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Abstract 

In the isolated Aluoi Valley of central Viet Nam, very high levels of 2,3 ,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
were measured in soil, fish fat , duck fat , pooled human blood and breast milk samples collected from A So village 
between 1996 and 1999. The village was situated on a former military base occupied by US Special Forces betweeh 1963 
and 1966. TCDD was a contaminant of the herbicide "Agent Orange" , aerially sprayed in the valley between 1965 and 
1970, and stored at the,A So base. Measured levels were lower near the sites of two other former US bases in the valley 
which had been occupied for shorter periods of time. In areas where Agent Orange had been applied by low-flying 
aircraft, levels of TCDD in soil, food and human samples were elevated, but lower than those near the three former US 
bases. 

We. confirm the apparent food chain transfer of TCDD from contaminated soil to cultured fish pond sediments to 
fish and duck tissues, then to humans as measured in whole blood and breast milk. We theorize that the Aluoi Valley is 
a microcosm of southern Viet Nam, where numerous reservoirs of TCDD exist in the spil of former military instal­
lations south of the former demilitarized zone. Large quantities of Agent Orange were stored at many sites, used in 
ground and aerial applications, and spilled. TCDD, through various forms of soil disturbance, can be mobilized from 
these reservoirs after decades below the surface, and subsequently, introduced into the human food chain. © 2002 
Elsevier Science Ltd. All rights reserved. 

Keywords: Herbicide; 2,3,7,8-tetrachlorodibenzo-p-dioxin; Ranch Hand; Soil; Food; Human blood; Human milk 

(IOM, 2001). It has been estimated that over 72 million 
litres of herbicide were applied over Viet Nam, south of 

The US armed forces started using herbicides in Viet the former demilitarized zone on the 17th parallel 
Nam in 1962; the operation, code-named Ranch Hand, (Westing, 1984; Cecil, 1986). 

expanded in 1965 and 1966, and was terminated in 1971 Herbicide was used for general defoliation, to en­
hance the detection of camps, trails and infiltration 
routes of opposing forces. Crop destruction was another 
use for herbicides in order to weaken opposing troops 
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to defoliate perimeters of military base camps and ar­
tillery bases. Agent Orange was the principal phenoxy 
herbicide mixture that was employed for these tasks 
(IOM, 1994), making up approximately 61% of recorded 
herbicides used (IOM, 2001). It was a 50/50 mixture of 
2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-tri­
chlorophenoxyacetic acid (2,4,5-T). 2,3, 7,8-tetrachlo­
rodibenzo-p-dioxin (TCDD) was a contaminant of the 
2,4,5-T portion of the Agent Orange mixture (Dwyer 
and Flesch-Janys, 1995; IOM, 2001). According to Dow 
Chemical, one of the manufacturers of Agent Orange, 
levels of TCDD varied from <0.05 mg/I to R:;50 mg/1. 
Those values were determined in stocks of Agent Orange 
either returned from Viet Nam or purchased by the US 
military but not transported to Viet Nam (IOM, 2001). 
The estimated average TCDD concentration in Agent 
Orange, which would translate to the often quoted 170 
kg of TCDD applied over southern Viet Nam, was 4.0 
mg/I (Westing, 1984; Gough, 1986; IOM, 2001). Ben­
gtsson (1976) reported a higher estimate of the average 
TCDD concentration in Agent Orange, R:,16 mg/I which 
would , therefore, increase the loading of pure TCDD to 
southern Viet Nam to R:,680 kg. Deriving an accurate 
average content is not possible. 

During the late 1960s, and continuing to the present, 
there was concern regarding human health impacts 
caused by Agent Orange, or more specifically TCDD. 
Initially, attention had focussed on direct ecological ef­
fects of herbicides (Tschirley, 1969; Orians and Pfeiffer, 
1970; Boffey, 1971; Westing, 1984). Interest widened to 
include toxic effects on humans following the report that 
2,4,5-T was teratogenic in rodents (Courtney et al., 
1970). Given that TCDD is viewed as one of the most 
toxic congeners in the dioxin family (Dwyer and Flesch­
Janys, 1995; Hu and Bunce, 1999), it has been the pri­
mary focus of numerous investigations regarding Agent 
Orange and contamination of human tissues (Schecter 
et al. , 1985, 1987, 1989b, 1990b, 1992b, 1995, 2001; Dai 
et al. , 1994a,b, 1995; Phiet et al. , 1994; Schecter, 1994a; 
Roumak et al., 1995). Numerous toxic effects in humans 
have been associated with TCDD exposure (IARC, 
1997; ATSDR, 1998). 

Residual TCDD concentrations in Viet Nam are a 
function of spray frequency and distribution, partition­
ing, bioavailability, recycling in the ecosystem, decom­
position rate, and the presence or absence of historical 
storage sites for Agent Orange. Aerial applications of 
Agent Orange covered an estimated 10% of southern 
Viet Nam (IOM, 1994). Large C-123 cargo planes, car­
rying I000 US gallons of Agent Orange, dispensed thei r 
payload at low altitudes, in a single continuous spray 
pattern 14 km in length for a run duration of 4.5 min 
(Cecil, I 986). Bulk storage facilities at the Bien Hoa 
base, near Ho Chi Minh City, housed up to 90 000 US 
gallons of herbicide, in addition to large storage areas 
for 55 US gallon drums (Cecil, 1986). Herbicide supply 

operations were also carried out at Da Nang, Nha 
Trang, Phu Cat and Saigon (US Army documents, 
1969). 

Accordingly, there are two major sources of potential 
TCDD contamination in the Vietnamese environment; 
the first , from spray missions by aircraft, the second at 
former US and allied military installations where Agent 
Orange was stored, dispensed, and used for perimeter 
spraying. 

Storage sites on military installations experienced 
spills. At the former Bien Hoa base, a 7500 US gallons 
of Agent Orange were spilled on I March, 1970. Three 
smaller spills of several hundred gallons each also oc­
curred at this base between January and March, 1970 
(US Army documents, 1970). 

During the Viet Nam conflict, numerous military 
bases were established throughout southern Viet Nam. 
The Aluoi Valley (Thua Thien Hue Province), in par­
ticular, was subjected to heavy military activity. It was 
an integral, strategic portion of the Ho Chi Minh Trail, 
a conduit for men and equipment moving from the 
north into southern Viet Nam. Early in the war, the 
valley was the site of three US Special Forces bases (Fig. 
I), and was sprayed repeatedly with Agent Orange, up 
to 11 times in some areas (Cecil, 1986; Zaffiri, 1988; US 
Army documents, 1995). Accordingly, the Aluoi Valley 
was ideal for our study of residual dioxin contamination 
in the environment and humans. 

In December 1965, the Special Forces bases at Aluoi 
and Ta Bat were deemed untenable by the US military 
and abandoned after less than a year of operation. The 
base at A So (formerly named A Shau) was opened in 
April 1963 (Brown, 1999), but following an attack by the 
North Vietnamese in March 1966, this Special Forces 
base was also abandoned (Stanton, 1985). During US 
occupation of the A So base, Agent Orange was stored 
and used on site dating back to 1963 (Declassified US 
military documents, authority NND 931713/903562, 
National Archives, Washington, DC, 2001). 

The hill tribe people (primarily Pa Co, Ca Tu, and Ta 
Oi) that presently inhabit the Aluoi Valley, represent an 
isolated population which experiences little in- or out· 
migration. The valley has no industry and, therefore, has 
no industrial emissions which might have confounding 
results. The people are poor and subsist as an agrarian 
society raising vegetables, rice, manioc, poultry, some 
livestock and cultured fish , primarily carp. For eco· 
nomic reasons, pesticide use in the valley is minimal. 

2. Materials and methods 

Between 1996 and 1999, samples of soil, fish pond 
sediment, foods , whole human blood and human breast 
milk were collected from the valley and its residents. 
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Fig. I. Location of communes studied and Agent Orange aerial spray missions, Aluoi Valley, Viet Nam, 1965- 1970 (source: US 
Department of the Army). 

Field supplies for sample collection, storage and ship­
ment originated in Canada. 

2. 1. Soil and fish pond sediment 

A stainless steel soil corer was used to collect samples 
throughout the valley. A mine detector was used first, to 
ascertain that a sampling location was clear of buried 
unexploded ordnance (UXO). UXO, in many areas, 
li ttered the landscape, particularly on the Ta Bat base. 

In 1996 and 1997, soil was collected from the A So 
Special Forces base, and at select locations throughout 
the valley, from Oto 10 cm depth stratum. In 1999, the 
two principal sampling locations were soil from areas 
sprayed with Agent Orange by C-1 23 aircraft, and soil 
from the three fo1mer US Special Forces bases (Fig. 1). 
Samples from spray zones were collected at least 40 m 
from the main road which runs through the valley from 
A Dot commune in the south, to Hong Van commune in 
the northwest. 

