CONUS and OCONUS .
supplies. ) . o s .o

Contractor rermination jnventories of 2,0-P and 2,6,5T remain.~ -
| _ in storagc at Kelly AFE and at eontractor gacilities at Government
® - ) - expense Lo¥ gLorage-~ B : o . -

‘g, WsSE OF 2,4,5-T N RELATION TO TERATOGENIC FFFECTS AND DIOXIN o
priocr _SLatys - ' ST C :

® ‘ 2,0, 5Ty one of the twe pasic conponents of agent ORANGE, nad

been extensively used for the contrel of woody plants and wecds since
1949 vnder registration by US Department of Agriculture and Food and
‘Drug Administration. Extensive toxtcological studies fad shown ne
hazard to wmath jivestork or wildlife at rates of application uvsed i
_— vegetation contral and {ndustrial vegetation managerent . In a SummATY
B - of toxicolngical data preparcd by the Toricolopy Dopartment, pdgewood

' - Agsenal, the combination of 2,4-D and 2,4,3°7 butyl esters int ORANGE
[ ] : . : was stared to have an acute oral roxicity 1Dsgg i ratcs of 550 mp/kg. .-

20




’ S 29 Oceober 1959, Dr. Lae A..Duﬁrid«e, SCIence Adviser to t.he

R Agcn: 0%\(‘:-._, with its 2 4 25 'r wmpom.nt, was mconmended for
military uses without resgrvation berause of its tong history. of use '
ih agriculture \-ith no incidence of animl toxicuy. — !

CGhwomolegy 1o, LT v

-+ = " .V - President. anncunced a.partial curtailment of the use of 2,6,5-T.
' "The decisfon was zade short ly after the attention of the Whlte
B House was called to.a report by. Bionetics Research Laboratories, .
N C Sethesda, Xarviand on contract research conducted for the National .
' Canrer Tastiture which indicated that of fspring of mice and rats
" given relavively larvge oral doses of the herbicides during-early
stages of pregnancy sbowed a h; her than expec_tcd nucbey of birth
d.nin....it.xes. e ¥ R '
r T The White Eouse an-mum:ed that. the Defense Department would
' restrick the use of the herbicide (in agent ORA\GE) as a dcfoliant
i . Cin \ictna: to areas recote from pcpula tion. .

‘Actions raken by the Department of Agricuiture, Healtb
Education and Welfare, and Interior are outlined in the press telease S
fron the President’ s Office of Scxcnce and Technology (Aﬁpendtx F).

] D.:-cccber 1“59. Publlcation of. the "Hrak Report" by HEW: "Report
of the Secretary's Cormission oen Pesticides and Thelr Relationship to -
Environmental Health"™ in vhich a summary of the Bionetics report -

. data was included. {Bionetics report vas still not released te the
i T scientific community . wp to this date. ) .

B \ R S ha briefing at Office of Scicm:e & ‘rechnolugy, bow Chemical,
‘ "1 R - Companty personnel suggested that the teratogenic effects attributed

. to 2,4,5+7 in the Bionetics study might be dub to the contaminant
h du‘kin (2,3,7, Evte:rachlctod1benzo-_g-dloh£n) based on experience i
o the Do z:.arrufac'-unng process in which this contamlnant caused
-c¢hloracne among plant workers. "The Diamond Alkali sample of 2,4,5-T
" used in the Blome:rfes study was found to contain 27 ppm of diowin.
Dew had podified -their 2,4,5-T manufacturing process in 1965-66 to

4 : * give a dioxin content of less than 0.5 ppm, Dow had furnished infor- -
T T mation to other companices concerning the dioxin comaminant but had

P ' made ne publtc release of mfcrmntlon on dioxin.

5 " March 1970. chi'-tration of 2,4, S T was extended by US. Depar‘tment .
.- of Agricvlture until 1 -Jan 1971 fnr use on apples, blueberrias, gtams, A

pasturc, rangelands, rice and sugarcane.

