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SUMMARY -

Herbicides were used in.large amounts and at high dosages for military
purposes in South Vietmam. Two of the main objectives were (a) to improve
observation by causing plants to lose their leaves and (b) to destroy crops
of hostile forces. Observations of the effects of herbicide use in South
Vietnam were made by a National Academy of Sciences (NAS) Committee com-
missioned by the Department of Defense with funds appropriated by Congress.

About 3.58 million acres or 8.6% of the total aréa in South Vietnam were
sprayed with herbicides one or more times. About 10% of the inland forest
area was sprayed, and this resulted in an estimated loss of 500,000 to 2,000,000
cubic meters of merchantable timber (6 to 25% of the merchantable volume of the
sprayed area). Bamboo was present in some areas of the inland forest before
spraying, but evidence for rapid invasion of new forest areas by bamboos as a
consequence of herbicide spraying was not observed. About 36% of the total
area of mangrove forests was sprayed, and almost all the trees in the sprayed
areas were killed. Approximately 3% of the cultivated area was sprayed, and
crops were destroyed on this area. There was considerable additional crop
damage because of drift of the spray and because of inclusion of small culti-
vated areas in predominantly forested areas that were sprayed.

In some areas of inland forest, particularly those sprayed only once,
damage was generally limited to the tallest trees. Redevelopment of the forest
in such areas will probably resemble the pattern of forest growth following

" harvest of large trees. In areas'sprayed more frequently, where damage was

heavier in the lower stories of the forest, redevelopment will take longer.
.Some replanting may be required in heavily damaged areas. Under present con-
ditions of use, natural regrowth of the mangrove forest in the Rung Sat area
may require well over 100 years. The area could probably be restored in

" approximately 20 years by reforestation. Herbicide damage to crops uSually
resulted in loss of production for no more than one growing season.

The possibility that the death of large amounts of tropical forest vegeta-
tion might lead to loss of plant nutrients from the ecosystem, decreasing the
prospects for extensive revegetation after herbicide treatment, could not be
confirmed, Similarly, no evidence was obtained for hardening of lateritic
soils of serious enough extent to render areas barren

Differences in distribution of fiah, shellfish, and planktonic organisms
in waters of an herbicide-sprayed and largely denuded area and of an intact
mangrove region were not great enough to permit firm conclusions. Overall
fish catch in South Vietnam did not change much in the years of herbicide opera-
tions, but catch per fishing crafttber unit of effort) declined. However, it was
not possible to separate the herbicide- related effects such as the possible
decrease in fish food from other effects such as increased fishing pressure,
1ncreased motorboat traffic, and’ decreased aafety ‘ .

Traces of certain herbicides were detected in soils of sprayed areas, and
some of the concentrations were great enough that they would be expected to
" cause herbicide symptoms at the lower level of. effect._ Similarly, traces of
one herbicide were found in suspended sediments in the" lower part of the shipping
channel ‘to Saigon although no herbicide was found in the water itself Crop-
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sensitivity tests showed that even highly semsitive crops such as legumes
could be safely planted on sprayed soils at the very latest one year after
application of herbicides at dosages used in herbicide missions. With less
sengitive crops such as cereals, the walting time required was considerably
less. Mangrove seedlings planted different lengths of time after spraying
the soil with herbicide became established, as did seedlings on unsprayed
soil, with no difference in height growth. The NAS Committee that conducted
the tests concluded that persistence of herbicide residues in the soils of
South Vietnam is not a significant factor in subsequént growth of vegetation.

Analyses of samples of Agent Orange, an herbicide widely used in Vietnam,
showed average concentrations of 1.91 and 2.99 parts of TCDD (dioxin) con- _
taminant per million of herbicide. TCDD is highly toxic to mammals. Probably
220 to 360 pounds of TCDD contaminant were released over South Vietnam in the
more than 10 million gallons of Agent Orange used. The TCDD was associated
with the 2,4,5-T component in Agent Orange. In contrast, the TCDD concentra-
tion in 2,4,5-T now manufactured in the United States is less than 0.1 part per
million, and the total distribution of TCDD in the few herbicides that contain
it is probably no more than 0.5 pound annually in the entire United States.
This material is distributed over approximately 5,000,000 acres at the rate of
about 50 micrograms per acre, an amount equal to an acute lethal dose for a
large animal, assuming it to be somewhat more sensitive to TCDD than the most
susceptible known test animal. The material falling on the foliage 1s not
absorbed appreciably by plants but gradually disappears from the leaves by de-
composition due to the action of sunlight, evaporation into the atmosphere,
and washing from the leaves into the soil by rainfall. In addition to the loss
by degradation, the ‘losses from volatility and washing into the soil serve
further to dilute rather than to concentrate the remailning residues.

