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Agent Orange and the Environment:
From Research to Remediation

Phung Tuu Boi  
Center for Assistance in  Nature Conservation and Community 

Development, Vietnam and advisor to the Vietnam Victims of Agent 
Orange Association (VAVA)

Ladies and Gentlemen,
First of all, I would like to express sincere thanks to the AAS 
which has provided an opportunity to present a paper in this 
beautiful country on the impact of chemical warfare on the 
environment and human health in Vietnam.  I am also very 
happy to take this chance to meet so many peace loving people 
from different countries and organizations who all gather here 
to learn about the hardships and sufferings of the victims of 
Agent Orange/Dioxin in Vietnam, as well as to learn about 
activities that the Vietnamese people have done and are doing 
presently in order to heal the wounds of the war.
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Summary of Talk

• My presentation today is aimed at 
briefly introducing the outcomes of 
recent Vietnamese studies on the 
impact of chemical warfare (1961-1971) 
on environment and humans in the 
south of Vietnam, and to present the 
results of some ongoing projects for 
remediation of chemically affected 
environments

My presentation today is aimed at briefly introducing the 
outcomes of recent Vietnamese studies on the impact of 
chemical warfare (1961-1971) on environment and humans in 
the south of Vietnam, and to present the results of some 
ongoing projects for remediation of chemically affected 
environments. 
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Vietnam total land area:
33 million hectares
Three-quarters of the country 
consists of mountains and hills.

Main Forest types:
- Mangrove forests
- Melaleuca forests 
- Evergreen broadleaf forests
- Forest on limestone 
- Deciduous forests
- Bamboo forests

Forests in south Vietnam covered 
60 - 70% of land area (10,300,000 
ha)

Vietnam is a small country in South East Asia and three-
quarters of the total land area are uplands and forests. There 
forests constitute an integral component of the land and water 
resources, and are vital to the 24 million people in various 
ethnic groups who are substantially dependent on forest 
resources for their livelihoods.
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Missions of the Ranch Hand operation

• During the Second Indochina 
war, the US forces used not 
only conventional weapons but 
also for the first time used 
defoliants and herbicides to 
clear large forest areas, rice 
fields and crops. 

• On 10 August 1961, an H.34 
helicopter of the US Air Force 
conducted the first spraying of 
herbicides, starting a defoliation 
campaign under the code name 
"Ranch Hand"

During the Second Indochina war, which you in the US call 
the Vietnam War,  the US Army used not only conventional 
weapons but also for the first time used defoliants and 
herbicides to clear large forest areas, rice fields and crops.  On 
10 August 1961, an H.34 helicopter of the US Air Force 
conducted the first spraying of herbicides, starting a 
defoliation campaign under the code name "Ranch Hand". The 
application of these herbicides was primarily through cargo 
aircraft (C-123s), and ground mechanisms (i.e., trucks, 
backpack sprayers and riverboats).
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Chemical warfare (1960-1971)

Three main types of chemical herbicides:
• Agent Blue (cacodylic acid) 
• Agent White (a mixture of 80% tri-isopropanol amine 
salt of 2,4- dichlorophenoxy acetic acid (2,4-D) and 
picloram), 
• Agent Orange (50-50 mixture of the n-butyl esters of 
2,4-D and 2,4,5-T).  The creation of 2, 4, 5-T resulted 
in the creation of and contamination by dioxin 
(specifically 2,3,7,8-TCDD) as a by-product.

Over  21 million gallons of herbicides sprayed. In this 
was 400 Kg of dioxin (TCDD).

