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NOTICE

*The study reportéd.herein was undertaken under the aegis of the
. National Research Council with the express approval of the

Governing Board of the NRC. Such approval indicated that the
RBoard considered that the problem is of national significance;
that elucidation and/or solution of the problem required sci-
entific or technical competence and that the resources of NRC
were particularly suitable to the conduct of the project., The
institutional responsibllltles of the NPC were then discha:ged

in the following manner:

The members of_the study committee were selected for their in-
dividual scholarly competence and judgment with due considera-
tion for the balance and breadth of disciplines. Responsibility
for all aspects of this report rests with the study committee,.
to whom we express our sincere aPPIQCLatIOH..

Although the reports of our study committees are not submitted
for approval to the Academy membershlp nor to the Council, each
report is reviewed by a second group of scientists according to
procedures established and monitored by the Academy's Report
Review Committee. Such reviews are intended to detexrmine, inter
alia, whether the major questicns and relevant points of view
have been addressed and whether the reported findings, conclu-
s. s and vecommendations arose from the available data and
information.. Distrikution of the report is permitted only

after satisfactory completion of this review process.
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INTRODUCTION

The Committee on the Fffects of Herbicides in Vietnam was estah]tsheﬂ unaer
a Contract between the Department of Defense and the National Academy of
Sciences that was negotiated and signed pursuant to Public Law 91-441, the
Fiscal Year 1971 Military Procurement Authorization Act, Section 506(c).
This Section directed, in paragraph (1), the Secretary of Defense to "un-
dertake to enter. into appropriate arrangements with the National Academy of
Sciences to conduct a comprehensive study and investigation to determine
(n). the ecological and physiological dangars inherent in the use of herbi-
cides, and (B) the écological and physiological effects of the defoliation
_ program carried out by the Department of Defense in South Vietnam.” Para-
graph (2) provides that “"of :the funds authorized by this Act for research,
development, testing, and evaluation of chemical warfare agents and for
defense against biological warfare agents, such amounts -as are required
shall be available to carry out the study and investigation authotlzed by
paragraph {1) of this subsection."

The Contract was signed on_March 9, 1971. The Public Law called for a com—
pletion date (submission of a final report to the Secretary of Defense}) of
January 31, 1972. As it became immediately appavent that no satisfactory
study could be completed by this deadline, the Academy requested an exten~
sion of the completion date to August 31, 1973, and the Secretary of
Defense, by letter of September 24, 1971 to the chairmen of the House and
Senate Armed Services Committees, stated that he planned to accept this
 revised time schedule for .the report. This correspondence, with support-

ing documentation, has been inserted in the Congressional Record, Senate,
Session of (ctober 6, 1971, pages 815995-816001.

The present report -is an 1nter1m report, summarizing the act:v;tles of the
. Committec beginning with the signing of the Contract and extending through
December 1971. 1t had been agreed that the study would proceed in two
phases, Phase I or the Planning phase, and Phase 1I or the Woxrking phase.
Phase II is in turn being carried out in two stages, a short reconnaissance
stage, designed to select the most suitable localities and materials for
further work and to ebtain information about the range of problems and
variables that may he encountered, and the long-range working stage in
which the cffects of che herbicides will be studicd intensively and, as
far as possible, using quantitative approaches. The present report covers
'I'hase 1 and most of the reconnaissance work of Phase 11, The conclusions
of Phase 1 have had to be revised in the light of the experience and
results of che reconnaissance stage of Phase IT, However, they will be
_ presentecd here without these modifications, and the latter summarized in
- the section on the reconnalssance ptage, since the differonces between the
two sets of conclusions are indicative of the serious lcgistical problems
~and limit “ions under which the ontire study has to be exccuted.



Phase I - Planning Phase

The objectives for Phase I inoludod - apart from the aeloction and appoint-
‘ment of the Committee (Appendix A) -- compilation and preliminary analysis
of existing pertinent information on herbicide effects, mainly under tropi-
cal conditions, and on the ecology, demography and other features of Vietnam
and of comparable countries or regions; consultations with gource, personnel
capable of providing information in these and other disciplines and on a
number of scientific and practical problems potentiaily iliportant for the
study; and conferences with personnel from Congress, the Department of
Defense, and other agencies to establish contacts and prepare logistics.

A reference library of approximately 1000 titles under 19 major and 38
subheadings was assembled (Appendix-B); consultations and conferences were
held with approximately 200 persons in the U.S., and abroad, On the basis

of the information thus gathered, the Committee analyzed and defined the
scope and objectives of its "mission™; established some guidelines for
‘ite work; considered some problems: of strategy and certain longer-range
perspectives of its work; gave thought to some questions of policy; and

drew up a2 tentative work plan for the study.

1. Sggpe and Objectives

a) Definitions

PL. 91-441 provides for studies on the dangers inherent in the use of
herbicides in general, as well as on the effects of their use in Vietnam,
This, especially the first-named provision, is very general language, and
" if taken in its broadest sensec.could result in 4 serious diffusion and
~dilution of the study. We sought therefore to clarify the intent of
Conyres:s and were advised that Congress was primarily concerned with the
effects of the military uses of herbicides in vietnam; if possible, it
would like to have, on this basis, scme general cvaluation of the problems
of large-scale use of herbicides, particularly under tropical conditiouns,
It is this dolineat1on of the problem that the Committee pr0poses to
follow, S . o

PL 91-441 calls for studies of the ecological and physiological effects of
herbivides, Physiological we understand to mean effects on the function
of individual organiwms (although in the study of such .:° -ts, .t is
usually necessary to cmploy groups of similar organisms, s=called popu-
lations). FKcological we understand to mean cffects on "ecosysntems," that
is communitics of various organisme, including cffects on the interactions
between and among the affected individuals and populations, and between
tham and the rest o[ the cnvironment {such as soil lnd witor}.,

:noth phywiologiia] and ovologi{al nf!octu ot hurbicidou nay b dirort And

_jndir:fl,: Jelatively dircct effocts are, for cxample, death or failure
growth ond reproduction of a tregted p]anr, or Jonion: produced in man

gtvi guiwali 1 appTI qtiqn tg th ugiu, lnhalation or ingontlvn ot thv



agent. Inﬁir ot effects operate “hrough a chain follouing from of ‘éxacer-
bated by the more_direct effects, and may be very diverse, Intake of the
agent by a woman, even if causing no apparent direct or lasting syndrome,
might conceivably affect her fertility or the health of her offspring., The
destruction of a forest by herbicides could mean loss of income to the wood~
cutter. The greatest complexity of indirect effects, however, can be
predicted in the realm of ecological respenses. Ecosystems are generally
characterized by a very fiaely attuned balance between their living compo-
nents (animals, plants, microorganisms) and between these and the physical
enviromment (soil, water.'microclimate), Moreover, ecosystems are very
often not stationary but are evolving, slowly but in a definite sequence
{"succession”) leading to a so-called "climax,"” the final stac: that, if
-undisturbed, will not undergo further chpnges; Injury to, .r death of onre
component as the result of herbicide treatment is thus apt to disturb rot
. only the system as such, but also its further "evoluticn.® These effects
may be gradual and progressive, and it may take long pﬂriods of time to be
certain what direction the disturbance is taking and whether the original
balance will be restored at all, All this holds not only for "natural” or
"wild” ecosystems but involves man, either indirectly as a dependeat of
- many natural ecnsystems, or directly as component of an ecosystem., A change
in the floral composition of a forest as result of herbicide Lreatment may
result in changes in the faunal composition, resulting in changes in the
distribution of animals (insects, rats) that function as victors of human
diseases, resulting in changes in the incidence of these diseases in adja-
cent settlements even if these were not directly affected by the herbicide.
Crop destruction in a settlement of Montagnards, not only deprives the
people of food but may profoundly affect their faith in their own tradi-
tional means for coping with crises and disasters, and may result in
demoral;zation. . :

' From the existence and particularly from the long-rauge nature of the indi-
‘rect effects that massive herbicide application is bound to have in ecosys-
. tems there follows a crucial ccaclusion. It is not enough to assess the
herbicide effects in Vietnam as they can be seen, “"here and now": it is
- essential to try to reconstruct, as far as possible, the "evolution® that
these effects have undergone since herbicides were first applied on a
large scale, and to project their further developments. It is only with _
such information that some genuine evaltuation of the ecological and physio-
. logical effects of the herbicides, used on the scale they have been used
~ in Vietnam, can be expected. Otherwise, we may end up with not much more
than a catalog of incidental observations that, however detailed and
complete, will permit few if any meaningful concluszons._ L