The NAS Committee found no conclusive evidence of association between
exposure to herbicides and birth defects in humans in South Vietnam. The Com-
mittee was unable to confirm or deny reports that some humans and domestic
animals became 11l or died after exposure to herbicide sprays or after eating
treated plants or drinking contaminated water. The Committee did report, how-
ever, an asgociation between herbicide application and malaria. The malaria
organism was found in the blood of 7% of the children living in an area cleared
of mangrove forest in South Vietnam. The mosquito specles known to be capable
of transmitting malaria were also found. 1In contrast, few, if any, anopheline
mosquitoes, which serve as vectors for malaria, are present or breed in intact
estuaries and coastal mangrove forests. Accordingly, malaria is not present
in human communities living within such an ecosystem,

The herbicides used for defoliation and crop destruction in South Vietnam
are also used for civilian purposes in the United States and other countries,
The dosages used on crops in the United States range from about one-tenth to
one-fifth of those used in South Vietnam. The dosages used on pastures, range-
lands, and some aquatic sites and for certain uses in forestry range from about
one-tenth to one-half of those used in the military herbicide missions in South
Vietnam, :

The safe and effective use of herbicides on agricultural, forest, and indus-
trial lands in the United States has been amply demonstrated. The atypical-mili-.
tary usage in South Vietnam has no relation to, and no bearing on, the peaceful

uses of herbicides in the United States and throughout the world,
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SUMMARY DATA FROM NATIONAL ACADEMY OF SCIENCES REPORT

Areaa in South Vietnam

: Total Area,f . Area

o 1953 .Vegetation Map, . - Sprayed, " .Percent
Vegetation Type  _ Millions of Acres  Millions of Acres - Sprayed
‘Inland Forest . 25.91 - 2.67 10.3
Mangrove Forest 0,72 0.26 ' 36.1
Cultivated Land 7.80 0.26 3.2

Herbicide Agenta Used.

. Herbicide Aggg_ o . Composition ~ Congentration, 1b/gal
Orange - 50:50 2,4-D:2,4,5-T . 4+ 4.6
White . 4:1 2,4=D: Picloram ' 2 +0.54 _
Blue o , Cacodylic acid 3.1 (1.7 1b is arsenic)
Purple o 50:50 2,4-D:2,4,5-T% - -

*Varied in ester content from Agent Orange, which replaced Agent Purple
in 1964.

-

Orange

Blue
Purple -t\available .
i

TCDD (Dioxin: 2,3,7,8-tetrachlorodibenzo- p-dioxin) gtimated total distri-

I

Damage Caused._

" a. Inland forest': Loss of 0.5 to 2 million cubic meters’ of merchantable

timber and 5 to 11 million cubic meters of nonmerchantable timber
b. Mangrove forest: Destruction of 260,000 acres
c. Cultivated areas: Destruction of growing crops
d. People: Unknown - see diacussion ‘
e. 8oils: None . i . :

Vegetation Recovery: ' ' - e

.8, Inland forest: Expected to occur naturally; some planting may be re-

-quired in local, heavily damased Aareas.

b, ‘Mangrove forest.: 100 years or more for natural recovery, @qfqraatation

possible but expensive
c¢. Cultivated land: Crops can be replanted within 1 year

Herbicide Residues in Soil: Traces but not sufficient tb retard planf grdwth'
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MILITARY USE OF HERBICIDES IN SOUTH VIETNAM-/

Herbicides were used in large amounts and at high dosages for military
purposes in South Vietnam. Two of the main objectives of military
herbicide operations were (a) defoliation, defined as "the use of herbicides
to cause trees and plants to lose their leaves in order to improve observa-
tion" and (b) crop destruction, defined as "the application of herbicides to
plants to destroy their food value and directed at crops of hostile forces."
Other uses of herbicides were at fire-aupport bases and other military installa-
tions, on landing zones and enemy cache sites, and along lines of communication.

