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GAO United States 
General Accounting Office 
Washington, D.C. 20548 

- -.-.” . . ~~~ ~~~ 
Program Evaluation and 
Methodology Division 

B-257726 

August 5,1994 

The Honorable John D. Rockefeller IV 
Chairman, Committee on Veterans’ Affairs 
United States Senate 

Dear Mr. Chairman: 

As a result of our work on reproductive and developmental hazards, you 
requested on January 31,1994, that we explore recent reports that the 
offspring of Persian Gulf war veterans may be suffering from an increased 
number of birth defects or related illnesses and to determine whether the 
Department of Defense is adequately protecting and monitoring 
servicemen and servicewomen with regard to reproductive t0xicants.l As 
you specifically requested, we have answered four questions: 

1. What types of assessments were performed before the deployment of 
troops to the Persian Gulf to determine the potential for exposure to 
reproductive toxicants? 

2. Were specific reproductive toxicants considered or identified as a 
result of these assessments? 

3. What types of protection were provided to active duty personnel who 
might have been exposed to the toxicants identified, and what efforts were 
made to educate them about how to avoid the identified toxicants? 

4. To what extent are active duty military personne1 and veterans 
currently monitored for reproductive dysfunction that may have resulted 
from duty in the Persian Gulf? 

As you requested, we have also listed substances likely to have been 
present in Operation Desert Shield and Desert Storm that could have 
potentially resulted in reproductive toxicity (see the section headed 
“Findings” below). Our response to your request follows. A description of 
our work, our summary tidings, and our recommendations are provided 
below and are supplemented with additional detail in appendixes I, II, and 
HI. 

.- -_ 
‘See U.S. General Accounting Office, Reproductive and Developmental Toxkauts Regulatory Actions 
Provide Uncertain Protection, GAO/PEMD-923 (Washington, DC.: October 1991). 
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Background Since their return from deployment in the Persian Gulf war, many U.S. 
troops have complained of health problems that they believe result from 
their service in the gulf region. Research has shown that U.S. troops were 
exposed before, during, and after the war to a variety of substances that 
are potentially hazardous. These include occupational hazards (such as 
the extensive use of diesel fuel as a sand suppressant in and around 
encampments, the burning of human waste with fuel oil, the presence of 
fuel in shower water, and the drying of sleeping bags with leaded vehicle 
exhaust), infectious diseases (most prominently leishmaniasis), 
prophylactic agents (to protect against chemical and biological weapons), 
depleted uranium (contained in certain ammunition and in the fragments 
of exploded rounds embedded in casualties), pesticides and insect 
repellents, possible chemical warfare agents, and a large variety of 
compounds contained in the extensive smoke from the oil-well fires that 
enveloped the region at the end of the war. 

Some veterans of the Persian Gulf war believe that exposure to these 
elements had harmful effects on not only their own health but also on the 
health of their spouses and children. There are also concerns about 
various reproductive problems and about the incidence of birth defects 
thought to be abnormally high among offspring born to Persian Gulf 
veterans. This latter subject is the focus of this report. 

Objectives, Scope, 
and Methodology 

~- __- ..__- 
To perform our work, we collected data directed to the evaluation 
questi&s listed above -that is, (1) what actions were taken before the war 
to assess for potential reproductive toxicants, (2) whether specific 
reproductive toxicants were considered or identified, (3) what types of 
protection and education were given to the troops against these toxicants 
during deployment, and (4) what monitoring efforts have been made to 
assess potential health effects from exposure to these toxicants. 
Additionally, we identified various potential reproductive toxicants in the 
gulf region; these were found in the various pesticides used, in a 
decontaminating agent, and among the compounds that constituted the 
smoke and residuals from the oil-well fires. 

Our evaluation involved collecting data at the departments of Defense 
(DOD), Veterans Affairs (VA), and Health and Human Services (HHS). Our 
findings are based on these data as well as on interviews with veterans, a 
review of the reproductive and developmental toxicology literature, 
information contained in Senate and House hearings, and discussions with 
experts in the relevant subject areas. Our findings are relevant only to 
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reproductive effects of service in the Persian Gulf war and cannot be 
generalized to the broader issue of what has commonly been referred to as 
“gulf war syndrome.” 

