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ESTmm{ (XTI
CRITERIA FOR BETERMINING EXPOSURE LEVELS

OF MILITARY PERSONNELITO DIOXIN AND HERBICIDE ORANGE
DURING THE VIETNAM WAR

Any'attémbt tb determine exposure levels of military personhe] to Herbicide
Orange and its associated dioxin must be predicated on events that occurred at
least ten yeérs ago. Since there were no routine occupatidnai or environmental
sampling programs associated with the handling or dissemination of the herbi-
cides in South Vietnam, a quantftative determination of exposure can only be
:subject to speculation. In addition, since specific no-effect criteria for
comparison with actua]ioz*derived values do not exist, the?halcUTation of theo-
retical exposure 'Ieve'lﬂ.:.fprovideg data in the absence of a means 1o assess their
significance. The approach taken in this document is to develop data points
for determining "relative" exposures to Herbicide Orange and TCDD. The popu-
lation at risk certainly did not include all military personnel ﬁho served in
South Vietnam. Moreover, within the military population at risk, the range in
magnitude of exposure must have been great. Therefore, it is important to
evaluate those factors which would have influenced the potential for a given

individual to be "at risk" and those which would have influenced the magnitude

of that exposure. The following factors for determining relative exposures are

W

proposed:
When was the individual in Sduth Vietnam?
Duty
What job(s) did the individual perform?
Exposure -

What was the situation at the time of exposure?



What aircraft/vehicle was involved in the exposure?

How did the exposure occur?
Each of these questions will bé discussed and available data will be provided
in order to evaluate the magnitude of exposure.
I. WHEN WAS THE INDIVIDUAL IN VIETNAM? |

This issue of.time is very important. Not all of the herbicides used in

South Vietnam were used throughout the entire ten years (1962-1972) encompassed
by the Department of Defense (DOD) defoliation program. In addition, 2,4,5-7

are oehaved Ao el
formulations used early in the program, contained higher levels of dioxin (TCDD)

A
than did the formulations used in the later years. The three time periods
shown in TabIe 1 can be differentiated on fhe basis of specific herbicides used

and the mean dioxin content.

TABLE 1. The Differentiation of Three Time Periods During the

_ *
US Military Defoliation Program in South Vietnam

: HERBICIDES USED MEAN DIOXIN CONTENT 4x
PERIOD ' (Code Names) (parts per million)
January 1962 - . Purple, Pink, Green —32 ¥
June 1965 Blue 0
July 1965 - _ Orange | - — 2 4t
June 1970 White, Blue o 0
July 197¢ - ' White, Blue 0
Kortt 4972
Ol QT
* Source: Young et a'l (3)

** Found only in 2,4,5-T containing formulations
4m0m o¥F
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Herbicide Orange was the most extensively used herbicide in South Vietnam.
Orange accounté@ for approxihate]y 10.7 mitlion galions of the total 17.7 mil-
lion gallons ofbherbicide used (Table 2). It was used from mid-1965 to ﬁpp#?‘xdﬂ‘
1970, 'Howeﬁer, as noted above and in Table 2, Orange was not the only 2,4,5-T
containing herbicide used in the defoliation program. Small quantities of
Purple, Pink, and Green, all cbntaining 2,4,5-T were used from 1962 through
mid-1965. In subsequent sections of this document, the term, "Herbicide Orange®,
will refer to all of the 2,4,5-T containing herbicides used in Vietnam (quple,

Pink, Green, and Orange).

TABLE 2. Number of Gallons of Military Herbicide Procured by

the US Department of Defense and Disseminated in
*

clobe v
South Vietnam during January 1962 -geb'ruary 197¢

CODE NAME HERBICIDE QUANTITY PERIOD OF USE
Orange 2,4-D; 2,4,5-T 10,646,000 1965-1970¥K
White 2,4-0; Picloram 5,633,000 | 1965-197} ¥4
Blue Cacodylic Acid 1,150,000 1962-197f ¥ &%
Purple 2,4-0; 2,4,5-T 145,000 1962-1965

Pink 2,4,5-T 123,000 . 1962-1965
Green 2,4,5-T 8,200 1962-1965

Total 17,705,200

* Source: Young et a](s)
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I1. WHAT JOB(S) DID THE INDIVIDUAL PERFORM DURING HIS TOUR(S} IN SOUTH VIETNAM?
There were rglative]y few military operations that involved the handling

of herbicides by military personnel. It is, thus, appropriate to examine botﬁ

“the functions, or jobs, where individuals would have been at risk, and to es-

timate the size of the population at risk. |

a. Populations at Risk

A review of operationé invb]ving Herbicide Orange in South Vietnam
From January 1962 to April 1970 revealed that there were essentially three
groups of US military personnel potentially exposed to Herbicide Qrange and its
associéted dioxin contaminant. These three groups were:

1. *"Operation RANCH HAND" personnel actively involved in the defolia-
tion program. This group included aircrew members and maintenance and support
personnel directly assigned to the RANCH HAND squadrons.