Area Sprayed

About 3,600,000 acres were sprayed, an area slightly larger than that of
Connecticut. About 66% of the sprayed area was sprayed once, 22% twice, 8%
three times, and 4% four or more times. Of the total area of inland forest of
about 26 million acres, 2.67 million acres, or somewhat over 10%, were sprayed.
" Mangrove forests totaled 720,000 acres of which 367 were sprayed. Cultivated
land totaled 7.8 million acres, of which 260 000 acres or 3.2% were sprayed.

Herbicides Used

Orange: A 50-50 mixture of n-butyl esters of 2,4-D and 2,4,5-T. Each
gallon of Orange contains 4 pounds of 2,4-D and 4.6 pounds of 2 +4,5-T on an
acid-equivalent basis. Orange was used for defoliation until April 1970.

Purglé: A 50-30—20 mixture of n-butyl ester of 2,4-D and the n?butyl and
isobutyl esters of 2,4,5-T. It was used only until 1964 and then replaced by
Agent Orange. ' :

White: A mixture containing 2 pounds of 2 +4=D and 0.54 pound of Picloram
per gallon on an acid-equivalent baais.

Blue: A formulation of the sodium galt of Cacodylic Acid (hydroxydimethyl-
arsine oxide) containing 3.1 pounds of Cacodylic Acid or 1.7 pounds of ‘arsenic
per gallon. Blue was the principal agent used for crop-destruction missions.

All agents were intended for application in volumes of 3 gallons per acre.

Methods of AgglicatiOn.

Defoliation and ctop~destruction missions were conducted by a-U. 5. Air
Force Unit using UC-123 fixed-wing aireraft. The UC-123 spray system consisted
of a 1,000 gallon tank and a spray-boom with nozzles for spray application vol-
umes of 3 gallons per acre with the plane flying at a speed of 130 to 140 knots
and at a height of 150 feet.

1/

Information in this sectiOn was taken from the National Academy of Sciences _
Report (1).
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Small area applications were made with a helicopter (UA-1) and to a lesser
extent from trucks, river boats, and back packs. About 88% of the herbicide
missions were designated for defoliation, about 9% were for crop destructionm,
and the remaining 3% were directed at base perimeters, enemy cache sites, water-
ways, and lines of communication

Rates of Application

Dosages applied per acre were as follows'

Herbicide ent

Orange
White

Blue

Herbicide Component : Pounds per Acre
- 2,4-D | ' 112.0
2,4,5-T ' o 13.8
B 25.8
2,4-D 6.0

Picloram : o 1.62

: o 1.62

Cacodylic acid: : 9.3

It should be understood that the herbicides used for. defoliation .and crop

destruction in South

Vietnam are also used for civilian purposes in the United

- 'States and other countries. The dosages used on crops-in the United States
~range from about one-tenth to one-fifth the dosage used in South Vietnam.
Those used on pastures, rangelands, some aquatic sites, and for certain uses in
forestry range from about one-tenth to one-half of thoae uaed in the military
‘herbicide missions 1in South Vietmam.

Data on the total land area of South Vietnam in major vegetation types and

the acreages sprayed

Vegetation Type

Inland forests
Cultivated land

- Mangrove forests
Other

Total

a/

‘one or more times may be summarized as- follows.'
Total in_- T ; Total sprayed one oY more
South Vietnam (1953) L tipesr/

Millions .- %.of Total in-  Millions - %-of Toral in
of Acres South Vietnam" of Acres Vegetation Type

25.91 62.4 2,67 10,3
7.80 18.8 ~  0.26 3.2
0.72 1.7 - 0,26 36.1
7.07 17.1 0.39 . . 5.5

41,50 . 100.0 S 38 8.6

The datsa exclude an additional 1,27 million gallons sprayed prior to 1965

and 1 1 million gallons for which data are incomplste.
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HERBICIDE USE IN THE UNITED STATES

Objectives

Herbicides, especially the phenoxy herbicide compounds 2,4-D and 2,4,5-T,
have been used for vegetation management in the United States for more than 25
years. Herbicides are used for the control of unwanted plants that compete
with desired species on cropland, pastures, forests, and rangeland and on urban
areas in lawns, golf courses, and recreation sites. They are used for control-
ling weeds in aquatic habitats, for vegetation modification on industrial sites
such as utility, highway, and industrial rights of way, and for the suppression
of noxious plants such as ragweed and poison ivy. Herbicides are used because
they are more efficient and usually less hazardous and less injurious to the
environment than alternative methods.