To obtain information on the first three evaluation questions, we 
interviewed representatives and collected documents from the following 
Don entities: 

l Air Force, Office of the Surgeon General 
l Armed Forces Institute of Pathology 
I Armed Forces Medical Intelligence Command 
- Armed Forces Pest Management Board 
l Armed Forces Radiobiology Research Institute 
. Army, Office of the Surgeon General 
l Army Environmental Hygiene Agency 
l Army Medical Research and Development Command 
l Army Medical Research Institute of Infectious Diseases 
l Defense Intelligence Agency 
9 Navy, Office of the Surgeon General 
. Navy Environmental and Preventive Medicine Unit, Norfolk, Virginia 
l Navy Medical Research Center, San Diego, California 
9 Office of the Assistant Secretary of Defense, Atomic Energy 
L Office of the Assistant Secretary of Defense, Health Affairs 
l Persian Gulf Veterans Coordinating Board. 

We matched the information we received from the sources above as well 
as lists of compounds in pesticides and oil-well fires we obtained from DOD 

against known information on reproductive toxicants. Our data base on 
reproductive toxicants was drawn from our earlier report on reproductive 
toxicants as well as from the scientific literature.2 This enabled us to 
determine which substances present in the gulf region had the potential to 
result in reproductive toxicity. We also conducted interviews and 
reviewed available Iiterature to assess the possibility of adverse 
reproductive effects from other sources, such as various occupational 
hazards, infectious diseases, prophylactic agents, and depleted uranium, 
all known to be present in the region during the war. 

..-. 
%.S. General Accounting Offke, Reproductive and Developmental Toxicants. 
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Appendix III 
Monitoring for Reproductive Dysfunction 

perform a before-and-after comparison for this group because of expected 
diffkulties in obtaining adequate medical records. 

One of our concerns regarding the methodology used to ascertain whether 
the Mississippi group had an abnormal rate of birth defects was the 
comparability of the two groups. While CDC’S data from the Atlanta 
metropolitan area constitute a standard set of data accepted among 
experts for measuring birth defect rates, it is possible that the Mississippi 
reservists were a healthier set of individuals than the overall population in 
this Atlanta data base with the social, economic, and health issues that 
may arise in a large metropolitan area. Thus, if the rate of serious birth 
defects of the Mississippi reservists turned out to be no higher than 
predicted by the Atlanta comparison group, it is very unclear as to whether 
this would, or would not, indicate a problem among the Mississippi 
veterans. 

Moreover, the sponsors decided not to conduct a before-and-after 
comparison of birth outcomes for the group in Mississippi (conceptions 
before and after service members were deployed to the gulf). The 
sponsors thought that it would have been very diffrcult to obtain a 
complete and accurate set of medical records for this group, while a 
before-and-after study would have had its own complications, it might 
have shed additional light on the possible effect of the gulf war on this 
group of veterans. 

Finally, the size of the Mississippi group is quite small. A comparison of 
this small group to any other control group, or even with its own members 
before the war, cannot conclusively prove that the deployment to the 
Persian Gulf did or did not cause an abnormally high birth defect rate. Any 
conclusive determina tion of whether this group of veterans are 
experienceing abnormally high reproducive dysfunction or their children 
are experiencing related problems would require far more extensive 
research and tesing than has been done or is currently planned. 

Army Surgeon General’s 
Office Data Collection 
Efforts 

The Army Surgeon General’s Office has collected data that highlight major 
and minor birth defect rates for live births of active duty personnel at all 
Army hospitals. Data were collected for all live births from 1985 to 1993 (N 
= 346,322). The rate for major and minor birth defects for this period 
ranged from 5.8 percent to 9.6 percent, which is within the range of 8 to 
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17 percent that is expected.2 This was also the case for the 2 years 1992 
and 1993 immediately following the guif war. Thus, birth defects rates for 
those years fell within the range that was expected. However, these results 
cannot be general ized to either the DOD population as a whole or gulf 
veterans, since they include only active duty Army personnel who had 
their babies in Army hospitals during 1985 to 1993. 

Cross-Cutting Efforts 

NIH Technology 
Assessment Workshop 

..-... _. - 
A recent NIH technology assessment workshop was convened to examine 
the evidence for an increased incidence of unexpected i l lnesses 
attributable to service in the Persian Gulf war and the plausible etiologies 
and biological explanations for these unexpected il lnesses. The expert 
panel concluded that the biological, chemical, physical, and psychological 
complexity of the Persian Gulf environment appears to have resulted in 
complex health effects on the m ilitary personnel who served in the gulf. It 
also noted that “congenital malformations have been reported in the 
offspring of people who served in the Gulf area. The currently available 
data are not sufficient to determine whether the incidence is increased.“3 

Defense Science Board The Defense Science Board task force on gulf war health effects reviewed 
available intelligence and reports of chemical and biological detections. It 
was also to examine the scientific and medical evidence relating to 
exposure to nerve agents at low levels and the long-term health effects of 
such exposures. Finally, it was to review other possible causes of the 
so-celled “Persian Gulf syndrome.” 

