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health effects exist and can be attributed to occupational exposure to herbi­
cides. This stuqy uses a matched cohort design in a nonconcurrent prospective 

. setting incorporating mortality, morbidity, and followup studies. Detailed 
computer searches of Air Force personnel records, with several cross­
referenci ng techniques, have ensured total ascertai nment of the RANCH HAND 
population. The unique circumstances of exposure in this population of 1264 
individuals will permit a semiquantitative estimate ·of exposure. A comparison 
group will be formed from a population of 23,978 flight crew members and sup­
port personnel who were assigned to duty in Southeast Asia (SEA), but were not 
occupat i ona lly exposed to herbi ci des. These i ndivi dua 1 s wi 11 be matched to 
RANCH HAND personnel for the variables of age, type of job, and race. Since 
both the exposed subjects and their selected controls performed similar com­
bat or combat-related jobs, many of the physical and psychophysiologic effects 
of combat stress and the SEA envi ronment wi 11 also be equivalent in the two 
groups. In the analysis of mortality, each exposed subject and five randomly 
selected controls will be followed yearly for at least 20 years, qlnstituting 
a 1:5 mortality design. The first of the mortality controls will be selected 
and entered into the questionnaire and physical examination phases of the 
study, producing a 1:1 morbidity design. The initial· questionnaire will look 
backwards in time and will reconstruct occupational, social, and medical data 
to quantitate morbidity endpoints and confounding factors. All RANCH HAND 
personnel and their primary controls will be asked to participate in a compre­
hensive physical examination, with special emphasis being placed on derma­
tologic, neuropsychiatric, hepatic, immunologic, reproductive, and neoplastic 
condit ions. 

The questionnaire will be developed and administered by a civilian opinion 
research organization of national stature under contract to the U.S. Air 
Force. In-home, face-to-face interviews will be conducted to maximize data 
quality. Medical and occupational data will be obtained from thestuqy sub­
jects • Fertility data will be obtained from the subject' s spouse and/or 
former spouses whenever possible, preferably by face-to-face interview. In 
addition, next-of-kin interviews will be obtained for all study subjects who 
have died of noncombat-related causes between the time of their assignment to 
SEA and the initiation of this stuqy. The physical examination will be con­
ducted under Air Force contract at a single center by a civilian medical orga­
nization of national stature. Blind assessment protocols and strict quality 
control measures will be used to avoid bi.as and limit data variability. Adap­
tive physical examinations and questionnaires will be developed for use in 
years 3, 5, 10, 15, and 20 of the followup study. Expected biases and study 
difficulties include rfsk-takfng behavior bias in the predominantly volunteer 
RANCH HAND group, response bias, interviewer bias, ·10S5 to stuqy bias, and 
variability of procedures performed. 
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PREFACE 

In 1979 the United States Ai r Force (USAF) made the commitment to the 
Congress and the White Hduse to conduct an epidemiologic study of possible 
health effects resulting from chemical exposure to Air Force personnel who 
conducted aerial herbicide dissemination missions in Vietnam (Operation RANCH 
HAND). The purpose of this epidemiologic investigatio~ is to determine wheth­
er long-term health effects exist and, if so, whether they can be attributed 
to occupational exposure to herbicides or their contaminants. The study pro~ 
tocol for this effort incorporates a matched cohort design in a nonconcurrent 
prospective setting. 

The scientific protocol of the Air Force Hea"lth Study is presented here 
and is the result of a maturation process which began in October 1978. At 
that time, an epidemiologic strategy was developed. After approval of the 
basic approach was obtained from the USAF Surgeon General in early 1979, full­
scale protocol development began in p'reparation for a series of peer reviews 
by a vari ety of expert panels. Throughout thi s revi ew process, the advi ce and 
recommendations of each panel were used to enhance the protocol where appro­
pri ate. The foll owi ng discussi on' summari zes key recommendat ions made by each 
review panel. These reviews were independent of one another, and the approval 
of one version of the protocol does not imply that those 'reviewers have 
approved the protocol in its' final form. Although several members of the pan- ' 
els reviewing early protocol versions have received periodic courtesy progress 
reports, they have not had the opportun.ity to formally review the final prod­
uct. 

The Un.i vers i ty of Texas School of Pub 1 i c Hea 1 th, Houston, Texas, con­
ducted the .fi rst review on 8 June 1979. The reviewers stressed the need to 
insure that the popul ati on groups selected for the study were fully ascer­
tained, and' that sources of potential bias should be carefully addressed. The 
advantages of face-to-face interview technique over telephone techniques were 
discussed as well. On 6 and 7 August 1979, a panel app'ointed by the USAF Sci­
entIfic Advisory Board recommended that face-to-face interviews should be used 
and that the morta li ty phase of the study be expanded from a 1: 1 'to a 1: 3 
design to increase statistical power. Toxicologic aspects of the' study and 
their impact on. the scope_ of the physical examination were extensively dis­
cussed. A subcommittee of the Armed Forces EPl demi 01 ogi c Board conducted a 
review on 30 and 31 August 1979. The cQmmittee members recommended the 
appoi ntment of an independent monitori ng panel to oversee the conduct of the 
study on a periodic basis. They felt that it was necessary to expand the mor­
ta 1 i ty study to a 1: 5 des i gn, with subjects randomly drawn from a 1: 10 cohort 
matrix. Quality control concerns and the advisability of using a single exam­
i nat i on center were al so recommended. The Nati ona 1 Academy of Sci ences (NAS) 
revi ewed the protocol on 18 December 1979. The NAS recommendati ons stressed 
the need to place increased emphasis on ·reproductive endpoints, and to expand 
statistical power calculations, methods of population ascertainment, location, 
and long-term followup. They reiterated the value of ongo1.ng peer review by a 
monitoring group. They also strongly encouraged the Air Force to conduct the 
study by contract to an independent agency to avoid the appearance of conflict 
of interest. Following the NAS review, additional reviews by the Science 
Pane 1 of the Agent Orange Work i ng Group and the Advi sory Committee on Speci a 1 



Studi es Re 1 at i ng to the Poss i b 1 e Long-Term Health Effects of Phenoxy Herbi­
cides and Contaminants were obtained. A subcommittee of this Advisory Group, 
chaired by Dr. John Moore, Director of Toxicology and Testing Programs, 
Nati ona 1 Inst i tute of Envi ronmenta1 Hea 1 th Sci ences, was appoi nted to monitor 
the study. Reviews by this subcommittee continue on a regular basis. 

The edition of the protocol presented in this technical report is the 
protocol in effect at the time the physical e,xamination phase of the study 
began in January 1982. Subsequently, ci rcumstances beyond the control of the 
principal investigators led to some modifications in portions of the design. 
These modifi cati ons are di scussed in annexes to the basic protocol (Chap­
ters XVII, XVIII, XIX of this report) and are summarized. 

The principal investigators' increasing knowledge of the operational 
environment of the Vietnam War and the herbicide dissemination programs, and a 
more complete knowledge of the advantages and limitations of available 
records, contributed to the refinement of this document. Initially, an 
individual-specific' exposure index or estimate was planned, but these highly 
specific estimates of exposure were not feasible. Objective data sources were 
not available to permit development of the index on the individual level, and 
therefore the use of a more g~neralized index is required. 

/ The initial ascertainment of the control population was conducted by a 
computer search of the Air Force personnel records system coupled with a man­
ua 1 search ofnoncomputeri zed records. Thi s process resul ted in the inadver­
tent overse 1 ecti on of some compari son i ndi vi dua 1 s who were subsequently found 
not. to meet the criteria for inclusion in the study. These·ineligible indi­
vi dua 1 s were removed from the study cohorts, and appropri ate subjects were 
substi tuted for them. Ana 1ysi s of the problem revealed that there was true 
overselection of subjects, and that no eligible subjects had be.en overlooked. 
Thus, the statistical and scientific validity of the study has' been pre­
served. As a result of this event, the comparison cohort matrix was reduced 
from 1:10 to 1:8. This reduction will have minimal consequences, since the 
1:5 mortality analytic design and the 1:1 morbidity design are maintained. 

The primary focus of this study is the potential effects of herbicide/ 
dioxin exposure on health outcomes. However, the flexibility of the statis­
tical methodology, the comprehensive nature of the data being collected, and 
the high rates of participation in the questionnaire and examination process 
will permit the analysis of other factors. 

This final protocol represents a synthesis of the comments of all of the 
peer reviews, coupled with the increasing sophistication of knowledge concern­
ing record sources and operational features of the war. The evolution of this 
document has occurred over a four-year span of time. This evolutionary pro­
cess is' outlined in the following table. Refinements of concepts and proced­
ures were the only changes made to the study des i gn si nce November 1979. 
There have been no substanti ve changes in study desi gn methods or procedu.res 
since that time. Analytic techniques may be further refined to represent 
state-of-the-art statistical methodology. 

i i 



Protocol Version 

1 

2 

3 

4 

s 

7 
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PROTOCOL EVOLUTION 
:', ,\ 

Qill. 
6 June 1979 

10 July 1979 

30 July 1979 

30 August 1979 

31 October 1979 

28 November 1979 

. 8 October 1980 

26 November 1980 

>1"", >i\ 
Md~r Areas of Change 

----------------------------.------
- Expanded di scuss i on ot' epi demi 0-

logic design 
- Expanded statistical analytic 

strategy 
- Consideration of bias sources 

- Discussion of exposure index 
- Development of survival analysis 

techniques 
- Expanded discussion of physical 

examination procedures 

- Expanded discussion of exposure 
concepts 

- Expansion of mortality study to a 
1:3 design 

- Discussion of compliance factors 
- Further expans i on of phys i ca 1 

examination procedures 

- Expansion of mortality cohorts to 
1:S . 
Single center examinations 

- Di scuss i on of the replacement 
concept for bi.as correction 

- Expanded exposure index discus­
sion 

• More detailed discussion of sta­
tistical analytic strategy 

- Increased emphasis on fertility 
and reproducti ve endpoi nts . 

- Enlarged discussion of the mor­
tality analysis 

- Enlarged discussion of statisti­
cal power 

- Discussion of Quality Control 
methods 

• Presentat i on of ref i ned data on 
study population demographic 
characteri st i cs 



9 15 June 1981 

10 September 1981 

11 28 January 1982 

- Oi scuss i on of 
- Consideration 

effects 

matching procedures 
of time-in-study 

- Expanded discussion of matching 
procedures and results 

- Refinement of the exposure index 
- Presentation of modified perform-

ance schedu 1 es 
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PROJECT RANCH HAND II 

EXECUTIVE SUMMARY OF THE PROTOCOL 

The Air Force has made the commitment to Congress and to the White House 
to conduct an epidemiologic study of possible health effects in the Air Force 
personne 1 (RANCH HAND) who conducted aeri a 1 herbi ci de mi ss ions in Vi etnam. 
The purpose of this investigation .is to determine whether long-term health 
effects exist and can' be attributed to occupational exposure to Herbicide 
Orange. The extensive use of herbicides in Vietnam between 1962 and 1971 was 
termi nated when it became known that TCDD. a contaminant present in 2.4.5-T­
containing herbicides. caused congenital abnormalities when administered to 
pregnant rodents. Subsequent extensive research into the toxicity of TCDD in 
animals remains equivocal from the point of view of human population risks. 
Presently. the potential for teratogenicity and carcinogenicity of TCDD seems 
to be significant. but species specific. The scientific literature on the 
toxi ci ty of the components of Herbi ci de Orange reveals that the two mai n 
ingredients. 2.4-0 and 2.4.5-T. have extremely 'low toxicity. and are dis­
tinctly different in nature than TCDD. TCDO has been shown to be embryotoxic 
at markedly lower doses in animals. Only recently ,have comprehensive prospec- . 
tive studies 'in humans been undertaken. Most previous epidemiologic studies 
dealing with TCDD exposure in humans have suffered from weakness in design and 
stat i st i ca 1 power. These studi es have only validated ali nk between TCDD 
exposu re and the subsequent development of chloracne. However. the pUb 11 c's 
percept 1 on of the toxi city of lierb1 ci de Orange/TCDD is genera lly different 
from that of the sci ent ifi c communi~y. A revi ew of veteran i.nqui ri es submit- . 
ted to the Veterans Administration reveals an awesome spectrum of alleged 
symptoms.and diseases. 