These herbicides had a variety of names, and the three most 
commonly used ones were Agent Blue (cacodylic acid), Agent 
White (a mixture of 80% tri-isopropanol amine salt of 2,4-
dichlorophenoxy acetic acid (2,4-D) and picloram), and Agent 
Orange (a 50-50 mixture of the n-butyl esters of 2,4-D and 
2,4,5-T.)  It is estimated that Agent Orange was around 60% of 
the total amount of toxic chemicals used during the campaign. 
What was especially toxic about Agent Orange is that in the 
process of making it dioxin, in particular 2,3,7,8-TCDD, was 
also created.  Dioxin and TCDD is one of  the most noxious 
chemicals ever discovered by mankind.
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According to the results of 
research conducted by Dr. 
Jeanne Stellman at 
Columbia University 
(2003), the US Army used 
over 21 million gallons of 
herbicides and defoliants. 

These were used over 
different ecological zones 
from the 17th parallel that 
divided North and South 
Vietnam to the tip of South 
Vietnam at the Ca Mau 
Cape.

According to the results of research conducted by Dr. Jeanne 
Stellman at Columbia University (2003), the US Army used 
over 21 million gallons of herbicides and defoliants. These 
were used over different ecological zones from the 17th 
parallel that divided North and South Vietnam to the tip of 
South Vietnam at the Ca Mau Cape. 
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• More than 24% of 
the land area of South 
Vietnam was sprayed 
more than once and 
12% of the areas 
sprayed got triple 
dosed  (FIPI,1990). 

• Concentrations of 
sprayings were from 
20 to 40 times higher 
than that used in 
normal agricultural 
production.

• In Landsat images, 
sprayed swaths are 
visible: SPOT  image of 
Ma Da Forest, 1996

More than 24% of the land area of South Vietnam was sprayed 
more than once and 12% of the areas sprayed got triple dosed  
(FIPI,1990).  Concentrations of sprayings were from 20 to 40 
times higher than that used in normal agricultural production.
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• Our initial research 
findings indicate that 
nearly 5 million acres of 
forest land were affected  
with countless trees 
defoliated and destroyed. 
This is approximately the 
size of the state of 
Massachusetts. 

Immediate losses of 
merchantable timber due 
to herbicidal attacks were 
estimated at about 90 
million cubic meters 
There was also great loss 
of non-woody forest 
products.

Ca Mau Peninsula -
Landsat TM .73

Our initial research findings indicate that nearly 5 million 
acres of forest land were affected with countless trees 
defoliated and destroyed. This is approximately the size of the 
state of Massachusetts we are now in.  Immediate losses of 
merchantable timber due to herbicidal attacks were estimated 
at about 90 million cubic meters. There was also great loss of 
non-woody forest products.
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Forest composition changes clearly  visible

Ma Da Forest, 1965 Ma Da Forest, 1991

Most land types in southern Vietnam were affected.  Forests 
were heavily affected by the herbicide attacks, accounting for 
about 86% of the total spraying missions, with the remaining 
14 percent directed to agricultural lands.
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Methodology to Assess Damage

• Comparative method between affected and non-affected areas 
by time and space.

• Data has been collected from systems of sample plots and 
representative inventory lines.

• Analysis and interpretation of aerial photographs and satellite 
images, primary Landsat, of the study areas

• GIS maps are created from  US government information on 
where herbicide spray missions  were during war time

• Also a number of collaborative studies with scientists from US, 
Canada, Europe and elsewhere to try to determine the long term 
consequences of herbicides.

In terms of methods we are using to define the long term 
consequences of Agent Orange and other herbicides, most of 
our research uses a comparative method between affected and 
non-affected areas by time and space. Data has been collected 
from systems of sample plots and representative inventory 
lines. We also use analysis and interpretation of aerial 
photographs and satellite images, primary Landsat, of the 
study areas, combined with  US government information on 
where herbicide spray missions  were during war time. We 
have also had a number of collaborative studies with scientists 
from US, Canada, Europe and elsewhere to try to determine 
the long term consequences of herbicides. 
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Defoliation in Quang Tri