Application Methods and Rates

Commercial formulatioms of herbicides, usually diluted in water or oil
carriers, are applied in various ways from individual tree injection to selec- °
tive spraying of single stems or groups of plants to broadcast treatment by
ground or  aerial spray equipment. Thickening agents and special spray devices
are employed to reduce drift to nontarget plants in broadcast applications.

‘Herbicides used militarily in South Vietnam are being employed as management
tools for vegetative control in the United States. However, it should be noted
that formulations, rates of application, methods of application, and other
factors in the military use differed greatly.from accepted agricultural prac-

tices in the United States. , .

The phenoxy herbicides 2,4-D and 2,4,5-T in low-volatile formulations have
been particularly beneficlal in commercial use at generally low rates. For
example, for weed control on cropland, the usual treatment of 2,4-D is at a
rate of less than 1 pound per acre. On pasture and rangeland, 2,4-D and/or
2,4,5-T are applied at about 1 pound per acre to control broad-leaved weeds
and woody plants. In forest practice, the rate of herbicide application gener-
ally ranges from 2 to 4 pounds of 2,4,5-T or 2,4-D/2,4,5-T mixture per acre.
Maintenance operations for brush control on rights of way in the United States
may involve: (a) selective basal sprays of 2,4,5-T or 2,4-D/2,4,5-T esters at
rates of 12 to 16 pounds per 100 gallons in oil (b foliage ‘or stem-foliage
sprays. of 2,4,5-T or 2,4-D/2,4,5-T mixtures in water at rates of 3 to &4 pounds
of chemical per 100 gallona of spray mixture; and (¢) aircraft applications of
2,4,5-T or 2,4-D/2,4,5-T mixture at rates up to 12 pounds per acre.

Cacodylic:Acid is used commercially in .the United States at rates of 3 to
10 pounds per acre for cotton defoliation; lawn renovation, general weed control
in noncrop areas, spot control of noxious weeds, and forest management.

Picloram is used for comntrol of woody plants and broad-leaved weeds alone
or in mixture with 2,4-D or 2,4,5-T at rates up to 8 pounds per acre when
applied in pellets for total vegetation control and up to 3 pounds in liquid
formulations and mixtures with 2,4-D and 2,4,5~T. Picloram combinations with
2,4-D and 2,4,5-T are used mostly for woody brush control on industrial sites.
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Based on the long-term experience with 2,4-D and 2,4,5-T, use of phenoxy
herbicides in the United States has generally been ssfe, effective, and effi-
cient. The phenoxy herbicides are predominantly toxic to green plants and are
much leas toxic to mammals, birds, fish, reptiles, shellfish, insects, worms,
fungi, and bacteria., When properly used, they do not occur in soils and water
at levels harmful to animals and microorganisms. They do not concentrate in
food chains and do not persist from year to year in croplands. They are detect-
able only rarely in food and then only in insignificant amounts.

From the standpoint of wildlife habitat, no direct detrimental effects were
noted in a 22-year investigation of the influence of utility right-of~way brush
control on game food and cover in central Pennsylvania (4). The 2,4-D and
2,4,5-T used in this study were applied at high rates up to about 20 pounds per
acre in 1953, with limited retreatments at lower rates in 1954 and 1966. The
sprayed right of way has produced a stand of low, diverse plants beneficial to
upland game animals for both food and cover. In particular, the treated areas
have been heavily utilized by white-tailed deer.