. In a brieﬁng for ACSFOR and orher Arny pct‘sonnel Dw repre=.
" sentatives reported that tests of 2,4.5-T containing less than 1 ppm -
: . dioxin showed no teratogenic effoct on mice and rats, Dow had supplied
) . samples of pure 2.4.5-T to Natfonal Institute of Environmental Health
{NIEH) personnel for similar studies. -
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" Based on recently completcd NIEH studies uhich ¥
indicated that both pupe 2,5,5-T and the contaminant dioxin may be'.
teratogcn}c;.Suxgeoh General, ‘WEW, In a joint unpuunceﬁeni_by HEM, " -

. -Agriculiure and Interior; called- for immediate spspension-of.fhﬁz.
use of 2,4,5-T around homes, water supplies, and food crops.. The
ban did not affect its use on pEStuTes, rangeland, rights-ofway and
other nonfarm areas (Appendix G- -~ .. L T

A
e
g

" 15 Apeil 1970, o

Sinultaneousiy Deputy’Secretary i
“that "“pondi{ng an evaluation, Fhe-use ol EEHE ORARGES =g defoliant
consisting of 2,4,5-T and a chemically related pesticide,
being suspended.” B - oo

4 Mav 1970, Canceliation. by US Department of Agriculture of -7

Fedaral registration for all uses of the herbicide 2,4,5+T around the
home and for all uses on food ¢rops Intended for human consumptiony . .-
oni_the basis that “exposure to this herbicida may present an jrminent
health hazard to women of child-bearing age." (Appendix H)

‘Seprenber 1970, ‘A summary” of research in progress on 2,4, 5T,
2,4~D, and dioxin uas—prgsen:ed by, Dr. Hinarik to the Subcammlttee

(Appendix T},
28 September 1970, US D&partment of Agricdlture'watncﬂ panu facs .-

turers and formulators of the herbicide 2,4,5-T thar regulatery action
- would be taken if their products were found to be contaminated with

toxic chlorodioxins (Appendix 3.

of a survey of records from 22 RVN

" Docember 1970.  Publlcation
i11births and birth defects in the

hospitals of the incidence of st
 Republic of Victnam cenducted at request of

U§ Army Medical Research Team, with assistance of Dr.
_The survey

U"- Professor of Hedicine, University of Maryland.
showed B decrease in stillblrths and nirth defects (hydatiform moles

and coogenital malformations) -from the 1960-65 period of pre- Or
light-rate spraying of herbicides to 1966-89 with heavy rates of
spraying. L .o A O

March 1971, Relecase of the “Report on 2,4,5-T" by the Panel on

Herbilcides of the President's Science Advisory Cotn
Science and Technology, which {ndicated that the present curtaf Liment
in use was a hasty decision and that the chemical is not as hazardous

a;'indicated. L . oo _

- EnvirnnmentQi Protection . Agency (EPA); which succeeded US,:‘
Bepartment of Agriculture as the regulatory agency concernad with o
the use of 2,4,5-T and all pesticide chemicals announced that mo ... °
addirional restrictions wiil be aade on the use of 2,4,5-T.

- | : DU ‘_ 22 |

- ‘.' . ) ‘\:lé:{zl‘):%> ‘ .:‘.A’_‘
‘of Defense Pap:ﬁ%%%ahnounced -

ittes, Office of .

2,4Deeds <o

DDREE by COL R. T. Cutting,

Pk dh i) ek
=
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$L Current Status SRR

e (1Y Srudy by a National Acadcmy of Sciences Committee on-

_in effeét "pending cvaluation.

- pesticides and induserial chemicals.  Vel. 11I.

" and the Environment.

ZUS‘Sengtg_$egia1 ¥o. 91-83, 1970.. 112 pp.

o ¥

. —': (2)_Settleﬁcn;.of a suit filed against EFA to ‘provide intbrlx»i;'
- mation establishing whether or wot 2,4;5-T {s an "inminent hazard"”.

:_The,"tempbrarj“ suspension of t
" .Referenccs e
Bionatics Research Laborhtnries:£196éj-.:1?70. Evaluation of .\ .

the carcinogenic, teratogenic and mutagenic activity of selected ...
Evaluation of. the

terarogenic activity of selected pesticides and industrial chemicals"
in mice and rats. Report submitted under Contracts PH43-64-57 and
PH53~67-735 with-the National Cancer. Institute. 33 pp. plus 60

"appendix tables. .Bionetics Resecarch Laboratories, Bethesda, Haryland..

15 May 1970. Teraiogenic.evaluation

Courtney, X. Diane, et al.
{Resume of Bionetics repott.)

of 2,4,5-T.  Science 1198:86&-866.