Photograph: 1969 photo in “Another Vietnam,” National Geographic Society

The defoliation that occurred in Vietnam was and is 
unprecedented. This is the largest scale chemical warfare that 
has been carried out in the history of the war and was one of 
the most destructive actions against ecology in the 20th

century. We must understand that the degradation of 
environment and habitats, the irreversible nature of species 
extinction, the loss of genes and transformation of ecosystems 
through the devastation of Agent Orange/dioxin, all these 
compromise our options for present and future generations.
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Mangrove forest defoliated by Agent 
Orange

Photograph by Le Minh Truong / National Geographic Society, 1970

Hundreds of tree species were defoliated after the sprayings, 
particularly large timber trees belonging to emergent and 
ecologically dominant layers. To defoliate the lower stories 
necessitated one or more follow-up sprayings. After multiple 
sprayings there often were not enough mother trees for sowing  
new seedlings. Thus, the quality of natural regeneration in 
sprayed forests has been poor.  Only few hardy species  could 
resist and withstand the toxic chemicals. Other species, like 
those found in mangrove forests (particularly Rhizophora 
species) are very sensitive to toxic chemicals, and just only 
after 1-2 sprayings, the mangrove forests were often 
completely destroyed.  In dominant acid sulfate forest types 
with Melaleuca tree species (found inland in the Mekong 
Delta), after being sprayed these areas were very prone to 
forest fires and peat fires which  has left behind serious 
consequences to natural resources and environment.
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A Luoi - Thua Thien Hue province

• Loss of timber led to 
reductions in overall 
floral and faunal 
biodiversity as former 
forests turned into 
desolate grasslands, 
and terrestrial wild life 
such as elephants, 
tigers, deer, monkeys, 
and birds left 
defoliated areas.

In inland forests,, loss of trees led to reductions in overall floral and 
faunal biodiversity as former forests turned into desolate grasslands, 
and terrestrial wild life such as elephants, tigers, deer, monkeys, and 
birds left defoliated areas. Forests affected by toxic chemicals currently 
looks very different from forests that were affected by shifting
cultivation and agriculture. When the original forest cover disappeared 
from defoliation, the surface soil was eroded by rains. Favorable soil 
humidity, light, and temperature conditions for the growth of forest 
trees were lost. Saplings died on the spot, while seedlings and seeds of 
forest trees from other forests were too far away to regenerate here. 
After repeated spraying, very large forest areas were completely 
destroyed, changing ecological conditions such as invasion by  grasses 
like Pennisetum polystachyon and Imperata cylindrica, and grass fires 
were sparked during the dry season. These invasions have prevented 
normal forest regeneration. Forest spraying at elevations above 700 
meters and in areas of steep slopes also had a very serious impact on the 
absorption capacity of watersheds, with heavy flooding as a result.  In 
addition, many forest areas were subjected to intense bombing and 
clearing by tractors and rome plows which speeded up soil erosion and 
land slides.
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Human Health Effects

• Results from a recent study showed that nearly 400 kilograms of 
dioxin were sprayed during the Ranch Hand campaign,  creating 
a great impact on Vietnamese people and leaving behind long-
term consequences to human beings and the environment. 

• According to the study of Stellman (2003), about 3,181 villages 
of Vietnam were sprayed and at least 2.1 million people were 
directly affected by dioxin during the war and it may be as high 
as 4 million.

• In addition, contaminated water sources, foodstuff and plants 
indirectly affected many more people.

Furthermore, although my presentation today is primarily 
about the environment, we must note the human health 
impacts as well.  Results from a recent study showed that 
nearly 400 kilograms of dioxin were sprayed during the Ranch 
Hand campaign,  creating a great impact on Vietnamese 
people and leaving behind long-term consequences to human 
beings and the environment. According to the study of 
Stellman (2003), about 3,181 villages of Vietnam were 
sprayed and at least 2.1 million people were directly affected 
by dioxin during the war and it may be as high as 4 million. In 
addition, contaminated water sources, foodstuff and plants 
indirectly affected many more people.
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The Human Cost of Dioxin…

US veterans and Vietnamese Agent Orange victims after 
a VAVA conference, March 2006

• We in Vietnam are seeing 
the impact of this dioxin, not 
only in people who were 
originally sprayed, but in 
cases of people living near 
dioxin contaminated areas 
who were never initially 
sprayed.