HERBICIDE EFFECTS ON VEGETATION IN SOUTH VIETNAM 1/

Defoliation operations in South Vietnam were carried out on two vegetation
types--inland forest and mangrove forest. An estimated: 2,670,000 acrea or 10.3% of
the total inland forest area were sprayed from 1965 to 1971 Some 260,000 acres
or 36.1% of the total mangrove area were sprayed during the same time period

Inland forests were sprayed one to four or more times. Refoliation after
spraying was the reason for subsequent sprayings. Spraying mangrove once re-
" sulted in essentially 100% kill of the mangrove species. Thus, mangrove areas
were not resprayed deliberately, but some areas were sprayed more than once

because of crisscrossing flight lines.

Inland Forest

Much of the inland forest of South Vietnam was already disturbed by lumber-
ing, agricultural clearing, or fire before the time of spraying. Thus, some

areas technically classified as "forest" actually contained only a few large
trees.

Damage to forests depended on the frequency with which a given area was
sprayed, the time intervals of individual sprays in areas sprayed more than
once, and the extent of other disturbances (especially bOmbing, but also clear-
ing and burning for agricultural purposes as Well as selective logging).

The loss of merchantable timber in the sprayed area was estimated at
500,000 cubic meters to 2,000,000 cubic metars. That represents a losg of 6 to
25% of the volume of merchantable timber in the sprayed area or 0.6 to 2.5% of
the merchantable volume of all inland forest in South Vietnam. Logs of non-

- merchantable timber ranged from 5 to 11 million cubic meters. Thts egtimate

1/

Information in this section was taken from the National Aaademy of Sciences
Report (1).
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is far less precise than that for merchantable timber. Damage due to bombing
and shelling, whether or not it was associated with herbicide treatment, may
well be the most serious and long lasting of a11 the war impacts on the inland
forest.

1/

Bamboo—

1. As a result of centuries of fire and swiddenal agricoiture-in South
Vietnam, extensive areas support pure or mixed stands of bamboos which existed
prior to the application of herbicides for military purposes.

2, Evidence from published field studies of the closed forest indicates
that several bamboos may grow aa natural components of the dense and the second-
ary forest, but they are by no means invariably present.

3. After clear-cutting or extensive logging, the forest canopy 1is open
so that altered ecological conditions favor an increase in the population of
the subdominarnt bamboos. Increase by vegetative means occurs in abandoned
swidden and after forest clearing operations and can be relatively rapid.
Spread of bamboos by seed appears to be rather infrequent in South Vietnam, and
rapid invasion of new areas was not observed

4. TInformation derived from limited field and aerial reconnaissance of
cloged forests in War Zones C and D north of Saigon suggests that where defolia-
tion has led to death of the trees of tlie upper and second stories, with sup-
pression of their reproduction, bamboos, 1f present in the area, will tend to
increase, with establishment of pure stands which may persist for many years.
Regrowth of young plants of tHe original forest trees can be prevented by
seasonal fires.

5. Evidence for rapid invasion of new forest areas by bamboos as a con-~
sequence of herbicide spraying was not observed.

Mangrove Forest

One treatment with elther Agent Orange or Agent White killed essentially
all the mangrove species. The most heavily treated areas were in the Ca Mau
Peninsula on the southern tip of South Vietnam and the Rung Sat surrounding the
shipping channel into Saigon.

The mangrove forest plays an important role as a spawning site and food
source for many economically important fish and shellfish species. ‘Comparative
studies of frequency of fish, shellfish, and planktonic organisms in waters of
an herbicide-sprayed and largely denuded region and of an intact mangrove region
showed that both were rich in planktonic organisms, ‘but the number and variety
of these organisms was lower in the former than in the latter. The same was

1/

=" The conclusions in this section are quoted directly from the National Academy
of Sciences Report (1).
2/

- Slash and burn.
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true of large fish. Fish eggs and larvae were more frequent in the denuded
region although the variety of fish was the same. However, the data are not
extensive, and the differences between the two sites are not large enough to
draw firm conclusions. Overall fish catch in South Vietnam has not changed
much in the years of the herbicide operations, but catch per fishing craft (per
unit of effort) has declined, in contrast, for example, to the situation in
Taiwan and Thailand. However, it was not possible to separate the herbicide-
related. effecta, such as the possible decrease in fish food, from other effects,
such as increased fishing pressure, increased motorboat traffic, and decreased
safety.

Agricultural Areas

Approximately 260,000 acyes of cultivated area were deliberately sprayed
to destroy the crops. That is 3.2% of the cultivated acreage. In addition,
there was evidence for widespread crop damege from herbicide treatments intended
for defoliation of forest because of drift and because of the location of small
cultivated areas in a predomin&ntly forest type.

