
 
 

 
 

Uploaded to VFC Website 
~ October 2012 ~ 

 
 

This Document has been provided to you courtesy of Veterans-For-Change! 
 

Feel free to pass to any veteran who might be able to use this information! 
 

For thousands more files like this and hundreds of links to useful information, and hundreds of 
“Frequently Asked Questions, please go to: 

 

Veterans-For-Change
 

 
 
 

Veterans-For-Change is a 501(c)(3) Non-Profit Corporation 
Tax ID #27-3820181 

 
If Veteran’s don’t help Veteran’s, who will? 

 
We appreciate all donations to continue to provide information and services to Veterans and their families. 

 
https://www.paypal.com/cgi-bin/webscr?cmd=_s-xclick&hosted_button_id=WGT2M5UTB9A78

 
 

 
 

 
 
Note:  VFC is not liable for source information in this document, it is merely 

provided as a courtesy to our members. 

11901 Samuel Drive, Garden Grove, CA  92840-2546 

http://www.veterans-for-change.org/
https://www.paypal.com/cgi-bin/webscr?cmd=_s-xclick&hosted_button_id=WGT2M5UTB9A78


Ham ID Number 01750

Author

Corporate Author

ROport/ArtlClB HtlB Serum 2,3,7,8-Tetrachlorodibenzo-p-dioxin Levels in
US Army Vietnam-Era Veterans, The Center For
Disease Control Veterans Health Studies

Journal/Book Tltlo JAMA

Year 1988

Month/Day September 2

Color ' '

Dosorlpton Notes

Monday, June 11, 2001 Pago 1751 of 1793



Serum 2,3,7,8-Tetrachlorodlbenzo-p-dJoxin
Levels in US Army Vietnam-Era Veterans
The Centers for Disease Control Veterans Health Studies

This study investigates whether military records can be used to identify US Army
Vietnam veterans who were likely to be exposed to the herbicide Agent Orange.
Serum levels of 2,3,7,8-tetrachlorodibenzo-p-dioxln (TCDD), a toxic contami-
nant in Agent Orange, were obtained for 646 ground combat troops who served
in heavily sprayed areas of Vietnam and for 97 veterans who did not serve in
Vietnam. The distributions of current TCDD levels in Vietnam and non-Vietnam
veterans were nearly identical (mean in each group, ***4 parts per trillion [ppt]).
Only two men (both Vietnam veterans) had clearly elevated levels (>20 ppt).
Levels of TCDD did not tend to increase with greater likelihood of exposure to
Agent Orange, as estimated from either military records or self-reported expo-
sure. This study is consistent with other studies and suggests that most US Army
ground troops who served in Vietnam were not heavily exposed to TCDD,
except perhaps men whose jobs involved handling herbicides.

(JAMA 198826&1249-1254)

THE HERBICIDE Agent Orange, a
1:1 mixture of 2,4-dichIorophenoxyace-
tic acid and 2,4,5-trichlorophenoxyace-
tic acid in diesel oil, was sprayed in
South Vietnam from 1962 to 1970. The
herbicide contained 2,3,7,8-tetrachloro-
dibcnzo-p-dioxin (TCDD) at levels of
less than 1 to more than 20 ppmlj as a
result of contamination of the 2,4,5-
trichlorophenoxyacetic acid and possi-
bly the 2,4-dichlorophenoxyacetic acid
components. Heavy exposure to TCDD
causes chloracne,8 may bo associated
with certain cancers/ and may affect
enzyme levels, porphyrin metabolism,
and immune function.8 Many Vietnam
veterans are concerned that their
health may have been affected by expo-
sure to Agent Orange, especially by ex-
posure to its TCDD contaminant.

