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Historical Usage of Herbicides During
the US-Vietnam War

From 1961 to 1971, the United States used approximately 76 million
liters of herbicides as defoliants and for crop destructiondasSouthern
Vietham

64% of the herbicides used In Viet Nam was Agent
contained 2,4-D and 2,4,5-T as the active ingredi
(PCDD/Fs) were by-products of the production p
Approximately 600 kg of TCDD was released into
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(Stellman et al., 2003; Alvin L. Young., 2009)




Transport and Handling of Herbicides on
Da Nang Airbase

During Operation Ranch Hand, more than 18 million liters of herbicides were
transported and handled on Da Nang Airbase

As part of the Pacer lvy Mission (collection and disposal of henbicides, to
Johnstone Island), about 8200 drums of AO were re-packaged and shipped
from Vietnam

Handling and spillage of herbicides during Operation Ranch Hand and the
Pacer vy Mission resulted in serious contamination

Quantity of herbicidestransport & handling in
Da Nang Airbase (Litre)
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(Alvin L. Young., 2009)




Transport and Handling of Herbicides on
Bien Hoa Airbase

Dec. 1966 — Feb. 1970: more than 33 million liters of herbicides (mostly Agent
Orange) were transported and handled at Bien Hoa Airbase

Apr. 1970 — Mar. 1972: During the Pacer Ivy mission, approximatelys2.3 million
liters of herbicides were collected and re-drummed dor shipment and
disposal.

As the largest AO storage area in Viet Nam, handling and use of herbicides
resulted in extensive dioxin contamination in the envirenment in and around
Bien Hoa Airbase

Quantity of herbicides transport & handling in
Bien Hoa Airbase (Litre)

3,390,000

W Agent Orange

9,360,000 o i Agent White

m Agent Blue

(Alvin L. Young., 2009)




Dioxin Contamination at
Da Nang Airbase
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(Source: Hatfield Consultants, 2009)




Dioxin Contamination at
Bien Hoa Airbase

Figura 1.1 Dweerview of all dioxin sampling kooations in Bben Hoa Viet Nam by Hatliekd 1020 Diviskon WVRT SO M oe 330 2004 10 201 00
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Dioxin Concentrations in Mother’s Milk Samples
Collected near Da Nang Airbase

121

TEQ pg/g lipid
=PCDFTEQ m=mPCDDTEQ

224 ' '

TEQ levels fanged from 5.2
22.4 TEQ pg/ghipid

Khue Trung < Hoa Thuan Tay <
< Chinh Gian < An Khe

TEQ levels in mather's mitk were
several times higher compared
to those recorded in non-

exposed areas (Tai et al., 2011)




Research ODbjectives

» Although bioaccumulation of dioxin ingthe lecal
population has been recorded, therg s lack of
iInformation regarding exposure pathways of dioxin
INnto people.

Objectives:

Examination of PCDD/F spatial distribution and the'r
specific bioaccumulation.

Estimate the human exposure doses of PCDD/Fs
through consumption of major food items.

Better understand the fate and transport of these
toxic chemicals, and recommend effective
iInterventions for specific areas.




Sampling Locations Near Da Nang and
Bien Hoa Airbases

® [ Mart

°
Chirh Gian
®

Hoakhe ]

'.. J Ser1la¥_:‘ea_"- _

fuanlo: @

fnkhe @ )
® Thanl (ke
°

Tranglai @

[
A0 Pacer lvy

A - j ® Tan Phong
\ BL Mart |
; Ei

T4 ks BuuLang Lake

°
\ o 4 T
BL bart 2 ® Trung Dung Mart ’
e

go”ﬂ%; R Bien Hung Lake




Samples Collected and Analyzed

43 samples of various important food items: pork,
beef, chicken, chicken eqgg, fish, rice, vegetalles

Edible portion of samples were selected for analysis.

For small food items such as leafy vegetables, fish
and rice, samples were composited by combining
individual samples to obtain least 200 g for analysis.

Samples were kept on dry ice and transported to the
laboratory.

Samples were processed, freeze-dried and
homogenized before analysis.

PCDD/F concentrations in vegetables and rice are
presented on a dry weight basis, and for tissues on a
lipid weight basis




Analytical Methods

Dried Samples
(0.5 - 2g fine particulates)

Pressurized Liquid Extraction
(Speed extractor - Buchi E916)

R T N Solvent Evaporation
| 3C.PCDD/Fs
; Clean-up Std !

L

Multi-layer silica gel column

Y

Reversible Activated Carbon

| 13C_PCDD/Fs
i Recovery 5td | -
R SR - — Nitrogen Blowing to remove
solvents

!