We in Vietnam are seeing the impact of this dioxin, not only in 
people who were originally sprayed, but in cases of people 
living near dioxin contaminated areas who were never initially 
sprayed.
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• We are seeing affects in the second and even the third 
generation, in terms of human health effects and birth 
defects. 

• The Vietnam Association of Victims of Agent Orange (VAVA) 
estimates that the number of victims of dioxin poisoning from 
Agent Orange is over 3 million people. 

• The victims affected by Agent Orange are not only 
Vietnamese people but include many American soldiers who 
have suffered and are suffering from severe diseases like 
Non- Hodgkin's Lymphoma, multiple Myelomas, prostate 
cancer, Diabetes, and Soft Tissue Sarcomas, and Spina 
Bifida in service members offspring, all of which have been 
recognized by the US Dept of Veterans Affairs as correlated 
with dioxin exposure

We are seeing affects in the second and even the third 
generation, in terms of human health effects and birth defects. 
It is estimated by the Vietnam government that the number of 
victims of dioxin poisoning from Agent Orange is over 3 
million people. The victims affected by Agent Orange are not 
only Vietnamese people but include many American soldiers 
who have suffered and are suffering from severe diseases like 
Non- Hodgkin's Lymphoma, multiple Myelomas, prostate 
cancer, Diabetes, and Soft Tissue Sarcomas, and Spina Bifida 
in service members offspring, all of which have been 
recognized by the US Dept of Veterans Affairs as correlated 
with dioxin exposure.
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Second and Third Generation 
Effects Now Being Seen

Photo: James Nachtwey/Vanity Fair

In Vietnam, many children are born unable to stand on their 
own legs, many babies have been stillborn, and many women 
have no chance to enjoy motherhood due to fear of  bringing 
forth a child with birth defects.  Additionally, the degradation 
of many ecosystems, biomass, habitats, and flora and fauna in 
Vietnam, have impoverished the livelihood of many disabled 
victims of Agent Orange, particularly in poverty stricken areas 
where people are directly dependent on natural resources for 
their livelihoods.   Although the war has long been over and 
the wounds of the war have gradually healed, the mental and 
physical pain has not yet been eased for millions of 
Vietnamese families who are victims of Agent Orange 
/Dioxin. They are the poorest of the poor and the most 
miserable of the miserable. Diseases, pains and poverty always 
weigh upon each families of the victims.
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Continuing Dioxin Exposure
• Herbicide applications ceased in 1971.  However,  a decade of 

research has shown that there remain significant hot spots of TCDD in 
select areas of southern Viet Nam.

• There exist two primary sources of major TCDD contamination in south 
Viet Nam: from the spray missions by aircraft, and contamination on 
former US military installations. 

• Most studies have demonstrated that aerially sprayed regions do not 
retain high levels of TCDD, given years of tropical rains, erosion, 
chemical breakdown, and other environmental factors.

• However, the areas of most concern for human health in Vietnam today 
include those where Agent Orange and other defoliants were spilled, 
loaded onto aircraft, applied by truck-mounted sprayers, or transported. 
The resultant dioxin loading to soils in and near former military 
installations was significantly higher than that resulting from aerial 
applications, and continue to exist as dioxin hot spots or dioxin 
reservoirs to this day.