Thi s study uses a matched cohort d~s i gn ina nonconcurrent prospect i ve 
sett i ng incorporat i ng morta 1 ity. morbi di ty. and fo110wup studi es. Detail ed 
computer searches of Air Force personnel records. with several cross-referenc­
ing techniques. have ensured total ascertainment of the RANCH HAND popula­
tion. The unique circumstances of exposure in this population of 1264 indi­
viduals will permit a semi-quantitative estimate of exposure. Specifically. 
si nce there was a documented hi gher concentrati on of TCDD contami nat ion pri or 
to 1965. thi s factor will be incorporated in the. development of an exposu re 
index. A control group will be formed from a population of 23.978 C-130 crew­
members and support personnel who were ass i gned to duty 1 n Southeast As i a 
(SEA). but were not occupationally exposed to herbicides. Control individuals 
will be matched to RANCH HAND personnel for the variables of age, type of job, 
and race. Si nce both the exposed subjects and thei r selected controls per­
formed similar combat or combat-related jobs, many of the physical and 
psycho-physiologic effects of combat stress and the SEA environment will also 
be equivalent in the two groups. Ten statistically equivalent matches for 
each exposed subject will form the control set for each exposed subject. In 
the analysis of mortality. each exposed subject and a 50% random selection 
from each control set will be followed yearly for at least 20 years, consti­
tuting a 1:5 mortality design. The first of the randomized mortality controls 
will be se1 ected and entered into the quest i onna 1 re and phys; ca 1 exam; nat ion 



phases.of the study, producing a 1:1 morbidity design. The initial question­
naire will look backwards in time and will reconstruct occupational, social, 
and medical data to quantitate morbidity endpoints and confounding factors. 
Subsequent questionnaires and physical examinations will constitute a fo110wup 
morbidity study of living exposed subjects and suitable living controls. In 
this followup phase, primary. controls who are noncompliant will be replaced by 
another suitable control from the control set so that both statistical. power 
and loss to study bias in the followup study may be improved. Controls dying 
after the initiation of the followup will not be replaced. All RANCH HAND 
personnel and their primary controls will. be asked to complete a questionnaire 
and participate in a comprehensive physical examination, with special· emphasis 
being placed on dermato10gic, neuropsychiatric, hepatic, immunologic, repro­
ductive, and neoplastic conditions. 

The questionnaire will be 'developed and administered by a civilian opin­
ion research organization of national stature under contract to the U.S. Air 
Force. In-home, face-to-face interviews will be conducted to maximize data 
quality; however, noncompliant individuals will be requested to participate in 
a shortened telephone interview. Medical and occupational data will be 
obtained from the study subjects. Fertility data will be obtained from the 
subject's spouse and/or former spouses whenever possible, preferably by face­
to-face interview. In addition, next-of-kin interviews will be' obtained for 
all study subjects who have died of non-combat-re1ated causes between the time 
of their assignment to SEA and the initiatiol'l of this study. The physical 
examinations will be conducted under Air Force contract at a single cent.er by 
a civilian medical organization of national stature. Blind assessment proto­
cols and strict quality control measures win be used to avoid bias and limit 
data_ variability. A $100 per day stipend will be paid to all eligible sub­
jects to maximize participation in the study. Adaptive physical examinations 
and questionnaires will be deve10ped'for use in years 3, 5, 10, 15, and 20 of 
the followup study. Expected biases and study difficulties include risk­
tak i ng behavi or bias in the predomi nant 1y volunteer RANCH HAND group, response 
bi as, i ntervi ewer bi as, loss to study bi as, and vari abil i ty of procedu res 
performed. ' 

Since this study is dealing with nonspecific clinical endpoints, identi­
fication or elucidation of a disease state or syndrome by statistical method­
ology is a prime thrust of the investigation. Inferences about a disease 
state will be developed by identifying symptom complexes or physical findings 
which in themselves may represent disease. By comparison of symptoms, signs, 
and laboratory tests within and between groups, a logical decision-making 
scheme can be ut 11 i zed to ca 1 cu 1 ate re 1 at i ve ri sks from basel i ne data. If 
appropriate, these results will be used to sharpen adaptive approaches in the 
followup study. By the use of combinational and correlational analysis, 
statements about the probability of a disease state, a subclinical state, 
and/or over-reporting bias will be attempted. In addition, the application of 
regression techniques to a normalized exposure index among exposed individuals 
exhibiting symptoms and/or signs will also assist in the clarification of a 
disease state or syndrome. Mortal ity data will be analyzed using severaldif­
ferent approaches, including age and age-disease specific rates, standardized 
mortality rates, and modified life table approaches, as well as more sophisti­
cated logistic and multiplicative models. Analysis of questionnaire and 



physi ca 1 exami nat i on data wi 11 util i ze 1 og-l i near models for di chotomous or 
po1ytomous data to verify the appropri ateness of the standard stati sti cal 
methodologies (e.g., McNemar's test for dichotomous rates). Continuous 
variables wi 11 undergo, covariance analysis to ,remove noncontro11ed effects, 
followed by the use' of a paired difference statistic. Some data will 
naturally fall into groups or batteries (e.g., fertility/reproduction, liver 
funct i on tests); in whi ch case, group scori ng techni ques will be used as 
appropri ate. 
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PROJECT RANCH HAND II 

EPIDEMIOLOGIC INVESTIGATION OF HEALTH EFFECTS' 
IN AIR FORCE PERSONNEL FOLLOWING EXPOSURE TO HERBICIDE ORANGE 

MATCHED COHORT DESIGN 

I. Purpose of the Investigation 

The purpose of this epidemiologic investigation is to determine I'ilether 
long-term health effects exist and can be attributed to occupational, exposure 
to Herbicide Orange. 
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II. Synopsis of Background 

A. The USAF Commitment 

Since 1978 news medi a presentat ions have focused attention on pos~ 
sible adverse health effects in former military personnel, allegedly due to 
Herbi ci de Orange [a mi xture of 2 ,4-di ch 1 orophenoxyaceti c aci d (2,4-0) and 
2,4,5-trichlorophenoxy-acetic acid (2,4,5-T)] which was used as a defoliant 
during the Vietnam Conflict. Other herbicides containing 2,4,5-T were also 
used extensively, and as commonly used by the news media, the term "Herbicide 
Orange" refers to all of these 2,4,5-T products. These herbi ci des were con­
taminated with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (Figure A-1, Section 
XV), and the presence of this toxin is the basis for much of the concern over 
exposure to these defoliants. Claims for compensation have been filed against­
the Veterans Administration (VA), by more than 3,000 veterans. In response to 
Congress, the General Accounting Office (GAO) investigated the issue and 
subsequently recommended that the Department of Defense (DOD) conduct a long­
term epidemiologic study of the problem. The Department of the Ai.r Force has 
made a formal commitment to the Congress ana the White House to conduct such a 
study. On 16 September 1980, the White House directed the DOD to initiate the 
RANCH HAND study with reasonable speed and high quality. This decision was 
subsequently reaffirmed by the new administration. 

B. The Peer Review Process 

This protocol has received rigorous peer review. Fran the outset, 
the Air Force principal investigators have acknowledged the· scientific com­
plexities of the effort and voluntarily sought outside peer review and con­
su 1 tat i ve gui dance. The fo 11 owi ng revi ews have been conducted: 

Revi.ewi ng Agency 

Un; vers i ty of Texas, School 
of Public Health 

Air Force Scientific 
Advi sory Board 

Armed Forces Epidemiologic 
Board 

National Research Council, 
National Academy of Sciences 

Date 

June 1979_ 

August 1979 

August 1979 

December 1979 

Members of each independent review agency were provided copies of the protocol 
and key references in advance of the review. Anextensi ve bri efi ng of the 
protocol was presented to three of the four agencies. Each review group pro­
vided a report of their opinions and recommendations. The Air Force principal 
invest i gators responded to reports from the fi rst three peer revi ews and i ndi­
cated concurrence or nonconcurrence with each of the recommendations. Most of 
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the peer group recommendations were gratefully accepted" and incorporated 
appropriately within the protocol. Because the National Research Council's 
report cited "major deficiencies in design" and enphasized public credibility 
issues, the protocol was referred to the Interagency Work Group to Study the 
Possi b 1 e Long-Term Health Effects of Phenoxy Herbi ci des and Contami nants for 
an additional scientific review and recommendations to the White House as to 
whether the Air Force should conduct this study. This review was conducted in 
June 1980 and resulted in an affirmative recommendation., The White House 
subsequent ly di rected that the study be formally started. 

C. The Military Use of Herbicides 

Research and development on phenoxy herbi ci des be9an in the early 
1940s, when most of the initial phytotoxic screening programs and the develop­
ment of app 1 i cati on technol ogi es were sponsored by the DOD. The herbi ci de, 
2,4,5-T, was first commercially produced in the United States in 1944. During 
the years from 1961 through 1969, the DOD procured 53 million pounds of this 
herbicide (approximately 34 percent of the total US production) for use in the 
Republic of Vietnam (RVN). However, 8.9 million pounds of that amount were 
not sprayed in Vi etnam, but were destroyed by at-sea i nci nerat i on in 1977. 
The first sustained DOD operational use of herbicides was initiated during the 
Vietnam Conflict (Operation RANCH HAND) and the first shipment of herbicides 
used in RANCH HAND was received at Tan Son Nhut Air Base, (RVN), on 9 January 
1962. The use of these compounds was intended to accomplish two obJecti ves: 
(1) ~he defo 1 i at ion of vegetat i on to improve vi sibil i ty and thus decrease the 
risk of ambush, and (2) the destruction of enemy crops. 

Four 2,4,5-T-containing herbicides were used by the military during 
the period 1962-1970. These four included: ' 

, (1) Herbicide Purple (used from 1962 through 1964) 

n-butyl 2,4-0 50% 
n-butyl 2.4,5-T 30% 
iso-butyl 2,4,5-T 20% 

(2) Herbicide Pink (used from 1962 through 1964) 

n-butyl 2.4,5-T 60% 
i so-buty 1 2,4,5-T 40% 

(3) Herbicide Green (used from 1962 through 1964) 

n-butyl 2,4,5-T 100% 

(4) Herbicide Orange (used fran early 1965 through 15 April 1970) 

n-butyl 2,4-0 50% 
n-butyl 2,4,5-T 50% 

• 
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Analyses of archived samples of Herbicide Purple suggest that the 
mean concentration of TCDD may have been approximately 33 ppm (Range: 17 to 
47 ppm TCDD) whil e archi ved sampl es of Herbi ci de Orange had a mean concentra­
tion of approximately 2 ppm (Range: <0.02 to 15 ppm TCDD). 