. The prospective approach ls sll.the more important sirce 1t may help us
to learn whether, how, an@ how soon {ll-effects of the herbicides may be
overcome, and to consider what uses of the herbicide-treated arcas may be
possible for the benefit of the country and the people, The Committee
feels very strongly that this aspect of repair and rehabilitation is e
crucial part of the entire work; this foolinq war shared by all persons
whie have bnon conuultod. . o



b) Variables™

The study of the effects of herbicides used in Vietnam is complicated by many
factors., Those that are inherent in any ecodystem have already been pointed
out in the preceding pages. Other variables reside in the herbicides used
‘and the modes of their use. At least three agercs with differing composi-
i tions =~ "Orange," "White,® "3lue" (see Appendik C} == have been used. All
"have been used with different méthods of application (fixed~wing &ircraft,

" helicopter, ground vehicles with high-pressure spray attachments, backpack

sprays) and with different objectives (defoliation for reconnaisgssance and
surveillance, defoliation for protection of routes of communication on land
and by water, defoliation for improved vision and lines of firing around
army bases, crop destruction, accidental dispersal, dumping, and perhaps

. others). WNumbers #nd quantities of treatment have varied, ranging from
single light sprays as a result of wind drift from defoliaticn missions,
over the regular application by fixed-wing aircraft, to very massive local
treatments as a consequénce of total or partial dumpirg of the load of an
aircraft, because of failure of or damage to the latter. The doses used
-in regular fixed-wing aircraft missions exceeded those used for nonmilitary
purposes by about an order of magnitude; doses delivered to dump arecas were
- greater Hy at least another order of magnitude. Herbicides have also been
sometimes used in combination with a variety of other weapons having direct
_and indirect ecological effects of their own that may interact with the
effects of herbicides: high explesive, fragmentation and anti-personncl
bombs, artillery, removal of vegetation by means of super-bulldozers (Rome
plows). Bomb cratering is evidently very extensive in parts of the country;
an influence on the ecclogical effects of herbicides is not known but
conceivable,

Finallj; herbicides have been applied, deliberately or accidentally, over
.8 wide series of environmental types, including mangrove, several types of
forests, upland rice fa-ms, and probably, at least accidentally, onto
heavily (built-up) populated arcas., They have impinged on an as yet no
fully determined number of human land-use types, probably including wood-
lands used for lumber, firewood and charcoal, and for guthering wild food
and other products; house and kitchen gardens; uplands used for shifting
cultivation of rice and other field, garden and tree crops; tramnspertation
routes cross-cutting all varieties of terrain and land use; and military
bases in a variety of lowland and upland conditions, -

o} Selcction of obgcctiveh ) B : o B . "_ : .

o With thn complcxities and variablen diacqued in the two preceding sections,
-~ the research design bogins to look complex and time=consuming indeed, It

was thercfore necessary to sclect objectives that could be studied in the
time and with the support available, and would yield the highest return i{n
terms of understanding herbicide effactn and their ropait. The following
arecas were chosen for study:

h lhrhicidn, agricultufe and'animai huébandry ntudins.?with
sof c:lated toxicologicel studies, mainly on dioxin

() oLoil studies



b

(3 Ltudies of natural biblogical systems;
i -~ Mangrove o A : o
ii -~ Semi-deciduous forests: disturbed and undisturbed

(4) Studies in human ecology
i == Medical effects :
ii -- Epidemiological-ecclogical effects
4ii =~ Socio~economic and psychological effects

The Committee is of the opinion that these study areas cover the most
‘important problems raised by the military use of herbicides in Vietnam,

that is, problems that concern ‘he major =cosystems affected by herbicides,
including humans, that may have the longest-range consequences, and that
have aroused greatest public concern in the United States and outside. The
localities that will be covered under this plan of study should include

. those likely to have been maximally affected and te have suffered long-term
if not permanent consequences; they should, to the extent possible, be
typical of wadespread situations and also representative o>f situations,
_irrespective of their ecological or environmental character, where people,
crops and livestock may have been heavily exposed; they would include crop
lands, plantations, and if practical gardens and other small cultivated plots
~where it may still be possible to assess direct herbicide effocts and where
persistence of the djent may be a particularly critical problem, as well as
areas where defoliation may have had maximum, although unintentional, benefi-
‘cial effects (clearing of land for crop production).

i
T
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If.' Guidelines’

- The study areas selected have many cross—connections. Thus herbicide
(residue) and sell studies are clearly interrelated, and both are connected
with studies on the natural biological systems ard on agriculture; the
epidemiclogical-ecological studies are in turn closely connected with the
studies on ecological changes in the natural systems. On the other hand,f'
each of the study areas has its specific problems and apprcaches; this is
particularly true of the medical and the anthropological (socio-economlc '
and psychological) areas that represent a relatively scparate complex of
problems, It is therefore difficult to develop guidelines that will be
equally applicable to all study areas. Nevertheless, and bearing in mind
that a given guideline may apply to one study area much more than to
another, the following guidelines should help to maintain consistency in
the work on tiwe various problems:
(1) In ordcr to cbtalu 1nfcrmat1on on the time sequence of herb1c1de
induced changes, studies will be carried out as much as possible on
areas that were sprayed at different times, startlng with the most
recent spray missions and working backwards to the earliest ones.
(The first missions in Vietnam were flown in 1962, fcllowlng some
test missions in 1961; large-scale herbicide application, including
all fixed-wing aircraft sprays, was terminated in December 1970.) As
a supplementary effort along this line, the Committee intends to
‘inspect other sites where herbicides have been applied on a relatively
- large scale and under tropical or subtropical conditions. The number
of such sites is considerable but most of them seem of little use for
our purposes, because of different climate and vegetation, a scale
. too small for meaningful comparison, or incomplete data. The most
- promising ones are in Thailand and Puertc kico, where the Department
of Defense has carried out relatively extensive test’sprays,'and
Hawaii, where herbLCldGS have been used extensxvely to convert 1ungle
into pastures. .

s

(2) Pro:ectlve studles will employ two pr1nc1pal approach‘s

i .1'--_cxtrapolat10ns from the time-.equencc studles descrlbed
undex item- {1} _

N £ e experimcntal studies; mainly pientinc offselecte& species{

In arcas witl relativcly light herb1c1de effects, the extrapolativs
approach may permit rather accurate estimates of the further progress
of the induced changes and of thd: ‘time neceded for recovery. In areas'
with hcavy damage, partlcularly in the mangrove and probably also in
parts of the forests, the time period for which data can ‘be obtained E
=~ at uiic vory bcst, 10 years -~ is most likely too short for bétter
than an order of magnitude of time estimate, It is partlcularly in
these arcay that the replanting approach should be useful, The limi-
mtat:onr of’ ugh experiments are quite clear to-us. Even successful
r0p1ant1nq o{ mangrovo qecdlings in a hoavily damaged mangrovc does



not mean, of course, that the mangrove is qoing to be ultimately
restored to its original condition. Nor would a successful planting
of vegetables on the site of a destroyed forest mean that this site
should be converted to vegetable plantations. . But such results would
indicate that the damaged ecosystem is not irretrievably lost to the
ecology and economy of the country,_fallure of replanting would indicate
existence of adverse factors not yet understood and would point up

' the need of more studies, The reolantlng approach may be particularly

useful also in sprayed agricultural areas, as an assessment and a
demonstration of the usefulness of such areas. -

{3 It is obvious that undisturbed areas should be studied as controls,
and that such control areas should be selected to be as close as '
possible, spatially and with respect to their cllmatlc, physical and
biological cuwiitions, to the test areas. In addition, however, at
least in the major natural biological systems to be studied, partice

‘ularly the forests, efforts should be made to include in the studies,

areas that have been, disturbed in other ways: by clear-cutting,_
bulldozing, fire, bombing and _perhaps otherw:se. ‘This should help to

" pinpoint the ape01flc effects of herb101des, and may provide some

information, although probably only of a prellmlnary naturc, on

'interactxons botween herblczde and other war-related effects.