2. Personnel assigned to selected support functions that may have re-
sulted in exposure to Herbicide Orange. This group included, for example,
personnel who sprayed herbicides, using helicopters or ground application equip-
ment; personnel who may have delivered the herbicides to the units performing
the defoliation missions; aircraft mechanics who were specialized and occasion-
ally provided support to RANCH HAND aircraft; or, personnel who may have fiown
contaminated C-123 aircraft, but were not assigned to RANCH HAND (e.g., during
the Tet Offensive, all RANCH HAND aircraft wére reconfigured to transport
supplies and equipment, and were assigned to non~RANCH HAND squadrons).

3. Ground personnel who may have been inadvertently sprayed by defo-
1iation aircraft or who, duriﬁg combat operations, may have entered an area

previously sprayed with Herbicide Orange.



b. Population Estimates

The total number of US miltitary personnel exposed to Herbicide Orange
is not known. Approximately 1,200 RANCH HAND personnel were exposed in direct
support of the defoliation operétions; however, there are no data on the number
of non-RANCH HAND personnel who may have been exposed. The actual number of
people may be in the fhouéands since at least one hundred helicopter spray
equipment units ﬁere used in South Vietnam, and most militarylbases had vehicle-
mounted and backpack spray units available for use in routine vegetation control
programs. The number of military ground . personnel who may ha#e inadvertently
. been sprayed by RANCH HAND aircraft, or who'may have entered areas recently
. sprayed with Herbicide Orange during combat operations is not known. Approxi-

mately ten percent of South Vietnam was sprayed with herbicides, énd moﬁt of
. this area was contested and/or controlled by enemy forces. An estimated

freﬁuency of occurrence for selected exposure scenarios is given in Table 3.

TABLE 3. Estimated Frequency of Events Where Military Ground

Personnel May Have Been Exposed to Herbicide Orange

EVENT ' . FREQUENCY

Direct application of Herbicide on _
ground troops : Unique—~ RARE

Ground troops moving into area treated
within 24 hours - ' ~Rare SELDOM

Ground troops entering a defoliated

area {(one.month or more after herbicide
application) Frequent




Discussions with a RANCH HAND ajrcrew members confirmed that in at least one
instance in 1967, direct application of herbicide onto a Marine patrol did occur.
The basic concggﬁrgf‘Qﬁgtd:?giiation program, i.e., the use of chemicals to
remove foliage to enhance visiﬁi]ity, supports the contention that it was un-
Tikely that troops would be in areas to be treated, or would move into the
areas immediately after treatment since the desired effect would not be evident
until three to six weeks after the herbicides were appltied. However, the

-~ occurrence of the first two scenarios in Table 3 cannot be ruled out.

IIT. WHAT WAS THE SITUATION AT THE TIME THE INDIVIDUAL WAS EXPOSED?

There are a number of exposure scenarios in which an individual was more
likely to have been significantly exposed to a specific herbicide 6r even
another pesticide, including:

1. Guards at a base perimeter. |
An individual at a Spe&ial Forces camp in the inland forest.
An individual on combat pafro] in the Rung Sat Special Zone.

Lo . ovdamuwopl e
An individual repawmgﬁ"aircraft.

22 D - R 1 N ]

A supply clerk or depot aide handling drums of chemicals.

These different situations could have exposed individuals to varying amounts of

oy neﬂt-‘;é.ﬁfw Chom
different herbicides&s1nce the use patterns of théﬁherbicides differed markedly.