The sampling design for soil collections from the 
former bases used the visible traces of the former air­
strips as north/south axes. The length of an airstrip was 
partitioned into three segments, north, centre, and 

south. In each of these segments, three sites were es­
tablished (west, centre (in the middle of the strip), and 
east); therefore, a total of nine primary sites were es­
tablished for each of the three bases, for a total of 27 
former military base sites. 

Each primary soil sample from the military bases or 
from aerially sprayed locations consisted .of 10 sub­
samples composited to form a single test medium. 
Subsamples were collected within a 30 m radius of the 
primary site. All samples were placed in pre-cleaned 
glass jars with teflon lids and frozen. Following collec­
tion of each core, equipment was washed with acetone 
and hexane to prevent cross contamination. 

Fish pond sediments were collected from water 
depths of approximately 60 cm. Bottom sediments \Vere 
scooped into pre-cleaned glass jars with tell.on lids and 
frozen. 

2.2. Vegetable and animal tissues 

Samples of rice, manioc and vegetable cooking oil 
were obtained from commune residents throughout the 
valley between 1996 and 1999. 'Ducks, chicken eggs, 
cultured fish and wild fish were also obtained from 
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commune residents, and dissected at our field premises. 
Latex gloves and stainless steel dissecting equipment 
were used during sample processing in the field , and 
rinsed with acetone and hexane between dissections. All 
samples were placed in pre-cleaned glass jars with teflon 
lids and frozen. 

Beef and pork samples were obtained from the local 
market. All animal and vegetable matter was produced 
in the Aluoi Valley. 

2.3. Whole human blood and breast milk 

ln 1999, four communes were selected for collection 
of whole human blood, A So (on the site of the former 
US Special Forces base), Houng Lam (adjoining A So), 
Hong Thuong, and Hong Van (Fig. I). Hong Van re­
ceived the fewest aerial applications of Agent Orange. 

Volunteers from each commune were divided into four 
groups: males ;, 25 years ofage (born before or during the 
war), males < 25 years of age (born after the war), 
females ;, 25 years of age, and females < 25 years of age. 

Whole blood was collected by health practitioners 
from Thue Thien Hue Provincial Health Department 
under our supervision. Samples were collected in vacu­
tainer hemoguard tubes containing sodium heparin. All 
samples were frozen within I h of collection. Because of 
health issues and cultural sensitivities, there was permis­
sion for a maximum of 3.5 ml of blood to be extracted 
from each person. Therefore, pooling of blood samples 
was necessary, and was done in the laboratory in Canada. 

Four lactating primaparous females from each of the 
four communes listed above were selected for collection 
of human milk samples. Volunteers provided 15- 50 m1 
of milk. A single multiparous female with 10 children 
also donated milk at our request; this female had given 
birth to a child with spina bifida who was 2 years of age 
and being breast fed at the time. All samples were placed 
in pre-cleaned glass jars with teflon lids and frozen 
within I h of collection. 

2. 4. Laboratory analysis 

All samples from Viet Nam were forwarded in a 
frozen state to AXYS Analytical Services, Sydney, 
British Columbia (BC), Canada. AXYS has been certi­
fied by the World Health Organization (WHO) for di­
oxin analysis in human blood and breast milk (WHO/ 
EURO, 2001). 

All soil and biological samples being tested for 
polychlorinated dibenzodioxins (PCDDs) and poly­
chlorinated dibenzofurans (PCDFs) were spiked with 
13C-labelled surrogate standards (tetrachlorodioxin, 
tetrachlorofuran, pentachlorodioxin, pentachlorofuran, 
hexachlorodioxin, hexachlorofuran, heptachlorodioxin, 
heptachlorofuran, and octachlorodioxin) prior to anal­
ysis. Soil samples were soxhlet extracted. Tissue samples 

were ground with sodium sulphate, loaded into a glass 
chromatographic column and eluted with solvent. All 
whole blood and breast milk samples were spiked with 
13 C-labelled surrogate standards (as listed above) prior 
to analysis. Samples were liquid/liquid extracted by 
shaking with solvent. All extracts were subject to a series 
of chromatographic cleanup steps prior to analysis for 
PCDDs and PCDFs by high resolution gas chromato­
graphy with high resolution mass spectrometric detec­
tion (HRGC/HRMS). 

The laboratory quality assurance/quality control 
(QC) program includes matrix specific method recovery 
studies, verification of standard solution accuracy 
against recognized standard reference solutions, analysis 
of certified reference materials, and participation in in­
terlaboratory comparison programs. 

The accuracy of 2,3 ,7,8-TCDD in the standard so­
lutions used for analysis was verified against NIST SRM 
1614; the accuracy of other 2,3,7,8-substituted PCDD 
and PCDF congeners was verified against a standard 
reference solution characterized by interlaboratory 
testing (12 independent labs). Sediment and tissue cer­
tified reference materials supplied by Environment 
Canada and NIST were analyzed to demonstrate the 
method accuracy for real samples. The program of in­
terlaboratory testing includes participation in studies 
organized by the University of Umea, the WHO, 
QUASIMEME, and Environment Canada encompass­
ing sediment, tissue, milk, and blood samples. 

Samples were analyzed in batches alongside QC · 
samples. Each analysis batch included a laboratory 
blank to demonstrate acceptable laboratory background 
levels, a spiked matrix reference sample to demonstrate 
analyte recoveries, and a duplicate sample (sample size 
permitting) to demonstrate the analytical precision 
achieved. The results for the batch QC samples must fall 
within predefined acceptance limits for the sample data 
to be accepted. On-going evaluation of QC sample data 
was conducted to ensure the analytical system was op­
erating in a state of control. 

Total toxic equivalents (TEQ) for each sample ana­
lyzed were calculated in the laboratory using the " in­
ternational" dioxin TEQ (I-TEQ; NATO, 1998). For 
non-detectable (ND) and NDR (chromatographic peak 
was detected , but did not meet quantification criteria) 
designations, half the detection limit of the sample was 
used in the total I-TEQ calculation. 

3. Results and discussion 

3.1. Soil 

We found high levels of dioxins at the former military 
bases, and lower but elevated concentrations in soils 
from areas aerially sprayed with Agent Orange. Some 
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concentrations corresponded to highly polluted indus­
trial areas elsewhere, and many exceeded health or 
safety guidelines in place in other jurisdictions. 

3. 1.1. Soil from fo rmer military bases 
Soil from the former Special Forces base at A So was 

elevated in TCDD both in 1996 (110 pg/g) and in 1997 
(897.85 pg/g, Table I). These high concentrations led to 
the sampling design applied in 1999 to bases and aerially 
sprayed regions of the valley . 

In 1999, TCDD levels on the former base at A So 
ranged from 4.2 pg/g at the southeast sector of the base, 
to 360 pg/g at the north-center site (Table I). Soil from 
the former bases at Aluoi and Ta Bat also had elevated 
concentrations of TCDD (maximum of 35 pg/g at Ta 
Bat, Table I), but lower than at A So. These two bases 
were not in operation for an extended period, compared 
to A So, and therefore, Agent Orange use on these bases 
was probably much less . However, all three bases had 
generally higher TCDD levels in soil than those at dis­
tant locations which had only received aerial spray (see 
below), indicating higher usage rates of Agent Orange 
on the bases. 

TCDD was responsible for a high proportion of the 
total 1-TEQ in all of the soil samples from former bases . 
In 1996 and 1997 samples from the former A So base, 
showed that TCDD represented 97.7% and 99.6%, re­
spectively, of the total 1-TEQ (Table !). Other dioxin and 
furan congeners were low, and might have resulted from 
lhe use of other herbicides, wood preservatives, pesti­
cides or incineration . In 1999 at A So, the contribution of 
TCDD to total 1-TEQ exceeded 85.7% in all cases, and 
lhe northern sites all approached 100%. There is little 
do ubt that Agent Orange was the source of TCDD 
contamination in the soil where the present-day A So 
commune is established. All soil sampled in 1999 from 
lhe former Aluoi and Ta Bat bases also showed that 
TCDD contributed significantly to the total I-TEQs. The 
lowest proportion was 78.2% (centre east, Ta Bat base), 
with all others in the 80- 90% range (Table I). Other 
congeners of PCDD and PCDF were detected in all soil 
samples from the former Special Forces bases, but their 
contribution to overall toxicity was small (Table l ). 

3.1.2. Soil from aerially sprayed areas 
PCDDs and PCDFs were lower in locations away 

from the former military bases, locations that had re­
teived only aerial spraying (Table 2). These locations 
extend from A Dot commune at the southern end of the 
valley, northwest through the other communes to Hong 
Van (Fig. I). Total 1-TEQs ranged from less than I pg/g 
lo less than 16 pg/g (Table 2), compared to TEQs from 
1bout 5 pg/g to several hundred pg/g in soils of the 
former bases. TCDD levels in the spray zone ranged 
:·rom ND to 15.0 pg/g, but mostly below 5 pg/g, com­
iared to the 4 pg/g to severa l hundred pg/g at the bases. 