. Hrak,-M._R; (Chairman). Dccémber 1969. Report of the Sécretary's :
. Commission on Pesticides and Their Relationship to Enviormmental - =

Health. US Health, Educationm, and Helfare.. 677 pps

Cormittee on Coﬁmerce, Subcommittee on Energj,'Natural Resources .
April. 7 and 15, 1970, Effects of 2,4,5+T on

s Second Session. US Senate, .

man and the environment. 9lst Congre
Serial- 91-60, 1970. 469 pp. - -

. June 17-18, 1970. Thc cffects of 2,4,5-T and related
herbicides on man and the environment.

.-Cuﬁting!-R. f.,'gg al.
hydaciform moles and scillbirt
DPepartment of Defense unnumbered report. 29 pp.

_Washingtonm, D C. ~ . " o S I .

hs in the Republic of Vietnam 1960-19569.
Govt. Printing Ofc.,

office of Science and Technology.
A Report of the Panel'on Herbicides of the President's Sclence -
Advisory Committee. 68 pp. Executive Qificc of ?rcsidqnt,'Offlcu

of Science and Trchnology, White House.: .

$'23

Dccémbcr'1§70; Congenital malformations,

icﬂ;:fchgidg actions 9n.lhe3§;gius 6Inﬁ,ﬁ,5~T foiEdémésiiciﬁﬁéjlhélﬁdé. ORI

_;valjdity-of the use of 2,4,53-T based 'on questionnaires to farmets_an¢';'_'i'vnz
qgers:tg'nssess the expericnce and safety of this herbicidel . C e e

he use ‘of ORANGE in RVN fs still .. '

91st Congress Second Session, -

Haréh lé?l., Ré#nr: on-Z,J.S-T.‘h




oy minuéidé.:iihquas . :
Inc., X.Y, (paperback)- . A portion of

" Yorker for 7 Feb and 14 Mar 19700 * -

1970, Defoifaifon.”: 168 pp: .Ballantine Books '
.text originally appearcd in New . - ..

.. - )
.
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* 111 DISSEMINATION SUStEMS . .0 ¢ ¢

A;,‘AIR*Foacz'fj:”fix'u‘ii'ﬂ}:; T .
S AJA#SY-&_In:érnalfnofoliant B}sﬁenser, C71258; c-123K. -
" Coneept: The AJAGSY-1 defoliant dispenser is a modular - - L
spray system for internpal barr;ege fn cargo afrcrafr. 1t hae been. .. - .
vsed only in C-123 aiveraft but is,adapted‘{or use {n the C-130, ’

o - Prior Starus! The 1000-gal rank system used in €-123B ajre
craft in RANCH HAND.operations in RVY since 1962 war modified from
the Hourzliass or MC-) systom developed in 1953, Callbration tests
conducted at Eglin AFB in 1963 led to modifications to achieve’

3 gal/acre delivery {ncluding the addition of a tail boom. No caii~
brations were made on this modificarion -of the AfAGSY~1/C-123K s
system until 1968-69, e . : S R

“Lhropelogyt.-~ . T . B

Mav 1967, Ciﬁ ﬁivisién of ATC suhmitted'a test requirement
for calibration of the C~1238 systém in operational. use in'RVN,

August 1967. Test prhpnsqd'for calfbration of C-123K system.

' optimized wing and tuil booms lor UC-123K system,

Se cembex_lb61rmnglbn~AFBmmodffytng“dissamthntxon s¥stem for
use in C-123K model with jet engines added. .. - -, Tt

. February 1968. Nine spray flights completed with 3;123K
afrcraft in calibration tests, . .. S

June 1968. Engineering ‘development of AJA4SY-1 system prased
te Warner Robbins AFB, . - . - - . . R

. Test plan prepared at Eg!in'ﬂFB for:"(l) Calibratfon of -
C-1238 system in operational use; (2) evaluation of Stull Bifiuid ws. .
ORANGE; (3) calibration of C-123K scheduled for use in RVN.

. September 1968, .Cqmpletion of plans for calibration of .
A/A85Y-1/C-123K syrtem using agents BLUE and WHITE. . Sl

. Janﬁa;x'l969. Engineering development and modification fg .
progress of wing boom system (KMU-327/A), which is externally mounted

instead of inrernal as eriginaily planned.