" 1

(4) Particularly in the natural biological uystems, close attention
should be directed at the condition of the system before spraying .

with herbicides (and before any other war-related disturbance) -

whether it is in its natural "przmary" condition or whether it has
been prevzouely disturbed in some manner, such as by shifting culti-
vation, extensive logging (especially so-calied high-grading, where
the valuable timber species arc removed totally while less valuable
species, vines, etc. are left to take over), or other. The effect. of
herbicides on primary forest may be rather different from that on
forest already heav11y ‘disturbed; preservation of primary forest is’

- of particular eigniflcance both for. ecologlcal and econdmic reaaons. ;'

(5) Parallel with the field studies, literaturc studies, designed

to obtain further data on effects of herbicides under tropical
conditions, will be continued. It should not be forgotten that
herbicides have been used in the tr0p1ce and subtropics also in o,
peacctime; in underdeveloped countries, there is coneiderable 1nterest
in continu1ng and expandlng such uses., Comparisons of available |
information ‘on this kind of application and the military use in

. Vietnam should help to bring both aspects into better perspective.
. Some inlormation, particularly on contaminants and on degradation,
-will be sought from the manufacturers of the agents and from other

sources., o - S - . : L LR




III., Some Considerations of Strategy

Referring, again, to the complexities inhevent in the study the Committee

_ has decided ~- as already mentioned -- to carry out the work in two stages:
a reconnaissance survey designed to pinpoint problems and localities; and
a longer-range study the details of which will be determined using the

results of .ue reconnaiasance study. .

. a) Reconnaissance stage: eite selection

.i N . .
.The main obJectives of. the reconnaissance stage will be tuofolda_}first;ya

"to identify the most suitable localities (sites) for the longer-range work:
seconily, to obtain an idea or the range of variables that may be encountered.
. The details of the approaches will differ, depending on the study area _
concerned; in particular, whether the work is to deal with nonhuman subjects
or with humans. However, the following outline should convey the overall
rationale, ) o S - .

The first source for site selection -- and for most purposes the principal
‘one =~ are the recoxds of herbicide use that have been maintained by the
Department of Defense for all airborne missions (fixud-wing aircraft and
helicopter). 'Using these records =- a large part of which has been computer-

ized ~= the spray missions can be printed out oh overlay maps, accordlnq to

such critoria as type of agent used, date of spray, cbjective of mission
~ (defoliation or crop destruction). These overlays, in combination with
vegetation maps, should permit us to select herbicide treatod areus in
different ccosystems, according to a time scale, to the extent of treatment
{sinqle or repeated sprays, dump sites), and othor criteria that may he of
interest. ‘The selecied arcas will then be inspected from the air, and
. examined on the ground. By this procecs it ought to be possible to identify
suitablc sxtes and conditions ecessary for the comprehonsxvo study.

Ay
I -
|- B S

- The fetond source. for sito ‘and sample sele(tlnn will be rcco:ds and othar
informat;on from local sources. This may anludu hoapital records, records

of midwives, records of herbicide damage claimy submitted and approved,
information from Amcrican and Vietnamese source persons. (agricultural sdvisers,
medical personnel, officials) and any other information that can be obtajned
at the country, province, district and village levels. This kind of infor-
mation should be particularly useful in the study ar-as dealing with humans
and should help in identifying areas where humans may have been exposed to
herbicides on a substantial scale, with a minimum of other disturbances such
as resettlement of populations. The information mry be useful also in
certain other study areas, particularly thosc dealing with hetbicide dnnage

to crOpq and lxwestock. : . ) _ . - G

b) Ey&onna;ssance'stage: cther'qctivitiéss

Along with the site selection, some sampling, particularly of soil for

residuc and preliminary fertility analyses, and some observational as well
as experimental studies will be carried out, focusing attention on extreme
situations. Thus, soil for herbicide residue analyses will if possible be
sampled from rccent dump sites, since the prospects of finding substantial



B TS

I

levelsﬂ _.pé isting herbicides are obviously greatest her@; should dump
sites not be available because of problems of identific&tfdn, %ecurity or
other circumstance, search would be shiftec to areas o. recent multiple
sprayings, For studies on e:zulocical effects in natural syctems, sites
will be selected representing heavy treatment and no treatment. Observations
will be made on the extent of destructiosn, presence or absence of recoloni-
zation from seeds and of regcneration by vegetative means, invasion by

. "foreign" species, and signs of erosion, Experimental studies w!ll consist
of belt transects designed to determine species diversity and condition of
of the plants (trees), and sampling &ad subsequent analysis of soil, water,
organic matter, aquatic microorganisms (plankton) and possibly fish., The
‘objective is to bracket the range of situations that w;ll have to be taken
into account in the main ox lonqernrange studies,

c} kgqg—range studies

‘The results of the reconnaissance studies will permit, it is hoped, a much .
more precise and specific planning for the main part of the work,'the longer- =
range studies, than is possible at present. For example, if no herbicide
residues should be found in the scil of recent dump or other heavily

sprayed sites, further analyses cax be limited to spot tests in soils,
‘perhaps some analyses of pers;stent plant material and plant products’
’(concentratea, 0il) -~ if these can be related to sprayed localities ~-=

and analyses of animals high in the food chain. More effort could then be
directed to field experiments with various agri- and horticultural crops
in defoliated areas, If herbicide residues are discovered in dump or other
heavy-treatment areas the amounts found should still provide a very useful
guide to the concentrations at which further tests would have to be aimed,

In principle, while the reconnaissance studies are designad to identify the
‘extremes of the spectrum of possible effects and while the information will
be of a qemiquantltative nature, the main or longer-range studies will use
quantltative approaches, as much as possible, both with regard to the
"timing" of the effects (that is, analysis of sites sprayed in a sequence

of years) and to the parameters investigated, and will place special

emphasis on repair and rehabilitation.

¥

d) 'Pooperation with Vietpnamese'

The study will center on effects of herbicides in Vietnam, Thus,'it is
almost axiomatic that stafflnq and ‘administration should include Vietnamese.
‘It will be impossible to carry out the longer-range” studies without - '
victnamese collaboration, and it is the Vietnamese people who must live with
thé rcsults of defoliation and who, we hope, may derive some benefit from
the resuli. of the study. Some Vietnadmese personnel may have to be given
special training for work in various specific aspects of ths study. Some

“of this can probably be done in Vietnam:; for other, “they may have to be
3brouqht for two to four wecks to a 1aborator' in the United States.
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IV, Ségg_PefsEgct;vas

Because of the complexity of the study as a whole, the Committes wishes to
point out that, whereas in some study areas or problems it should be possible
to arrive at reasonably specific answers, in many others the most that can
be expected is a better definition of the problem and an indication of the
direction or directions in which further work should go.

a) Studles on nonhuman sugiects

_First considering studies on natu-al ecological systems, 1t appears on the
basis of all available information that large aveas of margrove have been
heavily damaged if not outright destroyed, and that there is little if any
evidence of natural recolonization in this ecosystem., If a0il analyses

" should show persistence of the herbicides it would be useful to perform

experimental tests on the sensitivity of mangrove species (which is not well

known) and thus obtain a firm basis for further strateoy in this system. If
residue analyses are negative, immediate planting of rangrove seedlings of
several appropriate species should give rapid indications of the possibili-
ties of repair through this direct and simple means. Similar attempts
should be made, as mentioned earlier, in forests to determine the ability

to replant and regrow what appear to be esjecially sensitive and economically

and ecologically important species such as dipterocarps, and perhaps to

- determine ways of controlling the growth of bamboo and grasses such as
Imperata cylindrica which, at least according to some information, are
thought to “take over" defoliated areas and adversely affect naturail
regeneration, But to determine the consequences of restoring or not restor-
ing mangroves or dipterocarps == quite apart from the political prcblems
involved that will be touched upon later -- would be a much longer task.
Consequences in these two examples might include: effects of presence or
absence of mangrove on erosion of the shore line; ability to use defoliated
mangrove areas for agriculture or other human-heneficial purposes, effects
on understory plants of presence or absence of dipterocarps. WNatural
succession in dipterocarp forests is poorly understood. As already pointed
out, in areas with heavy dairage, that is areas where the herbicides have
becn applied at particularly massive levels, we do not expect more than to-
arrive at order of magnitude estimates on recovery, and perhaps to be able
to say that some sort of restoration is {or is not) possible. To analyze the
chain of effects of the application of such massive doses of herbicides in
guantitative, precise terms requires systematic longitudinal observatlons
with special emphasis on floral and faunal successional sequences in tyeated
and untreated areas and 1arge-sca;e experimental restoration stu@ieg with a
wide range of variﬁblgs and under a wide range of conditions, and mout

_probably including *he ectablighment of reserve forests and similar measures
which trapsgress the cqnfines Qf physiological and ecplogical work. It is