The less extreme levels in soils of sprayed areas would be 
expected, since they did not receive anything comparable 
to the protracted use of Agent Orange for perimeter 
clearance at the bases, or spills of stored material. 

TCDD was again a major contributor to total I-TEQ 
at the sprayed-only sites, but somewhat less important 
than in soils at the bases . The percentages of total 1-TEQ 
were principally in the 50- 80% range. Only four of the 
18 soil samples from aerially sprayed conmmnes ex­
ceeded the minimum proportion of 85.7% found at 
military bases (Huong Phong, Hong Quang, Aluoi 
Market, and Hong Kim; Table 2). The highest propor­
tion was 95%. 

There were relatively high levels of octachlorinated 
dibenzodioxins (O8CDD) in many of the samples from 
the aerially sprayed zones, probably reflecting the com­
mon practice of burning refuse, throughout the valley 
communes. These substances contributed very little to 
the total potential toxicity measured by the 1-TEQ. 

3. 1.3. Studies by others 
Some other workers have measured TCDDs in soils 

from Viet Nam. Matsuda et al. (1994) studied soils from 
vario us regions in southern Viet Nam in 1989- 199 1, but 
80% of their I06 samples did not yield detectabl~ con­
centrations . In the other 20%, they found a range from 
1.2 to 59.2 pg/g. The locations and soil concentrations of 
TCDD were: Phu Loe (Thua Thien Hue Province) 4.37-
16.8 pg/g; Ho Chi Minh City 2.98- 59.2 pg/g; Tay Ninh 
Province 1.23- 38.5 pg/g; and Song Be 6.0 pg/g. In our 
study, TCDD was detected in 51 of 52 soil samples from 
the Aluoi Valley, at somewhat comparable levels fo r the 
sprayed areas away from fo m1er bases (Tables I and 2) . 
Matsuda et al. (1994) considered that leaching and run­
off reduced most TCDD levels to the point of non­
detection. 

Al1.1oi Valley soil was sampled by Quynh et al. (1994) 
who reported TCDD of 1.0 pg/g at 20 cm depth. They 
fo und a much higher level of 62.7 pg/g at 10 cm depth in 
soils from Bach Ma, situated between the cities of Hue 
and Da Nang. The concentration dropped to 17 pg/g in 
the 10- 20 cm depth fraction . Matsuda et al. (1994) in­
dicated that dioxins were not detected at soil depth > I 0 
cm. Thus Quynh et al. (1994) showed that dioxins de­
crease with depth in the soil , but are still measurable, 
although Matsuda et al. (1994) had not detected them at 
depths > 10 cm. 

Some results are avai lable for industrial soils in the 
US. Nestrick et al. (1986) collected samples near major 
steel, automotive or chemical manufacturing facilities, 
and in the vicini ty of municipal solid-waste incinerators 
in several mid-western and mid-Atlantic states. They 
found that these soils from typical industrialized areas 
contained TCDD levels below IO pg/g, with a ra nge 
from ND t.o 9.4 pg/g. Soils of the Aluoi Valley away 
from former military bases, but aerially sprayed, appear 

-, 



Table I "' "' PCDDs and PCDFs in soil (0-10 cm depth) and fish pond sediment from former US Special Forces bases, Aluoi Valley, Viet Nam, 1996, 1997 and 1999 

Sample location and PCDD (pg/g dry weight)" PCDF (pg/g dry weight)" Total TCDD 
type TCDD Total 

T4CDD 
Total 
P5CDD 

Total 
H6CDD 

Total 
H7CDD 

Total 
O8CDD 

2,3,7,8-
TCDF 

Total 
T4CDF 

Total 
P5CDF 

Total 
H6CDF 

Total 
H7CDF 

Total 
O8CDF 

1-TEQ as % of 
total 
1-TEQ 

A So (1 996) 
Farmer airbase soil 110 120 7.8 13 47 460 3.6 11 8.8 8.4 28 36 11 2.6 97.7 
Fish pond sediment 6.9 9.5 3.1 9.1 19 460 0.6 1.7 1.4 0.5 0.8 1.2 7.8 88.5 

A So (1997) 
Soil 

Former airbase 897.85 897.85 7.76 24.35 68.44 563.84 10.46 30 .30 23.59 8.19 19.83 16.50 901.22 99.6 
t"' 
~ 

Fom1er airstrip 88 .32 88.32 7.40 19.83 65.82 697.05 3.08 11.27 6.94 8.94 22.37 30.31 92.21 95.8 t, 
Manioc field 6.61 8.26 1.56 8.49 10.92 142.29 0.64 3.17 0.87 0.55 0.92 1.61 7.01 94.3 <: 

"' 
Fish pond sediment 

Fish pond #3 8.5 11 3.3 5.8 9.4 220 0.5 2.2 I. I 0.2 ND 
(0.4) 

ND 
(0.6) 

9.2 92.4 

~ 
r,
:::-
,::
;.;--

~ 
Fish pond #2 5.4 7.1 4.5 9.3 7.9 170 0.3 1.5 0.9 0.2 ND 

(0.4) 
ND 
(0 .6) 

6.0 90.0 :---" -
Fish pond #I 5.2 9.9 13 10 5.3 64 0.3 2.3 I.I 0.3 ND ND 5.9 88.1 9 

"' (0.4) (0 .6) :! 
Fish pond #4 1.8 3.3 2.5 1.5 1.4 23 0.1 0.6 0.4 ND 

(0.2) 
ND 
(0.4) 

ND 
(0.6) 

2.0 90.0 "{;
:::-
"' ... 
"' -IS. 

A So (1999 ) 
'-1 

---""Soil c:, 

~ North west 220 220 8.7 17 32 330 3.7 11 9.3 7.7 II II 220 > 99 '-

North centre 360 370 13 16 16 310 11 25 37 3.9 4.2 4.6 360 > 99 
._ ._ 

North centre (dup.) 260 260 9.2 11 13 280 7.1 17 25 3.1 4. 1 3.8 260 > 99 I'._ 
North east 260 280 23 22 10 240 20 35 20 4.4 1.5 1.2 260 >99 VJ 

'-1 

Centre west 24 36 28 23 7.5 120 2.1 12 9.1 1.7 1.0 0.9 26 92.3 
Centre 25 37 31 25 5.2 69 1.6 6.1 5.7 1.4 0.7 0.7 27 92.6 
Centre east 45 54 21 21 7.5 130 2.7 11 9 2.3 0.9 0.9 46 97.8 
South west 15 20 6.5 7.6 6.8 75 0.9 6 4.8 1.5 0.9 0.8 16 93.8 
South centre 5.4 7.6 3.6 4.4 5.1 77 0.4 2.3 1.6 0.6 0.5 0.6 5.7 94.7 
South east 4.2 5.1 2.5 6 9.2 240 0.4 2.4 1.0 0.3 0.9 1.0 4.9 85.7 

Ta Bal (1 999) 
Soil 

North west II 16 7.7 9.6 21 880 0.7 5.7 2.8 1.0 1.6 1.6 13 84.6 
North centre 9.2 12 2.5 8.0 28 820 0.6 3.2 2.8 3.5 4.9 3.8 11 83.6 
North east 9.4 15 7. 8 8.5 13 520 1.4 II 11 2.4 2. 3 2.1 II 85.5 
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to have a range of concentrations comparable to the 
typical levels of < IO pg/g in the US ind\lstrial soils; 
Aluoi market was the exception, 15 pg/g (Table 2). 

Soils. near the A So base showed TCDD levels that 
are more characteristic of soils found near highly con­
taminated industrialized urban areas in the US. Ne­
strick et al. (1986) reported TCDD ranging from 22 to 
450 pg/gin soils near a Dow Chemical plant in Midland, 
Michigan which was involved in manufacturing chlo­
rophenolic compounds. The Agency for Toxic Sub- . 
stances and Disease Registry (ATSDR, 1998) reports on 

_:g a number of studies in heavily polluted locations in 
Missouri (including Times Beach) where TCDD levels 

·.:::0 ranged from 30 to 2200 x 103 pg/g. Apart from those 
2 highly contaminated locations, the ATSDR (1998) 

s::::l 

"O" 
Q) summarizes by stating that soil TCDD concentrations-a. 

are typically greater in urban areas, with industrial soils 
~ clearly exhibiting the highest levels of contamination. 
" -:S 
~ 3.1.4. Environm{!ntal guidelines and standards 
u 0 

In the USA, the Environmental Protection Agency 
~ (US EPA) has responsibility for protecting public health 
"' ~ and the environment. Region III of US EPA (Delaware, 
~ 

'i:: Maryland, Pennsylvania, Virginia, West Virginia and 
~ District of Columbia) has set 4.3 pg/g of TCDp as a 

i:,.."' residential soil guideline and 38.0 pg/g for industrial soil • 

~ 
::, 

(US EPA, 1999a). A risk assessment is recommended for 
soils exceeding those levels."' "':!: In US EPA Region IX (Arizona, California, Nevada, 

Q) 
Hawaii, Territories of Guam and American Samoa, the] 
Northern Marianna Islands, and other unincorporated

0 
US Pacific possessions), the soil guidelines for TCDD 

Q 

-~ 
are 3.9 and 27 pg/g for residential and industrial soils, 

"'O 
respectively (US EPA, 1999b). 