In response to these concerns (Veter-
ans Health Programs Extension and

From the Center tor Environmental Health and Injury
Control. Centers for Disease Control, Atlanta

Reprint requests to Centers for Disease Control. 1600
Clifton Rd. C-25. Mailstop F-16. Atlanta. GA 30333
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Improvement Act of 1979, Public Law
96-151 [HR 3892], 93 STAT 1092-1098;
and Veterans' Health Care, Training,
and Small Business Loan Act of 1981,
Public Law 97-72 [HR 3499], 96 STAT
1047-1063), the Centers for Disease
Control (CDC) is conducting two rele-
vant studies: a "Vietnam experience"
cohort study, comparing male US Army
Vietnam veterans with other veter-
ans," and case-control studies of veter-
ans' risks of six cancers suggested to be
associated with exposure to TCDD. To
evaluate the concerns about Agent Or-
ange directly, the CDC proposed a co-
hort study in which the health of veter-
ans exposed to Agent Orange would be
compared with that of unexposed veter-
ans, using records of military unit loca-
tions and herbicide spray locations to
assess exposure. Evaluation of these re-
cords, however, suggested that they
alone could not be used to estimate like-
lihood of exposure. For example, re-
cords may be unavailable for many of
the herbicide applications most likely to
have exposed troops.

Recent studies have shown that high
TCDD levels can be detected 20 or more-
years after heavy exposure to Agent
Orange"0 and that the half-life of TCDD
in humans may be about seven years.11

Results suggest that these TCDD levels
may be used as an objective marker of
exposure. The development of a serum
assay" and its strong correlation with
adipose tissue levels"-1* made a large
study of TCDD levels of veterans feasi-
ble. The study reported herein, the first
large-scale study to evaluate TCDD lev-
els in US Army veterans, was con-
ducted to determine if military records
can be used to identify veterans exposed
to Agent Orange. The CDC compared
current TCDD levels of Vietnam veter-
ans with exposure estimates based on
military records and with TCDD levels
of veterans not serving in Vietnam.

SUBJECTS AND METHODS
Use of Military Records

The US military recorded the dates
and locations of herbicide sprays in
South Vietnam for Operation Ranch
Hand missions14 and for some other
sprays.16 Most herbicide was sprayed
from fixed-wing aircraft in Operation
Ranch Hand," but herbicides also were
sprayed from helicopters, trucks, and
backpack equipment, especially around
base camps. Some recorded sprays
were of unknown type (herbicides or
insecticides).

Military unit locations and personnel
records were abstracted from military
records by the US Army and Joint Ser-
vices Environmental Support Group.
The Environmental Support Group
identified 66 US Army combat battal-
ions (27 infantry, 25 artillery, seven ar-
mor or cavalry, and six engineering)
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that served 18 months or longer in the
III Corps military region (encompass-
ing Saigon) during 1967 and 1968. This
region had the greatest volume of Agent
Orange spraying of the four military re-
gions in Vietnam, with heavy spraying
in 1967 and 1968. After abstracting the
daily company locations for a battalion
for 1967 to 1968, the Environmental
Support Group abstracted military ser-
vice information for veterans who had
served in that battalion during 1967 and
196S, including veterans' dates of ser-
vice in various companies. The CDC
used this information to compute expo-
sure scores for individual veterans.

When this study began, the Environ-
mental Support Group had abstracted
company locations for 50 of the 65 iden-
tified battalions. For each day of the
study and for each company in these 50
battalions, five exposure scores were
computed from the dates and map coor-
dinates of herbicide sprays and from

.military unit locations. Scores were
then assigned to each Vietnam veteran
by using the dates he served in various
companies.

Exposure Scores
Estimated half-lives of TCDD in the

environment depend on environmental
conditions. The half-life may be a few
hours on foliage," several days on or
near the soil surface,"'1* and several
years if adsorbed to soil.1"1 The five
different scoring methods based on mil-
itary records reflect these varying
environmental half-lives and different
assumptions about completeness of data
on troop and spray locations.

The intermediate score reflects pos-
' sible exposure during the first few
days after spraying. This score is the
weighted number of days on which at
least one location for a company was
within 2 km of a recorded Agent Orange
spray within six days after the spray;
the weight was the number of different
sprays this close to a company location.
The distance 2 km was chosen because
the dispersion of herbicide from Opera-
tion Ranch Hand sprays could cover a
path hundreds of meters wide and
because unit locations could be impre-
cise, in part due to movement around
recorded locations. In selecting sub-
jects, we sampled all men with a high
intermediate score in an attempt to
include those most likely to have been
exposed.