Herbicide damage to crops; whether as a result of crop destruction or de-
foliation missions, usually resulted in less of production for no more than one
growing season. There was no evidence that crops could not be replanted within
‘one year or less after the last treatment. Susceptible fruit trees suifered

greater damage because some trees were killed thus interrupting production for
several years. o :

RECOVERY OF FORESTS IN SOUTH VIETNAM = L/
"~ Inland Forest

Because so meny variables are involved, the extent to which there will be
recovery from deleterious effects and the time required for recovery cannot be
stated in precise terms. In some areas, particularly those sprayed only once
and not subject to other disturbances, damage was generally limited to the tall-
est trees, which were more exposed to the spray than lower ones. It appears
that redevelopment in such areas will resemble the pattern of forest growth
following harvest of large trees. In areas sprayed more frequently, where damage
was heavier in the lower stories of the forest, the redevelopment will take
longer. If large-scale rehabilitation of war-damaged inland forest is under-
taken, it is probable that all single~sprayed and most multiple-sprayed forests
can eventually be restored to productive forestry by adopting appropriate silvi-
~cultural practicea. Systematic on-the-ground studies of sprayed areas are
_essential, with special attention .to numbers and 8izes ‘of young individuals of
the important tree species and to seed sources.

" Swanson. (3) addresaes the reforestation issue squarely when he states, for
the inland forest, that "more than 2 million’ hectares of forest land need re-
forestation in the Republic of Vietnam.‘ Contrary to popular. Opiniqn, the defores-
tation of most of this large areg has occurred as a result of forces other than

1/

Information in this section was'taken from the Nationel Aeedeﬁy of Sciences
Report (1) unless otherwise noted.
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war, although warfare has taken its toll. Increasing use of modern reforesta-
tion methods, together with metheds long used in Southeast Asia, has resulted
in an increase in annual accomplishments from practically none in 1971 to
15,000 hectares in 1974 "

Mangrove Forest

The destriuction of this vegetation type in the Rung Sat was so complete

as to eliminate most seed sources. Wood-cutting, a traditional economic pur-
suit in the mangrove forests, is probably further reducing the supply of seeds
and retarding recovery. An estimate based on a model suggests that, under
present conditions of use and natural regrowth, well over 100 years may be
- required for reforestation of the mangrove area. With sufficient money and seed

resources, a masslve reforestation program could probably restore the forest
within approximately 20 years. ' :

HERBICIDAL EFFECTS ON SOILS IN-SOUTH VIETNAM

Concern has been expressed that- the death of large amounts of tropical
forest vegetation may lead to loss of essential nutrients from the ecosystem,
decreasing the prospects for extensive revegetation after. herbicide. treatment.
The National Academy of Sciences study indicated, however, that although there
were certain differences between scils of sprayed and unsprayed areas of inland
forest and of mangrove forest, the widespread death of vegetation caused by the
herbicides has not had lasting detrimental effects on plant nutrients within
the ecosystem, with the poasible exception of potassium..

Hardening of lateritlc soils as a result of defoliation of inland forest
in South Vietnam has been an expressed concern by a few people for several years.
The Natlonal Academy of Sciences study committee found no evidence of hardening
of these goils of serious enough extent to render areas barren. Presumably this
is because of. the rapid'regrowth of vegetation following defoliatien.

HERBICIDE RESIDUES IN SOILS IN SOUTH VIETNAM-/

Picloram, a componentiof‘Agent White, is relatively stable'in soil, and"
detectable residues have been found up to 2 to 3 years after application at
agricultural rates. Degradation cen be relatively rapid in acid soils and in
soils with high organic matter content ‘

Cacodylic Acid and its. sodium salt (Agent Blue) are highly goluble in .
water and stable under sunlight conditions. In the soil, Cacodylic Acid under-
- goes degradation by the microflora. Breakdown is slow under aerobic conditions
but is more rapid in flooded, anaerobic soils. The ultimate environmental fate
1s, a change.to inorganic arsenate, which is mostly bound as insoluble compounds
in the soil. In Southeast Asia, gsodium arsenite has been applied in rubber
plantations at high rates ‘for over 20 years w1thout apparent c¢rop injury. Ale-
though plants absorb Cacodylic Acid from the soil more readily than inorganic

1/ From the National Academy of Sciences study (1).




