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Abstract

In order to evaluate the PCDDs/DFs (DXNs) levels in Vietnam after an elapse of three decades after the war,
comparative studies were introduced into a herbicide-sprayed commune and a non-sprayed commune. The study
showed the current serum TCDD level of the residents in the herbicide sprayed area, was not so spectacular that
it affected the isomer profiles. However we found out that the TCDD level was associated with an increase in the
risk of having birth defect children.

Introduction

Nearly ~ 77 million liters of herbicides were sprayed on the former Republic of Vietnam between 1961 and 1971
for military purpose’. Since 1970s, a number of studies have been conducted to determine whether exposure to
herbicides in Vietham may have increased the risk of having children with birth defects, though the results have
often been inconsistent?. After an elapse of three decades after the Vietnam War, an increased concern to this
association still exits in conjunction with long term effects of herbicides/dioxins to postwar generations.

Materials and Methods

In order to evaluate the current levels of PCDDs/DFs (DXNs) in Vietnam, comparative studies were introduced
into two communes; namely, CC commune in Quang Tri Province where herbicide mixture known as “Agent
Orange (AQ)” had been dispersed between 1962 and 1971, and CP commune in Ha Tinh Province which had
never experienced military herbicide operation. Based on the personal health research conducted in each
commune in 2001, blood samples of 3ml-8ml were collected in 2002 from normal men/ women of the 10s-60s,
and fathers/ mothers with birth defect children of the 30s-60s in each commune. Analytical serum samples were
basically pooled in 5 ml by 4 individual samples (1.25 ml for each sample) in the same age of the sample group.
Quantitation was performed by a high resolution mass spectrometer (HRMS; JEOL MStation-JMS700) equipped
with a gas chromatograph (HP-6890).

DXN levels between the two communes were compared for both men and women every sample group (normal
group and parent group of birth defect children). Furthermore the analytical data were restricted to the ones of
over 30 year subjects representing the war generation. Then, differences of DXN levels between the two sample
groups in the same commune were examined for both men and women.

Logarithmetic transformation of the variables was performed as needed to improve normality, and all values
except for the number of samples and subjects’ age in this paper, are presented as geometric ones.

Results and Discussion

Although we don’t show the results in this paper, the significance test recognized that the concentration levels in
almost all isomers of the CC commune were significantly higher than those of the CP commune every sample
group. Especially significant differences in HXCDFs and HpCDFs were remarkably observed. Then the DXN
levels between two sample groups restricted to the subjects over 30 years old each, were compared for each sex
every commune. As a result, the concentration levels of all isomers of parent group of birth defect children in the
CP commune needed not to be higher than those of normal group in the same commune (Table 1). As shown in
Table 2, such a tendency was similarly observed in the CC commune’s sample. However a statistically
significant difference was recognized in the TCDD and 1,2,3,7,8,9-HXCDF levels between normal men and
fathers with birth defect children (P < 0.05). With regard to TEQ, any statistically significant difference between
two sample groups in each commune was not recognized from both men and women (Table 3).
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Taking the results of significance tests into consideration, a logistic regression model was employed to examine
the association of the probability of having birth defect children with the serum TCDD level. The presence or
absence of birth defect child was used as a dependent variable, and sex of parent, age (10-y interval), and serum
TCDD level applied to logarithmetic transformation value were used as independent variables. As summarized in
Table 4, the TCDD level was associated with an increase in the risk of having birth defect children.

In either sample group; normal group or parent group of birth defect children, significantly higher levels of
HxCDFs and HpCDFs in the CC commune than those in the CP commune were equally recognized for both men
and women. The HXCDFs and HpCDFs level proportions expressed in percentage of > PCDDs/DFs-TEQ of the
CC commune, ranged from 30 to 40%, and from 2.5 to 4%, respectively. That is, the > HXCDFs and HpCDFs
levels account for 40% or more of > PCDDs/DFs-TEQ for both sample groups in the CC commune. Such
spectacularly high levels of HXCDFs and HpCDFs commonly characterize the isomer profiles in the CC
commune. In fact statistically significant level differences of these isomers between the two sample groups were
not recognized for both men and women in the CC commune. It is thought from this view that spectacularly high
level of HXCDFs and HpCDFs may reflect on-going main exposure sources of DXNSs in the CC commune.

On the contrary, the TCDD levels of both fathers and mothers with birth defect children in the CC commune
were not so remarkable that they affected the isomer profiles like HXCDFs and HpCDFs. Indeed, the TCDD
level proportion expressed in percentage of > PCDDs/DFs-TEQ of the fathers/ mothers of birth defect children
in the CC commune reached 5% only. However the TCDD level proportion for the normal group in the CC
commune did not complete even 2%, which was roughly equivalent to those of both two sample groups in the
CP commune. In other words, the TCDD levels of the fathers/ mothers with birth defect children in the CC
commune appear to be unusual even at low level, in comparison with other sample groups. In addition,
statistically significant level differences between the two sample groups were recognized only for men in the CC
commune, and such a tendency was also observed for women in the CC commune as well, though significant
difference was not recognized. Accordingly it is thought that the residents in the CC commune of Quang Tri
Province had been exposed to DXNs contained in AO in wartime, which may result in the TCDD level
difference between normal men/ women and fathers/ mothers with birth defect children in the CC commune.
From this view point, an association of having birth defect children with serum TCDD level is suggested.