Four other scores also use military
records to estimate exposure. The slow
score is the weighted number of days a
company was within 2 km of an Agent
Orange spray after any earlier spray,
with weights computed for a five-year
half-life (similar to the decay of TCDD

adsorbed to soil). Because some re-
corded sprays of "unknown" material
undoubtedly were of Agent Orange, un-
known agent intermediate and slow
scores also were computed for these
sprays. The remaining score based on
military records, the area score, is the
number of days a company was in one of
five large, heavily sprayed regions,
which included 70% of the recorded
Agent Orange sprays in III Corps dur-
ing 1967 and 1968. This score depends
less on precise military unit location in-
formation than do the other scores.

Two other scores were the number of
days of self-reported direct exposure
and of indirect exposure to herbicides
during military service, derived from a
structured interview. Direct exposure
includes spraying herbicides or being
present during spraying, handling her-
bicides, and getting herbicides on one's
skin or clothing. Indirect exposure in-
cludes walking through or clearing veg-
etation in a previously sprayed area.

Few pairs of these scores are well cor-
related. Spearman correlations among
the records-based scores were less than
.40, except for three pairs of scores
(slow and area, the two intermediate
scores, and the two unknown-agent
scores), for which the correlations were
between .50 and .60. The correlation
between the two self-reported scores
was .38. All correlations between the
records-based and self-reported scores
were less than .10. These low corre-
lations indicate that the different
scores could reflect different sources of
exposure.

The records-based scores were com-
puted from relatively complete data on
military unit location. For half of the
veterans studied, locations were avail-
able for their military units for at least
96% of their days in Vietnam, and three
fourths had a location available for at
least 89% of those days.
Selection of Participants

All veterans in this study served a
single term of enlistment (minimum, 16
weeks; usually two to three years) in the
US Army. Each had a military occupa-
tional specialty other than "duty sol-
dier" or "trainee" and was discharged at
pay grade E-5 or lower (this excluded
officers). Deceased veterans were ex-
cluded; deaths were identified from the
records of various US government
agencies and from tracing individual
veterans."

In addition to these basic eligibility
criteria, Vietnam veterans must have
served in Vietnam during 1967 and 1968
in a company for which the Environ-
mental Support Group had abstracted
locations. Men who served only in head-

quarters and headquarters companies
were excluded because locations for
these companies were considered unre-
liable for estimating exposure. Vietnam
veterans served an average of about 320
days in Vietnam.

When this study began, personnel re-
cords had been abstracted for 14 473
Vietnam veterans, 816 of whom had
died. Key data were missing or inconsis-
tent for 253 men, and exposure scores
eouW not be computed for an additional
3677 because no locations were avail-
able for their Army units. We selected
994 Vietnam veterans by stratifying the
9727 eligible men according to the inter-
mediate Agent Orange score. We in-
cluded all those with a score of 5 or
more. For comparison, we sampled men
with scores of 1 through 4 and selected
all veterans least likely to have been
exposed (score of 0, unknown-agent in-
termediate score ofOorl, and at most 44
days for which the unit location was un-
known). During the study, 15 veterans
were found to be ineligible (seven were
dead, five were mentally handicapped
or in prison, and three did not meet
basic eligibility criteria), leaving 979 eli-
gible Vietnam veterans. The Environ-
mental Support Group verified that
each veteran was present in his compa-
ny on each day he had an opportunity for
exposure according to the intermediate
score.

US Army veterans who did not serve
in Vietnam were included as a reference
group. These men, all of whom entered
the Army between 1965 and 1971, were
sampled from men interviewed near the
end of the Vietnam Experience Study
but who had not been selected to attend
the medical examination phase of the
study and who served in the continental
United States or Germany. The 200 men
invited to participate were a random
sample from the 367 who met these el-
igibility criteria, frequency-matched
by race (white or nonwhite) and age
(younger than 40 years old on Jan 1,
1986) to the Vietnam veterans original-
ly selected.
Data Collection

Data were obtained by methods simi-
lar to those used in the Vietnam Experi-
ence Study."7 The Research Triangle
Institute (Research Triangle Park, NC)
and its subcontractor, Equifax Inc (At-
lanta), located the veterans, and the Re-
search Triangle Institute conducted a
telephone interview. All 871 Vietnam
veterans interviewed were invited to
take part in a medical examination at
Lovelace Medical Foundation (Albu-
querque), as were the 200 non-Vietnam
veterans who had been interviewed
during the Vietnam Experience Study.
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As part of the medical examination, se-
rum samples were collected for TCDD
measurements, and men were ques-
tioned about exposure to herbicides
during military service, civilian work,
and at home.
Laboratory Methods