- clear that this is pqtgide the chqrge, the time limits, qnd the. f;nanqipl
.;re@ources of this Committee, _ . . ' e
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the areas of socio-cconomic end of psychological effects is particularly
difficult, for two rcasons. firstly, it must be kept in mind that many
things have heppened to influence and alter human lives in Vietnam simul-
taneously with the military use of herbicides: increase of population,
relocations of populations, urbanization, changes from subsistence agricul-
ture to wage labor, plus directly war-related phenomena including changes
of diet, changes of living conditions, changes of family structure, and
direct assault by a variety of weapons. Because of this, it will be
extremely difficult if at all possible, and may moreover be meaningless, to
divorce defoliation effects on human subjects from the effects of all these
other changes. .
Secondly, work on humans is long-term work. In the case of the Atomic Bomb
Casualty Commission study in Japan, one year was required for preliminary
planning and formation of the working team. The situation in Vietnam in
197) secms far more complicated than that in Japan in 1945, and the planning
_alone for a comprehensive study of the effects of defoliants could casily
take the entire period of time in which the Committee should complete its
work. This means that most of the work with humans that can be. carried out
under this Committee will.be not more than a preliminary survey that will
hopefully bring into better focus the problems that should be investigated
- == and the organizational, logistical and similar problems that may have to
" he faced in carrylng out euch an inves*igatzon. '

o) Poaclu310ns

. The. foregning statements should not be interpreted as misgivings on the part
of the Committee to embark on its assignment. The sole purpose of the o
foregaing analysis is to make one point -- however, & very important one.

" The present study should be considered as & first step., We feel it is
definitely a step in the right direction, but it is only one step. It
should be iullowed up by further studies that could pursue and expand those

. lines of approa.h that we hope to uncover. They should emphasize longitu-

“dinal analyses and lnclude large-scale efforts at restoration or rchabilitation. .
_They should have a lonyor Yife expectancy than our enterprise, and as broad
'a base ag possible, | l'or the _latter reason, as well as for maximum '
cffectiveness and impact, it seems advisable to include the Vietnamese right
fiom the plapning stages of any such studies, and to place the studies on
some international basis, c.g. through the United Nations (WHO,FAO, UNESCO),
organizations such as the International Congress of Scientific Unions, or
perhaps an 1ndvpondcnt intornational commission formed for this specific
purposc, .

e L
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.iﬁ. SQEg_ngéﬁionl{of'ﬁolidg

a).-Political questions in connaction with horbicidc effects

In developing it; plans of action the Committé§ hﬁs bhean ucil aware thlt _
the use of herbicides in Vietnam was in part an outcome of political deci-
sions and has in recent years become & highiy emotionusl politicsl problem, .

- The results of our study may well be put to yolitical uses, especially

since the point at which political questions and considerations begin to
intrude on the physiological and ecological ones is by no means well-defined
and consistent. We may be able to determine whether and how soon herbicide

~ damaged mangrove or the semi—deciduous forest can be restored, and whether
“certain crop plants can be grown on such sites " 1n place of the original

" vegetation. .But the decision whether margrove or forest should be restored,
- or should be used for other purposes involves clearly pclitical considera-

tions, The Government of the Republic of Vietnam may have plans for areas

‘ _ that have been exposed to herbicides, e.g, for the establishment of agro-

villes, rescttlement programs for veterans, and mechanized commercial

agriculture and forestry., FULRO (a Montagnard organization) and the Netion- ;'

al Liberation Front may have their own plans. Once more, the problems

. become particularly complex where ‘human aspects are involved. People may

be unable or unwilling to.return to their conditions prior to the war and
the vse of herbicides, even if we could slow that the ecosystem on which

;- they werc depending could be restored. Will the Montagnards -- quite like-.

- ly the population group that has suffered as much or more thar any other
from the effects of herbicides == want to, or be able to return to slash .
- and burn agriculture after they have been exposed to more modern conditions?

The psychological responses to herbicides, upon which we have touched at an
earlier occasion, would of course also enter into this picture, g

_ While the Committee realizes that political uses of its work cannot be

avoided or prevented, it feels that they can easily result in an impairment
and negation of the scientific results of this work. It therefore plans to
follow certain policies of its own; it furthermore insists that certain
prov151ons are included in the Phase II Contract with the Department of
Defense; and it suggests certain public relations steps, all of which should

"have the cffect of minimizing uses and abuses of the Committee's results and

conulusions for political purposes.

b) Committee policics'

The: work.of thc Fommitteo will he strictly limited to the objoctives stated

in section $06(c) of Public lLaw 91-441, that ig physiological and ecological
‘effects of herbicidc application, primarily in Vietnam. Any conclusions

and judgmnnta that carry political implications or involve political deci-

stons will be excluded, For ¢xample, in qtudies on _mangrove or semi-égzid—
uous; forost we will ask, can the mangrove or the foreat be restored?: how
long may rontorauz n take?, can it ke enhgnced ang by what measures? We

vill net state whether ox not the_maugrove or the Tbrept should be restoroq.

except if rostoration is justified on purely natural Yeasons (e.g,, if the
sgptiéi_for prevention of coagtal erosion). We h
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also stu&yfwaéther somn'plants that may be uscful for the ccoioé?-and the

- people of the country can be grown on defoliated mangrove and forest areas, l
and under what conditions or natural premises, But we shall not try to tell

the ‘Vietnamese whether to grow these crops, and which. 1In specific cases,
most probably in the first place again those lnvolving human subjects, it .
may be difficult to find the precise dividing line, but on the whole this
approach should help to avoid involvement in problems in which, for cne

th1ng, the Commtttee 3oes not feel at all competent. o .

c) Provisions to be included in the Lontract

(1) Flanning, direction and execution of the study are the excluslve
responsibility of the Academy; so is the selection and appointment of
all sczentiflc and technlcal personnel needed to carry out the work._

T (2) Durlng the course of LtS work, ‘the Committee w111 continue to have,

. through the Chairmen and the Staff Officer, . acccss to any information

in the hands of the’ Department of Defense that ‘may be pertinent for

" its work. The decision on this latter point rests with the Commlttee._
' Classified information needed for 1nc1u310n in or as backup material

for the final report will be declass;fled by the DOD._

(3) Ownership and control of all data resulting from the studies
resides ir the National Academy of Sciences, including full rights of
publication, To assure Committee members of freedom o publication,
: they should also be given rights to publish the materials they have
3»qathered after completion of and with credit to the study but other-
& wiso subJect to na llmltatlons except as outlined below. o

{4) Statomcrts of Lndividuals are pr1v11eged communicat;ons and are
not to be disclosed to anyone without prior consent of the respondent,
Iunder cire Lnstances in which he or she could be identifled.

{5) Data from surveys snould b handled as "pooled" data unless permis-
sion has been rccolved to make direct attrlbuted quotations.

{6} The Contract should state explicitly the Lntentlon to include
studies on repair and rehabilitation. (We suspect this is neither
legally binding, nor legally limiting, but it should make the study
more convinc;ng ) : , _ _ _ L

(7} Fvery effort should be made to aftguard the. prlvacy and welfare !
- of all respondents in the study, regardless of their polltical positions
" or their chpon.ibllities regarding defoliation. It should be clear

to respondents that it is not and cannot’ be thc task of the Committee

to assign blame or cstablish guzlt. ..

(8) Al lmblrrity should he in advance agreed upon and coordinated
“between the tContract partners, i.e. Department of Defense and NAS. It
should al-rays preciscly reflect the bhasic set-up of the. study. origin
.in Conqress; contract with DUL; a Committee appomted by the President
of NAS; plannrnq and oxecutlon of the study the exclusive responsibil1ty

o



 of thls'g’cg{mittee: all personnel working on the study selgctnd* and

~ appoitted’by, and responsible to the Academy, It should also be made
clear that the Committee has no onjectives of a politicel ur military
nature; quite specifically, it is not concerned with an evaluation of
the military usefulness of herbicides, and is quite independent from
any other group that may be studying this particular question or any
“ ‘other polttical ox military issue related to herbicides.
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Phase II - Reconnaissance Studies

I. Survey of Activities

. The reconnaissance stage of Phase Il was carried out in the period Septem-
ber 16 to October 23, 1971. A. Lang, Committee Chairman, and P. Ross,
staff Officer, arrived in Saigon on September 16, established contacts
with the U.S. and Vietnamese military and civilian authorities necessary
for conducting further vork; analyzed the information on location, time
and nature of the spray missions that have been flown, particularly since
- 1965; and made extensive helicopter flights over those parts of the

' country where herbicides have been used on a major scale, taking a con-
siderable number of photographs. A list of these overfliqhts !ollows:

1) Agricultural reqlons in the Mekong River Delta (herbicide spplications
mainly along rivers and canals); mangrove along an arm of the Mekong
River; the Plain of Reeds in the southwestern part of the country,
near the Cambodian border (herbicide sprays mainly in 1968, with
agents Orange and Blue):

2} © M;nh Forest on the western coast of the southernmost part of the
- country and the mangroves of the Ca Mau region, near the Vietnamese
. naval base Nam Can {"Solid Anchor") in the southernmost tip of the
country (sprays mainly. in 1967- 69, agent Orsnge; some in earlr 1970

with agent white); ) .