In addition, two other herbicides were widely, used in RVN. These 
were Herbicide Blue, an organic arsenical formulated from the sodium salt of 
cacodylic acid, and Herbicide White, a water soluble triisopropanolamine salt 
formulation of 2,4-D and picloram. The amounts of the various herbicides used 
in RVN from January 1962 through February 1972 are shown in Table 1. 

CHEMICAL 

2,4-0 
2,4,5-T 
TCDD 
Picloram 
Cacody 1 i c -Aci d 

Table 1. 

ESTIMATED QUANTITIES OF HERBICIDES AND TCDO 
SPRAYED IN RVN, JAN 1962-FEB 1972 

Herbicide Total 

POUNDS 

55,940,150 
44,232,600 

368 
3,041,800 
3,548,710 

106, 763 ,260 

Ninety-six percent of the '2,4,5-T disseminated in RVN was contained in 
Herbicide Orange; the remaining 4 percent in'Herbicides Green, Pink, and Pur­
ple. However, Herbicides Green, Pink and Purple contained approximately 40 
percent of the estima.ted amount of TCDO disseminated in RVN. Green, Pink and 
Purple were sprayed as defoliants on less than 90,000 acres from 1962 through 
1964, a period when only a small force of U.S. military personnel were in 
RVN. Ninety percent of all the Herbicide Orange (containing 38.3 million 
pounds of 2,4,5-T and 203 lb of TCDD) was used in defoliation operations on 
2.9 million acres of inland forests and mangrove forests of RVN. 

Most of the herbicide used in RVN was sprayed from aircraft. RANCH HAND 
aircraft, the C-123, disseminated 88 percent of all herbicide. Helicopters 
and ground application equipment used by personnel from all branches of the 
U.S. Armed Forces applied the remaining 12 percent, primarily Herbicide Blue, 
to mai ntai n vi si bil ity around base peri meters. 

Concurrent wi th the change to Herbi ci de Orange, the scope of aeri a 1 use 
shi fted from four ai rcrews on temporary assi gnments, to 36 permanently 
aSSigned aircrews, and additional support personnel. Following the announce­
ment in October 1969 that the admi ni strat i on of 2,4,5-T to pregnant rodents 
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caused an increase in the rat'e of congenital abnormalities, the DOD confined 
Herbicide Orange spray operations to nonpopulated areas. and in April 1970, all 
uses of the 2,4,5-T containing herbicides were halted. Other non-2,4,5-T 
herbicides continued to be used until June 1971 and Operation RANCH HAND was 
officially deactivated in October 1971. In March 1972, all remaining stocks 
of 2,4,5-T-containing herbicides were removed from RVN, and transported to 
Johnston Is 1 and, Paci fi c Ocean, for open storage (Proj ect PACER IVY), and 
eventual incineration at sea in 1977 (Project PACER HO). In 1979, the 
Environmental Protection Agency (EPA) suspended the use of herbicides contain­
ing 2,4,5-T because an epidemiologic study in the United States attributed 
abortogeni C effects to its use. 
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II I. Goal s of the Investi gati on 

The health goals of this investigation are: (1) to identify veteran and 
active duty individuals with adverse health effects (physical and psychologi­
cal) if any, which are attributable to herbicide exposure, and (2) to iden­
tify other individuals at risk of developing future adverse health effects, if 
such exist. 

Spinoffs from the primary health goals are clearly evident. Increasing 
media emphasis, in tandem with rising veteran concern and Congressional 
action ,have caused numerous governmental agencies to pursue the issue from 
several sci entitic perspect i ves. The RANCH HAND study is an important part of 
the overall scientific mosaic, but in itself, may not be definitive in 
answering the herbicide question. Nevertheless, it is clear that data and 
concl us i onsari sing from thi s invest i gat ion, whether positive , negative, or 
indeterminant, will be used as a substantative data base upon which government 
can formulate policy decisions. With numerous individual and class action 
lawsuits pending, currently totaling in excess of $44 billion, the primary 
governmental decision will cqncern compensation for attributable adverse 
health. As the award of compensation to any veteran is solely controlled by 
the Veterans Administration, this Air Force study in no way represents a "con­
flict" but rather constitutes another reaffirmation that "The Air Force cares 
for its own." 

..... 
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IV. Synopsis and Discussion of Literature 

A. Overview 

More than 20,000 scientific articles relating to the phenoxy herbicides 
have been published Since the 1940's. Many of the articles cite herbicide~ 
caused health effects in a variety of animal species, but most early studies 
used a myriad of herbicide formulations and unknowingly dealt with physically 
and chemi ca lly impure compounds, and the assay technology was far short of 
today's state~of~the~art. Many human studies have ascribed cause and effect 
relationships but have suffered from problems of clinical empiricism or ques­
tionable methodology. The only consistent chronic clinical finding associated 
with exposure to 2,4,5-T herbicide and Teoo has been. chloracne, recognized by 
most workers as the heral d sign of overexposu re to the herbi ci de a.nd oth~r 
chloracneigens. It is now recognized that the 'chloracne was caused by the 
presence of Teoo rather than 2,4,5~T. Sequelae from chloracne, localized or 
systemic, appear to be unusual according to the preponderance of the litera­
ture. It is appropriate to note that sustained worldwide usage Of herbicides 
for 30 year's has not yet evoked a readily identifiable disease state. It is 
clear from the literature and the usage history of herbicides that if there are 
significant attributable long-term health effects, they are either reasonably 
rare, or of such nonspecific commonal ity ·that they blend unnoticeably into the 
symptoms, syndromes, or diseas-es associated with increasing age or other similar 
factors. 

B. Pharmacokinetics of 2,4-0, 2,4,5-T and Teoo 

(1) 2,4-0 

The pharmocokinetics of 2,4-0 have been well studied .in animals. 
2,4-0. is rea(jily absorbed after oral administration, and is initially distri-

. buted in high concentrations to the central nervous system and liver. Eventu­
ally, all tissues are involved, with the kidneys accumulating twenty times the 
concentration of the other tissues. The plasma half-life of 2,4-0 is approxi­
mately 3 to 12 hours, with elil11~nati.on from the body through the kidneys at a 
dose-dependent rate. Generally; high doses or repeated lower doses result in 
tissue accumulation. The majority of 2,4-0 is eliminated unmetabolized; how­
ever, esters of 2,4-0 have been shown to undergo hydrolysis prior to excretion. 
Muscle and fat show the lowest accumulation of 2,4-0 on repeated exposure, 
whereas the kidneys and 1 i ver show the hi ghest accumu 1 at ions. Wi thi n 24 hou rs 
of a single-dose administration of 2,4-0, 16.8% was present in the uterus, pla­
centa, fetus and amniotic fluid in gravid rats. In addition, 2,4-0 was found in 
the milk of lactating rats for up to six days following single-dose exposure. 

(2) 2,4,5-T 

The pharmacokinetcs of 2,4,5-T have been well studied in animals. 
In all animals, 2,4,5-T has been shown to be readily abosrbed upon oral adminis­
tration. However, beyond this point, 2,4,5-T has shown marked variations in its 
pharmacok i neti cs dependi ng on the speci es tested. These differences are thought 
to be due to variations in species," age, dosage levels, routes of administration 
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and chemical formulations used in the various studies. Generally, the distribu­
tion is ubiquitous throughout the body except in hamsters, which show no placen­
ta 1 passage, and in mi ce, whi ch show placenta 1 passage on 1y in 1 ate gestat ion. 
Clearance from plasma and. from the body varies greatly among species with rats 
showing faster clearance than dogs, mice and man. In addition, this clearance 
appears to be generally dose-dependent. The biological half-life of 2,4,5-T in' 
rats, as estimated by tissue analyses and urinary clearance at administered dos­
ages of 5 mg/kg, is 4.7 hou.rs. However, at 200 mg/~g, the half-life in rats is 
prolonged to 25 hours. Excretion of 2,4,5-T is primarily via the kidneys. The 
elimination of 2,4,5-T at low doses is essentially achieved in an unmetabo1ized • 
form. However, at higher or more chronic doses, elimination involves the liver 
in a. more active role (i .e., conjugation). Higher doses and repeated lower 
doses appear.to result in accumulation in animal tissues. 

(3) Phenoxy Herbicides in Humans 

Relatively few studies have dealt with the pharmacokinetics of 
2,4-0 and.2,4,5-T in humans. Numerous reports of OCCuPiltiona1 exposures in 
industry and in commercial and 'private herbicide applications have supported 
percutaneous entry as a major route of exposure. Rapid absorption of 2,4-0 and' 
2,4,5-T has been observed after oral administration. The primary mode of excre­
tion of the phenoxy herbicides is via the urine with 74% of 2,4-0 and 63%-72% of 
2,4,5-T being cleared from· the body within the first 96 hours. The majority-of 
the herbicide is unmetabo1ised prior to excretion and the biological half-life 
of 2,4-0 and 2,4,5-T in humans (as estimated by tissue analyses 'and urinary 
excretion) is 33 hours and 18 hours, respectively. Tissue analysis has revealed 
an ubi<juitous distribution of the herbicides after absorption. Limited studies 
on the accumu1 ati on of the phenoxy herbi ci des fo1.1 owi ng-repeated doses suggest· 
that s.uch· accumulation in humans is unlikely. This is in contrast to numerous 
animal studies on 2,4-0 and 2,4,5-T which show that such accumulation does 
occur. 

'No specific data are available on the odor threshold of Herbicide 
Orange. Data are available however, on the odor threshold of a butyl ester for­
mulation of 2,4,5-T. The odor threshold was found to be about 0.3 ppb (the 
taste threshold was 1.3 ppb). A Threshold Limit Value (TLV) of ·10 mg/m 3 for 
both 2,4-0 or' 2,4,5-T has been adopted by the American Conference of Governmen­
tal Industrial Hygienists. The TLV is a time-\;~ighted average concentration for 
a normal 8-hour workday/40-hour workweek to which workers may be repeatedly 
exposed, day after day, without adverse effect. Analysis of ambient air samples 
collected adjacent to and downwind from actual dedrumming operations involving 
Herbicide Orange' were at least two orders of magnitude below the TLVs. 

(4) TCOO 

Information on the absorption, distribution and excretion of TCOO 
has been mostly derived from animal models. Studies in rats, mice and guinea 
pigs generally show that intestinal absorption of TCOO is relatively complete, 
with a large proportion being stored unmetabolized in the liver. The majority 
of this TCOD is assumed to be localized in the liver microsomes (centrifugation 
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techniques). Initially, adipose tissue accumulates TCDD, followed later by 
accumulation in the liver, adrena1s, k.idneys and lungs. The level of TCDD in 
the liver and adipose tissue is about ten-fold greater than in other body tis­
sues; however, significant species variability has been observed. The bio10gi­
ca 1 ha If-1 ife of TCDD vari es by speci es, but is reported t6 range from 12 to 50 
days. The major route of excretion is via the feces with urinary excretion 
occurring at a much reduced rate. 

C. Proposed Cellular Mechanisms of Action for TCDD 

TCDD has three proposed mechani sms of action by whi ch its vari ety of 
effects, both documented and suspected, can be understood. All currently avail­
able information in this area is derived from' animal, plant,' and bacterial 
models. The few human studies dealing with mechanisms are limited to the clini­
cal manifestation of chloracne. 