Serum samples were collected under
a standard protocol. Each participant
fasted overnight and then ate a low-fat,
low-cholesterol breakfast. About two
hours later, 450 mL of blood was col-
lected in a 500-mL bag that did not con-
tain anticoagulant. A sample of the col-
lection bags was tested for TCDD and
its analytic interferences; none showed
contamination. Serum samples were
separated, then stored at - 70°C. Anal-
ysis of TCDD and serum lipid was done
at the Division of Environmental
Health Laboratory Sciences, Center for
Environmental Health and Injury Con-
trol, CDC, We used only laboratory
runs that met quality-control criteria.

2,3,7,8- Tetrachlorodibenzo-p- dioxin
was analyzed by high-resolution
gas chromatography/high-resolution
mass spcctrometry.^1*4 Values are on a
lipid weight basis, in units of parts per
trillion (pptX calculated by dividing
TCDD on a whole weight basis by total
scrum lipid content. In general, 100 g of
serum was analyzed, with a TCDD de-
tection limit of 3 parts per quadrillion on
a whole weight basis, or roughly 1 ppt
on a lipid weight basis. Less than 1% of
the samples were below this limit; these
"nondetects" were given a value of 0 for
analysis. Replicate analyses of quality-
control pools indicate a coefficient of
variation of about 20%.

Statistical Methods
Results of this and other studies sug-

gest that TCDD levels can be described
by a log-normal distribution.16 Some
TCDD values were 0 (the nondetects),
so the logarithm of the TCDD value plus
one was used in analysis of variance and
linear regression models. These models
were used to verify that adjustment for
potential eonfounders does not affect
the associations observed in univariate
analyses between exposure scores and
TCDD levels. Tb reduce skewness, all
continuous scores except the area score
were used as the logarithm of one plus
the score in these models. Detectable
levels in each cohort were adequately
described by a log-normal distribution
i7:i>.06), based on the Kobnogorov
statistic."

Current age, race (white or non-
white), body mass index (kilograms per
meter squared), and self-reported civil-
ian occupational and home exposures to
herbicides were judged a priori to be

potential confounders. Smoking histo-
ry, alcohol consumption, and region of
residence were included as additional
covariates based on preliminary data
analyses. Continuous covariates were
used as categorical variables, generally
based on quartiles."
RESULTS
Participation

Of the 979 eligible "Vietnam veterans,
900 (92%) were located and 871 com-
pleted the interview. Of the 29 located
but not interviewed, 27 refused to par-
ticipate and two could not be contacted.
Blood samples were obtained from 665
Vietnam and 103 non-Vietnam veter-
ans. Results of TCDD analyses that met
laboratory quality-control criteria were
obtained for 646 Vietnam veterans and
97 non-Vietnam veterans, or 66% and
48%, respectively, of those eligible for
the study. Participation was similar
among the three exposure groups used
to select Vietnam veterans.

Most demographic and other charac-
teristics of Vietnam veterans, summa-
rized in Table 1, were similar to those of
veterans who did not serve in Vietnam,
Herbicide exposure was an important
exception: Vietnam veterans were
much more likely than non-Vietnam
veterans to report exposure to herbi-
cides during military service, but less
likely to report civilian exposure. These
characteristics, as well as length of ser-
vice in Vietnam and reported combat
intensity, were similar in the Vietnam
veterans in the three exposure groups
defined by the intermediate score.

Demographic and military character-
istics as well as exposure scores were
similar for Vietnam veterans for whom
TCDD values were and were not ob-
tained. In contrast, interviewed Viet-
nam veterans for whom TCDD results
were not obtained were less likely to
report exposure to herbicides during
military service or physical health prob-
lems after discharge from service than
were Vietnam veterans for whom
TCDD results were obtained (Table 2).
TCDD Levels and Exposure Scores

The distributions of current TCDD
levels in the 646 Vietnam and 97 non-
Vietnam veterans are similar, with a
mean and median in each group of about
4 ppt (Figure and Table 3X These find-
ings were confirmed by analysis of vari-
ance models, in which service in Viet-
nam was not associated with TCDD
level, after adjusting for age, race, re-
gion of residence, body mass index,
smoking history, alcohol consumption,
and reported civilian herbicide expo-
sure (P = .23).