May 1969. Calibration tests with ORANGE fn AJMGSY=1/UC-123K

éysicm completed.

,Ncgotint!nn nf contract for cnginccfiné'and design of

25




 UC-123K/AJALSY-1 Spray System,
. Devclo*nent & Test Centcr, Eglin AF8, Florida._

. F+4 aircraft.

P Auru.L !9& Cnmp]ctinn nf callbration tests of bC-lZSK
systh w1th ORAhGh HLUE, and HHIIE.‘ LS . ST Pk

- ' Jdnuarx 1970. }llght testing o[ optjmizLd u;ng and tail boom
for UL-123K system cnmp!etgd in January 1970 shOHSnecd Ior add1tinn31
eng:nccring uork on A/AﬁSY-l system ; : -

Octobor 1970 Cnmpletion of cnntractor cesting and opera~
tional reJxahil1ty tests of optimi?td wing and ‘tail, boom system. o

.

chu1remcnt fhr optfnxred systcm withdrawn due to reduced

operational prowram in RV\.

System turned over to AFLC/WRAMA for
future use. 2 - L T

.

. Referenccs:

Harrigan, E. T. February 1970. Calibratfon test of the )
Tech. Rept. ADTC- TR-70-36. Armamen:

Karrigan, B. T. April 1970. Test of the KHU 327/A wing
and cail boom/UC~123K defoliant system. Tech, Rept. ADTC~TR~70-79.
‘Armament Dcvelopmcnt & Test Ccnccr, Eglin AFB, Florida. ”

2. PAU-8/A (TSE6)” ;o
P s ) :
. Concept: Hodu!nr dispenser for external mounting on high-

.and low=porformance aircraft to providc capabiiicy of spraving large
. and smal! ATBAS . .

Prior Status: 'Systcm was devéloped and prototypes built prior.

to Sep 1967. Suitable for use on F~100 F-IOS,

Chronolog!

1968. Ground function tests of THU~66 spray tank, flight
tests and sp: spray missions conduc:ed by contractor.

1969 70. Compatibility and function tcsting by ADTC, Eglin

AFB with F-100, F-IOS, F-4, and A-1E aircraft ‘uging agent BLUE.

Tail fins redesigned in Dccenber 19:0 and fligh: compsti-
bility tested in February 1971. L

_June 1971, Planning for full certxfication of PAU~8/A on
Acrosol testing at Dugway and vibration testing at
Picatinny Arsenal _are plannnd for FY 72.

[y

26"
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. 'Tech. Rept.-ADIC TR-65-187. Arnament Deve!opment & Test Céntet, ,
_t.Eglin AFB, F!orxda.l{-' SENTLI . S

'Egugszazs"

Henrv J i Vévemfef f969l. cht o[ the’ TVU GGIA Dispcn=er_

3, PﬂU-&IA (HTSS) {Hbdu!ar Internal Spray Svstem)

Concegt‘ Versatile, nodular dxssemiuator Hlth internal tank -

.i for liquid herbicides, insecticides, and Iertilizers designed for .~
civic action oygratiOns and wmilitary usc. o . . i

P*ior Scatus‘ \one

o Chronologx N

"Jdlv 1§59 . Devclopﬂent of HISS lnitlated by ?HC Corporatxon l;jf
with design review scheduled for Jamuary 1970. Modular concepr chosen

_to be cowpatible with 11 types of aircraft: C~46. C-47, c-sa c-97, .

c-118, €-119, C-121, €-123,"C-130, €-131, and pC-7..
March 1970. System designated as PﬂU;SIR. C-S& removed from.
axrcraft requzrements 1ist. . . R -

Agril 1970. Final design apprcved

Augdst 1970. Fit test conducted in c-123K aircraft w1th tuo
Soﬁwgallon tanks and power module. o .

ﬁav 1971. Follou1ng certification of bondxng technique at
Wright-Patterson AFB. flight compatibility. tests were conducted at
Eglin AFB with PWU-5/A system in C-123K aircraft. Aluminum hanger
pads for boom are bended 1o wing with M epoxy adhes;ve, permittlng
tap:d COﬂver51on of cargo aircraft. .'?,{_ .i o

. Aeroso! testing is planned for, FY 72 at Dugway Test
Centar. . . . . .

Reference. l;_’ .