Use Patterns of Individual Herbicides

"Each of the three major herbicides (Orange, White, and Blue) had
specific uses. Ninety-nine percent of Herbicide White was applied in defolia-
tion missions. It was not recommended for use on crops because of the persis-
tence of Picloram in soils. Because the herbicidal action on woody plants was
usually s]ow,'ful1 defoliation Qid not occur for several months after spray

application. Thus, it was an ideal herbicide'for use in the inland forests in
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areas where defoliation was not immediately required, but where it did occur it
would persist longer than if the area were sprayed with Orange or Blue. |

Herbicide Biue was the herbicide of choice for crop destrpction mis-

. sions involving cereal or grqin crops. Approximately 50 percent of all Blue was
used in crop destruction mis's‘io:ues:witeh 31‘; rﬁﬁﬁ'ﬁ r‘oTJ'ef}:;lt\xsed (a‘;eaq:(;ntact
herbicide fof control of grasses around base perimeters.

Ninety percent of all Herbicide Orange was used for forest defb]iation
and it was especially effective in defoliating mangrove forests. Eight percent
of Herbicide Orange was used in the destruction of broadleaf crops_(beans, pea-
nuts, ramie, and root or tuber crops). The remaining two percent was used around
" base perimeters, cache sites, waterways, and communication lines.

Table 4 shows the number of acres in South Vietnam within the three

ma jor vegetational categories.

TABLE 4. The Number of Acres Treated in South Vietnam, 1962-1972,
With Military Herbicides Within the Three Major

Vegetational Categories.

VEGETATIONAL CATEGORY "~ ACRES TREATED*
Inland forests | 2,670,000
Mangrove forests . 318,000
Cult%vated crops : 260,000

| Total 3,248,000
*

Areas receiving single or multiple coverage. Source: Eiﬁﬁﬁhg")



Certain portions of South Vietnam were more 'I1ke]y to have been sybjected to

. Qu amed. Lot Akt
Vietnam are shown in Table 5. These data were astimated by west'ing

(ompm&
volume is not in agreement with the actual procurement data dq-spﬁy d in 'l;ab]e 2

P Covd Voume,  wah  Coboud is o 5@&1;3 huﬁ, &N a mﬁ:o A\LLQ{"&CO?\“"'“
o O ke aaial Q\N“b&\o "t
TABLE 5. US Herbicides Expenditures in South Vietnam, 1962-1.33:

A -E_ngfﬁ -
defoliation. Herbicide expenditures for the four, mmhtary reglcgr?‘s g uth . 2)
and total ‘

A Breakdown by Reg*ion“r

REGION HERBICIDE EXPENDITURE (ﬁ.ﬂm)
- ORANGE WM T P,\_ue:-
CemBaT TacTicar BovE
Military Regfoi 1 : 3,249,300
Military Region II ' 4,013,800
MiTitary Region III - 10,130,500
*‘Military Region IV 1,720,300
nv:mhout—Sa1gonc7(,(_ —— s
- Sulekad,, @:’5\ 19,113,900
| o =z

* Source: HesHHEEY " WEQRS Taye C)—) 1, LY

In add1t10n to the herbicides, numerocus other chemicals were shipped
to South Vietnam in 55 gallon drums. These included selected fuel additives,
cleaning solvents, cooking oils, and a variety of other pesticides. The insec- .
ticide Malathion was widely used for control of mosquitoes and at least
400, 000 gallons of it were used from 1966 through J970. addition, much

N Groun o!efi wond
smaller quantitites of Lindane and DDT were usedAthroughout the war in Southeast
Asia. The distribution of the herbicides within Vietnam after their arrival d1d

not occur randomly. About 65 percent was shipped to the 20th Ordnance Storage

Depot, Saigon, and 35 percent was shipped to the 511th Ordnance Depot, Da Nang.



IV. WHAT MILITARY AIRCRAFT/VEHICLE WAS INVOLVED IN THE EXPOSURE?
Numerous aircraft were used in the air war in Vietnam, but only a few of
these aircraft were useﬁ for aerial dissemination of herbicides. The “work
horse" of Operation RANCH HAND was the C-123/UC-123, "Provider". This carao
aircraft was adapfed to receive a modular spray system for interna1'carriage.
The module (the A/A 45 ¥-1) consisted of a 1,000 gallon tank,-pqmp, and engine
which were all mounted on a frame pallet. An operator's console was aﬁ integral
part of the unit, but was not mouﬁted on the pallet. Wing booms (1.5 inches
in diameter, 22 feet long) extended from the outboard engine nacelles toward
_ . 20 Seet long )

thel wing tips. A short tail .boom (3 inches in diametej&was positioned central-
1y near the aft carge door. Each aircraft normally had a crew of three men:

the pilot, co-pilot. {navigator), and flight engineer (console operator). Duyr-
ing the peak activity of RANCH HAND operations (1968-1969), approximately 30
C—123/UC~123 aircraft were employed.  However, many other squadrons of non-
ﬁANCH HAND C-123 aircraft were routinely used throughout South Vietnam in trans-
port operations. | |