-11-

arsenic, the available evidence suggests that crops ordinarily do not suffer
injury when planted on land that has been previously treated.

'In moist soil the esters of 2,4-D and 2,4,5-T are readily converted
(hydrolyzed) into the acid form. Persistence of both 2,4~D and 2,4,5-T in the
goil is limited to a few months under usual conditions. Breakdown is caused
by microorganisms and is therefore favored by environmental conditions favor-
able for high microbial activity. 2,4,5-T is somewhat more persistent in soils
than 2,4-D but not greatly so. Authors of literature reviews have concluded
that these herbicides have no adverse effects at rates used in agricultural
practice.

In Vietnam, a single application of Agent Orange would have resulted in a
mean concentration of 14 parts per million of 2,4,5-T and 12 parts per million
of 2,4-D in the soil on the assumption that all the chemical reached the soil
and was restricted to the surface 3 inches. Analyses of soil from one inland
forest area sprayed with Agent Orange and Agent White in 1968-69 showed no detect-
able residues in samples collected in 1971, Of a total of 17 core samples taken
from Rung Sat mangrove soils, 11 contained 2,4,5-T. Two of three surface samples
also contained measurable amounts of 2,4,5-T. Of all 20 samples, four contained
Picloram. The levels of 2,4,5-T ranged from 0.02 to 0.24 pound per acre, those
of Picloram from 0.002 to 0.01 pound per acre. On the basis of publighed in-
formation, these quantities may be expected to cause herbicide symptoms, but
they are generally at the lower level of effect.

Water samples from the lower part of the shipping channel to Saigon were
collected in August, 1972, and analyzed for Picloram. No Picloram was detectable
in the water, but the suspended sediment of four out of eight samples contained
0.07 to 0.03 parts per billion based on the original volume of water or 2.2 to
0.8 parts per million of - dry weight of sediment.

 Crop sensitivity tests with Orange and White carried out by the National
Academy of Science committee under tropical conditions showed that even highly
sensitive crops such as legumes can be safely planted on sprayed soils at the
very latest one year after application of 2,4-D, 2,4,5-T, and Picloram at the
dosages used in herbicide missions. With leaa sensitive crops such as cereals,
the waiting time required after application of 2,4-D or 2,4,5-T is considerably
less. Mangrove seedlings planted different 1engthe of time after spraying the
801l with herbicide became established, as did seedlings on unsprayed soil,
with no differencel in height growth.

The main conclusion is that the pereietence of herbicide residues in the
goils of South Vietnam is not & eignificant factor in subsequent growth of
vegetation Clainis that the herbicides have rendered the soil permanently

"sterile", that is, unfit for any plant growth, are not supported by chemical.
ahd bilological studies of herbicide’ peraistence in the soils of South Vietnam
and are contrary to world-wide experilence with the herbicidea used
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THE TCDD PROBLEM“/

"Analyses of samples of Agent Orange returned from South Vietnam or pro-
cured but not shipped to the country indicate that the concentrations of TCDD
ranged from less than 0.05 to almost 50 parts per million, with average concen-
trations in two sets of samples of 1.91 and 2.99 parts per million. Over 10
million gallons of Agent Orange were used in South Vietnam, suggesting that
perhaps 220 to 360 pounds of TCDD contaminant were released over South Vietnam.
It is noteworthy that currently manufactured 2,4,5-T contains 0.1 part per
million or less of TCDD, '

"Until early 1973, there were no analytical techniques available with _
sensitivity and specificity sufficient to detect the extremely small quantities
of TCDD likely to be present in the environment. A much more sensitive and
specific analytical method for' detecting TCDD has recently been developed, and
it has been reported that TCDD is present in fish and shellfish collected in-

1970 and 1973 in waters of South Vietnam which drain areas that had been sub-
: jected to heavy herbicide sprays during the war. While the significance of
this finding is by no means clear, it has raised serious, legitimate concerns
for the public health; these concerns will persist as long as the problem is
not resolved.