The TCDD levels of veterans did not

TSble 1 .—Selected Characteristics of 743 US Army
Vietnam-Era Veterans Wtth Serum 2.3,7,8-Tetra-
chlorodlbenzo-p-dioxin Level Measurements

Vietnam Non-Vietnam
Veteran* Veterans

Charecteriltlc JN»M6) (N-97)
Demographic characteristics

Mean age, y
Race, % nonwnlle
Region of residence, %

west
Northeast
Other

Current health characteristics
Smoking, % current

cigarette smokers
Alcohol use. mean No. of

drinks per mo
Mean body mass Index,

kg/m"
Mean total serum llptd

level, rho/dL
Self-reported herttcWo

exposure, %*
Military

Direct
indirect

Civilian occupational, any
Home use, any

40
26

20
16
64

49

62

27

631

25
71
20
33

39
22

19
16
65

48

64

27

606

6
6

33
44

•Exposure as reported at an Interview during a
medical examination during 19B6 and 1967.

Table 2.—Selected Self-reported Characteristics of
871 Interviewed US Army Vietnam Veterans*

Vietnam Veterans

No
TCOD Level TCOO Level

Characteristic
Herbidda exposure in

Vietnam, %f
Direct
Indirect
None

Overall health
poor or fair, %

No. of hospltatlzations
since discharge, %

lor 2
»3

(N-646)

33
72
26

26

39
18

(N-226)

24
66
41

16

34
6

No. of health problems due
to exposure to Agent
Orange, %

14
14

Mil responses were obtained during a telephone
Interview during 1866 and 1867. TCDD Indicates
2,3,7,6-wtrachlorodibenio-p-dtoxla

tThese questions were less detailed than the corre-
sponding questions in the medical examination Inter-
view

tend to increase with increases in any of
their five exposure scores based on mili-
tary records or with increases in either
of their self-reported exposure scores.
In each group defined by one of these
scores, the median TCDD level was be-
tween 3.2 and 4.3 ppt (Table 4), and each
of the 75th and 90th percentiles was not
more than 0.5 ppt greater than the cor-
responding percentite in non-Vietnam
veterans. Cross-tabulation by pairs of
scores also did not identify veterans
who were likely to have elevated levels.
Regression models using individual
scores, pairs of scores, or all seven
scores also showed no trend toward
higher TCDD levels in veterans with
higher exposure scores or more self-re-
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Tabte 3.—Distribution of Current Serum 2.37,8-Tetracntorodlbenzo-p-dtoxin Levels In 743 Vietnam-Era
Veterans, 1987

Place Of
Service

Nan- Vietnam (n - 97)
VIM«W(n-648f

UMn±SD
4.1 ±2.3

4.2 ±2.6

20th
2.8

2.6

Ktth
3.6

3.8

Percentlle

rath
4.9

5.1

90th
7.2

6.0

96th
9.2

7.8

Table 4.—Median Current Serum ZATa-Tefrm t̂ofodlbenzo-p-dioxln Levels tn 646 US Army Vietnam Veterans*

Exposure Scon**

Baaed on Military Records

SCOT*
Category
Minimal
Low
Medium
High
P

Agent Orangs Score

Intermedlatef

3.9

3.4

3.6
.21

Slow*
ae
3.9

3.8

3.5

.83

Unknown-Agent Score

Intermediate!
3.6

3.9

3.6

3.4

.89

Stow*
3.7

3.7

3.9

3.8

.61

Area
Scorn):

4.0

3.6

3.9

3.7

.57

Baeed on Sett-reported
Exposure at Interview

Direct!
3.8

3.2

3.8

4.3

.05

indirect*
3,9

3.6

3.6

4.3

.06

The range of values of each score was two to three orders of magnitude. P Indicates significance of the lest for the variability of 2,3,7,8-tetrachlorodlt>enzo-p-<lloxln leveto
among the groups Indicated.

ffntarmedlate score was used to select veterana Low group Includes 298 veterans; medium group. 157 veterans; and high group, 191 veterans.
^Groups based on approximate quartlles of scores; 141 to 166 veterans In each group. For the Indirect score, minimal exposure is no reported exposure.
SMInimal exposure Is a score of 0 (375 veterans for the unknown-agent intermediate (

of those with some potential exposure, with 41 to 133 veterans in each of these groups.