Tactical Air Command. 27 Oct 1969."Re§uire&'0peratfonal
capabilit) (ROC) for Modular Aerial Spray System. TAC ROC 49-69.
Hcadquatters Tactical Air Command, Langley ATB, Virginia.. =

U al E&U 7/B (TMU-28)

Concegt: Externaliy mOunted tank for high performance airw
craft (F-4). .. -/ P . , ) L TR
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Voo e PriorStatus "Original.canflgaration’ lacked on-off capability -
- '-." 1" f!i.s‘htu‘ -_l:_...: vl o o . .-..- SO . _"-: L .'."' N . . ':’.'

i T danuary 1970, Righ-gééed Jefoliation test with -3 -
~ 1 - ORANGE and flight compatibilicy L :

|, 550 knotqrr*’ 

. 'reqhiremgnts.

_ Development & Test Center, Eglin AFB, Florida

§ paddle shaft assembly, drive shaft and gear box - -

hous{ng- . ' . - : i . i
- : Decombar 1969. ‘Centrifupe and vibrarion testing compléteq at , -
Plcatinny Arsenal, ‘ o oo '

T T U S T

‘Prior Stat

TN

EI

: ;7' :'Ehééuﬁlﬁggéj‘:geA; R
7 Gctober 1969 '« January 1970,

trials £n:F-4 slrerage. - ]
U June 1970. ' TAC tests of Pnﬂ;7lﬁ's}s:em at Eglin.CB Grid usiag )
. BLUE and WHITE in F-4 at 106G, 200 and 300 fe atrituda and’ alrspeed of S
Septenber 1970. Praject temporari ly sﬁsbén@ed for'iack'df'firm ' -._:,1 -
]\.'Ré?erenc&i ';.:.q.a R ;. o ;: AU - .:lf.i1:: R
Righ=speed defollation test with I
Tech. Rept. ADTC-TR-70-74. - Armament "© "' - Ff

-~ Marrigen, E. T, April 1970,
2 modiffed THU-28/8 (FAU-7/B) tonk.'

5.:‘AIB§5Y35.Biulogigal Anticrob'l_ : - E

-'Concepg: Elevated line sgurce, dry 5nt{plant (aﬁticrop) agent
Spray tank for use on high performance aircrafe. i .

C . ’ e L - é’
- Prior Status: All deVelopment work on the A/B435Y2 system was S :
completed by October 1067 exceplt operational training tests,

 Ehrenologyy ' o f'. R - . ’ '

(ned | 1ee 8IS

" June 1958. Prﬁcurcmc§t of 103 A/BA5Y-2 tanks authorized. o S -

St

: Aruste 1965.A Operational tralning and evaluation test (USAF
68-41) in progress. . , oL

SN

January 1969, 'Flight'testing completed. ﬁohdestructive'tests’
of ranks showed structural fatlure of some components..

Aﬁgusi 1969, ﬁedesign of épray tank completed by Licton e
Industries involvin




I
ST L T

‘-men:. s

“B.. mw o

varch ‘1970 flight testing oE redesigued AlBaSY-z :ank completed
at Eglin AFB. o Eurther uork contcmplated due to rctractloa of require-

1. PAE 1 (XH-I), fbrmerly GRAJDAP. Granular nlspcrsal Apparatus IR i
(Equ1v11ent toc Army"s Bxspenscr, Insectictde, Sa[id Rotary Ltng Aircraft).__

Coqcegt. Internally zounted pr*ssurizcd tank and boom aystem for |
aerial dispersal of solid graqu;es, pelle:s or dust-type materials from
UH-I type helicopters. . -

Prior Status- The system is somewhat sirilar to an AGAVENCO wnit
bat it has a motorized air supply, and the system was made for military
usage by the Disease Vector Concrol Center. It is very aasily modifted for

' defoliant dissemination.-

Chronolugg._

Saptember 1968. Hodificatlon of Vavy design of GRANDAP by Army ;
Medical Equipment Pesearch Developsent. Laboratary (ﬁERDL) at Fort Totten.
New York. Service tests conducted {n Panama. . ) )

. Septesber 196%. Type A classification by Arﬁy of MERDL modifica- g
tion of GRANDAP. S . . . Y

Reference'

Recunncha:ion for type classlficatton of DESpcnSBr, Insectlcide,
Solid, Rotary Wing Alrcraft, Task No. JAG5313Z4D820 0L 14 ag Standard A,
US Army Medical Equipment R&D Laboratory, Fort Totten, N. Y. .196%. ’

2, Syscems Tested for Peasibitity

a. - OVIOA Afrcraft

Feasibility study conducted in 1968 by North American on Spray
system for Fohauk or OVIOA aircraft, principally for dissemination of {n~
gecticlda. System Includes a 375-gallon unit or wlthaut ohaerver the
alrcraft could accoxmodate a 662—gallou tank.