Herbicide applications ceased in 1971.  However,  a decade of 
research has shown that there remain significant hot spots of 
TCDD in select areas of southern Viet Nam.  There exist two 
primary sources of major TCDD contamination in south Viet 
Nam: from the spray missions by aircraft, and contamination 
on former US military installations. Most studies have 
demonstrated that aerially sprayed regions do not retain high 
levels of TCDD, given years of tropical rains, erosion, 
chemical breakdown, and other environmental factors. 
However, the areas of most concern for human health in 
Vietnam today include those where Agent Orange and other 
defoliants were spilled, loaded onto aircraft, applied by truck-
mounted sprayers, or transported. The resultant dioxin loading 
to soils in and near former military installations was 
significantly higher than that resulting from aerial 
applications, and continue to exist as dioxin hot spots or dioxin 
reservoirs to this day.
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• Results from the Aluoi Valley studies in the vicinity of the former A So 
US military base demonstrate that  foods, human blood and breast milk 
had a very high dioxin content, showing that TCDD contamination has 
spread from soils to humans via the food chain (Dwernychuk et al., 
2002).  Similarly high levels of TCDD were detected in human breast 
milk near the Bien Hoa airbase (Schechter et al 2001).

• Therefore we have potential some very dangerous on-going 
contamination from hotspot, more than 30 years after the war ended, of 
children and other innocents who were not even born during the 
original hostilities.

• As a result, former US military bases should be the primary sites on 
which to concentrate further studies and direct remediation measures, 
thereby helping reduce potential TCDD exposure  from the surrounding 
environment for local Vietnamese populations

For example, results from the Aluoi Valley studies in the 
vicinity of the former A So US military base demonstrate that  
foods, human blood and breast milk had a very high dioxin 
content, showing that TCDD contamination has spread from 
soils to humans via the food chain.  So we have some very 
dangerous on-going contamination, more than 30 years after 
the war ended, of children and other innocents who were not 
even born during the original hostilities. Therefore, former US 
military bases should be the primary sites on which to 
concentrate further studies and direct remediation measures, 
thereby helping reduce potential TCDD exposure  from the 
surrounding environment for local Vietnamese populations. 
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There are more than 2,735 airbases, airfields, depots, 
heliports, army bases, airstrips and landing zones 

related to Ranch Hand spray missions in Vietnam

Therefore, former US military bases should be the primary 
sites on which to concentrate further studies and direct 
remediation measures, thereby helping reduce potential TCDD 
exposure for local Vietnamese populations. During the Viet 
Nam conflict, the US and south Vietnamese military 
established over 16,000  military installations throughout 
southern Viet Nam; of these, 2,735 have been identified as  
airbases, airfield, depots, heliports, army bases, airstrips and
landing zones related to Ranch Hand spray missions.
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Areas chosen for 
scoping after initial 

database research of 
former US

and ARVN military 
installations in southern 

Viet Nam:
Da Nang; Phu Cat; Bien 

Hoa; and A Shau- A Luoi.

10-80 Division of MOH Viet Nam 
– Hatfield Consultants Ltd. Canada

From our initial assessments, the areas that may be 
categorized as the most significant dioxin ‘hot spots’ on the 
basis of the 2,3,7,8-TCDD concentrations are the former US 
airbases at Da Nang; Phu Cat; Bien Hoa; and A Shau- A luoi. 
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Da Nang Airport,
with contaminated area indicated by red arrow

The former US airbases at Da Nang.  The area highly 
contaminated with dioxin is about 4-5 ha. Information from 
Vietnamese scientists indicate that on the Da Nang Ranch 
Hand site, soil dioxin has been determined to be in the order of
hundreds of thousands of pg/g dry weight; these are levels that 
are from 10 to 1,140 times higher than the critical level (1,000
ppt). The US government has acknowledged this 
contamination with a recent pledge of money to help clean it 
up.
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A So Base Hot spot
The content of dioxin in the soil is 879.85pg/g.
For comparison’s sake, the US EPA usually sets a residential level 
of 1 to 4.3 pg/g of TCDD in soil; contamination above this level
sets off a risk assessment in the US

The former US airbases at A So / A Shau in  Thus Thien Hue 
province.   The A So base remained operational from 1963 to 
1966 (Stanton, 1985). The highest TCDD levels were recorded 
at the A So base: 897.85 pg/g (Dwernychuk et al., 2002).  For 
comparison’s sake, the US EPA has set a residential level of 
4.3 pg/g of TCDD in soil; contamination above this level sets 
off a risk assessment in the US.
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Options for Remediation
• Given these studies that suggest the persistence of hot spot 

areas highly contaminated with dioxin, which pose a serious 
threat to surrounding inhabitants, we have been for some 
time trying to find the means to  remediate these sites.   