3) Mountain regions in the northern psrt of ‘the country in Quang Nam.
. Thua Thien, and Quang Tri Provinces where crop destruction missions
with agent Blue have been flown in the valleys in 1968-69;

4) The mangroves in the Rung Sat Special Zone, southesst of Ssigon in the '
Saigon River Delta, and forests in the so-called War Zones C and D,
north and northeast of Saigon (in either region, heavy sprays with

~ Orange and White between 1965 and 1969); also, rubber plantations
. near Quan Loa (claims of herbicide damsge by drift). o

P

"(Flights over the Rung Sat mangroves were later also arranged for several

' . Committee members )

. On September 27 Lang and Ross proceeded to Bangkok, Thailend, where they

met with seven members of the Committee (Blackman, Drew, Fryer, Gollsey,

. Richards, Tschirley, Zinke) , and the gvwoup, accompanied by Dr. Charles E.
Minarik, Director, Plant Sciences Laboratory, Department of the Army, and

Dr. Roy Linsenmyer, Science Advisor, CINCPAC, ‘visited and studied some of .

. the test plots for herbicide application that had bewn established by DOD .
nnar Pran Burx in- 1964-65. o L . L e .




- On Octobe:J'fthe entire group travelled to Seigon; the variou'.mmmhers left,
dependlnq\énstheir comitments, hetween October 13 and 23. Durinq“this
stay, Lhe group made the following ltudiel in the field:

1) A reconnaissance trip by boat along the waterways in the Rung Sat man-
-grove region, with a short foray on land near Loi Giang on the Scng Pong
‘Tranh channel, near the center of the region and a site heavily lprayed
with Orange and white between 1965 and 1969;

2) .On the ground, visits to

- a) mangrove in the Ca Mau region, near Nam Can: ene site that had been
sprayed with agent Orange in 1968, and one with agent White early in
. 1970, plus adjacent unsprayed "control“ sites (2 deys):

' b) _Spreyed (agents Orange and White, 1969) and unsprayed forest gites
’ near Dong Xoai, Phuoc Luong Province, 55 miles north of Saigon (2

days};

"¢) three dump sites (that is, sites where an entire planeload of a
herbicide had been released within a time of ca. 30 seconds,
- because of aircraft trouble) near Bien Hoa, north of Saigon (one
day). One site - agent Blue, November 1968; two sites - agent
Orange, December 1968 and April 1969,

.In Pran Buri and on all field trips in Vietnam, soil samples were taken [or
_herbicide analyses (total, ca. 100 samples) and for studies of fertility
factors (ca. 100 samples). These samples have been analyzed for residues
~in the laboratories of the Weed Research Organization, Agricultural Research
Council (Great Britain), Oxford, England {(Director, Committee member J. D.
Fryer); for soil fertility in the laboratory of Committee member P. Zinke,
University of California, Berkeley. Also collected was plant material from
different sites, and water and plankton samples in one of the canals in the
Rung Sat mangrove area on the boat trip through this region. Finally, quali-
tative surveys and a few at least semi-quantitative transect determinations
of vegetatlon were made. : :

~In addxt;on to the fleld work, more contacts were established, particularly
.. with personnel in USAID, CORDS and ARPA; these will be important sources for
informat;on on such matters as agricultural effects of herbicides, effects
on forests and forest utilization, and effects on people. Cooperation with
v;etnamese scientists was also established and formalized; this will be
reported separately (see below, section V). : : :

- A separate field trip, which also formed part of the Phase II reconnaissance
work, was undertaken on November 21 when, following a Committee meeting in
San Juan, Puerto Rico, nine members of the Committee visited herbic;de appli-
catzon test plots in the Luquillo Hounta:ns. .

_'eIt should be po;nted out that the retonna:ssance wotk covered only part of
. ~the problem arcas selected for study, namely those deallng with the
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.. herbicides themselves (residue problem), soils, and natural biglogical N

. systews {mangrove, semi-deciduous forests)}. All problems concerning human
- -ecology and also some effects on agriculture had to be excluded because
“+-the Commi:tee members most knowledgeable in these problems were not avail-

. able for this visit and because at the time of the reconnaissance visit we
did not have any Committee members in the area ox anthropology In retro-'

spect it appears however that because of the logistical problems to be
outlined, it would not have been possible to do, in the time available,
ndre than was actually done. Work in human - -ology is to be initiated in
the near future; the first question to be considered is how much, if any,
o such work is practical under the existing conditions and within the
hime available.

=
i3
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II. Observations and General Conclusions

In the tropics, what seems a reascnable plan of action at a distance seldom
can be accomplished in situ because of wvarious logIStzcal, technical and

personnel limitations. Obviously, in Vietnam, ‘the problems are greatly ag-
gravated by the fact that the country continues to he involved in a war, :
and moreover a war with no clear front lines and no clear distinctive marks

for friend and foe. The visit to the country enabled us on the one hand to

have a look at those ecological "systems" that we want to study, and to

collect some factual information that has helped us greatly in pinpointing
certain objectives. On the other hand, we got a first-hand concept of the

logistical difficulties under which the studies have to be carried out., in
the following, those observations that have had the greatest bearinq for

. the planning and conduct of further studles will be summarized.vw‘

-y

.. Factual observations
{a} A very 1mpottant qeneral reaction one carries away from both aer;al
and ground inspections is that it is impossible to arrive at meaningful
conclusions both from rand-+ checks on the ground and from qualitative
surveys from the air. The -eason is the very great diversity of situ-

ations on which the stress by herbicides has been superimposed. In the

mangrove, while recovery (meaning both recolonization by soedlings and
regeneration of surviving individuals) is on the whole limited and slow,
on¢ can obscrve in very close proximity, def:nitely within a site that

. was subjected to the same herbicide treatmcnt, Areas whe:e seodlings

- ave as dense a8 in so-called pioneer mangrove, and areas with almgst no

- sign of vegetation, If one happened to see only the latter situation
he could make a persuasive case for complete and rapid recowery: if he
vaw only the other he could make an equally good case for complete lack

~of recovery, i.e. total and permanent destruction of the mangrove. 1In
the semi-deciduous fortbra. the diversity is cven greater. In part,
this is due to natural “actors (differences in surface physiognomy,
proximity of rivers, ai.: other); in part, to disturbances that have
buen introduced, both before and after herbicide spraying, by logging;
or slash and burn agriculture, and perhaps other forest uees. In the
forest region near Dong Xoai the Committee inspected two sites, one

‘sprayed, onc unsprayed, ca. 10 miles apart. The firat site had rather' -

. i dense tree stands, dense undergrowth ‘and very little 1£ any bamboo;
© 1w the other had very few tall trees left and very v:gorous development
" of bamboo, The first site was flat and with no ‘nearby river; the
second hilly and next - to a river. Both arcas were heavily disturbed
forest, as evidenced, for example, by the complete absence of
Dipterccaryus species, the most characteristic trees in primary forests
of this part of the world. However, degree and nature of disturbance -
aside from the herbicide treatment - were different. Part of the dif-
ference must have existed before the spray. Thus, the bamboo were .
of a size that coyld not have developed in a matter of two years
{the spray missions were flown in'1969-70). Fart may have been in-
+ troduced afterwards, as suggested from the different degrees of .




log;ing that was going on in the two sites. 1In some parts of the
country the situation has been aggravated by military activities other
" than herbicide app)ication, mainly, clearing vegetation by mechnical
means (Rome plows), and heavy bombing. The Committee feels strongly
reinforced in its belief that a meaningful analysis of the effects of
hexbicide application in Vietnam requires objective quantitative evalu-
ations. This holds in the first place for the natural vegetation but
by extrapolation undoubtedly also for any other aspect of herbicide
effects when herbicides have been used on the scale and in the amounts
they have been used in Vietnam. In studies on natural biological sys-
tems, the best approach would be to conduct extensive on the ground
studies of plants, animals and soils, using the theoretical designs and
quantitative Lechniques available for such work. Special care would

" have to be directed at a representative but random selection of sites

“ and it would be optimal of include unsprayed areas, areas subjected to

different spray programs, and areas in undisturbed primary forest and _
in forest disturbed in varying degrees and by different weans. If this
is not possible - and it is not; see below! - the next best choice is
ugse of techniques that permit coverage of large areas and an unbiased
~evaluation. The most likely candidate is aerial photography, with

flights over a sufficlent number of "transects" and followed by visual
or even better photomeuhanical analysis. Other techniques of remote
sensing may also be useful.