A report on these efforts was released in June 1994 and noted that DOD 

needed “substantial improvements in pre- and post-deployment medical 
assessments and data handling.” It also outlined cases of birth defects that 
had been self-reported in the VA registry. The report concluded that the 
nature of the birth defects was not defined or verified and the occurrences 
of these birth outcomes were based on self-reports. No other information 
in the report specifically addressed reproductive issues. 

‘Expected rates are commonly excepted levels based on dab from the Metropolitan Atlanta Birth 
Defects Monitoring Program and scientific literature in the field of pediatrics. There was no 
breakdown of major versus minor defect rates in the DOD data 

sNationaJ Institutes of Health, workshop statement from NIH Technology Assessment Workshop on 
the Persian Gulf Experience and Health, Washington, DC., April 27.29,1994, p. 5. 
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Institute of Medicine 

Kuwait-Persian Gulf 
Registry 

The Institute of Medicine, National Academy of Sciences, is reviewing 
existing scientific, medical, and other information on the consequences to 
health of military service in the Persian Gulf theater of operations. The 
committee examining this issue will conduct a 3-year study and prepare a 
l7na.l report. The committee has not yet made a decision as to whether it 
will examine reproductive issues and determine if future research is 
needed in this area. 

The Kuwait-Persian Gulf registry at the Armed Forces Institute of 
Pathology (AFIP) is to be a central repository for tissue, body fluids, and 
clinical and laboratory data related to personnel who served in the Kuwait 
theater of operations. This material is to be collected, catalogued, and 
stored from over 230 military hospitals. AFIP has analyzed biopsies and 
some blood specimens from Persian Gulf veterans for metal content and, 
to date, there is no evidence of unique or new diseases or statistically 
significant increases in the incidence of well-known diseases. It is also 
anticipated that autopsy material from Persian Gulf veterans will be 
forwarded from VA and military hospitals to AFIP for review and inclusion 
in the registry. .4FrP also plans to collect genito-urinary organs of both 
sexes in its usual sampling and study during autopsies to be performed in 
the future on gulf veterans. 

AFIP also conducted autopsies on 302 military personnel who died in the 
Persian Gulf war. Histopathologic examinations were conducted in 60 
cases. To date, according to AFIP, no pathologic lesions could be clearly 
related or attributable to an environmental exposure. 

Navy Construction 
Battalion Study 

The Navy Environmental and Medicine Unit conducted a study of 
symptomologies of the 24th Construction Battalion, which had a high 
incidence (N = 155) of soldiers complaining of illnesses after their return 
from the gulf. However, this study included only a breakdown of 
symptoms reported by the reservists from answers to a questionnaire 
survey and did not perform any e xaminations. Additionally, no information 
was collected on birth outcomes from these soldiers and their spouses or 
other reproductive issues such as infertility or miscarriage rates. 

Infectious Diseases Studies have been conducted by the Walter Reed Army Institute of 
Research on visceral infection caused by leishmaniasis in veterans of the 
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Gulf war4 The findings of one study concluded that “there is no diagnostic 
test to detect infection or early manifestations of systemic disease. The 
use of the classic diagnostic criterion of visualization of parasites detects 
only cases of disease in which the parasite burden is high.“5 The study also 
concludes that diagnosis still requires procedures such as bone-marrow 
aspiration or lymph-node biopsy. However, no such tests are routinely 
performed by any of the examinations conducted by the VA or DOD 
(discussed above). This is also problematic because incubation periods of 
up to 10 years have been reported for Leishmania donovani, one variant of 
leishmaniasis. It is yet unknown whether L.&&mania tropica (the form of - .-~_ .- 
leishmaniasis present in the Persian Gulf war) has similar incubation 
periods or can produce reproductive dysfunction. 

Proplhylactic Agents DOD performed four retrospective surveys to determine the adverse effects 
of pretreatment with pyridostigmine for nerve agent exposure. These 
studies indicated that there were several types of reaction to taking the pill 
including headaches, nausea, diarrhea, abdominal cramps, and other 
stomach problems. F’urthermore, in two of these studies, between one 
quarter and one third of the individuals taking the pills reported having 
these types of side effects. 