-5" 

'U 

'-
The majority of soil samples collected in the Aluoi 

-;;; Valley had TCDD levels that exceeded US EPA resi­Cl..c:: 
dential guidelines for Regions III and IX. Homes have 

z been constructed in many of the areas we sampled, and 
dirt floors are common throughout Aluoi Valley. TCDD 
levels we recorded in the valley soils would trigger rec­
ommendations for a risk assessment, if reported in US 
EPA Regions III or IX. 

The ATSDR (1997) guideline for dioxin and di­
oxin-like compounds in residential soils has been set at 
50 pg/g total TEQ. If soil in residential regions exceeds 
that, a further site-specific evaluation is recommended. 
Even if soil dioxin is < 50 pg/g total TEQ, ATSDR in­
dicates that a more detailed site-specific assessment 
might still be required, based on an assessor's concerns 
for overall community health in combination with other 
potential contaminants. If an exposure pathway is 
identified (e.g., food chain) the ATSDR recommends 
evaluating the extent of exposure and public health im­
plications based on the likelihood, frequency, routes and 
levels of . exposure, and information on the human 
populations. 
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Table 2 
PCDDs and PCDFs in so il (0- 10 cm depth) from areas aerially sprayed with Agent Orange, Aluoi Valley, Viet Nam, 1999 

Com- PCDD (pg/g dry weight)' PC::DF (pg/g dry weight)" Total TCDD 
mu □ e I-TEQ as% ofTCDD Total Total Total Total Total 2,3,7 ,8- Total Total Total Total Total 

total I-TEQT4CDD P5CDD H6CDD H7CDD O8CDD TCDF T4CDF P5CDF H6CDF H7CDF O8CDF 

A Dot 
Site I 1.0 1.0 ND (0.1) 1. 5 II 540 0.3 1.7 ND (0.1) ND (0.2) 0.5 0.7 1.8 55 .6 
Site 1 0.8 0.8 ND (0.1) I.I 8.8 430 0.2 1.7 0.3 ND (0.2) 0.4 0.7 1.4 57 .1 
Site 2 0.4 0. 6 ND (0.1) 1.1 3.0 43 0.2 0.9 0.3 ND (0.2) 0.4 0.4 0.62 64.5 

Huong Lam 
Site I 0.4 0.6 ND (0.1) 0.9 3.2 68 ND (0. 1) 0.3 ND(0. l) ND (0.2) 0.4 0.6 0.6 66.7 rs 
Site 2 ND (0 .1) 0.4 0.3 3.9 32 180 0.2 0.6 0.2 2.7 6.6 6.0 0.6 ~ 

Huong Phong 
t, 
;;; 
"' Site I 1. 6 2. 3 0.3 1. 9 7.0 270 0.2 1.3 0.5 0.5 0.8 0.8 2. 1 76.2 " ~ 

Site 2 6.7 8.4 2.0 4.4 14 2 10 0.4 2.6 2.1 I.I 1.2 1.2 7.3 91.8 C,
;:,-. 

"' ;,;-
Phu Vinh ~ 

Site I 
Site 2 

3.0 
3. 1 

3. 7 
3.7 

0.7 
1.0 

2.4 
3.2 

II 
13 

540 
610 

0.3 
0.5 

I. I 
2.6 

0.6 
2.4 

0.8 
0.7 

0.6 
1.3 

1.2 
1.5 

3.8 
4. 1 

78 .9 
75.6 

.,
,-...-

Hong 
Thuong 
Bo Dot 

5.1 

4.6 

6.8 

6.8 

1.5 

7.8 

6. 1 

20 

30 

150 

2200 

1100 

0.3 

3.2 

1.3 

16 

1.5 

15 

0.7 

26 

0.9 

34 

I.I 

19 

7.7 

9.1 

66.2 

50.5 

9 
"' ;,i 

" {,
:::--
"' Market " "' .... 
'-l 

Son Thuy 
----"' Site I 3.1 4.3 5.7 29 230 1800 0.4 2.1 4.1 19 44 36 7.6 40.8 c:, 

~ Site 2 3.4 6.6 4. 5 9.2 30 1100 NOR I 1.3 I. I 1.7 2.0 5. 1 66.7 '-

(0 I ) ......._ 

Hong 
Quang 

7.9 8.9 2 5.4 4.3 67 0.4 I. I 1.9 1.5 0.9 0.6 8.3 95.2 
I'._ 
u; 
'-l 

Aluoi 2.1 3. 1 1.9 8.5 4.1 28 0.2 1.3 0.7 0.4 0.4 0.5 2.7 77.8 
Aluoi 15 21 9.5 I I 19 770 0.8 7.9 4.0 0.8 0.4 0.6 17 88 .2 
Market 
H ong 3.7 4. 7 0.8 3.6 3.7 74 0.2 0.9 0.3 ND (0.2) 0.4 0.5 4.1 90.2 
Kim 

Hong Van 
Site I 0.4 0. 8 1.0 5.0 6.3 130 0.l 0.5 ND (0. I) 0.4 I. I 0.8 1.1 36.4 
Site 2 0.3 1.0 ND (0. 1) 1.4 3.5 64 0.1 0.9 0.3 0.2 0.4 0.5 0.6 50.0 

"ND = Not detected; for ' total 1-TEQ' calculations, if ND, half the detection level was used. Parentheses enclose the sample detection limit. NDR = A chromatographic peak 
was detected but did not meet quantification criteria; for total I-TEQ calculations , NOR is treated as ND. 
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At higher concentrations of >50 to < 1000 pg/g total 
TEQ in the soil, the ATSDR (1997) guideline recom­
mends that the area should be evaluated for bioavail­
ability, ingestion rates, pathways, soil cover, climate, 
other contaminants, community concerns, demograph­
ics, and background exposures. For even higher soil 
levels of ~ 1000 pg/g total TEQ, ATSDR (1997) 
recommends stronger act ions, such as surveillance, re­
search, health studies, community education, and ex­
posure investigations. Assessors should obtain enough 
information to judge whether the site is a public health 
hazard, which might lead to clean-up of the contami- • 
nated site. 

Many of the soil samples near the A So Special 
Forces base area are between 50 and 1000 pg/g total 
TEQ. If these soils were in the USA, site-specific eval­
uations would be recommended (ATSDR, 1997). Given 
that our soil samples from the Aluoi Valley were com­
posited from IO subsamples, there is a high probability 
that values> 1000 pg/g exist, particularly on the A So 
base where the 90 1 pg/g total I-TEQ was measured. If 
so, that would trigger the more comprehensive assess­
men t under ASTDR guidelines in the USA. 

In BC, Canada, a site that exceeds 350 pg/g total 
TEQ is legally designated as contaminated for agricul­
tural , urban park and residential purposes . Remediation 
must be implemented to return soils to <350 pg/g for 
residential and park use and to < 10 pg/g for agricul tural 
lands used for production of human food (BC Waste 
Management Act, 1996). 

Many of the soils in the Aluoi Valley exceed PCDD 
and PCDF guidelines and standards set by the US 
EPA, ATSDR and BC and would require further as­
sessment and/or remediation in those jurisdictions . 
However, western thresholds for PCDD and PCDF 
levels may not be conservative enough to protect hu­
man hea lth 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 produc­
tion , and general sanitation are snch that higher levels 
of ex posure to contaminants occur. As a conseq uence, 
guidelines and standards should be more stringent in 
this environment. However, developing new guidelines 
and standards for application in developing countries 
where people are still living off the land, would be a 
long and likely controversial process. Given the limi­
tations of implementing guidelines based on geograph­
ical considerations, those criteria existing in western 
jurisdictions should, at a minimum, be applied in re­
gions like rural Viet Nam. 

3.2. Fish pond sediment 

In the A So commune, TCDD levels in bottom sed­
iments of fi sh ponds ranged from 1.8 to 8.5 pg/g. The 

TCDD content was high, at 88% of the total I-TEQs 
(Table 1), indicating that Agent Orange was the source 
of contamination. Presence of TCDD would be expected 
since the ponds were excavated from contaminated soils, 
then fiiJed with water to raise carp for food. 