(1) Microsomal Enzyme Induction 

TCDD's ability to induce a variety of microsomal enzymes is well 
documented. The induction of aryl hydrocarbon hydroxylase, de1ta-amino1evu1inic 
aci d synthetase, and cytochrome P-448/P-450 associ ated enzymes has been imp 1 i­
.cated in the development of cutaneous porphyri a" The induction of aryl hydro­
carbon nydroxylase and other mixed function oxygenases/oxidases has been associ­
ated with carcinogenesis and tumorogenesis. In addition, TCDD has been shown to 
be a. possible promoter or cocarcinogen of known carcinogens. In some nonhuman 
studies,' TCDD produced a . protective effect against endocrine tumors (e.g., 
pituitary, uterine, pancreatic, adrenal; and mammary tumors). TCDD's induction 
of UDP-g1 ucuronyl transferase, an important enzyme in steroi d metaboli sm, may 
explain this peculiar effect. The induction of DT-diaphorase and lysosomal acid 
proteinases has been implicated in TCDD's neuropathic effects. These and other 
biochemical alterations may account for TCDD's clinical manifestation of 
chloracne resulting from an over production of keratin in the sebaceous ducts. 

(2) DNA/TCDD Interaction. 

Alterations' in the structure and fidelity of transcription of DNA 
due to TCDO have been indirectly demonstrated. TCDD, because of its planar ring 
structure, may "intercalate" with DNA causing "frame-shift" mutations in a man­
ner similar to that seen with the acridine family of compounds. A few labora­
tory studies with bacterial systems (Escherichia coli and Salmonella typhimur­
ium) and one plant system (the African Blood Lily)~e imp1icated'reDD as being 
capab le of produci ng chromosomal aberrat ions and perhaps a weak domi nant 1 etha 1 
effect. This hypothesized DNA/TCDD interaction could explain the development of 
chloracne, as well as the suggested mutagenic and carcinogenic effects, if simi­
lar mechanisms occur in mammalian species • 

. (3) Toxicity. 

A nonspecifi c or as yet unspecifi ed toxi city cont i nues to serve as 
a reasonable mechanism for TCDD's hepatic and thymus toxicity. TCDD has been 
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descri bed by some as "one of the most potent, low mol ecu 1 ar wei ght toxi ns 
known"'- with extremely 1 ow concentrati ons produci ng severE 1 i ver damage and 
death in various animal studies. The immune suppression effect of TCOO has been 
shQwn to result specifically from its T-cell (thymus) toxicity. 

If bioaccumulation and persistence of TCOO occur in human adipose tissue, 
it could be released into the circulation under situations of weight loss (e.g., 
life style modification, 'medical indications, or, disease). Such hypothesized 
'reemergence of the agent could result in low doses being either detectable and! 
or toxic at some later point in time. If TCOO's primary toxicity results from 
low doses (e.g., a mutagenic!car~inogenic effect) rather than high doses (e.g., 
cellular poisoning and cell death), then the deposition of TCOO in the adipose 
tissue may have greater significance with ,respect to delayed effects' on the 
long-term health of the exposed individual. This possibility raises a theoreti­
ca 1 dose-response paradox whi ch mi ght "exp 1 a in" the prevail i ng preponderance of 
symptoms in popu 1 at ions wh i ch may ha ve been exposed to re 1 at i ve ly low doses of 
TCOO ,(see Section IV 0). However, persistence of TCOO in humans has not been 
demonstrated. Attempts to measure TCOO in human tissue are 1 imited by technical 
difficulty in differentiating between the 2,3,7,8 isomer found in 2,4,5-T and 
the other. 21 i somers from non-herbi ci de sources. There is a 1 so no reasonable 
method to determi ne whether tissue TCOO is from an RVN exposu re, or from a more 
recent environmental source. 

O. Animal Studies 

A comparison of animal toxicity studies is difficult due to variations 
in experimental designs which include differences in (1) the species, age, and 
sex of animals used; (2) the level, route, and length of exposure to chemicals; 
(3) ·the purity of the chemicals used; and (4) the criteria measured and the time 

,sequence of data collection. Animals have shown a wide range of toxic effects, 
but this range may serve as a guide to anticipate the potential toxic effects in 
humans following exposure to Herbicide Orange. 

A summarization of the 1 iterature is presented in Table A-I of the 
Appendix, Section XV. It is apparent that the toxic effects. of 2,4-0 and 
2,4,5-T are markedly different from the effects of TCOO. TCOO is approximately 
1000 times more toxic in acute studies. In addition, the slower clearance time 
of TCOO may account for .the s1gnificantly lower daily doses required to elicit 
chronic toxicity. A consistent finding in TCOO toxicity is depletion of the 
lymphoid tissues throughout the host. This is readily characterized by involu­
tion of the thymus in all species studied. In relation to the chronic maternal 
toxic dose, the embryotoxic dose is markedly lower for TCOO than for 2,4-0 and 
2,4,5-T. Both 2,4,5-T and 2,4-0 appear to be very weak teratogens and/or car­
cinogens at best, but these evaluations are compl icated by varying levels of 
contami nati on by vari ous di benzo-p-di oxi ns. TCOO appears to have si gnifi cant 
teratogenic and carcinogenic potentials which appear to be species specific. 

The most striking observation noted in the literature is a marked vari­
ation in response among species. Examples of these variations are in the areas 
of acute toxicity (TCOO's LOso in guinea pigs is 1 ~g/kg compared to 1000 ~g/kg 
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in dogs), excretion (2,4,5-T plasma half-life in rats in 4.7 hrs compared to 77 
hrs in dogs), and oncogenicity. Even among strains of the same species (rats) 
variations in oncogenicity were noted following 2,4,5-T exposures. As noted 
earlier, this high variability between species is an important consideration in 
the designing of human studies. 

A second area of interest noted in the literature is a hypothetical 
dose-response paradox in nonhum~n primates (rhesus monkey) following exposure to 
TCDD. Animals in a chronic exposure study fed a low level of TCDO in feed 
(e.g., 50-500 parts per trillion (ppt)] have shown signs .of disease only after 
severa 1 mont.hs when total TCOD consumption was approxi mate 1y 1 llg/k 9 body 
weight. Unfortunately, animals receiving comparable amounts of TCDD in a 
si ngl e-dose acute toxi city studi es (LDso determi nati ons) have not been observed 
for the emergence of chronic effects. Therefore, it remains unclear whether the 
toxi city demonstrated in chroni c exposure studi es is dependent upon repet i t i ve, 
cumulative exposure or whether similar toxicity would also be demonstrated fol­
lowing an equivalent single dose after a comparable observation period. Much 
concern has been raised over the potential of 2,4-0, 2,4,5-T or TCDD to induce 
genetic change in male animals which are subsequently passed on to the progeny 
of these exposed animals. In a recent experimental study by Lamb, Moore, and 
Marks, 150 male mi ce were exposed to vari ous concentrat ions of the three chemi - . 
cals in their food for eight weeks. Acute toxicity was evident with all 
dosages, as animals lost weight and had dose-related liver and thymus abnormali­
ties, "but these effects were reversed upon return to a normal diet. These expo­
sures did not result in abnormalities in sperm concentration, motility or 
morphology. After'the exposure period, the mice were mated, and no dose-related 
differences in mating frequency, fertility or reproducitve success were evident 
between the chemically exposed mice and their 50 nonexposed controls. 

E. Case Reports 

Much of the medical literature on 2,4-0, 2,4,5-T and TCDD exposures in 
humans is based on i ndi vi dua 1 case reports foll owi ng acute exposures. Si nce 
most of the patients discussed in these reports were exposed to multiple chemi­
cal agents, it is difficult to determine which agents were responsible for 
specific symptoms. Nevertheless, the general. areas of dermato10gic and neuro­
psychiatric disease have been of primary interest in most investigations. Since 
the neuropsychiatric symptoms of herbicide exposure are numerous and largely 
subjective in ·riature, -they have been extremely difficult to assess from a clini­
cal standpoint. In addition, hepatic dysfunction, and renal, gastrointestinal 
and cardiac disturbances have been "linked" to exposures to these ch1oropheno1ic 
compounds. 

(1) 2,4-0 

A multitude of symptoms have been attributed to 2,4-0 and the ones 
reported most consistently are listed in the Appendix, Table A-2. Components of 
some of these selected symptoms/signs are described in Table A-3 of the Appen­
dix. The asthenic syndrome, peripheral neuropathy, and hepatic dysfunction are 
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of particular interest. Other symptoms of acute systemic toxicity occur, but 
with 2,4-0 exposure has been extensively described. It has an early onset, 
causes prolonged disability of variable degree, and recovery has been incomplete 
in many cases. El ectromyography in some patients has demonstrated denervati on, 
and some studi es have detected decreases innerve conduct ion vel ocit i es. One 
autQPsy study demonstrated a demyelination process. within the brain of a 76-
year-old male who committed suicide by ingesting 2,4-0 in kerosene. 

(2) 2,4,5-T/TCDD 

The human effects of 2,4,5-T are difficult to evaluate since the 
chemical is contaminated with TCDD in the manufacturing process. The effec~s of 
TCDD itself have been determi ned from studi es of tri chlorophenol workers, and 
from laboratory workers using TCDD. Symptom/sign complexes attributable to 
exposure to 2,4,5-T .and TCDD are listed in Tables A-2 and A-3 of the Appendix. 
Chloracne usually begins in the zygomatic/temporal region and is often found on 
and behind the pinna of the ear. This is an oily acne-like skin condition char­
acterized by comedones and inclusion cysts which may result in extensive scar­
ring. In severe· cases following heavy exposure, spread of lesions to the 
throat, back and inguinal areas has been noted. This skin condition is fre­
quently preceded by erythema and blepharoconjunctivitis. Active lesions usually 
disappear within two years, but have been found 30 years after exposure. Por­
phyria cutanea tarda and hypothyroidism have also been linked. to 2,4,S-T/TCDD 
exposure. Other symptoms such as asthenia, liver. and renal dysfunction, neuro­
pathy, and gastrointestinal and cardiac disturbances are probably due to mechan­
isms similar or identical to those of 2,4-0. With the exception of chloracne 
and possible disorders of porphyr.in metabolism, all of these effects have been 
acute or subacute in nature. 

Numerous instances .of alleged di sease due to 2,4-0/2,4,5-T expo­
sure have been the subject of heavy media attention, particularly an episode of 
alleged 2,4,5-T exposure in Globe, Arrzona, in 1969. Despite extensive scienti­
fic review and analysis with negative findings, the Globe incident continues to 
be cited in news media presentations. An incident in Mfssouri in 1971 in which 
si x· chil dren, two adults and numerous animals were exposed to TCDD-contami nated 
oil is frequently described as well. Many of the animals died and the humans 
deve loped ch 1 oracne and other acute toxi c effects; however, all humans were 
healthy after five years of follow-up study. A final prospective assessment of 
fertility, teratogenesis and carcinogenesis, in these individuals will probably 
be made in the future. 

F. Veteran Concerns 

The Veterans Administration provided the USAF with data on 46,771 
patients participating in the Herbicide Registry. Numerous media presentations 
emphasizing both military and civilian herbicide exposures have described a 
remarkably wide spectrum of health effects being claimed by the veterans. Three 
compensation claims have been allowed for service-connected acneiform skin 
lesions (but not chloracne), 16 claims for other skin conditions, and an addi­
tional three claims for other diagnoses. A direct causal relationship between a 
di sease and a specifi c exposu re is not necessary to recei ve compensat ion. 
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If the condition is shown 'to have occurred during active duty or within a 
reasonable time after separation, it is compensable, regardless of cause. 
Current' Veterans Admi ni strat ion gui deli nes state that the only chroni c resi dua 1 
of defoliant exposure has been chloracne. Table 2 summarizes the descriptive 
characteristics of 46,771 patients' in the VA Herbicide Registry as of 31 August 
1980. Table 3 summarizes symptoms from these patients by category. 