HRGC/HRMS
(MS Resolution > 10,000)




Quality Control

Laboratory blank samples, laboratory duplicate samples
Followed UNEP interlaboratories program
Cross-checked analysis with Eurofins Laboratories Ge

Operation in accordance with ISO 17025 (appra
545)

Other QC Assessments conducted by independé
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Dioxin (TEQ, pg/g) in Food items from Outside
Bien Hoa and Da Nang Airbases

® Bien Hoa
® Da Nang
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Bien Hoa airbase: Fish > Chicken > Egg > Pork/Beef > Veget > Rice
Da Nang airbase: Fish > Egg > Chicken > Pork/Beef > Veget > Rice




Mass Concentration of PCDD/Fs In Food Items
Bien Hoa

PCDD/Fs in foodstuffs collected from Bien Hoa
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In terms of mass concentration, PCDD/Fs in Bien Hoa dominated by OCDD
PCDD/Fs in beef are higher than in pork
PCDD/Fs in chicken egg are higher than in chicken




Mass Concentration of PCDD/Fs In Food Items
Da Nang

PCDD/Fs in foodstuffs collected from Da Nang
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On mass concentration: PCDD/Fs in Da Nang dominated by OCDD
PCDD/Fs in beef is higher than in pork
PCDD/Fs in chicken egg is higher than in chicken




Composition of PCDD/Fs
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1)

PCDD/Fs profile of Buu Long chicken samples (n=2)
PCDD/Fs profile of Buu Long chicken egg (n
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PCDD/Fs profile of Tan Phong chicken samples (n=3)
PCDD/Fs profile of Tan Phong chicken egg (n=1)
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Congener profiles for PCDD/Fs in food items vary in some areas, especially

for chicken and chicken eggs in Tan Phong and Buu Long
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1)

PCDD/Fs profile of Buu Long fish (n
PCDD/Fs profile of Buu Long pork (n=1)
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Estimated Dally Intake of Dioxin TEQ (pg/g) for
Bien Hoa Airbase

Estimated daily intake for Bien Hoa

Fish

Meat
Chicken egg
Chicken
Vegetales
Rice

15 20
DI (TEQ pg/keg-bw/d)

Estimated daily intake of dioxin in BHA (TEQ pg/kg-bw/d): Fish(32) >
Chicken(7.6) > Egg(3.7) > Vegetable(1.08) > Meat(0.95) > Rice(0.42)




Estimated Daily Intake of Dioxin TEQ (pg/g) for
Da Nang Airbase

Estimated daily intake for Da Nang

Fish
Meat i
Chicken egg
Chicken )
Vegetales
Rice
‘-

15 20 25 30
DI(TEQ pg/kg-bw/d)

Estimated daily intake of dioxin in BHA (TEQ pg/kg-bw/d): Fish(16.8) >
Egg(2.66) > Chicken(2.4) > Meat(1.5) > Vegetable(0.57)




Conclusions and Recommendations

Local fish, chicken and chicken egg are impertant
potential sources of dioxin exposure for these peopie
who regularly consume locally-raised food items

Bioaccumulation of dioxin in free-range chicken and
chicken egg suggest their potential use as bio-
indicator for monitoring local pollution sources of
Dioxin and other POPs.

2,3,7,8-TCDD concentrations in free-range“chicken in
Buu Long suggest recent exposure to dioxin,
probably via soill consumption by chickens.

Community awareness raising program have been
carried out to help people in such areas reduce
potential exposure to dioxin




Historical Fish Data from Bien Hoa

Tilapia sampled from all lakes and ponds inside and outside the Airbase exhibited

very high dioxin concentrations in fish fat and muscle tissue, as wellgas,in
whole fish sampled.

Dioxin concentrations (TCDD and TEQ; pglg) in fish Dioxin concentrations (TCDD and TEQ; pg/g) in fish
sampled inside the Bien Hoa Airbase, 2010. sampled from Bien Hoa City, 2010.
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Historical Fish Data from Da Nang Airport

TCDD (pg/g wet weight), TEQ (pg/g) and Percent TCDD in TEQ in Tilapia and Other
Fish Samples Collected from the Morth Airport and a Crab Sample Collected from Da
Mang Bay North of the Airport, Da Nang, Viet Nam, 2006 and 2009.
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Bien Hoa Airbase — Risk from Fish
Consumption

» For on-base tilapia, muscle
concentrations of 2,3,7,8-T
from 1.4 to 32.7 pg/g. Fat
ranged from 73.3 to 3,99

People who eat fish and

organisms from the Airb
risk of elevated dioxin lev
bodies.

Estimated human exposure d

exceed international guidelines and
exceed 2,3,7,8-TCDD’s lowest adverse
effect level criteria.

» The Bien Hoa fishponds are a completed
human pathway for TCDD exposure.
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