30

20-

10-

Lisa A A A A A
ND 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

30

20

10

A
tsss

ND 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

2,3,7,6-Tetrachlorodibenzo-p-dloxln Level, ppt

Distribution of current serum 2,3,7,8-tetrachlorodlbenzo-p-dloxin levels in US Army Vietnam (top) (N - 646)
and nort-Vietnam (bottom) (N - 97) veterans. ND indicates nondetectabte; ppt, parts per trillion; and closed
Wangle, one man.
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ported exposures to herbicides in Viet-
nam. Levels were not elevated in veter-
ans who served in any one company or
battalion.

Table 4 does suggest some variability
in TCDD levels among the groups de-
fined by each of the self-reported expo-
sure scores. However, the 75th and 90th
percentiles of the TCDD levels were not
elevated in either the 41 veterans re-
porting the most frequent direct expo-
sure or the 153 men reporting the most
frequent indirect exposure to herbi-
cides in Vietnam.

Nine Vietnam veterans had TCDD
levels of 10 ppt or higher, two of whom
had levels above 20 ppt (25 and 45 ppt).
The veteran whose level was 45 ppt re-
ported no exposure (military or civilian)
to herbicides; the veteran whose level
was 25 ppt reported 180 days of indirect
military exposure to herbicides (about
the 85th percentile, half the days he
served in Vietnam) and one day of home
use, but no other exposure. These two
men each reported their health status as
"excellent" and did not attribute any
health problems to Agent Orange expo-
sure. Self-reported herbicide exposure
was unremarkable in the other seven
men whose levels were above JO ppt.
Four reported direct exposure to herbi-
cides during military service (up to 15
days), four reported indirect exposure
(up to 130 days), and one reported occu-
pational exposure (200 days).

To study the possibility that re-
sults might have been distorted ("con-
founded") by differences between study

'groups, we examined the associations
between TCDD levels and the charac-
teristics listed in Table 1. No character-
istic was a good predictor of TCDD lev-
el, and most were similarly distributed
between groups (Table 1) so that con-
founding was unlikely. Lack of con-
founding was confirmed by regression
models that included appropriate indi-
cator terms for each covariate. These
models showed no trend toward higher
TCDD levels in veterans with higher
exposure scores or more self-reported
herbicide exposure after adj ustment for
covariates.

COMMENT
This is the first report on TCDD lev-

els in a large group of US Army Viet-
nam veterans. The CDC conducted this
study to determine if exposure scores
based on military records of troop loca-
tions and spray locations can identify a
large number of men exposed to Agent
Orange, as would be needed for a large
cohort study. The five different meth-
ods that use these records incorporate a
wide variety of assumptions about
sources of possible TCDD exposure and

about the completeness and accuracy of
the military records. None of the indi-
rect measures of exposure, and neither
type of self-reported exposure to herbi-
cides, identified Vietnam veterans who
were likely to have currently elevated
serum TCDD levels. In particular, only
two Vietnam veterans (0.3% of the sam-
ple) had serum TCDD levels greater
than 20 ppt, and neither had an unusual-
ly high exposure score. It is unlikely,
therefore, that military records can be
used to identify a large number of US
Army veterans who might have been
heavily exposed to TCDD in Vietnam.
In addition, the distributions of current
TCDD levels were nearly identical in
Vietnam and non-Vietnam veterans.

The similarity between current
TCDD levels in Vietnam and non-Viet-
nam veterans in this study is not entire-
ly due to elimination of TCDD since ser-
vice in Vietnam. Other studies, some of
which used adipose tissue samples,
have found that a substantial proportion
of people with documented heavy expo-
sure to TCDD continue to have levels
above 20 ppt 15 or more years after
exposure. Levels of TCDD higher than
100 ppt have been found 15 or more
years after the last known exposure to
TCDD in Vietnam veterans*10118 and ci-
vilians.*'" Recent results suggest a
TCDD half-life in humans of about sev-
en years, independent of initial TCDD
level." Moreover, serum TCDD levels
correlate strongly with adipose lev-
els. 10'lfl As a result, we should have found
more than two veterans with high cur-
rent TCDD levels if many men in our
study had been heavily exposed in
Vietnam.