Table 2 

SUMMARY OF DESCRIPTIVE CHARACTERISTICS OF PATIENTS IN 
THE VA HERBICIDE REGISTRY, AS OF 10 FEBRUARY 1981 

Total Number of Registered Patients: 46,771 
Branch of Service of Registered Patients: 

Army 66.3% 
Marine Corps 18.9% 
Air Force 7.3% 
Navy 5.9% 
Other 1.6% 

Table 3 

VA HERBICIDE REGISTRY SYMPTOM REPORTING 

Number of Registered Patients: 46,771 
Number of Symptomatic Patients: 34,145· (73%) 
Mean Number of Symptoms per Symptomatic Patie~t: 2.6 

Symptom Number of Percent of Percent of 
Category Patients Registered Patients Symptomatic Patients 

Dermatologic 18,675 39.9 54.7 
Psychiatric/Psychological 11,745 25.1 34.4 
Headache 6,021 12.9 17.6 
Peripheral Neuropathy 5,729 12.3 16.8 
Asthenia 5,637 12.0 16.5 
GastrOintestinal 5,454 11.7 16.0 
Sexual Dysfunction 2,105 4.5 6.2 
Other 20,702 44.3 
No symptoms 12,626 27.0 

13 



Study des i gn imp 1 i cati ons that can be drawn from these data are 
1 imited because registered veterans may not be truly representative of the 
exposed popul at ion. The demonstrated 1 ack of an eas ily i dent ifi ab 1 e symptom 
complex on review of the registry data clearly substantiates the need for a 
comprehensive evaluation of individual patients. 

G. Epidemiologic Studies 

Epidemiologic studies of occupational groups have validated links 
between exposure to TCDD and the development of chloracne. Associations between 
TCDD and psychological abnormalities have also been suggested. A series of 
studies published from 1978-1980 py Hardell, Sandstrom, Axelson, and others in 
Sweden evaluated occupati ona 1 exposu re to chlorophenol i c compounds in cancer 
patients. They found an association between cancer and exposure, but were 
unable to assess causality due. to methodological limitations. Preliminary 
results of a case-control study of soft tissue sarcoma in New Zealand (Smith) 
did not detect any unusual clustering of occupations among the sarcoma cases. 

Tung (1973) reported an abnormal increase in the occurrence of primary 
carcinoma of the liver in Vietnam (26 cases per year during 1955-1961 versus 144 
cases per year du ri ng (1962-1968). . He att ri buted the increase to a suspected 
carcinogenic effect of TCDD. His published study, however, has been criticized 
for failure to contain sufficient data and descriptions of methodology to verify 
his conclusions, and the role of aflatoxin as an alternative cauSe Of liver can­
cer was not addressed. His study is generally considered to be an empiric clin­
ical observation. A study sponsored by the EPA in 1979 in Alsea, Oregon, found 
a statistically significant increase in spontaneous abortion in areas where 
2,4,S-T herbicide was routinely used in reforestation programs. The EPA con­
cluded that "for all its complexity, this analysis is a correlation analysis, 
and correlation does not necessarily mean· causation." Nevertheless, this study 
was used by the EPA to institute the ban on most uses of 2,4,5-T containing pro­
ducts. This report has been the subject of intense scientific criticism. Dif­
ferences in the availability of specialty obstetrical care and in .the patterns 
of health care delivery existed between the exposed and control areas; these 
differences were not taken into consideration by the researchers. Variations in 
the ascertainment of spontaneous abortions 1n each of the areas severely 1 imited 
the validity of the data, and of the conclusions derived from them. A recent 
study conducted in Australia (1978) was unable to find an association between 
neural tube birth defects and the use of 2,4,S-T herbicide. A reproductive 
study of the wives of 370 2,4,5-T/TCDD exposed workers at the Dow Chemical 
Company in Midland, Michigan was recently completed (Cook and Bodner). No 
differences in fertility patterns, fetal wastage, or birth defects were 
detected. 

Epidemiologic studies are continuing in Seveso, Italy, where a popula­
tion of 220,000 was potentially exposed to TCDD following an industrial accident 
in July 1976. These studies have involved investigations of more than 30,000 
children, and detailed clinical examinations of 1,024 persons, including the 
most severely exposed children and adults. Recent data (Homberger, et aI., 
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1979) indicated that most cases o'f chloracne from this incident cleared 
rapidly. To date, the growth and development of newborn infants and children, 
irrmuno10gica1 response, chromosomal aberrations, the response to the challenges 
of i nfeet i ous di seases, and the morbi di ty and mortality patterns of the study 
popu1 at i on have not been si gni fi cant1y altered by TCDD exposu re. Thi rty-ei ght 
cases of bi rth defects were reported in early 1977, approximately 6-8 months 
after the industrial accident. However, the authors ascribe this increase to an 
artifact of surveillance. Analysis of surveillance data on the occurrence of 
spontaneous abortions after July 1976 is compromi sed by the 1 ack of val i d base­
lines for the pre-accident period. The social pressures operating in the Seveso 
population prior to the accident foster~d underreporting of birth defects, while 
the atmosphere after the accident made the occurrence of a birth defect. more 
socially acceptable. The post accident congenital malformation rate is riot 
significantly different than the rate in similar areas of Central Europe. 

Another progress report on the aftermath of the Seveso accident 
(Pocchiari, et a1. 1979) has revealed: (1) a decrease in the prevalence and 
severity of chloracne in the exposed population; (2) an increase in clinical and 
subclinical neurologic disease as demonstrated by delayed peripheral nerve 
conduction velocities; and (3) increases in the prevalence of hepatomegaly (8%) 
and alterations in liver function tests, which returned to normal over an 18 
month period of. follow-up. Thus far, immunologic, cytogenetic, and embryo­
morphologic analyses have been unable to detect significant differences between 
exposed and non-exposed i ndi vi dua 1 s. . 

A' 2,4,5 .. T Dispute Resolution Conference' was held in Arlington, 
Virginia, from 3 to 7 June 1979. Fifty-six recognized experts from the United 
States and seven foreign nations were. actively involved in the deliberations of 
the conference·. Human Exposu re, Carci nogeni ci ty /Mutageni c'ity, and Teratogeni­
city Wor~ing Groups independently reached the conclusions that there was no 
val idscientific evidence linking fetotoxicity, teratogenicity or carcinogeni-

.. city in humans in a cause aFld effect relationship to 2,4,5-T/TCDD. exposures. 
The Human Exposure Working Group also concluded that there were no epidemiologic 
data associ at i ng TCDD with any long-term heal th effects in humans other than 
persistent chloracne. While they did not find evidence of serious long-term 
health effects, neither could they find strong evidence for lack of effect. 
Most previous epidemiologic studies have not had sufficient statistical power to 
detect increased ri sks of low i nci dence/preva 1 ence condit ions in the observed 
popu 1 at; ons, and the peri od of observat ion in many prospect; ve stud; es has been 
1 ess than ideal. 

Several potentially valuable epidemiologic studies are currently in 
progress. Two independent and comprehensive studies of workers exposed to TCDO 
at a Monsanto manufacturing plant in Nitro, West Virginia, are currently being 
conducted (Mt. Sinai Medical Center, New York, and the Kettering Laboratory, 
University of Cincinnati, Ohio). These chemical industry workers were exposed 
over long periods of time, and were previously evaluated. in 1953 and 1956, fol­
lowing an industrial accident which occurred in 1949. Zack and Suskind of the 
Ketteri ng Laboratory have reported a foll ow-up study of 122 workers, 28 years 
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after heavy exposures to TCDD. There were 32 deaths in the group, and the 
relative risks of death were 0.69 for all causes, and 1.0 for malignancy; 
however, no firm conclusions can be drawn due to the small numbers involved. A 
Czech os 1 ovak i an study invo1 vi ng a 10 year foll owup of TCDo exposed workers, and 
a US National Cancer Institute (NCI) mortality study of 4,400 structural pest 
control workers are also underway. Preliminary results of a larger study of 
long-term morbidity by Suskind at the Nitro site have failed to reveal 
si gnifi cant abnormal it i es other than pers i stent mil d chloracne and decreas·ed 
nerve conduction velocities, possibly associated with alcohol intake. 

These new studies, and the continuing evaluations of the Seveso, Italy, 
population, should continue to ·provide valuable data. The large study groups 
involved in the Seveso and NCI studies should provide good statistical power, 
and the Nitro, West Virginia, and Czechoslovakian efforts will evaluate the 
effects of exposure after prolonged periods of time (10-30 years). The results 
of these studies should fill major gaps in the knowledge of 2,4,5-T/TCoD epidem­
iology, and should prove to be useful in evaluating the long-term effects of 
these" compounds on health and reprodlJcti ve outcomes. 
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V. Epidemiologic Study Design: Matched Cohort 

A. Design Considerations 

The goal of this study clearly mandates a comprehensive epidemiologic 
approach, i ncorporat i ng mortality, and hi stori ca 1, current, and fo 11 owup mor­
bidity studies. Exposure to h.erbicides during the 1962-1971 time period may 
have jnitiated long-term health effects that mayor may not be progressive. 
If such effects are detectable by a revi ew of the subject I s past medi ca 1 
history, and can be verified, direct links to compensation issues can be 
made. Current health status, as mirrored by a large number of recent VA 
claims and inquiries, is of major interest, because such claims and inquiries 
may indi cate medi cal conditi ons that mi ght be' confi rmed by a comprehensi ve 
physical examination. If analyses of both mortality and morbidity data yield 
only indeterminant or weakly suggestive findings, it may be that sufficient 
time has not yet passed for substantial emergence of 10ngterm health effects. 
This dictates a requirement for a follow-up element to the study. 

Methodo1 ogi cal shortcomi ngs are inherent i neach e1 ement of thi s com­
prehensive study. To some extent, the classical deficiencie5 of each particu­
lar epidemiologic approach are compensated by the concurrent use of the other 
elements. For example, the low chance of identifying a relatively uncommon 
disease solely by the use of a mortality study is offset by the inc1u~ion of a 
current morbidi·ty study •. The relatively quick feedback that can be attained 
from current morbidity and mortality studies will serve to better define the 
follow-up study, and will help to alleviate problems that arise as a result of 
changes in diagnostic criteria and methods over time. Nevertheless, problems 
that can. affect ascertainment of disease in all phases of the study will 
remai n. Inaccurate pat i ent recall of antecedent events, the distortion of 
i nformati on by know1 edge of anti cipated symptomatology, and parti cipant or 
observer knowledge of thei r exposure status can only be corrected to a limited 
extent by review of records for symptom validation and "blind" assessment pro­
tocols. In addition, fundamental problems dealing with adequate selection of 
a control group and limiting loss to study can influence any comprehensive 
epidemiologic investigation. These and other pitfalls in study design ·wi.ll be 
discuss.ed in more detail in Section VIII. 

The management of this project wi 11 be conducted through standard Ai r 
Force Research and Development procedures, including program monitors at Air 
Force Headquarters and Ai r Force Systems Command, and a Program Management 
office at Brooks AFB, Texas. Contract monitors will .insure that all contrac­
tua 1 efforts are conducted accordi ng to stri ct qua 1ity assurance procedures, 
and an on-site monitor will insure that the physical examinations are con­
ducted in strict accordance with the study protocol. 