Additionally, as one study noted, the side effects appeared to be most 
severe in individuals of smaller size. This has raised concerns regarding 
differences in effects between men and women, since the dosage was the 
same for all personnel. The studies noted above excluded women and 
those who might be hypersensitive to pyridostigmine as well as the 
potentiality that these pills might cause adverse reproductive effects. 
There have also been no further studies on the safety of the botulimun 
toxoid or anthrax vaccines and their potential effects on reproductive 
outcomes. (See appendix I for studies that have been performed on these 
prophylactic agents.) 

.---- 
4Leishmmiasii is a condition transmitted by sand flies in which skin lesions commonly evolve into 
painful nonhealing ulcers. According to DOD, the disease is not acutely debilitating, but its presence 
can be psychologimlly disturbing and inpatient tmatment can be prolonged. 

6Akm Magill et al., “Visceral Infection Caused by Leishmsnia Tropica in Veterans of Operation Desert 
Storm,” New England Journal of Medicine, 328~19 (May 1993), I386 
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Oil-Well Fires and 
Petrochemicals 

CDC Study Studies have been initiated to e xamine the possible effects of the oil-well 
fires and illnesses reported by gulf veterans. A CDC study examined volatile 
organic compounds in the blood of military personnel (N = 54) in Kuwait 
during the oil-well fires and compared these to levels found in oil-well 
firefighters. 

That study found elevated concentrations of volatile organic compounds 
(vocs) among oil-well firefighters compared to the group in Kuwait. 
However, the study e xamined only 14 U.S. personnel in Kuwait in 
May 1991 and 40 oil-well firefighters in October 1991 (both well after the 
oil fires had begun). Also, many of the vocs evaluated have a half life of 
less than 4 hours. Thus, it would be difficult to discern any comparability 
between results found in the CDC study and exposure rates among 
servicemen and servicewomen during the war. In fact, the study concludes 
that “these results cannot be used to assess the health effects from 
exposure to vocs in Kuwait. We know of no studies that have evaluated the 
potential adverse health effects of voc levels similar to those found in this 
study. “6 

The study did not examine reproductive outcomes. However, the results 
that showed higher concentrations of vocs in the blood of the firefighters 
might be relevant for this issue, given that several compounds noted in our 
list of potential reproductive toxicants were from the oil fires. 

AFIP Study A study by AFIP’S department of environmental and toxicologic pathology 
performed three examinations of metal concentrations in the blood and 
urine from approximately 200 members of the 1 lth Armored Cavalry 
Regiment as part of a larger biological surveillance initiative. The report 
found that metal concentrations were within acceptable reference ranges. 

The main concerns regarding this study, from a methodological point of 
view, are that the samples may have been taken well after direct exposure 
to the oil-well fires and that the exposures experienced by this group may 
be dissimilar to those experienced by troops deployed during the Persian 

‘Ruth A. Etzel and David Ashley, Volatile Organic Compounds in the Blood of Persons in Kuwait 
During the Oil Fires (Atlanta, Ga: Centers for Disease Control and Prevention, National Center for 
Environmental Health, 1991), p. 12. 
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Gulf war, since these samples were collected in June, August, and 
October 1991. Again, reproductive issues are relevant in that our list of 
reproductive toxicants denotes several compounds from the oil-well fires 
that are metal compounds (cadmium, lead, mercury, and nickel). 

The initiative noted above may also be relevant in assessing potential 
reproductive effects from service in the war. It is part of a large report by 
the Army Environmental Health Agency on environmental hazards in the 
Persian Gulf war that was expected to be completed in June 1994. 
However, the study is mainly concerned with possible carcinogenic effects 
and has not specifically examined possible reproductive effects from 
exposure to oil-well fires. 

Depleted Uranium The Armed Forces Radiobiology Research Institute released three reports 
on depleted uranium in March 1993 assessing the risks from exposure to 
embedded fragments of depleted uranium, a protocol for monitoring gulf 
war veterans with embedded fragments of depleted uranium, and a 
question-and-answer format regarding concerns about depleted uranium. 

Possible routes of exposure to depleted uranium during the war would 
have been through external exposure, inhalation of aerosol, or embedded 
fragments. As noted earlier, we concluded in a recent report that “the 
Army has not effectively educated its personnel in the hazards of DU 
[depleted uranium] contamination and in proper safety measures 
appropriate to the degree of hazard.“7 

Furthermore, that report also concluded that “troops externally exposed 
to DU [depleted uranium] radiation . . . were unlikely to have been 
exposed to levels that exceeded the Nuclear Regulatory Commission’s 
(NRC) annual regulatory limits for radiation exposure for the general 
public.“8 However, we reported that Army and NRC officials stated that the 
relationship between radiation dosage and health risks at low levels of 
exposure are not clearly understood, and compliance with NRC limits did 
not eliminate the risk of future health problems. WD has no plans to 
medically evaluate the personnel who might have been externally exposed 
to depleted uranium (that is, those involved in recovering damaged or 
destroyed vehicles), 

%.S. General Accounting Ofike, Operation Desert Stem Army Not Adequately Prepared to Deal With 
Depleted Uranium Contamination, GAO/NSIAD-93-90 (Washington, D.C.: January 1993), p. 2. 