‘"The Committee could find no conclusive evidence of association between
exposure to herbicides and birth defects in humans.  Nevertheless, in view of
the very high toxicity of TCDD (dioxin) to animals, and the presence of this
substance in Agent Orange, which was widely used in the herbicide operations
in South Vietnam (approximately 10 million gal.), and preliminary reports of
TCDD in fish in Vietnam on the one hand, and the lack of any data permitting
assessment of TCDD effects on humans on the other, we strongly recommend two
actions which should be undertaken simultaneously: 1. Repeated systematic _
samplings and analyses of materials from Vietnam to verify the presence of TCDD
and determine the level and distribution in human foodstuffs, animals involved
in the human food chain, and river, estuarine and sea muds. Such samplings
should be started immediately and should be repeated at intervals to follow
changes that may occur with time. 2. Long-term studies to obtain a firmer basis
for assessing the potential harmful effects of TCDD on man."

Having discussed the dioxin problem in South Vietnam, one must also address

the issue of the potential for contamination by dioxin from the herbicides used
in the United States.

The amount of TCDD distributed in the United States in the few herbicides
that contain it (the one most widely used is 2,4,5-T) is probably no more than
0.5 pound annually. This material is distributed over approximately 5,000,000
acres at the rate of about 50 micrograms per acre, an amount equal to an acute
lethal dose for a large animal, assuming it to be somewhat more sensitive to .
TCDD than the most susceptible knOWn test animal The material falling on the.
foliage is not absorbed appreciably by plants but gradually disappears from the
leaves by decomposition due to the action of sunlight, evaporation into the
atmosphere, and washing from the leaves into the soil by rainfall., In addition
1/

——

The first part of this section is a direct quotation from the National
Academy of Sciences Report (1).
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to the loss by degradation, it should be noted that losses from volatility and
washing into the soil serve further to dilute rather than to concentrate the
remaining residues, NUSTY
Evaluating the hazard of TCDD in the enviromment is largely a problem of
comprehending numerical values far removed from common experience. One is at
first likely to be so overwhelmed by the enormity of the toxicity of the com-
pound that he falls to comprehend the infinitesimal levels of exposure. Never-
theless, research should be:continued until: all aspects of the toxicity,
occurrence, and envirommental fate of this chemical are thoroughly understocod.

'DEFOLIATION AND CROP DESTRUCTION EFFECIS ON PEOPLE ‘IN SOUTH VIETNAM

That the military use of herbicides in South Vietnam had effects on people
is undeniable. But those effects must. be considered as: only one of" the multiple
causes of adverse effects of war on people,

The National'Academy.of Sciences'Committee could find no conclusive evi-
dence of association between exposure to herbicides and birth defects in humans.
The Committee recognized, however, that the information available was not ade-
quate for definite conclusions.

Medical-ecological changes were indicated by the National Academy of
Sciences study. Few, if any, anopheline mosquitoes, which serve as vectors for
malaria, are present or breed in intact estuaries and coastal mangrove forests.
Accordingly, malaria 1s not present in human communities living within such an
ecosystem. Anophelines do breed in cleared mangrove areas, however, and the
walaria organism was found in the blood of 7% of the children living in the
herbicide-cleared area of the Rung Sat in South Vietnam:. Mosquito species known
to be capable of transmitting malaria were also found ‘

The National Academy of Sciences study showed that the herbicide spraying
contributed to the displacement of people from rural to urban areas. Some indi-
viduals and communities that had been sprayed reported that domestic animals
and humans became 111 or died after exposure:to herbicide sprays or after eating
treated plants or drinking contaminated water. No independent medical studies
'of such populations were possible, and the reports could neither be confirmed
nor denied. Herbicides, however, were a grave concern to many Vietnamese and

achieved symbolic and emotional significance which sometimes outweighed the
actual facts,

The National Academy of Sciences Committee recommended further studies in
collaboration with the Vietnamese with a view to promoting greater understand-

ing of the properties of herbicides, their peaceful uses, and their potential
hazards,

The safe and effective use of herbicides on agricultural, forest, and
industrial lands in the United States has been amply demonstrated. The atypical
military usage in South Vietnam has no relation to, and no bearing on, the peace-
ful uses of herbicides in the United States and throughout the world.

L
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