(b) The visits to the spray test sites in Pran Buri (Thalland) and
Pderto Rico were of distinct but limited value. The gains were four-
fold: First, the visit to Pran Buri offered the Committee. members an
opportunity to carry out "dry rvns" of their projected studies undet
-comparable conditions of vegetation and climate but without concern for
‘security problems, a severe handicap in Vietnam (see below). Second,
the analyses of soils from the Pran Buri sites for fertility provided
~useful data and some will, in fact, be continued. Third, trees at the
Puerto Rico site may be useful for preliminary studies on wood cores,
as a basis for efforts to assess the effects of herbicides on the
_growth of trees that survive the treatment, Forth, it became apparent.
particularly at Puerto Rico, from inspection and from reports by the '
local forestry scientists, that it may take a herbicide-treated tree

as many as five years to die, This lag in the killing effect seems not
" to have been properly appreciated. Assessment of damage after short

“periods of time {1-2 years) may thus fail to give a complete picture: .
repeated assessments over a five- or six-year period would probably be
_optimal when they are possible. The limitations on the value of the
test sites for our study were threefold. First, as may be anticipated,
vegctation and climate in Pran Buri and Puerto Rico, while having
similariti.~ with Vietnam, also exhibit marked dissimilarities. The -
species composition in Puerto Rico and in Vietnam is quite dirferent;
the rainfall in Pran Buri is only little more than half that in Viet-
nam. Second, the forest of the test sites in Pran Buri was secondary
forest (no dipterocarps), i.e. had been subjected to congsiderable dis-
" turbance already before the sprays. Since the diaturbance factors are

5=fﬁunknown it is very aiffxculc to apply any data to the Lituation in o




anothet Forest. Third, diuturhnncu has zontinuod since the tuuL uprayt' i
a road and a canal have been buili through one of the di-as; . formers
{squatters) have moved in and put part of the land under culiivation -

-apparently, with good success =; charcual was boing madw; and the Thai
: Army seems to use the rogion for fire practice and Otht{ purpo-es.

'(c) The overflxghts that we have made have shown ‘that in the mangrovo

there are still areas that show very little if any veqotation. In th:

‘semi-deciduous forests, in contrast, no such areag were observcd. Even

in regions, such as parts of War Zones C and D, where the large trees
to a large extent have been apparently killed, there was heavy growth

- on the ground, and it was practically impossible to see the soil.. I

seems that rapid re-vegetation is taking place, but the nature of_qhis
re-vegetation is not known. Thisg places yreat urgency on the studies
for the early stages of re-vegetation are very important fc- under-

standing its course, that is, successiocnal trends, and cven nore
“important if it should be desirable and 90331b1e to influence this

(d) Among all soil samples that were analyzed for this purpose, hgrbi- _
cide residues were found only in samples from one location, The herbi-
cide. was 2,4,5-T, one of the components of agent Orange, and the site
was in a heavily sprayed area of the Rung Sat mangrove. The level
found was low - about an order of magnitude below the minimal level

- resylting in a biological response in the most sensitive test plants.

This finding should not be generalized to mean that the herbicides have
largely disappeared from the soils in Vietnam since our checks were
spot checks. But it does indicate that degradation has made consider-

- able progress, and that it may be difficult if not impossible to deter-
- mine with any -degree of accuracy both the speed of degradation, and its

" kinetics, These are, however, paramaters that are very important to

2)

know, both in order to understand the effects of herbicides on vegeta-
tion and in order to determine the re-use of treated lands.

Logisticdl probléms

(é) leflcultles were ercountered in idont;fyzng suitable sites for

. studies. our choices were based on the spray migsions data, as printed
. out for us by the computer (see above, p.8), combined with information

"« from vegetation maps for, Vietnam, plus any other information, e.g.

: 3';from local sources, mllztary personnel familiar with herbicide missions,

etc., that could be’ found For the mangrove, ‘this procedurc seems in

' gereral .satisfactory. But in the semi-deciducus forest, it may lead

one astray. The main reason is the great diversity that can be found

“in this ecosystem even within quite a limited area and that has been

mentioned above (section 1, item (a)). 1In addition, the computer
print-outs of the spray missions are not always as exact as they may
appear. They are based on the coordinates of the starting and the end
point of the micsion and show the mission almost with no exception as
a straight line. 1In very many cases this is correct, but in some when

4 mission was flown_aldhg a road or a waterway, it followed the course - .T




of thﬂ!ﬁ and the direction between the two endpointe was chaqged. The
aprayed qjea in bong Xoal that was selected for a visit gn. th@ ground,
not SRly differed from the control (unsprayel) arca in physiographic
characteristics and degree of pre- and post-spray disturbance, but _
whereas from the mission print-outs it appeared to be within the con-
fines of a single treatment with agent Orange, it seems in fact to have
been on the boundary between swathes treated with Orange and White. It
must be said that in thie particular case "experiment” and "control"
_.'were as poorly matched as one can imagine, and this was the most
. serious gap in our reconnzissance observations, It is quite possible
that a few miles away a much more suitable area could have been found,
but the information at hand was not enough to be certain, and the
security situation, which will be discussed in the next section, did
not permit to explore this on location. In one case, the information
from the military records appears to have been entirely erronecus. We
landed at a village (Thanh Binh, Binh Duong Province}, which according
o to these records had been the site of a dump of agent White, but the
. village chief denied that there had been a dump (or indeed any herbi~ .
' _cide damage except possibly a little from drift). The chief had been
-in his post at the time of the alleged dump; he was familiar with
_herbicide effects as he knew of another, near-by dump site we had
~visited before. There appears to be no reason for him to deny a dump
if one had indeed happened. Possibly, there was a coordinates error in
the original flight report by the crew of the plane. In future site
selections, it will be necessary to make the ultimate decision on the
basis of direct overflights, possibly combined with aerisl photography
or some other remote sensing investigation, and where possible to seek
_corroboration from local sources. The latter must still be done in the
case of all gepuine dump sites that we visited durzng the reconnaissance
trip. L ) - S - : . -ﬂ& _

. (b]_ The main logistic problem, however, remains security. For each of
. our_on the ground forays into mangrove or semi-deciduous forest the

.. selected area, about one square kilometer, was first “swept' and cordoned

- off by two comparies of Vietnamese troops. . Two hours later we could

. enter the area accompanied by another dozen or more U.S. and/or Viet-
namese soldiers. If, as it happened with the sprayed area near Dong N

Xoai, the selected site turned out to be not suitable it was obviously )

. impossible to repeat the maneuver on the same day. A visit to a near-by
site would require the same amount of administrative and military prep-
arations, The time that could be spent on the ground was limited, on

the. one hand by those preparatory security measures, on the other by

" such factors as the schedule of helicopters, which were a major means

- of transportation but which had to return to their bage by a fixed

‘time, also because of security. The time available was in fact in most

. cases sufficient for the studies we wanted to make, but in one case

(one of the dump sites} we had to pull out before completing sampling,

But this security (or nonsecurity) situation imposes severe limitations

on the work of the Committee. It seems clear that work on the ground,

. particularly in semi-deciduous foresta, will have tc be considerably o

_.reduced as compared to our initial plans. It will also have to be dopne
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¥ ocations near so-called population centers, that if) military
hases“&nd'%illages - even though thig in itself is a disa&bantige since
the degree .r disturbance increases with the proximity to such centers,
because of local herbicide applications around military bases, as well
as of logging and other human activities in the forests. Even in such
areas, work will have to be limited to short time periods, not exceed-
ing a day and at irregular intervals, since any regularly scheduled
activity at a given spot is bound to attract attentlon and may cause
aggregation of unfriendly forces, In view ¢f these difficulties and
limitations the question may be asked - and it has been ashad by the
Committee - whether any useful results can be obtained from studies
particularly in the semi-deciducus forests, or whether it would not be
preferable to defer any work until peaceful conditions have been re-
established in the country. The Committee feels however that at least
an effort should be made, for the reason stated under section 1, item
{(c), that is, the apparent rapid changes that are occurring in the
forests and that make it most desirable to obtain some understanding
,of the nature of these changes and of their possible consequences.
. Delaying studies for an unknown period of time may deprive them of a
firm basis and seriously reduce their usefulness. The Committee i@
well awere that the results may be far from perfect.