• Unfortunately this is extremely expensive. The Times Beach 
Missouri case in 1983 where a whole town was relocated due 
to dioxin contamination:  Incinerating the contaminated soil in 
Times Beach cost $110 million US dollars with $33 million 
more for the relocation of the 2, 200 citizens. 

• So some possibilities that have been tried include impervious 
concrete caps (used at Bien Hoa and Danang); making 
dioxin migration pathways  for surface water flow in 
contaminated sites to be  diverted into lakes; and making 
drainage ditches around the highly contaminated sites.

Given these studies that suggest the persistence of hot spot 
areas highly contaminated with dioxin, which pose a serious 
threat to surrounding inhabitants, we have been for some time 
trying to find the means to  remediate these sites.   
Unfortunately this is extremely expensive. Some of you in the 
US may remember the Times Beach Missouri case in 1983 
where a whole town was relocated due to dioxin 
contamination. Incinerating the contaminated soil in Times 
Beach cost $110 million US dollars with $33 million more for 
the relocation of the 2, 200 citizens. We do not have that kind 
of money in Vietnam.
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The highly contaminated site is isolated from other 
lands by a concrete cap

So some possibilities that have been tried include impervious 
concrete caps, which are being used at Bien Hoa and Danang 
airbases to isolate contaminated lands
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Also drainage ditches around the highly 
contaminated sites

We have also made dioxin migration pathways for surface 
water flow in contaminated sites to be  diverted into lakes, and
made drainage ditches around the highly contaminated sites.
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Surface water flow on contaminated site
is diverted into Sen lake
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Planting a Green Corridor in A Shau
• However, mechanical 

caps and ditches are 
insufficient in more 
rural, residential areas.

• The main reason 
causing contamination 
to the people in A 
Shau/A So is the chain 
of contaminated food 
due to frequent contact 
with the soil, and 
animals still walk daily 
in the affected area.

Dioxin              Food/Animals                    Humans

However, these have proven insufficient in more rural, 
residential areas. Thus I have been involved for the past few 
years in carrying out a new project through an NGO I founded 
that we hope will be effective. It is called "Planting a green 
corridor in key dioxin-hit areas of A Luoi district".
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History of Spraying in Thua Thien Hue 
Province

• A Luoi is a small valley in 
mountainous area of Thua 
Thien Hue province, which is 
inhabited by different ethnic 
minority communities.

• This area suffered from 256 
missions of sprayings with a 
sprayed area of about 175,000 
acres,  accounting for 61% of 
the total natural land area of the 
whole district.  

• A Luoi can be seen as a small 
picture of the chemical warfare 
in Vietnam as it houses three 
former Special Forces bases.

A Luoi is a small valley in mountainous area of Thua Thien 
Hue province, which is inhabited by different ethnic minority 
communities; this area suffered from 256 missions of 
sprayings with a sprayed area of about 175,000 acres,  
accounting for 61% of the total natural land area of the whole 
district.  A Luoi can be seen as a small picture of the chemical
warfare in Vietnam as it houses three former Special Forces 
bases.
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Ikonos satellite 
image of old A 

So air base

As I noted, the levels of TCDD in soils there have been 
measured as high as nearly 900 p/pg. A great worry is the 
danger posed to children and other residents who come into 
contact with the contaminated soil.  This is a concern, as a 
study by the Canadian research group Hatfield Consultants 
noted, “western thresholds for PCDD and PCDF levels may 
not be conservative enough to protect human health in rural 
Viet Nam. The socio-economic circumstances in rural 
communes, dirt floors in many homes, children and many 
adults without footwear, their close association with the land 
for food production, and general sanitation are such that higher
levels of exposure to contaminants occur. As a consequence, 
guidelines and standards should be more stringent in this 
environment” (Dwernychuk et al., 2002, p 125).  
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Design green corridor in Project site
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The Green Fence Model
to isolate “hot spots” from humans and animals: 
Our project has been researching and planting green fences around 
contaminated areas in the hopes that  mechanical isolation will raise 
awareness on the harm of the dioxin caused to the people, so that they can 
themselves avoid the hot spots.