3.3. Vegetable matter 

The main vegetable foods sampled were relatively 
low in contaminants. TCDD was not detected in any 
samples of rice and manioc (cassava) root from any 
location sampled . Rice from A So had a total hepta­
chlorinated dibenzodioxin (H7CDD) of 0.3 pg/g, and a 
total O8CDD of 1.8 pg/g. Rice from Hong Van had ND 
concentrations of H7CDD and only 0.2 pg/g of the 
O8CDD congener. Manioc root was not sampled at A 
So, but at Hong Thoung and A Ngo it had ND levels of 
all PCDDs and PCDFs, and 1.1 pg/g of O8CDD (Fig. 
2). 

Contamination of crops by soil particles is an aye­
nue for human contamination, particularly if vegeta­
bles are not washed or peeled before eating (Hulster 
and Marschner, 1993; Startin, I 994) . Recent studies 
have demonstrated soil-to-plant transfer of PCDDs 
and PCDFs in zucchini and pumpkins (Hulster et al. , 
1994; Neumann et al. , 1999). From those fo1di1'igs, it is 
appa rent that there are exceptions to the generalization 
that plants take up virtuall y no PCDDs and PCDFs 
through thei r systemic system (IARC, 1997). Lack of 
transfer might be expected because PCDDs and 
PCDFs are extremely hydrophobic and possess a high 
affinity to the soi l organ ic fraction , which would limit 
their mobility in soil and translocation to plants. It 
has been stated that atmospheric deposition is the 
principle pathway for entrance of PCDDs and PCDFs 
into the human food chain through agricu ltural crops 
(McLacWan, 1999) . In any case, these contaminants 
were low or ND in the vegetable crops sampled in the 
AJuo i Valley. 

Vegetable cooking oi l from Aluoi commune had 
some chlorinated contaminants, but at low concentra­
tions and were inconsequential in terms of overall tox­
icity. The oil had no TCDD, but did have low levels 
of hexachlorinated dibenzodioxin (H6CDD, 1.0 pg/g), 
H7CDD (5.2 pg/g), O8CDD (I 9.0 pg/g), heptachlori­
nated dibenzofuran (H7CDF, 1.3 pg/g) and O8CDF (2.0 
pg/g). IARC (1997) reports results for cooking oi ls 
wh ich were simila r to those in the Aluoi Valley (i.e ., 
primarily hepta- and octachlorinated congeners). 

3. 4. Animal tissues 

PCDD and PCDF ana lyses in the Aluoi Valley in­
dicated that fish and duck fat contained the highest 
levels o_f TCDD of a ll animal tissues tested (Fig. 2). 
Extremely high levels were found in fatty tissue in ducks 
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Fig. 2. TCDD and total 1-TEQ concentrations in vegetable matter (pg/g dry weight) and animal tissues (pg/g wet weight) collected 
from communes in the Aluoi Valley, Viet Nam, 1996, 1997 and 1999. Parenthesis enclose percent contribution of TCDD to total 
1-TEQ. 

and fish (carp) raised on the A So commune at the carp fat and 82 pg/g in duck fat from A So animals was 
former US Special Forces base. measured. A second duck fat sample yielded 52 pg/g 

In I996, 51 pg/g (wet weight) of TCDD was detected TCDD in 1999 (Fig. 2). 
in fat of cultured carp from a pond on the former A So Other communes in the valley had noticeably lower 
base (based on wet weight for all analyses of animals levels of TCDD in the animal foods tested. Huong 
tissues). In I997, 34 pg/g TCDD was recorded in carp fat Lam commune, adjoining A So, had the highest TCDD 
from a pond on this base; in 1999, 21 pg/g TCDD in among other communes in the valley, with duck fat 
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measuring 5.3 pg/g. With increasing distance toward 
Hong Van in the northern sector of the valley, levels of 
TCDD declined. Even in Hong Van, the least sprayed 
area, duck fat and fish fat contained TCDD (1.1 and 
3.4 pg/g, respectively), but at much reduced levels 
(Fig. 2). 

The contribution of TCDD to total I-TEQs in A So 
foods ranged from 77% to 97%, indicative of Agent 
Orange as a source. Similar high percent contributions 
ofTCDD to total I-TEQs were recorded throughout the 
valley. 

It is known that animal food can play a significant 
role in the transfer of PCDDs and PCDFs into humans 
(Pohl et al., 1995). Fish, poultry, beef and pork may 
become contaminated, if they are exposed to contami­
nated lands. Fish ponds on the former A So base were 
excavated in TCDD-contaminated soils, and the con­
taminant was, therefore, present in pond sediments 
(Table 2). Through bioaccumulation and biomagnifica­
tion, TCDD migrated and was retained in cultured fish 
and in ducks that frequented these ponds. When feeding, 
ducks filtered sediments or suspended particles in these 
ponds, ingesting TCDD-contaminated soil particles. 
People in the Aluoi Valley consume animal fats regu­
larly; fat from fish and ducks is a direct conduit for 
TCDD transfer to humans . 

Constituents of the human food chain are being ex­
posed to TCDD up to the present day in the Aluoi 
Valley, particularly near the former A So Special Forces 
base. Over 29 years have passed since the cessation of 
spraying, and TCDD continues to accumulate in animal 
tissues u;;ed as human food. There is potential for a 
particularly high level of TCDD exposure for humans 
living near A So. 

3.5. Findings by others and consumption guidelines 

Data for foodstuffs collected throughout Viet Nam in 
the mid- l 980s were summarized by Schecter et al. 
(1989a, 1990c), Quynh et al. (1994) and Cau et al. 

1(1994). The highest levels of TCDD reported from 
southern Viet Nam in these papers were for turtle ova­
ries (250 pg/g), turtle liver (88.0 pg/g), turtle gall bladder 
(39.0 pg/g) and snake (11 .58 pg/g). Other TCDD values 
reported in these investigations were relatively low; 
many of them were lower than values determined in 
foodstuffs from the Aluoi Valley during the present in­
vestigation. 

Dai et al. (1994b) and Cau et al. (1994) reported that 
by 1998, dioxins had decreased significantly in southern 
Viet Nam and levels in foodstuffs were considered 
iomparable to those for other nations. However, both 
1uthors offered the generalization that residual dioxin 
tantamination nonetheless remained a threat to human 

health in Viet Nam. Our data do not confirm low levels 
in some important foods, but rather, indicate potentially 
elevated levels of TCDD for areas of localized soil 
contamination. 

The toxicity of TCDD specifically, and PCDDs and 
PCDFs in general, has prompted organizations such as 
the WHO and various countries to develop and adopt 
tolerable daily intakes (TDI) for PCDDs and PCDFs in 
foods, based on I-TEQ of TCDD. 

The Canadian and the Japanese governments are • 
presently applying a TDI of 10 pg TEQ per kg body 
weight per day (10 pg TEQ/kg bw/d) (Government of 
Canada, 1993; Health Canada, 1996; IARC, 1997). This 
value was originally recommended by the WHO (WHO/ 
EURO, 1991) based on liver toxicity, reproductive 
effects, immunological effects, and on information on 
kinetics in humans and experimental animals. In Ger­
many, the same limit is being used; if daily intake is 
higher for an extended period of time, actions are nec­
essary to counter exposure (Schulz, 1994). • 

In Canada, if the upper threshold of 10 pg TEQ/kg 
bw/d is exceeded on a regular basis, a risk assessment/ 
risk management process is triggered. An individual 
consumer is assumed to have a standard weight of 60 kg. 
The probable daily intake (PDI) of animal liver or fat 
tissues is set at 20 g tissue/day. Accordingly, a given 
sample that showed 30 pg/g as total I-TEQ of PCDDs 
and PCDFs would achieve the TDI of 10 pg TEQ/kg 
bw/d, without allowing for any other sources. A similar 
calculation for muscle tissue, at a set consumption rate 
of 40 g/day, means that a concentration of 15 pg/g total 
I-TEQ in the muscle would yield the Canadian TDI. A 
risk assessment/risk management process would be ac­
tivated in Canada, if either the 30 pg/g total 1-TEQ in 
liver or fat, or 15 pg/g total 1-TEQ in muscle tissue were 
exceeded in a tissue sample. 

The Netherlands uses a more restrictive TDI of 1- 3 
pg TEQ/kg bw/d (Birnbaum and Slezak, 1999; Patandin 
et al. , 1999a). The US EPA has proposed a virtually safe 
dose of 0.0064 pg TEQ/kg bw/d (McLachlan, 1993; 
Patandin et al. , 1999a). 

The WHO has recently revised the recommended 
TDI, reducing the value from 10 pg TEQ/kg bw/d to a 
range of 1-4 pg TEQ/kg bw/d (WHO/EURO, 1998a,b) 
based on new epidemiological and toxicological data, 
particularly information focussing on neurodevelop­
ment and endocrinological effects. The WHO has stres­
sed that the upper value of the range (4 pg TEQ/kg 
bw/d) should be considered the maximum TDI, and that 
" the ultimate goal is to reduce human intake levels be­
low 1 pg TEQ/kg bw/d" . These new levels recommended 
by WHO are considerably lower than the TDis currently 
in use by several countries, are somewhat comparable to 
the Netherlands limits, but are not nearly as low as those 
of the US EPA. 