A

[T




T1I. Modification of Work Flans

After returning from the reconnaissance trip, the Committee held a meeting
at San Juan, Puerto Rico, on November 19-21, 1971 and reviewed its plans
for the long-range atudies in the problem arcss of herbicides, solls, agri-
" culture and natural biological systems in the 1light of the experiences

" gained in Vietnam and Thailand. As mentioned before, it also inspected

" “herbicide spray test sites in Puerto Rico. The modified work plans are
‘summarized in the next section. Since work on herbicides, soils, and

agricultural problems is closely inter-related, thess areas have been com-
bined into one section. The study plans in human ecology are not included
in this survey since they have not been substantially changed from the
"original plans, and are still tentative, In the problem areas of herbi-
cides, soils, agriculture and natural biolegical systems, the principal
modxfzcation fall into three general categories: S : .

-1} Because of the lxmitations for on the qround work imposed by the

17 .security situation, both in large parts of the mangrove and throughout
the scmi-deciduous forests, emphasis will be placed on interpretation
‘of aerial photography and if possible and desirable other muthods of

- remote sensing, and complemente. with a number of ground chicks, Com-
puterized listing of the Department of Defense’s stock of acxial phu-
tographs of vietnam will be utilized along with and in a sisilar
‘manner as the spray mission tapes, making it possible to obtain paral-

" lel information on all herbicide applications in a given site, as well
as all photographic surveys that have been mide of this site, both
__before and after the spray missions. Where necessary, the photographic
“information on hand will be supplemented by additional photography. In
this manner, it should bg possible to obtain important data on total
areas trecated; degree of kill; extent and progress of revegeatation in-
cludlng eventual changes in the major spaecies composition, for exanplo.
the deve]opment of bamboo in treated areas of the forettl. 3

2) Modelling will be useful As another tool to help us underltand the
interactions in the natural biological systems. Models ars extensive-
1y and profitably used in ecologys they permit. an overall assessment
of the productivity and certain other characteristics of an ecosystem,
as well as predictions of the trend of changes caused by some external
impact, in our case, the herbicidesa. Some information that is re-
quired to build the models is available or can be readily obtained
from existing data (e. Yoo solar ene.gy input from meteorological and
.climatological data). Other can be Jafely adopted from existing in-

“formation in othar parts of the world (e.g., productivity of mangroves
and tropical forests). Some will have to bo determinod on the spot,

- but most of these studies will be made also for other objectives.
Modelling may be ablc to assist in the assevsmont of the impact of
herbircides, parallel to more direct assessments by tho more conven-
tional methods, in our case on the ground etudies and photogrammotry.
It may also pinpoint problama for furthe: atudlcl.
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3} Beceuse the degradation of herbicides in the forest soils and the

© growth af vegetation in sprayed areas have clearly made contiderable
progress, experimental work is planned to provide information on the
early stages of herbicide degradation. This will consist of limited
application of herbicides to selected test areas, followed by moni-
toring the herbicide levels in the soil, soil fertility, and survival
or recovery of vegetation over a period of one year. In addition,
planting experiments with selected species will be made to determine
directly when treated soil can again sustain vegetation. To ensure
success of this relatively long-range work it will be carried out not
only in Vietnam, but in another country with comparable conditions.
It is clear that these experiments must be carried out with maximum
care and will be limited in extent. Because of the importance of -
information on the early events after application of a herbicide for
an understanding of the longer-range effects and the possibilities
for recovery, these studies are however considered as an essential
part of the overall plan. :

R
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T3,
~,in Vietnam, and forests in other countries

.:a;$ Same as 1 a&l. b

e e

. ggrk Plan Qutline for Further Studiel

A, Studies of Herbicide Residues, 80113 and Agriculture
Substantiation of dump sites etudied in reconneiasanoe phase

a, Aerial photojraphy of sites
b. Interview of local peop.e

Field trials- Treated and contro1s in Mangrove sites - Rung Sst and

in other countries
a. One acre plots each treated with Orange and Hhite, 3 gal /acre

(1) 10 soil samples for residue studies, before treatment, one
month and six months after treatment

(2) 100 surface samples for fertility studies, before treatment
one month and 8ix months after treatment

b, Cleared plots treated with Orange and White

.:_(l) 30 plots, 65 x 65 feet treated with 0, 3 snd 9 gal / acre
(2) Soil samples for residue studies before treatment, one month,
six months and nine months after treatment
(3) Biomass studies of cleared vegetetion

c. Teo half-acre cleared plots treated with Orange and White

(1) 28 plots, 6 x 50 feet .

(2) Spray rates 0.0, 0.3, 1,0 and 3.0 gallons of agent per acre

(3) Soil samples for residue studies before treatment, one month,

. - six months and nine months after treatment .

(4) Crops planted after treatment of plotS‘ Rice, corn, peanuta,”'
sweet potatoes o

(5) Crops planted one ‘month, six months, nine months after treatment'

Fleld trials: Treated and controls in forest sites - rubbet plentations'

Soil sampling on treated sites in Pran Buri Thailand

BFRCEELE
W

: 8. 100 samples in each of two plots for fertility elemen; analysis

3 . . y.

'_?b. Ssmples in profilc across cslibration grid "i
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1.’

Information on agricultural problems

4.
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Interviews with Agricultural Advisors'and local farmers

(1) Information oa extent of dsnsgs

? (2) Information on grouth of crops introduesd on sprsysd areas

Inspection of crops for phytotoxio symptons

(1) Areas sprayed, Rome plowed snd planted slons rosds {

-(2) Upland, paddy rice areas sorayed with Blue

(3) Mangrove areas: Rung tat la Msu '

Literature survey on lsterization of tropicsl soils e s

Hangrove

5 d.

e,

. Litersture survey for effects of herbicide on domestic snimels -

Il
drem v L
S

B. Studies of Natnrsl‘biologieel Systems },xi. yf;

Sl o

Weed competition on the effect on recolonizstion of defolisted
areas by mangrove species

"(1) Quadrat studiee in Rung Sst _

(2) Aerial photography

Availability of mangrove seeds for recolonization l.

(1) Quantity, viability, and seasonality of mangrove seed in

.Rung Sat

- (2) Distributional patterns of seeds' 1;{_5 : .L; [ .ﬁg;

-Extent of recolonization and rﬂgenerstion

" (1) Aerial photography and ground verification in Rung Sst snd

jsoil and residue studies

‘Ca Mau for extent and raté of recolonization and regeneration

“{(2) Transects in defoliated areas for supplementary informstion

Treatment of one acre plot of intsct mangrove - correlated with

I

(1) Differentisl'susceptibility S o
() Recolonization and regeneration . o e

‘Field trials, planting experiments in Rung Sst

(1) 100 .8aeds of each mangrove species |

_(2) Mcasurements on survival and growth, one month and six months

after establlshment
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?ertility indices in eetuarian areas of ﬁung Sat

(1) Measurements of pH, salinity. plankton, small fish, mungrovc
seede

Modelling studies of the ecosystem, using input from ebove,
especially £,1 _ ) . L :

Semi-deciduous forésts

- 1

C.

d.

€.

: - the ecosystem

.g.

