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Introduction 

The development of increasingly sophisticated methods for 
biomonitoring of low levels of chemicals in human tissue is 
rightly regarded as one of the premier achievements of envi­
ronmental science, and it is widely regarded as the 'gold 
standard' for assessing actual received doses in persons ex­
posed to environmental chemicals [1]. The investigation of 
the dioxin contaminant in Agent Orange is one of many 
striking examples where the potential exposures of various 
populations, previously uncertain, were clarified by bio­
monitoring of actual levels in human tissue [1]. In 1977, as 
one of the first volunteers for monitoring of TCDD in adi­
pose tissue, I experienced the power of the technique first 
hand. What I learned was that I had an ordinary background 
level of TCDD like most people, notwithstanding my years 
of research and fieldwork on Agent Orange (2). My expo­
sure had been primarily through collecting and handling bio­
logical and environmental samples, and not by direct con­
tact with the liquid herbicide. 

Thus, it was with some surprise that I read a report by the 
Institute of Medicine Committee (IOM) on the Assessment 
of Wartime Exposure to Herbicides in Vietnam approving a 
proposed methodology for estimating exposure to dioxin 
and Agent Orange in Vietnam without validation by analysis 
of serum dioxin levels [3]. While such validation was specified 
in the research proposal, the Committee agreed with its prin­
cipal contractor on the research to abandon serum dioxin 
analysis after initial results were uniformly negative and went 
on to suggest that such analysis was no longer useful in stud­
ies of Vietnam veterans due to the passage of time (3). At 
about the same time, the contractor for the IOM Committee 
work on Agent Orange exposure published an article con­
cluding that dioxin and herbicide exposure in Vietnam were 
much greater than reported by all previous investigators, based 
on computer modeling and assumptions underlying a calcu­
lated exposure opportunity index that were unsupported by 
actual measurements of serum dioxin levels [4). 

While the major epidemiological studies of Vietnam veter­
ans and Agent Orange have attracted considerable atten­
tion over the years, the important questions of exposure and 
actual absorbed dose had kept a lower profile until these 
recent publications. I, and others familiar with the extensive 
prior work on exposure to Agent Orange, were prompted 
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to re-evaluate the issue in light of these new publications, 
and our work will be presented in a series of articles and 
commentaries in forthcoming issues of ESPR (see the over­
view on p. 146). My conclusion is that the IOM Commit­
tee's approach to exposure assessment is ill conceived, and 
fundamentally flawed. Serum dioxin analysis remains the 
gold standard, and the failure to validate the model ulti­
mately endorsed by IOM should have led the IOM commit­
tee to question the validity of the methodology rather than 
to drop serum dioxin analysis from the project. 

Numerous studies relying on extensive serum dioxin testing 
have established that some RANCH HAND (the Air Force 
unit responsible for spraying herbicide from fixed-wing air­
craft) and the US Army Chemical Corps veterans involved 
in the application of Agent Orange in Vietnam had absorbed 
doses of dioxin that can still be distinguished decades after­
wards (5,6). Similar studies of ground troops have not found 
elevated levels of dioxin - strong evidence that these troops 
were not significantly exposed to dioxin in Agent Orange 
(7]. The following summary of studies of biomonitoring of 
dioxin levels from Agent Orange exposure, and the broader 
public policy context, will provide an introduction to the 
issues to be addressed in detail in forthcoming papers. 

The Centers for Disease Control Serum Dioxin Study 

The 1988 serum dioxin study by the Centers for Disease 
Control and Prevention (CDC) compared levels of serum 
TCDD in 646 US Army veterans who served as ground 
troops in the most heavily sprayed regions of Vietnam with 
those of 97 Vietnam-era veterans who had not served in 
Vietnam [7]. The distributions ofTCDD levels were 'nearly 
identical' in the two groups, both having means and medi­
ans of about 4 ppt TCDD, which was well within the range 
of background at that time. The CDC conducted an exten­
sive analysis of self-reported exposure histories, herbicide 
spraying records, and military records (five different com­
puted Agent Orange exposure scores using dates and map 
coordinates of herbicide sprays, military unit locations, and 
dates of service for each Vietnam veteran) to determine 
whether there might be a relationship between these surro­
gates of exposure and the measured serum TCDD levels in 
the Vietnam ground troops. None was found. 