-----=-=--,-----,=------~--------■ 
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Table 3 
Age of donors in whole human blood analyses for PCDDs and PCDFs, Aluoi Va lley, Viet Nam, 1999 

Commune Males Females 

;;, 25 yearrs < 25 years ;;, 25 years < 25 years 

A So 
Median 50 
Mean ± SD 48 ± 16 
Range 25- 79 
11 48 

Huong Lam 
Median 29 
Mean ± SD 32 ± 8.6 
Range 25- 60 
n 31 

Hong Thuong 
Median 48 
Mean ± SD 48 ± 14 
Range 25- 78 
11 43 

Hong Van 
Median 55 
Mean ± SD 50 ± 14 
Range 25- 70 
11 37 

20 
20 ± 3. 1 
16- 24 
30 

21 
21 ± 2.4 
15- 24 
33 

19 
20 ± 2.7 
15- 24 
27 

21 
21 ± 2.3 
16- 24 
40 

35 
40 ± 13 
25- 68 
44 

20 
20 ± 2.7 
15- 24 
41 

28 
30 ± 6.5 
25-49 
29 

22 
22 ± 1.9 
17- 24 
27 

40 
40 ± 11 
25- 75 
37 

22 
22 ± 2.0 
17- 24 
25 

43 
42 ± 12 
25- 60 
27 

20 
20 ± 2.6 
15- 24 
37 

3. 6. Whole human blood 

The 556 individuals sampled for blood PCDD/PCDF 
were reasonably well balanced among the four locations 
and four categories of age and sex, with 25 individuals 
representing the smallest category and 48 representing 
the largest (Table 3). 

Results confirmed that humans, at the top of the 
food chain , can bioaccumulate and biomagnify chemical 
contaminants. The highest TCDD levels in blood, 41 
and 31 pg/g lipid, were recorded at the A So commune 
near the former military base (Table 4), with males being 
highest for both age categories. The lowest levels were 
found at Hong Van, the northernmost location; values 
were either ND or did not meet quantification criteria 
(NDR). 

There was a statistically significant difference among 
TCDD levels from the four communes (ANOVA; 1 

F [3, 7] = 37.9, p = 0.0001), between levels recorded for 
the sexes (F[J, 7] = 27.4, p = 0.00 I), and between levels 
recorded for age categories (F[l , 7] = 9.3 , p = 0.019). A 
statistically significant interaction existed between sex 
and commune location (F[3 , 7] = 7.6, p = 0.01 3). 

Whole human blood from A So had significantly 
higher TCDD concentrations than blood from Hong 

1 Where ND or NOR appears in Table 4, half the detection 
level was used in the A NOV A. 

Van, Huong Lam and Hong Thuong, with the most 
significant difference between A So and Hong Van 
(p < 0.01; Student- Newman- Keuls Test; Hicks, 1973). 
Males had higher concentrations ofTCDD than females 
(p = 0.00 I). Th is sex difference is likely related to the 
higher caloric intake of males, their greater exposure to 
soil, and a practice of living off the land away from the 
home, for days. In addition, breast feeding by females is 
an avenue for the elimination of TCDD, thereby re­
ducing their overa ll body burdens (Schecter et al., 1990a; 
Abraham et al. , 1998; Schecter et al. , 1998). 

Older people had higher concentrations of TCDD in 
the.ir blood (p = 0.0 I9), presumably because they were 
ex.posed for a longer time. However, people < 25 years of 
age (i.e., born after the war) also had TCDD levels that 
were clearly elevated. There was relatively little differ­
ence in TCDD levels between the two age categories for 
females, particularly in A So (16 pg/g vs. 14 pg/g; Table 
4) . This lack of difference may be attributed to younger 
women becoming lactating mothers at an early age, 
while older women are continuing to bear children and 
off-loading TCDD during breast feeding. 

The significant interaction between sex and commune 
location (p = 0.01 3) reflected the major differences 
among males compared to females. Concentrations of 
TCDD in males generally decreased successively from A 
So to Hong Thuong to Huong Lam to Hong Van. The 
potential for increased exposure to contaminated soils 
and/or food in A So would easily account for the higher 
human levels at A So. 



PCDDs and PCDFs in pooled whole human blood, Aluoi VaJJey, Viet Nam, 1999 

Commune and #in PCDD (pg/g lipid)" PCDF (pg/g lipid)" Total TCDD as 
donor (years of pool I-TEQ % of totalTCDD Total Total Total Total Total 2,3,7,8- Total Total Total Total Total 
age) I-TEQT4CDD P5CDD H6CDD H7CDD O8CDD TCDF T4CDF P5CDF H6CDF H7CDF O8CDF 

A So 
Males ( ~ 25) 48 41 41 ND ND ND 72 ND ND ND 29 ND 7.4 45.9 89.3 

(2.2) (2.6) (2.6) (3.0) (3.0) (2.2) (4.3) 
Males (<25) 30 31 31 ND ND 18 49 ND ND ND 25 ND NDR 35.0 88.6 

(1.7) (1.7) (2.4) (2.4) (1.7) (2.1) (3.8) 
Females ( ~ 25) 44 16 16 ND ND ND 42 ND ND ND ND 13 ND 18.3 87.4 

(1.7) (1.7) (1.7) (3.3) (3 .3) (1.7) (2.3) (3 .3) 
rsFemales ( < 25) 41 14 14 ND 2. 1 28 86 ND ND 5.0 16 23 7.5 16.6 84.3 
~(1.8) (1.8) (1.8) 
b
;;Huong Lam "' 

Males ( ~ 25) 31 17 17 ND 7.0 36 120 ND ND ND 55 65 6.5 25.6 66.4 ~ ,.,
(2 .2) (2.2) ::.-s:: 

Males (< 25) 33 9.0 9.0 3.9 13 21 74 ND ND 5.5 36 47 6.5 19.8 45.5 ?;--

~ 
(I .6) (1.6) 

:---Females ( ~ 25) 29 5.3 5.3 2.9 25 49 130 ND ND 24 89 130 NDR 22.0 24.1 " -(2.9) (2.9) (2.6) 9 
Females ( < 25) 27 ND ND ND 3.8 ND 110 ND ND ND 23 ND ND 10.0 - ~ 

(9.2) (9 .2) (2. 1) (7 .5) (6.7) (6.7) (2. I) (I 1.0) (I 6.0) C 
{,
::.-

Hong Thuong ~ 
Males ( ~ 25) 43 21 21 5.6 15 24 120 ND ND ND 49 53 3.7 32.3 65.0 .... 

(1.9) (1.9) (1.9) ---._" 
c:,. Males ( < 25) 27 8.6 8.6 ND 10 44 180 ND ND 3.4 26 32 ND 15.1 57.0 "' c:, 

(1.7) (1.7) (1.7) (5.9) '--"' ._ ._ 
'j"-l 

Females ( ~ 25) 37 12 12 4.0 14 29 170 ND ND 5.2 50 77 NDR 24.6 48.8 
(2.0) (2.0) (4.4) ._ 

Females ( <25) 25 7.6 7.6 ND 5.2 26.0 87 NDR ND ND 10 21 4. 1 11.5 66.1 "' " (2.8) (3 .4) (3.4) (2.4) 

Hong Van 
Males ( ~ 25) 37 ND ND ND 4.7 11 83 ND ND ND 16 25 2.6 5.41 -

(4.0) (4.0) (1.2) (1.9) (1.9) (I .2) 
Males (< 25) 40 NDR ND 1.6 ND 10 64 ND ND ND 20 32 NDR 7.67 -

(3.5) (3 .5) (2.7) (2.3) (2.3) (1.9) (3.5) 
Females ( ~ 25) 27 ND ND ND ND 15 120 ND ND ND 10 23 ND 5.95 -

(4.3) (4.3) (1.8) (3.2) (4.6) (4.6) (1.8) (5.4) 
Females ( < 25) 37 ND ND ND ND ND 82 ND ND ND 7.7 ND 3.2 3.53 -

(1.9) (1 .9) (1.6) (1.6) (1 .9) (2.,6) (2.6) (1.6) (4.2) 

• 

• ND = Not detected; for 'total I-TEQ' calculations, if ND, half the detection level was used. Parentheses enclose the sample detection limit. NDR = A chromatographic peak 
N 

was detected but did not meet quantification criteria; for total I-TEQ calculations, NDR was treated as ND. \0 
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TCDD congeners contributed 84.3- 89.3% of the to­
tal 1-TEQs in the blood samples from A So. In the other 
communes the maximum contribution of TCDD was 
66.4%. The higher contribution ofTCDD at A So can be 
related to the preponderance of TCDD in the soils and 
foods at that commune. 