(1) Data gained from above in?estigations

Analyais of vegetation by aerial photography

.(1) Areas analyzed from 1965 to end of project

Role of bamboo in defoliated areas

:(1) Literature search

(2) Aerial photograph interpretation with ground verificetion
Composition of undergrOwth . o o

(1) Analysis of change in successional vegetation in defoliated
areas, if any
(2) Seedlings and juveniles by species and number

Species susceptibility

(1) Transects to determine differential speciea ausceptibility
- and percentage of plant kill
(2) Aerial photograph interpretation )

Long and ahort term economic impact on forestry and Eorest products . '

(1) Interviews with local forestry personnel ) '

(2) Literature review and on-site investigation of reproductive
biology of major species

Economic enalysis expressed in terms of energy losa (or gein) ‘to

Jdodelling studies =
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V. Cooperatidﬁ with Vietnamese Scientists

A4s explained earlier, the Committee felt strongly from the outset that
cooperation with the vietnamese rcientists was most important, not only
because of the direct assistance that they could provide to our work, but
also because they may have to continue the studies after the Committee has’
completed its work, Accordingly, contacts with vVietnamese colleaques were
initiated before the first trip to Vietnam, and were pursued upon our
arrival in Saigon. In consequence of the contracts that were thus estab-
“lished a vietnamese National Herbicides Committee has been formed, under
"the chairmanship of Professor Le Van Thoi, Director of the National
Scientific Research Council of the Republic of Vietnam. Its membership is
listed in Appendix A=1. Professor Le Van Thoi and another member of the
* Vietnamese Committee, Professor Pham Hoang Ho, are also members of our own

- - Committee, ensuring close liaison and cooperation. Plans for joint work

are already under development, .Thus, at least part of the soil fertility
apalyses will be carried out at the Agricultural Research Institute in
Saigon. The experimental studies in Vietnam, described in Section III, item
' {3) ‘are being planned jointly with Professor Ho. Because of their familiar-
" ity with the country, and with logistical and other assistance on our part,
the Vietnamese can most probably carry out studies in.parts of the country
- that would not he readily accessible to foreigners. On the whole, the
Committee on the Effects of Herxbicides in Vietnam feels that the establish-
ment of close cooperation with our Vietnamese counterparts will be of great

.mutual'bgnefif and is a most gratifying and welcome development in our york.v__;'
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In conclusion of this report, it is a pleasure to acknowledge the generous
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.. NATIONAL RESEARCH COUNCIL = .
NATION&Q,;_Q‘SIIDEMY OF SGIENCES NM‘IONAL ACADIHY or !NGINI‘IR],_ G '
21 CORSTITUTION AVENUE vumumn. 0.C. 80410

BIVISION OF BIOLOGY AND 4QRICULTURE . TRLEPHOND: (308) 901-370s
COMMITYREE ON TME ZPVECTS ) P y ) o e -
OF MERBICIDES IN VIKTNAM . : - L S B

'Professor Anton Lang, Chairman _
' Director, MSU-AEC Plant Research Laboratory
Michigan State University -
East Lansing, Michigan 48823
(517) 353-2270

- Professor 18 VEn Thdi, Associate Chairman in _
. Charge of Liaison with Vietnamese Scientists
'xPresident, National Scientific Research
3 Council of Vietnam _
- ¢/o Office of Atomic Energy
291, rue Phan-~thanh-Gian
B.P. Q-16
Saigon, Vietnam

Professor Ewert ﬁberg. Head ' Professor F. Clarke Fraser, M.D.
.. Department of Plant Husbandry Department of Biology
. Agricultural College of Sweden . MeGill University
: S-750 07 Uppsala 7, Sweden- . ' and Montreal Childrens' Hospital
. B _ R “ % Montreal, Quebec, Canada

" K ' - {514) 392-4589
Professor James S. Bethel, Dean

. School of Forestry - _ T ) ' C
University of Washington o Mx. John D. Fryer, Director

°  Seattle, Washington 98105 weed Research Organization

"{206) 543-2730 (agricultural Research Council)
: .- : 7 " Begbroke Hill, Sandy Lane, Yarnton
Professor Geoffrey E. Blackman, F.R.S.
Department of Forestry T _ w o e
. . Oxford University ' : ¢ professor Frank B. Golley, Jr.
Oxford, England - . | R . .. ‘Executive Director
co S L ' © Institute of Ecology, The Rbckhouse
SRS - St : . : University of Georgia
Dr. Robert F. Chandler, Director . Athens, Georgia 30601

International Rice Research Institqte . 1(404) 532-296& L
P.0. Box 583 : ok ' TG

- Manila, The thlippines
49cB1-67 | - ., professof Phgm Ho&nq g

. ; Department of Botany
‘" Pagulty of Science

_5-Pr9fesspx wxllmam B.. Drew, Chaxrman L 227 c8ng-héa Street
':Department of Botany and Plant Pathology B.P. A-2
Michigan State University . - . baigon, Vietnam

' - East Lansing, Michigan 48823 .
© (517) 385-4680 o
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Professor Howard T. Odum Dr. Fred H, Tschirley
Department of Enviriwmental Pesticides Coordinator

- Engineering ~ Science and Education Staff
Salversity of Florida - .. Qffice of the Secretary
Gainesville, Florida 32601 ' U.S. Department of Agriculture

(904) 392-0836; 378-8172 .- . . ..Washington, D.C. 20250 )

Professor Paul W. Richards o _ o . , -

. 8chool of Plant Bioloegy L - . Professor Paul J. 2inke o
Memorial Buildings ' School of Porestry and Conservation
University College of North Wales 145 Walter Mulford Hall
Bangor, Wales, U.K. . University of California
2501 and 4321 Berkeley, California 94720

. L - (415) 642-6472 _
v " 'Dr. Philip Ross, Staff Officer '
Mrs. Selma Baron, Administrative Secretary
F ' *'_'._ .. ) ‘{ , 1
: Voo
' B A
AaeE
R
' : L .'.'f-.-'
- . Tl - - * ] e [l

FLE N




o

SN ' Vietnamclo o
qumiﬁtee on the Effects of Herbicidos in vietnam

Dx. Le Van Thoi, President:
Professor of Organic Chqmtltxy
Faculty of Sciences, Saigow

Dr. Nguyen Vanai ~ °~ " " -Microbiology
Director General of the Pasteur Institute o o
Professor of Bacteriology

Faculty of Dental Medicine

saigon .

Dr. bang Van Chieu - (M.D,) R _ Gynecology
Professor of Surgical Pathology _ ; e . P
~ and Nevrosurgery o L ey
Faculty of Medicine ° S R ] A R
Saigon ) S
br. Luy Trong Hieu ' ~ 7 . Animal Physiology
Professor of Physiology - ' ' : L o
National Center of Agroncmy . _ _
Saigon _ 'i .' EE @ .

_ Dr. Pham Hoang Ho . _ Botany
Professor of Botany SRR s '

Faculty of Sciences _ : 5 . P -

TSQigon . N L L g SR

' br. (Hrs ) ‘Mai Tran Ngoc: Tieng . - Plant Physiology - =~
Professor of Vegetable Physiology s A B Lo T
Faculty of Sciences ) _ e ..
Saigon . S A

Dr. Thai Cong Tung ' " . 8seil Science

Director of the hgricultural Research . : o
Institute

Ministry of Agr;culture

Ssaigon

Dr. ‘Phan The Tran .: ; © .. .. - Toxicology, Hydrology

Professor of Hygiene and Hydrology o Ty s e e

Faculty of Pharmacy -

Saigon

4 .
A

Ing. Ton That Trinh _ . S . Agronomy
Professor of Agronomy e T
Nat;onal Center of Aqronomy _ _ _ - _ S

o N S : :
' Dr. Nguyén Ven Trinh (M.D.) ~ o .~ Animal Pathology
Professor of Veterinary Pathology T T TR e
‘National Center of Agriculture

sgigon -
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" Agent BLUE: Cacodylic Acid
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MILITARY USE OF HERBICIDES = -
.. MAJOR CHEMICALS USED IN SOUTH VIETNAM

fU.S. bepaf&mént Qf Defghse Data)

Agent ORANGE: 2,4-D and 2,4,5-T

Composition: A 1:1 mixture of the n-butyl esters of
'2,4-dichlorophenoxyacetic acid and
- 2,4,5-trichlorophenoxyacetic acid.

. Active Ingredieuts' 4.1 and 4.4 1b./gal.

Application Undfluted at 3 gal. = 12.3 or 13 2. facre.z

Often applied a second time.
Major use: Against forest vegetation. '

Agent WHITE: 2,4-D and Picloram

Composition: A 4:1 mixture of the tri- iso-propanolamlne
- salts of 2,4-D and 4-amino-3,5,6-trichloro~
" plcolinié adgd_in water, (Piélotaﬁ is the
‘same as bow Co, "Tordon"; the mixture used
o ' is the same as Dow Co. “Tordon~101 "
¥ Active Ingredients. '2.0 and 0.54 1b./gal.
_Application: Undiluted at 3 gal./acre.
Major use: Same as for agent Orange.

Composition: A 6:1 mixture of sodium dimethyl arscnate
: and dimethyl arsenic acid fn water.
(Cacodylic acid is the same as Anaul Co.
: -~ - "Phytar-560G".) '
_ Active Ingredients: 3.1 lb./gal. T
" Application: "Undiluted at 3 gal./ acre.” =~
© "Major Use:’ Agatnst rice and other food crops. )
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