Si nee the study has three elements and confronts a health issue with 
incompletely specified or uncertain endpoints, strong potential bias, and 
severe time contraints, the following design represents the best overall 
framework for achieving validity. The design process is complex and in itself 
time dependent. 
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B. Selection and Ascertainment of the Populations for Study 

(1) The Exposed Military Groups 

(a) Operation RANCH HAND Personnel 

Operat ion RANCH HAND personnel f1 ew C-123 ai rcraft in RVN 
during1g62-1971. Data from hand-compiled lists obtained through the RANCH 
HAND Association (a reunion organization), Air Force personnel records, unit 
historical records, and actual C-123 flight orders, place the herbicide 
exposed population at approximately 1264 individuals. Of those personnel 
confi rmed as RANCH HAND part; cipants, 25% are still on active or reserve duty, 
with the remainder being composed of retired, separated, or deceased persons. 
To i<lerit i fy all RANCH HAND part i ci pants, an i ndepth search was conducted of 
all organizational records stored at the Mil itary Records Division, National 
Personne 1 Records Center (NPRC), St. Lou is, Mi ssou ri • 

Introductory 1 etters wi 11 be sent to the 1 ast known address 
of all identified persons, and nonresponse will be pursued by cross-locator 
systems available within the government (e.g., Social Security Administration, 
VA, Internal Revenue Service). Significant efforts will be made to account 
for at least 99% of the total population (see Figure A-2, Section XV). 
Because of the 1 imi ted number of RANCH HAND personnel, no subs amp 1 i ng of the 
exposed group is planned in any phase of the study • All members wi 11 be 
strongly encouraged to participate in all phases of the iovestigation. 

All'RANCH HAND personnel are males currently ranging in 'age 
from 30-69 years (mean = 42.4 years). The normal C-123 crew composition was 
one pilot, one copilot/navigator (both officers), and one spray equ~pment 
console operator (enlisted) in the rear of the aircraft. The aircrew Officer­
enlisted ratio is 2.2:1;. however, the inclusion of RANCH HAND support person­
nel (predominantly enlisted) in the study will make the overall officer­
enlisted ratio 1:1.7. Approximately 98% of the officers and 92% of the 
en1i,sted men were Caucasian. Attempts have been made to identify all mainte­
nance personnel assigned to the RANCH HAND units. Maintenance of the RANCH 
HAND aircraft was performed within a step-wise organizational structure. 
Routine daily maintenance (primary) was conducted by flight line support 
personnel who 'were often dedicated exclusively to RANCH . HAND operations. More 
extensive maintenance (secondary) was carried out by consolidated support 
units at the base level, which were also responsible for non-RANCH HAND C-123s 
as well. Major aircraft overhauls and modification were conducted by mainte­
nance units at Clark Air Base, Philippines. The maintenance personnel in 
these centralized units were not directly assigned to RANCH HAND, and their 
exposures to RANCH HAND C-123 aircraft and herbicide cannot be validated. 
From 1962 through 1964, the primary flight line maintenance teams were dedi­
cated to RANCH- HAND aircraft, and these individuals have been identified by 
the mechani sms descri bed above. In 1965, f1 i ght 1 i ne mai ntenance was per­
formed by personnel of the central ized maintenance organization (secondary), 
and it is not feasible to adequately identify all of these individuals from 
available records. After 1966, the RANCH HAND organization transferred their 
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base of operations to a new location, and primary maintenance was once again 
performed by personnel assi gned speci fi ca lly to RANCH HAND. These i ridi vi dua 1 s 
have been readily identified. Thus, maintenance personnel directly assigned 
to RANCH HAND will be included in the study. These complexities are summa­
rized in Table 4. 

Tab1 e 4 

FEASIBILITY OF IDENTIFYING AIRCRAFT MAINTENANCE 
PERSONNEL (TOTAL POPULATION) EXPOSED TO HERBICIDE ORANGE 

Primary 
Maint Personne1 l 

Secondary 
Maint Personne1 2 Time -

Jan 1962-Ju1 1964 Yes No 

Aug 1964-Dec 1966 Yes/N0 3 No 

Jan 1967-0ct 1971 Yes No 

lindividua1 assigned to RH; total number (denominator) known 
2individua1 not assigned specifically to RH, although may, have serviced the 

, aircraft; denominator not ascertainable , 
3'other documents permit ascertainment of a portion of this group 

Because of the significant combat hazard associated with low, slow flying 
missions, some early RANCH HAND crewmembers were elite. vo1un.teers '(see Risk­
Taking Bias, Section VIII, C). In fact, RANCH HAND crewmembers comprised 'one 
of the most highly decorated units during the RVN Confl ict. Anecdotal stories 
reveal that most crew members were~ on occasion., heavily exposed to Herbicide 
Orange due to normal or combat induced equipment malfunctipns within the air­
craft. Many former RANCH HAND personnel are expected to be currently employed 
in the aerospace industry as commercial airline pilots, airline managers, and 
flight mechanics. RANCH HAND personnel still on active duty are expected to 
be found in senior management positions. 

(b) Alternate Exposed Populations 

(1) Introduction 

The pri nci pa 1 invest i gators, members of all of ,the peer 
review committees, and independent consultants have clearly' recognized that 
the statistical power of this RANCH HAND study is suboptimal for the detection 
of specific uncommon conditions or diseases. This limitation is inherent 
because the size of the RANCH HAND population is fixed at approximately 1200 
individuals, and it cannot be increased. 
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A brief review of alternate military populations is in 
order to highlight the significant advantages of the RANCH HAND population. 
The desire to achieve more optimal statistical power by merely increasing the 
size of the population under study must be balanced with a careful analytic 
process which assesses the exposure level of alternate popul ati ons ,and cate­
gorizes them as either additive or nonadditive to the RANCH HAND study popula­
tion. 

~) U.S. Army Ground Personnel 

. Some U.S. Army personnel were undoubtedly exposed to 
herbicides during their duty in Vietnam; however, the objective ascertainment 
of exposed individuals is not possible. Any attempts to identify individuals 
assigned to combat units which may have been exposed would result in an 
unacceptable degree of misclassification since U.S. Army personnel records do 
not exist which would allow the accurate identification of soldiers below the 
battalion level. This lack of demoninator data, and the high degree of· mis­
classification in determining the exposure status of Army troops makes this 
population unsuitable for inclusion in the framework of the RANCH HAND Study. 

(1) Ancillary Air Force Groups (Non-RANCH HAND Personnel) 

Air Force handlers of herbicide drums in RVN were 
exposed to herbicides becau,seof drum leakage. As the drum handlers were ad 
1 i b part i ci pants, no personnel des i gnator was assi gned to these i ndi vi dua 1 s , 
thus prohibiting computer tracking and identification. The size'of this popu­
lation is unknown, but it is expected to be small (less than 200), as the 
majority of drum handl ers are known to have been Vi etnamese. Addit i ona 1 
groups such as U.S. Army h,el i copter crews, casual observers (both Army and Ai r 
Force), and experimental fi ghter-bomber personnel who may have occas i ona lly 
conducted spray operat ions were also potent i a lly exposed. However, 
population-at-risk determinations for all of these groups cannot be made, and 
any identification of individuals exposed in these situations must rely on 
self-selection or incomplete ascertainment. Also, the selection of suitable 
control groups for a study of these individuals is difficult if not impos­
sible. 

(1) u.s. Marine Corps Troops 

On 16 November 1979, the GAO released a report wh i ch 
suggested that a herbicide-exposed population of nearly 22,000 U.S. Marine 
Corps troops could be identified, and that this identified group would be 
appropriate to study. Records exist which locate Marine Corps battalion head­
quarters near the C-123 spray paths. The GAO made several improper assump­
tions to conclude that all of the identified marines were in fact exposed. 
Specifically, all battalion troops were assumed to be located at the battalion 
headquarters. Further, the effect of prevailing winds on the direction of 
spray drift, and the photodegradation of the chemicals were not considered by 
the GAO. The National Research Council panel considered the GAO analysis, and 
proposed a study of 5900 mari nes who .were "near" spray paths on the same day 
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as the spraying. The "exposed" group was to be contrasted with the mortal ity 
experience of 212,000 presumably unexposed controls (also marines). The RANCH 
HAND study described in this protocol consists of approximately 1200 exposed 
individuals and 6000 controls for the mortality study phase. Despite the fact 
that the RANCH HAND Study i nvo1 ves a smaller sample si ze than the proposed 
Marine effort, the RANCH HAND Study is more powerful statistically. Specifi­
ca lly, lower exposure to herbi ci de by a conservat i ve factor of from 1/10 to 
1/1000 and misc1assification in Marine exposure groups' renders the Marine 
Study far less powerful than the RANCH HAND effort. As described in Section 
VI, misc1assification and decreased exposure are seen to be independent 
factors additive1y decrementing Marine Study statistical power. Even when all 
21,900 marines within the herbicide spray paths up to 28 days following the 
spray ope rat ions are cons i de red exposed, the RANCH HAND Study is noted to be 
significantly superior. 

(~.l Conclusions 

The Operation RANCH HAND participants are the most 
suitable of the military populations to study, in evaluating the 10ngterm 
effects of herbicide/dioxin exposures. The RANCH HAND group had a much higher 
level of exposure which was sustained over a prolonged period of time. This 
increased level of exposure implies that RANCH HAND personnel would be more 
likely to develop more acute and' chronic symptoms from the exposure, and would 
manifest them sooner than the other exposed military personnel. The addition 
of significantly less exposed and/or misc1assified groups to the, RANCH HAND 
population for the attractive purpose of increasing statistical power would 
consti~ute an egregious di1utiona1 error. 

(.2) Control Group (Not exposed to Herbicide Orange) 

A review of all specialized flight units present in Southeast 
Asia during the RVN conflict, reveals clearly that' there is no absolutely 
ideal control group for the RANCH HAND population. C-130 aircrew members and 
support personnel were selected because of sufficient population size, similar 
training profiles, and psychologic Similarities to the RANCH HAND group~ 

Total ascertainment of the C-130 population is being conducted by 
computer and hand selection for specific military flying organizations, and 
foreign country service, during the interval from 1962 thru 1970. Over 2.3 
million personnel records have been reviewed, and the approximate C-130 popu­
lation size'is 23,978 'individuals. Aircrew members who flew C-130 aircraft in 
Southeast Asia during 1962-1970 were selected as controls for the RANCH HAND 
aircrew population. The C-130 flight line maintenance population were ascer­
ta j ned from personnel records by s i mil ar mechani sms, and served as the spe­
cific control population for the RANCH HAND support personnel. The propor­
tions on active duty, and non-active duty status are expected to parallel the 
patterns in the exposed group. 

Another possible control group, the non-RANCH HAND C-123 popula­
tion, is known to be too small (approximately 3000) to provide adequate samp-
1i ng f1 exi bility and rep 1 acement under the proposed matched varl ab 1 e concept 



(see below and'Section VI). Also, many of the RANCH HAND aircraft were recon­
figured for transport and i.nsecticide missions and thus, the non-RANCH HAND 
C-123 crews responsible for these other missions may have been exposed to 
'significant Herbicide Orange residue in these aircraft. Therefore, this group 
may not have been truly unexposed to herbi ci des, and was di scarded as an 

, appropri ate control popu1 ation. Crewmembers of C-7 transport ai rcraft were 
also considered as a potential control group; however, because of small sample 
size (1000-2000) and the fact that they served in RVN only during the post 
1967 era, they were also dropped from consideration. 