*U.S. General Accounting Office, Operation Desert Storm, pp. 2-3. 
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Uranium studies have shown that inhalation of uranium can cause 
irreparable damage to the kidneys. However, according to studies 
performed by DOD and the National Materials Advisory Board, no soldier 
was exposed to levels high enough to meet NRC’S minimum exposure rates. 
With regard to embedded fragments, “the radiological and toxicological 
hazards associated with long-term exposure to embedded fragments are 
uncertain and there are no known studies involving the long term 
implantation of uranium in tissues.‘@ A protocol has been developed to 
track long-term health effects in soldiers who have embedded fragments of 
depleted uranium, although the protocol does not outline any work to be 
performed on possible reproductive dysfunction among these soldiers. 

Pesticides Since EPA has found during its regulatory review that pesticides used in the 
war are safe and effective, DOD has not performed any additional studies. 
However, as noted previously, several pesticides in use contained 
compounds that could result in reduced reproductive capacity, but it is not 
yet known at what concentrations service personnel were exposed to 
pesticides during their deployment to the gulf, whether any of those 
exposures were high enough to be problematic, or whether the EPA 
reviews for safety and efficacy were performed for similar conditions of 
use found in the gulf war. 

Chemical and 
Biological Agents 

.-~.-.. 
The Defense Intelligence Agency (DL%) assessed the potential use of 
chemical agents or fallout from bombed facilities that may have reached 
U.S. forces. According to DIA representatives, there was no clear evidence 
of either agents or fallout. However, DOD termed “credible” a 
Czechoslovakian report of a chemical agent detection. The Du position on 
this detection was that it could not have been caused by fallout from a 
bombed Iraqi facility or through a direct attack. The most logical 
explanation, according to DLA, was that the detection was a result of live 
agent testing of the Czechoslovakian equipment or a possible accident 
involving chemical agents among coalition forces. Regardless of the 
explanation, the VA and DOD have not entirely ruled out possible exposure 
of Persian Gulf war veterans to chemical agents. However, as noted 
previously, a Defense Science Board report concluded that no U.S. service 
members were exposed to chemical agents or fallout from bombed 
chemical facilities. 

%ic Kearsley and Eric Daxon, Depleted Uranium: Questions and Answers (Bethesda, Md.: Armed 
Forces Radiobiology Research Institute, March 1993), p. 4. 
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Synergistic Effects of There have been no studies since the end of the Persian Gulf war on the 

Hazardous Exposure 
synergistic effects of the multiple chemical and biological hazards 
encountered during deployment and possible adverse reproductive 
outcomes. As noted previously, some work on combined exposure to 
pyridostigmine and DEET has been performed that indicates a tenfold 
increase in the toxicity of the DEET compound.‘o However, these are 
tentative conclusions that were based on research performed on 
cockroaches, and the research work has not yet been replicated by other 
scientists. Also, in regard to possible synergistic effects, the National 
Institutes of Health workshop concluded that future research is needed on 
“well-designed case-control studies that include detailed exposure 
information for those reporting symptoms and for appropriately selected 
controls” and that simulations should be conducted on other exposure 
scenarios involving such substances as petroleum and insecticides.” 

Surrmwy Current monitoring efforts for reproductive dysfunction are mainly being 
examined through the VA and DOD registries. However, these registries 
have methodological problems in terms of coverage and do not ascertain 
certain key indicators such as rates of infertility and miscarriage and other 
forms of reproductive dysfunction. Most other work performed after the 
end of the gulf war on the different hazards present in the war have not 
been directed at ascertaining if exposure to these hazards could result in 
reproductive dysfunction. 

‘?Preliminary work performed by James Moss, Agricultural Research Service, U.S. Department of 
Agriculture, Gainesville, Florida 

“National Institutes of Health, draft of workshop statement from NIH Technology Assessment 
Workshop on the Persian Gulf Experience and Health, Washington, D.C., April 27.29,1!994, pp. 16-17. 
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