Neither military and spraying records nor self-reported his­
tory of exposure could reliably identify high or low expo­
sure groups, and • most US Army ground troops who served 
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in Vietnam were not heavily exposed to TCDD, except per­
haps men whose jobs involved handling herbicides" [7]. 
These results were consistent with other studies and so clear 
cut that a planned epidemiological study of ground troops 
and Agent Orange was discontinued as infeasible. 

Subsequent CDC investigations of health effects in ground 
troops focused on whether the overall 'Vietnam experience' 
had increased the risk of cancer or other diseases [8,9,10,11). 
These studies identified a number of health effects associ­
ated with military service in Vietnam. Other studies checked 
whether such effects were related to secondary indicators of 
possible exposure to Agent Orange [12,13,14). No such re­
lationships were found. For example, one study reported an 
excess of non-Hodgkin's lymphoma in a cross-section of 
various American forces serving in Vietnam, but the excess 
was found to be greatest in 'blue water' Navy serving off­
shore, and there was a deficit of cases in ground troops in 
heavily sprayed areas [15). 

Other investigators conducted extensive epidemiological 
studies of the RANCH HAND and Chemical Corps veter­
ans, many of whom routinely handled Agent Orange in Vi­
etnam and had elevated serum TCDD levels long after ex­
posure [5,6). Studies of the RANCH HAND and Chemical 
Corps veterans are continuing. Even as recently as 1997, 
the distribution of serum TCDD levels still clearly demon­
strates that substantial numbers of these veterans were ex­
posed to Agent Orange, though many individuals have lev­
els now at background. The results of these studies of 
verifiably exposed veteran populations remain essentially 
negative [16). None of these veterans has been confirmed to 
have had chloracne, a skin disease characteristic of substan­
tial TCDD exposure found among industrial workers with 
serum dioxin levels generally much higher than those of 
RANCH HAND and Chemical Corps veterans [16,17). 

Validation of Exposure with Serum TCDD Levels 

Testing of serum dioxin levels has been widely regarded as 
the gold standard for epidemiological studies of Agent Or­
ange and dioxin since its development in the 1980's. Al­
though such testing is expensive, the major industrial stud­
ies since the 1980's have employed it to validate various 
methodologies for estimation of exposure. Many more stud­
ies simply relied upon serum TCDD levels to measure expo­
sure to dioxin-containing materials. While the passage of 
time complicates the use of serum TCDD results, it remains 
the best possible evidence of an historical absorbed dose of 
TCDD. Its superior predictive power has been confirmed 
repeatedly; for example, in the observation of chloracne in 
those individuals with the highest serum dioxin levels, but 
not in Vietnam veterans who are the subjects of the RANCH 
HAND and Chemical Corps studies [18) . 

In light of the extensive scientific consensus that serum di­
oxin analysis is the gold standard against which exposure 
models are tested and validated, the IOM Committee's re-

cent decision to waive such validation in a study of Agent 
Orange exposure merits close examination. To explore the 
possibility of conducting studies along the lines of those dis­
continued by CDC, the IOM in 1997 established the Com­
mittee on the Assessment of Wartime Exposure to Herbi­
cides in Vietnam, which contracted for the development of 
a methodology for characterizing exposure of veterans to 
Agent Orange in Vietnam [19). The contractor, Columbia 
University's Mailman School of Public Health (Dr. Jeanne 
Mager Stellman, Ph.D., Principal Investigator), developed a 
methodology for calculating an exposure opportunity index 
on a given date and location in Vietnam based on historical 
reconstruction of herbicide spraying activities and other 
military records [20). 