Our project has been researching and planting green fences 
around contaminated areas in the hopes that  mechanical 
isolation will  raise awareness on the harm of the dioxin 
caused to the people, so that they can themselves avoid the hot 
spots.
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Gleditschia trees

Gleditschia australis
• many long thorns around the trunks 
• soft wood, not attractive for use as 

fuelwood or wood
• easy to live in difficult conditions
• strong, healthy, deep roots
• very hardy against diseases and

insects
• easy to grow in difficult conditions
• fruits are used to produce soaps, 

shampoo and medicinal drugs 

The green fence is carried out by planting Gleditschia 
australis, a multi-purpose indigenous tree species that has 
many branches and many long thorns around the trunks. It is 
easy to plant in difficult conditions and resistant to diseases 
and pests.  After  2 years, the trees grow into dense thorny 
fences so that people and animals cannot access the 
contaminated areas. Another aspect of the program is that 
Gleditschia australis fruits are used to produce soaps, 
shampoo and medicinal drugs, and local people can sell them 
for income. This green fence is sustainable and its life span is
up to  50-60 years.  The production cost for establishment of 
the fence is cheap, and the incomes from the Gleditschia 
australis fruits collected yearly can be used for paying for the 
protection of the fence. We hope these "green fences " can be 
expanded to other hot spots together with reforestation in 
sprayed areas. 
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Training course for farmers to plant trees

In addition to the remediation of dioxin hotspots, we have also 
been working in recent years to try to reforest some of the 
areas that converted to grasslands after herbicide applications.
Although the levels of dioxin in these soils are negligible and 
there is no direct health impact like there is with the hotpots, it 
is still important to address these areas because many people 
in Vietnam are dependent on the land to make their living, and 
these deforested areas have not been very economically 
valuable to people. Almost three decades have now elapsed 
since the end of the war, but there are as yet no indications that 
most destroyed habitats are regenerating naturally. The animal 
populations are sparse, and very different from those before 
the war. Owing to the loss of their habitats, many animal 
species, especially the larger mammals and birds, have 
become rare or endangered; some are on the verge of 
extinction. At present, many inland forest areas are still being 
seriously affected and degraded. In order to restore the forest 
with high quality as it previously was,  requires a long process
of at least 80 to 100 years.
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Ma Da Forest

Left: Area invaded by ‘American’ grass;
Right: trying to reestablish rubber plantations in the area.

According to planting experiences from the Ma Da Forest
Enterprise, one of the most heavily sprayed areas, people are 
cutting and burning pernicious grass in areas affected by 
Agent Orange during the war, then planting fast-growing 
exotic shade trees such as Acacia.  After three or four years,  
seedlings of native forest trees, such as Dipterocarp species, 
are planted underneath them. It is such activities that give us 
hope that, in the future, good tropical forests and beautiful 
fauna will replace the areas destroyed by Agent Orange, and 
the Vietnamese people will be able to erase the scars of the 
devastating war and to correct the mistakes of unsustainable 
development.
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Mangrove Reforestation

Coastal areas have also been reforested. Coastal military 
defoliation operations during the war completely destroyed 
about 41 percent of the mangroves of the South. After the war, 
the Vietnamese launched a program to replant the mangrove 
forests in the areas destroyed by herbicides. Large areas were 
replanted with Rhizophora apicauda seedlings.  Today, some 
70,000 hectares of mangrove forests have been successfully 
replanted. The mangroves now yield a self-sustaining and 
profit-making source for fuel and construction wood for the 
residents of this area. As a result of reforestation, the fisheries 
are more plentiful and the shrimp catch is rising each year. 
The colonies of wetland birds that had completely disappeared 
during the war have returned. Over seven major bird colonies 
are now protected by reserves, new colonies are appearing, 
and the bird populations are building up to their old levels 
again.
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Can Gio Biosphere Reserve