In work by others, pooled blood from Viet Nam 
south of the former demilitarized zone, showed TCDD 
levels ranging from 1.0 pg/g lipid (Tay Ninh Province) to 
33 pg/g lipid (Can Tho Province), as reported in reviews 
by Dai et al. (1994a, 1995), Schecter et al. (1992a), and 
Schecter (I 994b ). The blood levels of TCDD reported 
for northern Viet Nam were < 2.4 pg/g lipid (Ha Noi), 
and 2.9 pg/g lipid (Thanh Hoa Province) . Northern Viet 
Nam was not sprayed with Agent Orange. The levels of 
TCDD that we recorded in blood from people in the 
Aluoi Valley, particularly in the A So commune, were 
comparable to the highest reported in the reviews. A 
very high level of 271 pg/g lipid was reported for TCDD 
in blood by Schecter et al. (2001). This was for an in­
dividual living near the former US airbase at Bien Hoa, 
where a major spill of 7500 US gallons of Agent Orange 
had been reported for March 1970. 

3. 7. Human breast milk 

Breast milk from the A So commune had the highest 
individual TCDD level (19 pg/g lipid; total I-TEQ = 
21.9 pg/g lipid; Table 5) . Mean TCDD level was 14.6 
pg/g, the highest of any of the communes. TCDD con­
tributed from 85.1 % to 96.3% of total 1-TEQ in A So, a 
further indication that Agent Orange was the principle 
source of contamination. The lowest levels of TCDD 
and total 1-TEQ were recorded for breast milk from the 
reference area, Hong Van. 

Statistically significant differences did exist among 
breast milk TCCD from the four communes (F[3 , 12] = 
7.31, p = 0.005). However, the differences were limited 
to the reference area (Hong Van) being different from 
each of the other areas (Hong Van vs. A So, p < 0.01 , 
vs. Hong Thuong, p < 0.05, and vs . Huong Lam, 
p < 0.05; Student- Newman- Keuls Test; Hicks, 1973). 

The lack of differences among milk TCDDs from 
some areas might imply that environments which are not 
necessarily exceptionally high in contamination of soils 
and food may still show elevated milk levels. This might 
result from bioaccumulation or more specifically, from 
biomagnification. Some leveling of differences might 
have resulted from food items that originated in one 
area of the valley being transferred and marketed in 
another valley commune. 

An alternative explanation could be based on the 
generally accepted concept that hydrophobic contami­
nants like TCDD can be eliminated from the body 
through lactation (Abraham et al., 1998; Raum et al. , 

1998). That could account for the lack of differences 
between some of the sites. That alternative explanation 
seems likely, but does not fit at all with the observed 
levels in milk of the singie multiparous woman from A 
So, who had 10 children (data not shown in Table 5). 
Her breast milk had a TCDD level of 32 pg/g, the 
highest value measured in the survey. This woman 
nursed each of her children for up to 2 years, and had 
been nursing for 2 years prior to donating milk for 
testing. Her body levels of dioxins might have been ex­
pected to be low because of elimination through the 
milk, but that was not the case. Total I-TEQ was 34.1 
pg/g, and TCDD contributed 93.8% of the total 1-TEQ, 
a strong indicator of Agent Orange involvement. TCDD 
could remain high over time if continual replacement 
occurred through ingestion of contaminated foods, and/ 
or she was experiencing some form of unusual exposure 
to a highly contaminated site. This woman gave birth to 
a child with spina bifida who was two years old at the 
time of milk sampling. We have no other clinical in­
formation on the child's condition other than the pri­
mary diagnosis. The father's TCDD blood level is also 
an unknown. 

Work by others in southern Viet Nam where Agent 
Orange was used, showed that TCDD levels in human 
breast milk have generally declined from the early 
I970s through the 1980s, according to reviews of his­
torical data published by Schecter (1998) and Schecter 
et al. (2001). There appeared to be decreases in milk 
TCDD over three sampling periods: 1970, 333- 1850 
pg/g lipid; 1973, a range of 77-400 pg/g lipid; and 
1985- 1988, 5.2 and 11 pg/g lipid. Our measurements of 
TCDD in breast milk collected in 1999 are comparable 
to the levels reported in the mid to late 1980s. Ap­
parently levels have been relatively stable over the last 
two decades, rather than declining further. Levels in 
northern Viet Nam were lower, with data for pooled 
human milk from Ha Noi in 1988 having a TCDD 
concentration of 2.1 pg/g lipid (Schecter, 1998; Schecter 
et al. , 2001). 

Breast-fed infants are considered a high risk group 
for PCDD and PCDF exposure (Jensen, 1987; Dahl 
et al., 1995). There is concern for the health of infants, 
particularly if breast milk comprises a high proportion 
of the infant diet (Raum et al., 1998), as is the case in the 
Aluoi Valley. Throughout the valley, breast-fed infants 
of primaparous females have an average daily intake 
(Table 6), up to 11 times the TDI used in Canada and up 
to 27 times the revised WHO maximum TDI (10 and 4 
pg TEQ/kg bw/d, respectively). In fact, breast milk in all 
Aluoi Valley samples exceeded recognized guidelines of 
all jurisdictions. Milk from the multiparous female at A 
So had a total 1-TEQ of 34.1 pg/g lipid, translating to an 
average daily intake by an infant of 167 pg TEQ/kg 
bw/d. That exceeds the Canadian guideline by 17 times, 
and the revised WHO guideline by 42 times. 



Table 5 
PCDDs and PCDFs in human breast milk from lactating primaparous females, Aluoi Valley, Viet Nam, 1999 

Com- Donor % lipid PCDD (pg/g lipid)• PCDF (pg/g lipid)" Total TCDD 
mune age 

(years) 
TCDD Total 

T4CDD 
Total 
P5CDD 

Total 
H6CDD 

Total 
H7CDD 

Total 
O8CDD 

2,3,7,8-
TCDF 

Total 
T4CDF 

Total 
P5CDF 

Total 
H6CDF 

Total 
H7CDF 

Total 
O8CDF 

I-TEQ as% of 
total 
I-TEQ 

A So 22 5.6 5.5 5.5 ND 1.3 0.2 1.8 ND NDR 0.7 I.I 2.3 NDR 6.1 5 89.4 
(0.2) (0.2) (0.2) (0.2) 

20 4.5 19.0 19.0 3. 1 ND ND 4.7 ND ND 1.9 3.0 ND ND 21.9 86.8 

18 4.0 18 18 1.5 
(0.89) 
1.8 

(0.89) 
ND (0.3) 15 

(0.67) 
ND 

(0.67) 
NDR ND ND 

(I.I) 
5.2 

(1.3) 
NDR 18 .7 96.3 

r, 

Huong 

23 

23 

3.3 

1.3 

16 

12 

16 

12 

1.8 

ND 

3.0 

ND (0.8) 

0.6 

1.8 

7.9 

16 

(0.3) 
ND 
(0.3) 

ND 

(0 .3) 
ND 
(0.3) 

ND 

(0.3) 
ND 
(0.3) 

3. 1 

(0 .3) 
II 

6.9 

5.0 

5.5 

(0.3) 
NDR 
(0.3) 

NDR 

18.8 

14.6 

85.1 

82.2 

~ 
b 
;;; 

l 
::,--" 
~ Lam (0 .8) (0 .8) (0.8) (0.8) 
~ 

19 3.7 8.3 8.3 ND 
(0.3) 

ND (0.3) 8.9 51 NDR 
(0.3) 

ND 
(0.3) 

1.9 5.4 3.8 NDR 
(0 .3) 

10.2 81.4 ,-."' -28 3.6 2.9 2.9 2.7 7.7 9.2 15 I.I 1.1 8.3 23 17 , 4.9 10.6 27.4 9 
21 1.7 5.8 5.8 1.5 5.8 4.5 13 ND NDR 3.2 6.3 6.0 ND 9.33 62.2 3 

Hong 17 1.6 II II 2.5 7.8 II 31 

(0.6) 

I.I 

(0.6) 

1.5 5.3 25 12 

(0.6) 

2.7 17.2 64.0 

C 
{, 
::,--

"' .... 
"' Thuong 21 1.4 8.7 8.7 ND 8.7 9.5 32 1.0 1.0 4.6 10 6.4 4.8 12.6 69.0 .... 
" (0.35) ---. 
'" 22 2.7 7.7 7.7 1.6 5.4 3.5 18 0.6 0.6 0.6 5.7 3.7 NDR 9.73 79.1 C 
C 

"' 
19 2.1 II II 2.7 7.8 7.2 30 0.6 0.6 6.1 23 13 

(0.34) 
NDR 
(0.24) 

18.5 59.5 
'-._ ._ 
I'._ ..,., 

Hong 20 2.7 3.3 3.3 ND 1.8 3.0 13 ND NDR 1.8 4.8 2.4 NDR 5.07 65.1 " 
Van (0.4) (0.4) (0 .4) (0.4) 

23 2.1 2.2 2.2 1.2 3.0 0.5 12 ND ND ND 4.7 3.4 NDR 3.85 57.1 
(0.5) (0 .5) (0.5) (0.5) 

20 3.2 5.0 5.0 4.1 14 14 43 ND NDR 4.6 25 12 ND 13.2 37.9 
(0.3) (0.3) (0.3) 

19 1.8 1.4 1.4 1.2 2.0 1.9 9.4 ND NDR ND 4.4 ND NDR 2.99 46 .8 
(0.6) (0.6) (0.6) (0.6) (0.6) 

• ND = Not detected; for 'total I-TEQ' calculations, if ND, half the detection level was used. Parentheses enclose sample detection limit. NDR = A chromatographic peak was 
detected but did not meet quantification criteria; for total I-TEQ calculations, NDR was treated.as ND. 