The normal crew composition of a C-130 is three officers and two 
enlisted ,personnel. The control group 1s considered to be "pure" from the 
standpoi nt of lack of occupat i ona 1 exposu re to herbi ci de. The enti re control 
group wi 11 be cons i dered "nonvo1 unteer" with respect to abnormally hi gh combat 
risk. While in general they will possess lifestyle characteristics and socio­
economic backgrounds similar to the exposed group, their overall combat 
morbidity/mortality and the resultant stress influences upon general health 
may be sl ight1y less than in the exposed, group. For those separated and 
retired C-130 controls, similar proportions to the exposed group are expected 
to be employed in the aerospace industry. ,Known and estimated factors of the 
control and exposed populations are s'ummarized in Table 5. 

(3) Matching Procedures and Rationale 

Each member of the expos'ed group has been computer matched to a 
set of C-130 controls comprised of approximately 10, individuals using three 
variables. Since the two groups are, highly selected and i,nherent1y similar 
with respect to many variables, very close matches are feasible. This 
epi demi 01 ogi c desi gn incorporates a matched concept because: (1) a matched 

, cohort design will provide maximum test power throughout the entire study, and 
(2) statistical intergroup comparisons may be made without normalization by 
three key variables known to effect symptoni frequencies ,of interest, thus 
providing greater power for complex statistical testing. It is apparent that 
following the match, both exposed and control populations will be very nearly 
identical with respect to the three influencing var'iab1es so that a replace­
ment concept is feasible (see F below). In the event that frequent match 
breaks occur, stratification'techniques can be used. 

The selection of the control group produces an inherent,match for 
equivalent SEA experience, and additional matching has been conducted for (1) 
age, by year of birth and closest month possible, (2) Air Force Special ity 
Code (AFSC) as an absolute match, and (3) race (Caucas i an versus non­
Caucasian) as an absolute match. Specific rationale for these variables is as 
follows: (1) the age match controls for the many clinical symptoms and signs 
associ ated with advanci ng age, (2) AFSC controls for offi cer-en 1 i sted status 
(as well as crewmember-noncrewmember status), a vari able strongly 1 inked to 
educational background, current socio-economic status, and moderately linked 
to age (5 year median difference) and socio-economic background, and (3) race 
controls for differences in chronic disease development, socio-economic back­
ground, etc. 
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Table 5 

COMPARISON OF THE STUDY GROUP TO POSSIBLE CONTROl GROUPS BY 

KNOWN AND ESTIMATED FACTORS 

KNDWN FACTORS .STUDY GROUP POSSIBLE CONTROL GROUPS 

RANCH HAND C-123 Non-RANCH HAND C-123 C-7 C-130 

POPULATION SIZE 1264 3000 1200 23,978 

OFFICER/ENLISTED RATIO 1:1.7 1:2 1:2 1:2 

AIRCRAFT fUEl (AV-GAS) YES (+JP-4)* YES (+JP-4)* YES NO (JP-4 only) 

OCCUPATIONAL HERBICIDE 
N EXPOSURE YES YES/NO** NO NO Co.) 

ESTIMATED FACTORS 

OCCUPATIONAL INSECTICIOE 
EXPOSURE 2+ 0 0 0 

COMBAT HAZARD 4+ 3+ 3+ . 2+ 

RVN-IN COUNTRY ASSIGNMENT 4+ 4+ 4+ 2+ 

*ln1968. alrCraft were modifled with a JP-4 booster. 
**Contamlnated aircraft reconfigured for transport may have resulted in exposure to non-RANCH HAND personnel. 



The inherent match for SEA experience controls for combat-induced physiol­
ogic, psychophysiologic, and other related morbidity and mortal ity disorders. 
Additionally, this inherent match may reflect the effects of alcohol consump­
tion, the use of chemoprophylactic and/or illicit drugs, and the acquisition 
of tropical diseases associated with life in SEA. .The comparisons of the 
exposed (RANCH HAND) subjects and their selected sets of controls are detailed 
in Appendix Table A-4. Only' 4 of the ten categorical AFSC/case strata had 
less than ten controls for each exposed subject. The group of Caucasian 
pilots had a mean of only 9.5 controls per exposed subject, due to the extreme 
ages of several individuals, and the strata of Black pilots and other Black 
officers had means of 2.7 and 5.0 controls respectively. However, since there 
were only seven bl ack offi cers in the e~osed group and only thi rty control s, 
high numbers of tight matches could not be achieved. Black enlisted aircrew­
members had a mean of 9.8 controls each. 

(4) Computer Science and Statistical Details of the Matching Process 

As described above, the matching for this project has 'been per.formed using 
three variables: occupational category, race and age. Five occupational 
categori es (offi cer/pl1 ot, offi cer /navi gator, o.ffi cer /other, en 1 i sted/fl i ght 
engineer, and enl isted/other) have been used to reflect socioeconomic status 
and aeronautical rating. The variable of race has been dichotomized into 
black and non-black. Ten matched controls have been selected for each exposed 
subject, regardless of current vital status. The computer method applied to 
select the control subjects is an adapt~tion of a procedure studied by 'Raynor 
and Kupper (Nearest Neighbor Matching on a Continuous Variable, Technical 
Report, Department of Biostatistics, University of North Carol ina, '1979). As 
the first step, the RANCH HAND and control groups were partitioned into ten 
strata using the categorical occupational and race variables. The Raynor and 
Kupper mat chi ng procedu re was then app lied i terat i ve ly withi n each of the 
strata to match for the continuous variable of age, given in months. The 
Raynor-Kuppe~ procedure involves the fo~lowing steps: 

STEP Ill. The RANCH HAND cohort in a given strata is randomly permuted. 

STEP 112. The first RANCH HAND subject in the permuted set is selected for 
matching. 

STEP 113. ' The closest available control is assigned to the selected RANCH 
HAND subject using the absolute value of the difference between the months of 
birth of the RANCH HAND and the control subjects. If the closest available 
control is' further than 60 months from the selected RANCH HAND subject, a 
blank is aSSigned. Tied assignments are broken randomly. 

STEP 114. Step 113 is repeated for ,all RANCH HAND subjects in the strata 
proceeding down through the permuted set, until the entire RANCH HAND cohort 
is exhausted. 

STEP 115. Steps III through 114 are repeated ten times for each RANCH HAND 
subject to construct a 1: 10 study set. At the comp let i on of the mat chi ng 
acti vity, the RANCH HAND - Control study matri ces for each of the ten occupa­
tion-race strata can be diagrammatically represented as in Figure Ill. 
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Fi gu re 1. MORTALITY ANAL YSISC~HORTS 

RANCH HAND COHORT Cl CONTROL COHORTS Cl0 

Rl C 1,1 Cl ,2 C 1, 3 C 1, 3 • •••• C 1,10 

R2 C2,l C2,2 C2,3 C2,,, • •••• C2,10 

R3 C3,l C3,2 C3,3 C 3," ••••• C3,10 

R" C" ,1 C",2 C",3 C",,, • •••• CIt 10 , 

• • • • • • 
• • • • • 
• • • • • 

Rj C1200,l C1200,2 C1200,3 C1200,1+' •••• C120JJ,10 

Figure 2. MORTALITY MATRIX 

RANCH HAND C
l 

-'---_____ CONTROL COHORTS _______ C
l0 

COHORT ____ -_--_-----------------

Rl C ' l,l,m Cl,2,m' ... 

Rj C·' J,l,m C· , J,2,m ... 
• • • 
• • • 
R C ' 1200 1200 .. ,1 ,m C1200,2,m' ... 

Cl ,5,m 
, 

C· , 
J,5,m 

• 
C1200 ,s,m 

, 

Cl ,G 
, 

C· G 
, 

J, 

• 
C1200,G 

, 

... 

... 

... 
C' 10' J, 

• 
• 

C1200,10' 

In each row of this matrix the control s are ordered from nearest to far­
thest in terms of age of the matched RANCH HAND person. The next ope rat i Iln 
defining the' control group involved randomization of all of the controls in 
each row of each stratum matrix to negate the ordering by age. Then, the 
first five members of each control sell for each RANCH HAND person are identi­
fied as being sul>jectsin the mortality portion of the study. The resulting 
occupation-race strata matrices now have the form shOwn in Figure 2. 

In Figure 2, Cj,k' or Cj,k,m' may be equivalent to any Cj,k of Figure 1 due 
to the randomization process. 

Table 6 summarizes the results of the matching process, and Appendix Table 
A-S provides a more complete statistical description of the process. In these 
tables, the age difference between the month of birth of the control and the 
month of birth of the RANCH HAND person, (counting months from 1900) and the 
cumulative number of controls and the cumulative percentage with this differ­
ence are shown. 
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Table 6. RESULTS OF THE .MATCHING PROCESS (1:10) 

Cumulative 
A~e Difference (in Months) Number of Controls Cumulative Percent 

0 8612 70.6 

1 10287 84.3 

2 10749 88.1 

3 10984 90.1 

4 11167 91.6 

5 11322 92.8 

6 11410 93.5 

12 11688 95.8 

24 11921 97.7 

36 12028 98.6 

48 12129 99.4 

60 12197 100.0 

(5) Stud~ GrouQ Selection Procedures 

(a) Morta1it~ Ana1~sis 

A 50% random sample of each control set will be drawn and 
used to comprise a 1:5 mortality analysis, as described in section (4). The 
vital status of each subject in this sample and of all exposed subjects will 
be ascertaihed at a minimum frequency of every five years for the 20 year 
du rat i on of the study,- Those i ndivi dua 1 s . dyi n9 of combat causes wi 11 be 
excluded from the mortality analysis as it is assumed that combat death is 
independent of herbicide effect. Further, the known differential combat death 
rate between the RANCH HAND and control groups can be attri buted to· the 
hazardous and unique nature of the RANCH HAND mission. Twenty-two RANCH HAND 
personnel (15 officers and 7 enlisted) died in combat. Medical record reviews 
will be accompli shed to assess the ill ness experi ence of these i ndi vi dua 1 s 
prior to combat mortality. 

(b) Historical Morbidity Study 

Retrospective or historic.a1 health data will be gathered on 
each exposed subject and from the fi rst randomly selected mortal ity control 
from his set by questionnaire techniques. Living but noncompliant controls in 
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the historical morbidity study will be replaced by a compliant control 
selected from the control set. In order to avoid an information gap for data 
on deceased individuals, surrogate interviews will be obtained from the first 
order next-of-kin of exposed and control subjects dying of noncombat related 
causes between the date of their assignment to Southeast Asia and the initia­
tion of this study. Since the validity and accuracy of surrogate derived data 
may not be equivalent to data obtained directly from living study subjects and 
their spouses, these data will be subsetted for analysis. All available medi­
cal records, (mil itary, VA,and ci vi li an) will be reviewed for all subjects 
selected for this morbidity analysis. 

, (c) Prospective Morbidity Study 

A basel i ne phys i cal exami nat i on and revi ew of systems will 
be conducted, and a prospect ive or foll owup approach wi 11 be used to assess 
the current state of health of study subjects using a series of questionnaires 
and physical examinations over the next 20 Years. Each livin, exposed subject 
and the randomly selected primary control will be included n the question­
naire and physical examination phases. In this prospective study of morbid­
ity, primary controls who are deceased, unaccountable or unwilling to partici­
pat~ in the followup studies, will be replaced by a willing subject from the 
rema i nder of the control set (Fi gu reo 3). The selected control for a RANCH 
HANDER dyi n,g of a noncombat cause wi 11 be reta i ned throughout the quest i on- . 