The control of malaria and other mosquito-borne diseases in South Vietnam
necessitated'anlextensive aerial insecticide application program in order to
control these vector insects. From 1966 through 1972, three €-123 aircraft
were used to spray Malathion, an organoﬁhosphate insecticide. These afrcraft
could be distinguished from the Herbicide-spraying aircraft because they were
not camouflaged. These aircraft routinely sprayed insecticide adjacent to

-military and civilian installations, as well as in areas where military opera-
tions were in progress, or about to commence.
Approximately 10 to 12 percent of all herbicides used in South Vietnam

~was disseminated by helicopter or ground application equipment. Generally,

9



helicopter crews were not assigned to herbicide spray duties on a full-time
basis and rotéted the spraying duties with other mission requirements. The
mi1itafy UH-1 series of helicopters, deployed by'the Air Fofte, the Army, and
- Navy units, generally sprayed the herbicideé. The most common spray system |
uéed was the AGRINAUTICS unit. This unit was installed in or removed from the
aircraft in a matter of minutes becausg it was "tied down" to installed cargo
shackles and aircraft modifications were not required for its use. The unit
consisted of a 200 gallon tank and a éol]apsib1e 32-foot spray boom. The unit
was operated by manual controls to control the flow valve and a windmill brake.
Generally, each helicopter had three grew members S -

Lo insectiecds,
A summary of the aircraft used in pesticide operations is shown in Table 6.

Ground crews that maintained these aircraft were also at risk for exposure to

the herbicides and insecticides.

TABLE 6. US Military Aircraft used in the Dissemination of ﬂerl‘u&m 0-9

:rnsodm&u
-Pest1c1des 1n South V1etnam

AIRCRAFT ' CAMOUF%.AGED ggﬁ%l bISSEMINATED
-C-123/UC-123 . Yes ' A1l Herbicides
c-123 No - Malathion
.He1icoﬁter

Air Force UH-F
Army UH-1B/UR~1D : Yes Orange, Blue
Navy UH-1E

*
Source: Young et a1(3)
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Various ground delivery systems were also used in South Vietnam for control
of vegetation in limited areas. Most of these units were towed or mounted on
vehicles. Oné unit that was routinely used was the Buffalo turbine. It develop-
ed a ﬁind blast with a velocity up to 150 mph at 10,000 ftsjminute vunmef When
the herbicide was injected into the air blast, it was essentially “éhot" at the
foliage. The Buffalo turbine was useful for roadside spraying and applications
on perimeter defenses. The herbicides of choice in these operations were Blue
and Orange.

V. HOW DID THE EXPOSORE 0CCUR?

As previously noted, the population at highest risk was the RANCH HAND group
sinée these individuais were exposed to herbicides on a daily basis. Nan-RANCH
HAND support personnel who handTed_herbicides and performed éecondary level
maintenance were also at risk. Beyond these 1imited poputations, the 1ikelihood
of other fndividuals being heavily exposed to herbicides was significantly less.
The exposure of personnel could have occurred by essentially threé routes:

1. Percutaneous absorption and inhalation of vapors/aerosols by direct
exposure to sprays.

2. Percutaneous absorbtion and inhalation of vapors by exposure to
treated areas following spray application, and

3. Ingestion of foods contaminated with the material.

As previously discussed, the use of Herbicide Orange in South Vietnam was
for the purpose of denylng the enemy the ver of dense jungle foliage. The
areas normally Sprayed were iﬁmtah;EIa?é forested areas wheré very few, if
any, US military personne] ﬂuu]dabe aFif‘gL exposure to direct spray of Herbi-
-¢ide Orange would have been un1ike1y. In addition, because of the dense canopy

cover, the target of the defoliation operation, the amount of herbicide penetrat-

ing to the forest floor would have been small. The chemical and physical

N



characteristics of Herbicide Orange and fhe spray, as it would have occurred
following dissemination from a C-123, are important factors in assessing rela-
tive exposures to the Herbicides and TCDD.