;::; 

https://treated.as
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Table 6 
TCDD in human breast milk (pg/g lipid) and average daily intake (pg TEQ/kg bw/d) of PCDDs and PCDFs by infants from primarous 
females, Aluoi Valley, Viet Nam, 1999 

Commune Age of child and % lipid TCDD (pg/g) Total I-TEQ TCDD as % of Intakeb 

duration of breast (pg/g) total 1-TEQ TCDD Total I-TEQ 
feeding" 

A So I y 
Im 
I y 
5m 

5.6 
4.5 
4.0 
3.3 

5.5 
19.0 
18 
16 

6.15 
21.9 
18.7 
18.8 

89.4 
86.4 
96.3 
85. 1 

27.0 
93 .1 
88.2 
78.4 

30.1 
107.3 
91. 6 
92.1 

Huong Lam 7m 
S m 
3m 
20 d 

1.3 
3.7 
3.6 
1.7 

12 
8.3 
2.9 
5.8 

14.6 
10.2 
10.6 
9.33 

82.2 
81.4 
27.4 
62.2 

58.8 
40.7 
14.2 
28.4 

71.5 
50.0 
51.9 
45.7 

Hong Thuong 5m 
6m 
I y 
2m 

1.6 
1.4 
2.7 
2.1 

11 
8.7 
7.7 
II 

17.2 
12.6 
9.73 
18.5 

64.0 
69.0 
79.1 
59.5 

53 .9 
42.6 
37.7 
53 .9 

84.3 
61.7 
47.7 
90.7 

Hong Van 5m 
2m 
Im 
Im 

2.7 
2.1 
3.2 
1.8 

3.3 
2.2 
5.0 
1.4 

5.07 
3.85 
13.2 
3.0 

65.1 
57.1 
37.9 
46.8 

16.2 
10.8 
24.5 

6.9 

24.8 
18.9 
64.7 
14.7 

a y = year, m = months, d = days. 
b Average daily intake via human milk based on a 5 kg infant consuming 700 ml of milk per day with a lipid content of 3.5% (WHO/ 

EURO, 1989). Average daily intake = (volume of milk per day in ml) x (% lipid in milk/100) x (concentration of chemical in 
pg/g)/ (infant weight in kg). 

This potential health danger from breast feeding in 
southern Viet Nam is in conflict with the widespread 
recognition of the benefits to infants (WHO/EURO, 
1988; Huisman et al. , 1995; Hooper et al. , 1998). These 
benefits include passing immunological factors to the 
infant, creating a bonding between mother and in fant, 
reducing the risk of allergic reactions, providing virtu­
ally all the nutrition necessary during earlier months, 
and serving as a contraceptive. Accordingly, there are 
recommendations by numerous researchers that breast 
feeding be continued, because the benefits appear to 
outweigh the health risks at present (Tarkowski and 
Y1janheikki, 1989; Rogan et al., 1991 ; Huisman et al. , 
1995; Albers et al. , 1996; Rogan , 1996; Wise, 1997; 
Schade and Heinzow, 1998; Lutter et al. , 1998; Patandin 
et a l. , 1999b). Nevertheless, concerted efforts should 
attempt to reduce health risks from toxic chemicals, 
mainly by controlling the source(s) of contaminants 
(Somogyi and Beck, 1993; Abraham et al. , 1996; Brou­
wer et al. , 1998; Sch uhrnacher et al. , 1999). 

Cessation of breast feeding is not a realistic recom­
mendation for the Aluoi Valley because of economic and 
cultural conditions. Given that the sources of TCDD 
which feed into the human food chai n have been iden­
tified, there is a very strong case for attempting to reduce 
ex posure, in order to decrease the body burdens of 
contaminants in both ad ults and infants. 

4. Concluding discussion 

More than 35 years have elapsed since Agent Orange 
was introduced to the isolated AJuoi Valley, and the 
indigenous hill tribes inhabiting the region. Aerial ap­
plications throughout the valley, together with other 
forms of administering and handling the herbicide near 
former US military bases, resulted in chemical contam­
ination that affects the valley to the present day; this is 
not an historical problem. 

The highest TCDD contamination was measured on 
the former US Special Forces military base at A So. 
Other former bases in the valley had lower levels of 
TCDD in soils, but still generally higher than in regions 
which had received aerial spraying. Clearly, even those 
military installations that operated for a short time had 
appreciable problems of TCDD-contaminated soils. 

In the region of highest TCDD contamination, at A 
So, our results fit the explanation that this congener has 
been transported from soil to fish pond sediment to 
cultured fish and duck tissues, and ultimately into hu­
mans as shown by measurements in blood and breast 
milk. The high levels ofTCDD contributed almost all of 
the total toxicity of samples, confirming that Agent 
Orange was the principal source of this dioxin congener. 

Numerous military installations were established 
throughout southern Viet Nam during the conflict. We 
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theorize that other former military installations 
throughout the southern regions are potential reservoirs 
for TCDD. We suspect that the pattern of TCDD data 
reported for the microcosm of the Aluoi Valley mirrors 
conditions on a countrywide basis, south of the former 
demilitarized zone. Recent data from Schecter et al. 
(2001) reporting high levels of TCDD in the blood of 
residents near the former US base at Bien Hoa further 
strengthen our theory. 

The Bien Hoa base had a spill of Agent Orange in 
1970. Other declassified documents (US Army docu­
ments, 1967) outlined actions for disposal of herbicide 

j waste on the base. Herbicide spillage and water used to 
flush out herbicide tanks on aircraft could be directed 
to the small creek draining Bien Hoa base that feeds 
into the Dong Nai River. Other recommendations were 
to exca:vate spill ponds or ditches to allow gradual 
seepage, or create cisterns and use these as septic tanks 
comparable to sewage disposal systems. It was also 
recommended that efforts should be devoted to de­
creasing the amount of herbicide spillage. The US 
Army actions specified in the memorandum would 
not have destroyed the contaminants in herbicide, 
but would have caused them to enter the local soil, 
groundwater, or the wider downstream ecosystems. 
Similar plans probably existed at other military instal­
lations in southern Viet Nam which used Agent Orange 
and other herbicides. We have unconfirmed informa­
tion that other former military installations in southern 
Viet Nam, in addition to Bien Hoa, have similar dioxin 

• problems. 
A systematic review should be undertaken of any 

military ihstallation in southern Viet Nam during the 
conflict, where Agent Orange was used on site. TCDD 
measurements should be made in these areas if evidence 
suggests contamination. Soils, food chain elements and 

·the human population should be assessed during such 
investigations . We suspect many fire bases, air bases and 
other former US and south Vietnamese military facilities 
have significant levels ofTCDD in their subsurface soils. 
Crash sites and load-jettison sites of Agent Orange spray 
'planes should also be investigated. 

TCDD could be remobilized from soil by agricultural 
activities detonation of UXO and land mines (during 
clearing)'. natural erosion forces, road construction and 
other infrastructural improvements. These soil distur­
bances could initiate transfer of TCDD into the natural 
iommunities and the human food chain, increasing the 
risk to human health . Impact mitigation plans should be 
'ormulated in areas where dioxin contamination exceeds 
~estern guidelines for protection of human health. 

The Vietnamese Government has intervened in order 
oprotect its citizens from TCDD contamination, con­
rary to Gochfeld (200 1). We have submitted recom­
lendations in an impact mitigation plan to government 
ealth departments addressing TCDD contamination in 

the Aluoi Valley. Our mitigation plan has prompted 
Vietnamese authorities to relocate 15 families from the 
former US Special Forces base away from the contam­
inated site at A So. Aquaculture ponds on the A So base 
have been deactivated, and no further excavation of 
ponds is being permitted on the former base. The 10-80 
Committee and the Thua Thien Hue Provincial Health 
Department have provided educational material to all 
valley residents regarding the handling offish and ducks, 
in terms of tissues that are safe to eat and those that · 
should be discarded. Proper cleaning and peeling of in­
ground vegetables, and improved general health prac­
tices have also been recommended to valley inhabitants 
to avoid or reduce TCDD exposure. 

Similar mitigation strategies, appropriate to Viet­
namese lifestyle and culture, should be implemented in 
other areas of the country where dioxin contamination is 
confirmed, and is deemed a risk to human health. 
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