Our failure to detect a difference in
TCDD levels between the cohorts is un-
likely to result from a sample size that
was too'small. This study could have
detected differences even if only a mod-
erate proportion of Vietnam veterans
had! elevated TCDD levels while they
were in Vietnam. For example, assum-
ing first-order kinetics, a half-life of sev-
en years, and a background level of 4
ppt, a TCDD level of 33 ppt drops to
about 8 ppt after 20 years, and a level of
18 ppt drops to 6 ppt. Thus, the current
mean TCDD level in Vietnam veterans
should be 1 to 2 ppt higher than that of
non-Vietnam veterans if at least 25% of
Vietnam veterans had levels above
about 30 ppt while in Vietnam. This
study had 99% power to detect such a
difference in the mean level, using a
two-sided test at the .05 level. No such
difference was observed.

There is no indication of selection bias
or confounding in this study. Among
Vietnam veterans for whom records
were abstracted, demographic and mili-

tary service characteristics of veterans
selected for study were similar to those
of veterans who were not selected. In-
terviewed Vietnam and non-Vietnam
veterans were similar with respect to
most measured characteristics (Table
1). Civilian herbicide exposure was re-
ported somewhat more often by non-
Vietnam veterans, but adjustment for
this exposure did not affect our results.
Similarly, results were not affected by
adjustment for other potential con-
founders, including age, race, body
mass index, region of residence, smok-
ing, and. alcohol consumption.

Although participation rates in this
study were modest (66% of the Vietnam
and 48% of the non-Vietnam veterans),
indirect evidence suggests this was un-
likely to cause bias. Demographic, mili-
tary, and health characteristics, such as
smoking and alcohol consumption, were
similar in the interviewed veterans who
did and who did not provide blood. Only
nine interviewed veterans gave a medi-
cal condition as a reason for not attend-
ing the medical examination; in the liter-
ature, TCDD has not been documented
to cause any of these conditions. Inter-
viewed Vietnam veterans for whom
TCDD levels were measured, however,
reported poorer health and more expo-
sure to herbicides than those for whom
values were not obtained (Table 2).
Thus, the TCDD levels in this study are
not likely to be spuriously low due to
poorer participation by veterans who
may have had health problems related
to TCDD or who thought they were ex-
posed to herbicide. If anything, the op-
posite may be true.

Results from this study cannot neces-
sarily bo generalized to other Vietnam
veterans since our sample was not ran-
dom. All Vietnam veteran participants
served in the heavily sprayed III Corps
area during 1967 and 1968, and, as a
result of the selection method, 611 of the
646 for whom TCDD values were ob-
tained (more than 94%) served in one of
five battalions (three infantry, one cav-
alry, and one artillery). In addition, the
study did not include veterans from a
relatively small group with a high po-
tential for exposure, the chemical
corps.''10

Despite these limitations, our results
are consistent with those of the three
other studies of current TCDD levels in
Vietnam veterans. In those studies, in-
vestigators found elevated current lev-
els (>20 ppt) only in veterans who had
handled herbicides in Vietnam. Kahn et
al"° reported elevated levels in some
Operation Ranch Hand and chemical
corps veterans, but not in other ground
troops. Schecter et alM also found ele-
vated levels in some Operation Ranch

JAMA, Sept 2. 1988—Vo\ 260. No. 9 TCDD Levels in Vietnam Veterans—CDC Veterans Health Study 1263



Hand veterans, but none in ground
troops. Gross et al8 found elevated
TCDD levels in three veterans classi-
fied as "heavily exposed" to Agent Or-
ange but did not report their source of
exposure or branch of service. In this
context, our results are not surprising,
as only about 5% of the "Vietnam veter-
ans in our study reported spraying her-
bicides or handling spray equipment
during military service.