Table 7 reviews the pertinent chemical and physical characteristics of
Herbicide Orange. Table 8 reviews both the application parameters of'the spray

system used in the C-123 aircraft and the characteristics of the spray 1tse1f

‘“”“ﬂf%g ke{zhm S*QE;:B «u»iau. -1thEE‘f€h-aoo ®

BLE 7. Pertinent Chemical and Physica] Characterist1cs of

Herbicide Orange

Formulation Concentrated - (8.6 1b ai/gal)?

Water Insoluble Density = 1.28

Vapor Pressure | 3.6 x 10°% mm Hg at 30%C
NeeP 2,4-p ;1.2 x 107t
NBE 2,4,5-T : 0.4 x 10°%
TCDD B T Tt

Viscous . 40 centipoises at 20%¢ -

Noncorrosive to metal
Deleterious to paints, rubber, neoprene

Long shelf life

2 pounds active ingredient (2,4-D and 2,4,5-T) per gallon

® NBE = Normal buty] ester

12



TABLE 8. Application Parameters and Spray Characteristics

of the C-123 Modular Internal Spray System

Aircraft speed 130 KIAS*
Aircraft altitude ' . 150 ft

Tank volume 1,000 gal
Spray time 3.5-4 min

Particle size:
< 100p 1.9%
100-500n 76.2%
> 500  21.9%
87% impacted within 1 min
13% drifted or volatilized

Mean particle volume 0.61uL

| Spray swath - | 260 *20 ft
Mean deposition 3 ga]/aére
Total area/tank - 340 acres

% R
- Knots Indicated Air Speed

Ground combat forces normally would not have been expected to have entered
a previously treated area for several weeks after treatment, during which time
numerous environmental factors would have reduced the potential for exposure to
mititary personnel. Young et al(s) have conducted an indepth review of the
environmental fate of Herbicide Orange and TCDD. The following is a summary

from that report:

13



". . . Available data indicate that the vast majority
of the phenoxy herbicides would impact. forest canopy,
the intended target. Rapid uptake (e.g., within a
few hours} of the ester formulations of 2,4-D and
2,4,5-T would occur. Most of the herbicide probably
would undergo rapid degradation (weeks) within the
cellular matrix of the vegetation. However, some
of herbicide may remain unmetabolized and would be
deposited on the forest floor at the time of leaf
fall. Soil microbial and/or chemical action would
Tikely complete the degradation process.

"Herbicide droplets that impacted directly on soil or
water would probably hydrolyze rapidly (within hours).
Biological and nonbiological degradative processes
would further occur to significantly reduce these
residues. Some volatilization of the esters of
2,4-D and 2,4,5-T would occur during and immediately
after application. The.volatile material most
.Tikely would dissipate within the foliage of the
target-area. Photodecomposition of TCDD would
minimize the amount of biologically active volatile
residues moving downwind of the target area.

"Accumulation of phenoxy herbicides in animals may
occur following ingestion of treated vegetation. The
magnitude of this accumulation would likely be at
nontoxic levels. Herbicide residues in animals would
rapidly dectine after withdrawal from treated feed.

"Most TCDD sprayed into the envirvonment during defo-
1iation operations would probably photodegrade within
24 hours of application. Moreover, recent studies
suggest that even within the shaded forest canopy,
volatilization and subsequent photodecomposition of
TCOD .would occur. Since translocation into vegeta-
tion would be minimal, most TCOD that escaped photo-
degradation would enter the soil-organic complex on
the forest floor following leaf fall., Soil chemical
and microbial processes would further reduce TCDD
residues. Bioconcentration of the remaining minute
levels of TCOD may occur jin.liver and fat of animals
ingesting contaminated vegetation or soil. However,
there are no field data available that indicate that
the levels of TCDD 1ikely to accumulate in these
animals would have a biological effect.

"The environmental generation of TCDD from 2,4,5-T
residues, through thermal or photelytic processes,
would be highly unlikely and of no consequence. . . .
VI. CONCLUSIONS
While a precise determination of herbicide exposure cannot be achieved,

14
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‘the five factors discussed in this document witt permit both a characterization
and a re1ative estimate of the magnitude of the exposure. In the preparat1on
of a total exposure for a given individual, answers to the five questions must

be determined for sach exposure incident, and a summary exposure estimate

developed.
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