P

Status: No fur:har deve!opment planned (February 1968)

b. HUSS {Helicopter Underslung Spray System)

Okanagan Coptcr Sprays, Ltd. of R!chmond British C¢Iumbia, Canada
hns develaped a slurig systerm with tank, pump, and boon suspended and. -
jettisonable {n fligkt. ‘ . . .

29

HoLlva

yed [ 125 |

:gr
i

T T T—
-5 JoPe T

i e A

S




g _voiume appltcatton of defollant.'

. ever to local Eotces. S P

b Wbvoriain

“Starusi ﬁa*ine Corps Developﬂent “and Education Commaﬂd has
obtained several umits' for evaluation (February. 1958) ‘Ravy ‘tests with

T @.CHA46 helicepter. indlcated need for redesign to meot milt;ary applica~ geie e
..ticn requitements-.,”: P Lol S L .

‘_‘._,

e Operation DOUCHE ror Rtverxne Craft-

: High pressure puzip (6000 gpu) mounted on tiue:tne ::afn fut high

C

" Starust zes:s cunducted In RVN!. Units“i; RV# ﬁave Seéﬁ tﬁrné4

R
b :

Reference-

Naval Ship.Researdh and’ BevciéﬁmeﬁtAlaBaratory, Annapolis, Md.
Cenfidential Report dared 10 June 1970 on DeEolintlon DOUCHE, NRDU*V
?toject 88~-68 (U) . S

s

. [ ‘.

€. ARMY

"1. UH-1B/D Helicopter Spray System (acnruaur:cs)

Congept: The AGRINALTICS (Fonmer!y AGAVENCO} spray unft is F
self-contained unit suitable for use in the UH-1B/D Army helicopters, the
Xavy UH-IE and the Air Force UH-1F types. The 200-gallon fiberglass
tank and boom systen can be readlly 1nstalled or removed and no ' alrcraft

' mndiflcatioas are teqnited.

.

P;icr Status:

The AGRI\AUT1C$ system for herhicides has hecn in operationnl use
in RVN since 1967. Earlier models equipped for application of fnsecticides

. were used by the Ar*y “edlcal Corps in RYV in 1966.

. bnder ‘field condxtions. sa:e difficulty has been expertenced with -
ORANGE on contaminared aircraft surfaces in softening the paint.  Pre-’
ventive meatures consist of coating the aircraft with grease or lard and
Eollou-up tinsing vith diesel fuel or kerosene. - '

. Somu struc tural ueaknnsses tn the boom assembly have been: found ) h

" under field condltions.

Chgonulogv. o ,"“'::"=  T?:QLL ““if;{'

" Fall 1967.'_”igh: AGRINAUTICS systems equipped for herblcide ) .
applications were shipped to R\N by Ay Hobility Equipment Cormand for .
use in the four Corps Tactlcal znnes. . oo

3




- January 1969, I\«renty-one addttiona] Acnzuurxcé £pray systems
. N were ordered for Anuy alrc'aﬂ:. R e R
- . . . o : X - . I . "' . Lt ' .:“.‘ PR \fv.-__ . .._
® T Refemnce‘ N "ﬂ,' L T
. . e ; S B _.,‘ ST emms————— . .-r' ‘, .t c . C. . L ;_
‘ - ] Agricultura} Aviation !'ng[neer!ng Company. " 1968. Operation .'
1 . " and ‘maintenance instructions for sprayer-pesticide hel!copter-—mounted
M UR-1B/D. 'FSN 3740-999- -2405. Hodel 3090. ‘ Agric Aviation Bngrg. Co.
. {now AGR'I\AU'I‘ICS), l.as Vegas, Nev._".'
& L ‘2. Dispenser, Insectlcide, Solid Rotary, Wing Aircraft
' ' ' See See. TIL.B.L. R '
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