Except for two veterans who had lev-
els greater than 20 ppt, current serum
TCDD levels in this study are essential-
ly the same in the Vietnam veterans and
the comparable group of veterans who
did not serve in Vietnam. It seems,
therefore, that most US Army ground
combat troops who did not handle or
spray herbicides were not heavily ex-
posed to TCDD in Vietnam.

The CDC has prepared a comprehensive report
of the findings from this study for other federal
agencies. Copies can be obtained from the Centers
for Disease Control, 1600 Clifton Rd NE, C-25,
Mailstop F-16, Atlanta, GA 30333.

This report was prepared by the following: Frank
DeSteiano, MD; Owen J. Devine, MS; W. Dana

Flanders, MD, ScD; John M. Karon, PhD; Larry L.
Needham, PhD; Donald G. Patterson, Jr, PhD; and
Robert M. Worth, MD, PhD.

Other Veterans Health Study staff members in-
clude the following: Charles L. Adams, MPH; Jo-
seph L. Anneal, PhD; Andrew L. Baughman,
MPH; Karen S. Colberg; Pierre Decoufle, ScD;
Robert J. Delaney; Barbara Dougherty; Melinda L.
Flock, MSPH; Anthony S. Fowler; Patricia Holm-
green, MS; M. Riduan Joesoef, MD, PhD; Marcie-jo
Kreanow, MS; Brenda Mitchell; Mark J. Scally,
MPA; and Joseph B. Smith.

Other Division of Environmental Health Labora-
tory Sciences staff members include the following:
Lo'uis R. Alexander, PhD; J. Thomas Bernort,
PhD; Barbara Bolero; Clyde Bryant; James Gill,
MS; Vaughn E. Green; Larry Hampton; Martha A.
Highsmith; Barbara Houston; Thomas Hutton;
Sandra Isaacs; Chester Lapeza; Brenda Lewis;
Quinis Long; Vincent Maggio; James McGuffcy;
Barbara Miller; Eileen Morgan; Carolyn Newman;
James L. Pirkle, MD, PhD; Barbara Smarr;
Frances Spierto, PhD; Wayne Turner, MS; and
KayWaldrep.

Additional Veterans Health Studies staff mem-
bers who contributed to this report include the
following: Drue H. Barrett, MA; Coleen A. Boyle,
PhD; Edward A. Brann, MD, MPH; Eugenia E.
Calle, PhD; Elizabeth A. Cochran; Robert C. Die-
fenbach; Sandra S. Emrich; Robert R. German;
Martha I. Hunter; Muin J. Khoury, MD, PhD;
Heather D. McAdoo; Robin D. Morris, PhD; Linda
A. Moyer, RN; Thomas R. O'Brien, MD, MPH;

Nancy E. Stroup, PhD; and Scott F. Wetterha
MD.

Current and former CDC staff who also mad,
important contributions include the following: Join
J. Drescher; J. David Erickson, DDS. PhD; John J
Gallagher; Jerry G. Gentry, MSPH; Marilyn U
Kirk; Michael E. Kafrissen, MD; Peter M. Liyfe
MD, MSc; Maurice E. LeVois, PhD; Peter McCui*
jskey; Daniel L. McGee, PhD; Terry! J. Meranda,
MS; Daniel A. Pollock, MD; Melvin W. Rabtm.
Philip H. Rhodes, MS; Richard K. Rudy, MD: hoi
D. Simpson; and Dennis M. Smith, MD.

Many other individuals and organizations hav*
provided invaluable support to the study. These
include the following: the Agent Orange Working
Group and its Science Panel; the Army Reserve
Personnel Center, US Army and Joint Servicct
Environmental Support Group, Department of De-
fense; the Congressional Office of Technology As-
sessment; Equifax Inc; the General Services Ad-
ministration; the Institute of Medicine, National
Academy of Sciences; the Internal Revenue Ser-
vice; Lovelace Medical Foundation; the National
Personnel Records Center, National Archives and
Records Administration; the National Center fin-
Health Statistics; Research Triangle Institute; the
Social Security Administration; the Veterans Ad-
ministration; and other staff members of the CDC
and outside consultants.

Leaders of veterans service organizations pro-
vided important input and support to the study, and
participation by Vietnam-era veterans made the
study possible.
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