A example of the success we can have with reforestation is 
Can Gio District, located in the southeast of Ho Chi Minh 
City, which covers an area of 75,740 ha. Mangroves accounts 
for more than half of the total natural area of the district. 
During the Vietnam war, the mangroves in Can Gio were 
almost completely destroyed. Through the great efforts of the 
local people, 22,000 ha of mangrove forests were rehabilitated 
after the war. To date, Can Gio has become one of the most 
beautiful and extensive sites of rehabilitated mangroves in the 
world, and was chosen to be included in the world network of 
Biosphere Reserves by MAB/UNESCO on January 21, 2000.
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Conclusions
• There is much that remains to be done in terms of research and remediation in 

Vietnam. For those bases identified as significant hot spots, certain strategies need 
to  be applied within each area to better understand the dioxin contamination issue 
and further protect local populations who may be exposed to elevated levels of dioxin. 

• We need to continue to determine the exact location of the herbicide storage/spill 
area on the bases and collect and analyze soils from highly contaminated sites. 

• We need to collect and analyze biological samples to determine dioxin contamination 
in common aquatic-based foods (e.g., fish and ducks; and others, if present).  

• We need to collect and analyze human blood and breast milk from representative 
populations near sites to determine the level and extent of human dioxin 
contamination.  

• When we find highly contaminated sites, we need to prepare a mitigation strategy for 
the area addressing soil, sediment, foods and human contamination from residual 
dioxin. The mitigation plan should involve extensive public awareness.  And finally, 
we need to prepare appropriate recommendations for the physical remediation of 
contaminated lands/lakes.

There is much that remains to be done in terms of research and remediation 
in Vietnam. For those bases identified as significant hot spots, certain 
strategies need to  be applied within each area to better understand the 
dioxin contamination issue and further protect local populations who may be 
exposed to elevated levels of dioxin. We need to continue to determine the 
exact location of the herbicide storage/spill area on the bases and collect and 
analyze soils from highly contaminated sites.  We need to collect and 
analyze biological samples to determine dioxin contamination in common 
aquatic-based foods (e.g., fish and ducks; and others, if present).  We need 
to collect and analyze human blood and breast milk from representative 
populations near sites to determine the level and extent of human dioxin 
contamination.  When we find highly contaminated sites, we need to prepare 
a mitigation strategy for the area addressing soil, sediment, foods and human 
contamination from residual dioxin. The mitigation plan should involve 
extensive public awareness.  And finally, we need to prepare appropriate 
recommendations for the physical remediation of contaminated lands/lakes.
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Thank You Very Much

Phung Tuu Boi
Center for Assistance in  Nature Conservation and Community 

Development, Vietnam

phungtuuboi@mail.viettel.vn

Many scientists consider Vietnam as the biggest natural 
laboratory in the world for studying the effect of dioxin on human 
health and environment. Research and activities for overcoming 
of the consequences of toxic chemicals/dioxin in Vietnam of 
organizations and individuals are always welcomed, encouraged 
and supported by the Vietnam Government.    I urge those of you 
in attendance today to return to your universities and share with 
your colleagues in other departments the many needs for research
on Agent Orange in the hopes that we can have future 
collaborations.  
Today, at this forum we hope that interest and support from the 
international community will permit a widening of the research, 
reforestation and remediation on  sprayed areas.  We hope that all 
friends from US and from other countries all over the world will 
continue to provide more and more support to the Victims of 
Agent Orange/Dioxin in Vietnam in the fight for the conscience 
and responsibility and humanity and justice.  Thank you for your
kind attention and hope to see you one day in Vietnam.