The IOM contract specified for the model to be validated 
using serum dioxin testing as in other major studies. How­
ever, in initial tests "a high percentage of samples had di­
oxin levels below limits of detection" and "the remainder 
were at or near background." These results led to "serious 
concerns" that further studies to validate the exposure op­
portunity index with serum dioxin levels in veterans "would 
be dominated by false negative assays." "Accordingly, and 
with the concurrence of the Advisory Committee, [the con­
tractor) canceled the serum study ... " [21 ]. In 2003, the IOM 
Committee endorsed the model without validation by se­
rum dioxin analysis and recommended that the Department 
of Veterans Affairs fund a 'non-governmental organization' 
to conduct epidemiological studies using the model [3). The 
IOM Committee stated that serum dioxin results would not 
have been reliable because "too much time has passed since 
exposure" [3). Recently, lower background levels in the popu­
lation have been reported, and this lowering has allowed 
detection of previously elevated levels that would not have 
been possible with background levels in the past [22). 

The Continued Necessity of Verification 

It is surprising that the IOM Committee would depart from 
established research methods so readily and without ac­
knowledgement of the radical step it was taking. Their rea­
soning seemed to have been that their exposure methodol­
ogy might have been reliable and yet fail serum dioxin 
verification due to the passage of time. But the IOM Com­
mittee concluded that the exposure methodology actually is 
reliable. At bottom, the IOM Committee simply assumed 
that troops who served in the closest proximity to Agent 
Orange spraying in Vietnam must have been more exposed 
than those distant from the spraying. 

As appealing as that assumption may seem in the abstract, 
it is flatly inconsistent with the extensive data reported in 
studies such as the 1988 CDC Serum Dioxin Study [7), the 
extensive historical record of military herbicide operations 
in Vietnam [23), and well-established research into the envi­
ronmental fate and bio-availability of TCDD under the con­
ditions present in Vietnam [24,25]. Exposure models quite 
similar to that now proposed by the IOM Committee were 
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thoroughly tested in the 1988 CDC study and found to be 
poor predictors of absorbed dose of TCDD. The earlier 
models could not distinguish between serum dioxin levels in 
ground troops with the highest potential for exposure and 
those with negligible potential exposure - at a time closer to 
the original exposure. 

New Data on Agent Orange Exposure 

The issue of exposure of veterans to Agent Orange has be­
come more prominent because of the IOM Committee's 
abandonment of serum dioxin analysis to verify the expo­
sure model and the contractor's report that exposure to di­
oxin and Agent Orange was much greater than previously 
reported based solely on the exposure opportunity index from 
the model. The model relies on accuracy of military records 
and on assumptions about the fate of dioxin in the environ­
ment. I and several other scientists have W1dertaken reviews 
of the relevant military, historical, and scientific data on expo­
sure to Agent Orange, which will be appearing in the next 
issues of ESPR (see the overview on p. 146). The papers will 
analyze the historical facts and environmental data available 
to assist in determining the potential for soldiers in Vietnam 
to have absorbed TCDD from Agent Orange. Much of the 
material to be presented has not been considered in the earlier 
studies of potential exposure to Agent Orange. 

Extensive environmental data on photodegradation and en­
vironmental fate of Agent Orange and TCDD were preserved 
in government technical reports that, though public, were 
not easily accessible to scientists. Among other things, the 
data show that in the environmental conditions typical of 
defoliation operations, a high percentage of any TCDD 
present in Agent Orange would have been destroyed or bio­
logically inaccessible within a short time after spraying. 