. naire, physical examination, and followup phases of the study. Since the 
control's vital status and volunteerism should be independent ,of the matehing 
sequence, many primary controls should enter the study. The rema'ining members 
of the control set w111 be used as rep 1 acement candi dates for poss i b 1 e use 
later in the study (see section F below). All replacement controls will be 
cl early i dent ifi ed for the pu rposes of subset ana lysi s so that popu l.at ion 
differences, if any, between the first randomly assigned selectees 
(noncomp li ant) and the replacements (compl i ant) can be asse~sed. Specifi c 
rules and procedures for study entry are found ,in Table A-6 and Figure A-3 of 
the Append1x. 

(d) Thp. Interrelatedness of the Comparison Groups 

It should be clear from the foregoing discussion that the 
study populations of the mortality, historical morbidity, and prospective fol­
lowup phases are highly'related l)ut .different. Once selected, the mortality 
control cohorts will. remain unchanged throughout the 20 years of observation. 
The population under study in the historical morbidity phase will initially be 
a randomly selected subset of the mortality comparison group; however, some of 
these primary controls may be decreased or noncompliant for the voluntary 
aspects of this phase of the study. In this phase, noncompliant controls will 
be replaced, but deceased controls will not, as surrogate interviews with the 
next-of-kin will be used to reconstruct morbidity data. The subsetting and 
replacement procedures create the difference between the mortality and histor­
ical morbidity comparison groups. The population in the prospective morbidity 
phase is the comparison group from the retrospective phase plus additional 
replacements for the deceased controls. Thus, it is clear that the comparison 
groups are slightly different, but they would be identical if no deaths 
occurred since 1962 and all primary controls were compliant. 
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SELECTION PROCEDURE FOR THE QUESTIONNAIRE, 
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C. Overview of Statistical Methodology' 

The design of the study is presented in schematic form in Figure 4. 
R' refers to RANCH HAND personnel and C" refers to the collection of all pos­
sible control individuals. As defined, 'R' and C" will contain individuals .who 
are deceased of noncombat causes. Combat deaths are excl uded from R' and C". 
Since C" is approximately 20 times larger than R', a randomized subsample C' 
and C" will be obtained. C' will be constructe9 from C" by computer selection 
of the ten matched control s for each exposed study subject. As previ ously 
noted, c1 cse matches wi 11 be made for the vari ab 1 es of age, AFSC, and race. 
The matched controls wHl form ten cohorts, Cl through C1 Q' as shown in Figure 
1. A 50% random sample from each of the matched control sets of 10 will be 
selected for inclusion in the mortality assessment so that a group, C' is 
obtained that consists of 5 matched controls for each exposed subject. These 
contro 1 s wi 11 be des i gnated as i nit ia 1 rep 1 acement candi dates for the morbi d­
ity and follow-up studies. The remaining individuals in the control set will 
be addi t i ona1 rep 1 acement candi dates in the event that rep 1 acement must occur 
beyond the members of the mortality set (see Figure 3). C' will be con­
structed without regard to whether the individual is currently 1 ;ving or dead 
so that an assessment of noncombat mortality can be accomplished. 

28 



FIGURE 4 
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Referring again to Figure 4, Rand C indicate living RANCH HAND mem-
bers and primary matched controls. If mR' is the proportion of R' found to 
be deceased, then 

R = (1 - mR')R' 

The quest i onna ire wi 11 provi de data concerni ng speci fic sYl!1ptoms and 
other findings in the. Rand C groups. Thus, various questionnaire finding 
rates in R, sR, will be calculated and compared with the corresponding rates 
in C, sC. 

The questionnaire will allow allocation of RANCH HAND personnel into 
those with symptoms on questionnaire, indicated by RS, and those without, Rs. 
Similarly, the control individuals will be placed into symptomatic, indicated 
CS, and asymptomatic, C! groups. 

The phys i ca 1 exami nat i on performed on i ndi vi dua 1 s. from Rand e will 
allow estimation and comparison of rates of physical findings in these 
groups. Rates of abnormal physical findings can be symbolically indicated as 
fR and fC for RANCH HAND and control groups respectively. Comparison of 
these rates is very important and details will be discussed below. 

Let fRS be the rate of phys i ca 1 fi ndi ngs among RANCH HAND personnel 
with findings by questionnai re and let fRS be the. rat~ of physical findings 
among RANCH HAND people with no findings on their questionnaire. For most 
disease processes it" would be expected that fRS should be a larger rate than" 
fR$'o If fRS is observed to be equal to or less than fRS, an interpreta­
tion of over-reporting may be warranted, although the possibility of subclini­
cal disease is recognized. Rates fCS and fCS will also be estimated, and 
comparisons between fRS, fCS, fRS and fcswill be accomplished. 

The eight ratesmR', mC" sR, SC' fRS, fRS' fCS' fCS 
and the"ir refinements fully characterize this study. As depicted in Figure 4, 
"vertical comparisons of these rates provide relative risks mR' ImC" 
sRlsC' fR/fe, fRS/fCS and fRS/fCS which are of central impor-
tance in defining herbicide effects. "Horizontal comparisons" relate fR to 
sR, fRS to fRS, fC to Sc and fCS to fCS. Specifically, the 
rat i 0 fR/sR is the rati 0 of phys i ca 1 fi ndi ngs to reported symptoms in the 
RANCH HAND population. This ratio may be contrasted with the ratio fG/sC 
and if fR/sR is less than fC/sC over-reporting is suggested. L,ke­
wise, if fRS is less than. fRS, over-reporting is further suggested. A 
comparison of fRS/fRS to fesffcs contrasts "the odds of findings given 
symptoms in the RANCH HAND population with the odds of findings given symptoms 
in the control group. If these odds are lower in the RANCH HAND group, over­
reporting is again implied. Further discussion of these rates is presented in 
Section V.G. 

During the questionnaire and physical examination phases of this 
study, only one of the five randomly selected mortality study controls will be 
used for each RANCH HAND individual. If this control is unwilling to partici­
pate, another mortality study control will be used a.s indicated in Figures 3 



and 7. These replacements will be carefully labelled for purposes of statis­
tical analysis. A detailed discussion of this replacement concept is found in 
Secti on VI. 

D. Mortality Study 

(1) Introduction 

The mortality, retrospective morbidity, and follow-up studies are 
components of a "non-concurrent" prospecti ve study used in the observati on of 
a specially exposed group or industrial population starting from some date in 
the past. The initial exposures occurred 11-19, years ago and varied· in 
intensity and duration from one RANCH HAND member to another. Access to 
employment, ,medical, or other types of records is an obvious requisite for 
such a study. The classical "case-control ", retrospective study is not opera­
tive in this protocol due to the .lack of defined clinical endpoints. The 
mortality study wi 11 be conducted in two phases; a review of past mortality, 
and a continuing assessment of the. death rate in the exposed and control 
cohorts over the twenty year duration of the RANCH HAND II project. 

Based upon USA vital statistics, 8.6% of the study subjects are 
expected to have died between completion of their Vietnam tour and initiation 
of this study, Of these deaths in the control group, approximately 30% should 
have been due to cardiac quses, 24% to neoplasia, 13%'to accidents,' 5% to 
cirrhosis, and 0.1% to leukemia. 

(2) Data Collection Methods 

The mortality status of the exposed cohort and the randomly sel­
ected controls will be ascertained using multiple techniques including: pay­
ments of Veterans Administration Death Benefits, Social Security Administra­
tion Records, Air Force Accounting and Finance Center wage and retirement 
payments, and interviews with subjects or their families. Death certificates, 
autopsy reports, and medical records will be obtained for each deceased sub­
ject. The International Classification of Disease, Ninth Revision, 1978, will· 
be used for coding. At the time of the first followup examination, all par-
t i ci pants will be asked to allow an autopsy to be performed at government 
expense at the time of their death, and have the tissues forwarded to the 
Armed Forces Institute of Pathology, and the results sent to USAFSAM. 

(3) Analysis of Mortality Data 

(a) Basic analyses 

Considering the basic groups R' and C' in Figure 4, individ­
uals will be classified into three categories: alive, dead, or unaccounted. 
If a large number of individuals in each group are unaccounted for, the study 
can obvi OUS ly be severely bi ased. Thus, si gni fi cant effort wi 11 be expended 
to reduce the unaccounted category as I1lIch as possible. At most, 1 to 3 
percent of both groups can be allowed to remain unaccounted, with a 1% rate 
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being preferred. If for example, the mortality rate in,G' is 0.10, then an 
unaccountability rate of 0.'01 could alter the mortality rate by as much as 
10%.' Whatever the unaccountabi 1 ity rates, the pattern of unaccountabi Hty 
must also be compared between groups R' and C'. For example, the possibility 
of age differences must be exami ned, part i cul arly if the unaccountabil ity 
rates are high. The following paragraphs discuss the analysis of mortality 
under the assumption that low unaccountability rates have rendered the mortal-
ity analysis meaningful. . 

Multiple mortality assessments will be accomplished during 
the course of this study, one at the beginning of the study, using available 
mortality data on the basic mortality cohorts in C' and R' (5:1 ratio), and 
others using mortality data on R' and all controls used in the study (both C' 
and replacements) as' controls accumulate prospectively. The procedures 
descri bed here wi 11 be used ina 11 of these assessments. 

Henceforth, within the protocol, the term "mortal ity data" 
does not distinguish between that data collected initially and that data col-
1 ected in the futu re. . 

The mortality data will be analyzed using several different 
approaches. Crude age-specific death rates wi 11 fi rst be cal culated and 
tabulated. Age will be divided into k strata, and person-years will be 
observed for each strata as wi 11 be the number of deaths in each strata. In 
this manner a tabular display will be developed as shown in Table 7. 

Table 7 

Si nce the death rates rlj and rZj are Poi sson vari ab 1 es, they 
can be contrasted directly. If the relationsnip of rlj to rzj is found to 
be consistent between age strata (within statistical variability), a summary 
mortality index may be calculated. One summary index that will be calculated 
is the Standardized Mortality ,Ratio (SMR) which is (Armitage, 1971): 
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SMR .. M x 100 
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k 
L P1j r2j 
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"Classical" standardized mortality ratios using national mortality data.as the 
reference will not be calculated for RANCH HAND II due to the effects of the 
healthy worker phenomenon. The term!: mU is the total number of deaths 
observed in the RANCH HAND group whil e !: P 1.1 r2.i is the number of deaths 
that would be expected were the· age-spe~ific RANCIf HAND death rates the same 
as the age-specHi c control death rates. Thus the concern is for an SMR 
greater than 100%. If a crude death rate for controls, dc, is ca1c~lated as 

k 

L P2j r2j 
j=1 

d .. c k 
L P2j 

j-1 

then. the standardi zed crude rate for the RANCH HAND group .dRH is 

An approximate statistical test would regard dRH as a Poisson random vari­
able with mean dC. 

An alternative approach to the provision of a proportionate mortality ratio is 
that of Breslow and Day (1975). In this treatment, a rru1tip1icative model is 

. emp 1 oyed, for examp 1 e: 

where Aijk is the mortality rate, 9i is the contribution. due to population 
differences (RANCH HAND versus Controll, .pj is the contribution due to age 
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