Military and historical records from the Vietnam era, many 
of which were only declassified in recent years, have not 
previously been taken into account in developing appropri­
ate parameters for studies of exposure to Agent Orange in 
Vietnam. To take one example, it is not well known that 
RANCH HAND aircraft frequently received ground fire 
from enemy forces in the areas being sprayed with herbi­
cides. Fighter escorts were· assigned to the missions and re­
turned fire or in many cases suppressed possible resistance 
with heavy ordinance just in advance of the low-flying un­
armed spray planes. A forward air controller directed each 
mission and was mandated to end it unless all friendly forces 
in the area were confirmed to be outside the mission target 
area. This prevented 'friendly fire' casualties from the fighter 
planes and ordinance. Any persons in the target area at the 
time of a herbicide mission were likely with hostile forces. 
Widespread reports of routine spraying of herbicides on 
friendly forces are simply mistaken and appear to be based 
on recollections of direct spraying of insecticides (malathion) 
on troops and military bases to suppress malaria by aircraft 
similar to those used for herbicide spraying. 

The cumulative effect of these and additional records and 
data to be presented will substantially enhance our appre­
ciation of the 1988 CDC Serum Dioxin Study and even more 
importantly the understanding of the factors that combined 
to minimize absorbed doses of dioxin for most veterans. 
Those veterans found to have elevated serum dioxin levels 
almost always have a history of handling liquid herbicides. 
As the CDC Study suggests, neither the soldier one hour 
and one kilometer away from a mission nor the soldier thirty 
days and five kilometers away were likely to absorb any 
significant quantity of TCDD from Agent Orange. Models 
that construct elaborate indices and predictions on such foun­
dations are assigning accuracy and precision to data that 
cannot support them. 

Science and Public Policy 

Vietnam and Agent Orange are public policy issues as much 
as medical and scientific issues - perhaps more so. There are 
strong public policies favoring our veterans, and rightly so. 
But our scientific principles ought not favor or disfavor any­
one. Sound and accepted principles of verification of expo­
sure models shouldn't be abandoned because they lead us to 
the conclusion that most Vietnam veterans did not absorb 
any measurable TCDD from Agent Orange. 

As scientists, we cannot ignore the policy context, because 
in our world today the policies shape the research agenda, 
and if we are not careful, may affect even the research re­
sults. Neither we, nor the IOM Committee should forget 
that the Committee was created by act of Congress - not to 
advance our scientific knowledge of TCDD - but to recom­
mend additional diseases to receive Agent Orange benefits 
in addition to the three diseases Congress designated in the 
Agent Orange Act. 

The extensive medical and scientific studies of Agent Or­
ange over the last thirty-five years tell us that most veterans 
were not significantly exposed to Agent Orange. They also 
show that even those with measurable exposure have not 
suffered ill effects as a result. But we should also acknowl­
edge that many Vietnam veterans do appear to be at risk for 
a range of diseases and health problems due to the 'Vietnam 
experience' as a whole (13,14]. Why artificially focus on 
Agent Orange instead of on providing treatment and ben­
efits for all these veterans? 

In hindsight, after all the years of controversy over Agent 
Orange, perhaps we could have been fairer and more gener­
ous to all Vietnam veterans with a program of 'Vietnam 
experience' benefits rather than Agent Orange benefits. What 
is really needed is scientific studies of effects of the Vietnam 
experience on all veterans rather than studies seeking to 'link' 
more diseases to Agent Orange, which in the present con­
text compromises important scientific principles in the proc­
ess. It is my hope that the forthcoming articles can contrib­
ute significant new data and perspective to the ongoing public 
dialog on Agent Orange. 
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Exposure to Agent Orange in Vietnam: the Serum-TCDD Evidence-
A review of studies of TCDD levels in Vietnam veterans and analysis of potential exposure to Agent Orange during the 

Vietnam War consistent with TCDD levels, historical records, and environmental data 

The Environmental Fate of TCDD in a Spray-Equipment Test Area Receiving Massive Quantities of Agent Orange and 
Other 2,4,5-T-containing Herbicides -

A review of the studies on TCDD conducted on Test Area C-52A, Eglin Air Force Base, Florida 
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