A logistic regression model using logarithmetic transformation value estimated a risk of having birth defect
children in association with the serum TCDD level. The result indicated that the odds of having birth defect
children in 10 pg/g-lipid of the serum TCDD level were 10.94 to 1. That is, it was recognized that the provability
of having birth defect children in the case of 10 pg/g-lipid of the serum TCDD level is 10.94 times greater than
the provability in the case of 1 pg/g-lipid of the serum TCDD level.

Due to the aerial applications and handling on AO for military installation, there exist two primary sources of
TCDD contamination in Vietnam; contamination via spray mission by C-123 aircraft, and contamination on
former US military installation where herbicides were stored, dispensed, and spilled®. Especially the sites
assigned to the latter instance are given a nickname of “hot spots”, in which many studies have been intervened
to theorize the pattern of TCDD contamination as a model of “current” DXNs condition throughout the southern
Vietnam*. However such sites as “hot spots” seem to be improper to modeling, because of their specific situation
as former military installation. On the other hand, the areas contaminated with TCDD via aerial applications
cover over 15% of the southern Vietnam®. Therefore this instance may be preferably proper to modeling the
“current” isomer profiles in the southern Vietnam, and estimating a “current” risk of certain diseases such as
birth defect in association with AO. Consequently it is suggested from a public health aspect that further
researches with areal variation in the southern Vietnam may be necessary to discuss causation between TCDD
level and development of birth defect.
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Table 1 Comparison of PCDDs/DFs levels in serum samples between normal subjects and parents with birth
defect children in a non-sprayed commune of Ha Tinh Province in Vietnam for each sex.
Fathers of BDC'  Normal men Mothers of BDC Normal women

PCDDs/DFs (44.04-8.6YR) (43.910.4YR) (40.02-6.0YR) (44.24-8.2YR)
(pg/g-lipid) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
TCDD 015 (554) 015 (367) 019 (7.02) 024 (391
PCDD 306 (145) 242 (343) 118 (558) 122 (3.94)
1,2,3.4,7,8-HXxCDD 014 (7.47) 049 (388) 047 (6.84) 028 (5.55)
1,2,3,6,7,8-HXCDD 414 (L53) 466 (146) 336 (L18) 274 (4.46)
1,2,3,7,8,9-HXCDD 069 (7.52) 056 (426) 326 (L54) 059 (4.29)
HpCDD 498 (166) 694 (153) 645 (1.39) 7.68 (1.26)
0CDD 275 (1.66) 4477 (1.63) 2402 (143) 4719 (L61)
TCDF 006 (898) 028 (359) 015 (7.86) 087 (4.14)
1,2,3.4,7,8-PCDF 014 (352) 014 (311) 014 (383) 026 (3.67)
2,3,4,7,8-PCDF 592 (117) 896 (1.64) 586 (1.28) 431 (4.58)
1,2,3,4,7,8-HXCDF 523 (122) 796 (131) 543 (1.35) 365 (4.55)
1,2,3,6.7,8-HXCDF 483 (L31) 724 (140) 495 (1.39) 347 (4.14)
2,3,4,6,7,8-HXCDF 248 (181) 021 (954) 212 (2.02) 056 (6.35)
1,2,3.7,8,9-HXCDF 022 (6.04) 014 (1.88) 022 (6.17) 017 (2.09)
1,2,3,4,6,7,8-HpCDF 671 (145) 554 (427) 7.80 (1.35) 564 (3.53)
1,2,3,4,7,8,9-HpCDF 0.33 (2.23) 0.16 (3.03) 0.37 (2.40) 0.10 (1.44)
OCDF 098 (7.33) 031 (514) 254 (1.22) 049 (401)

L birth defect children
The age of all fathers and mothers of birth defect children was over 30 years old. Data shown in the table do not
include the results of the subjects below 31 years old. MEAN = geometric mean. SD = geometric SD

Table 2 Comparison of PCDDs/DFs levels in serum samples between normal subjects and parents with birth
defect children in a sprayed commune of Quang Tri Province in Vietnam for each sex.
Fathers of BDC' Normal men Mothers of BDC Normal women

PCDDs/DFs (46.06.6YR)  (444+6.8YR) (42.526.3YR) (47.7=10.4YR)
(pg/g-lipid) Mean (SE) Mean (SE) Mean (SE) Mean (SE)

TCDD 150 (155) 036 (653) = 145 (L71) 044 (512
PCDD 820 (L13) 677 (L44) 787 (139) 463 (4.10)
1,2,3,4,7,8-HXxCDD 525 (142) 480 (L62) 480 (152) 477 (L1.21)

1,2,3,6,7,8-HXxCDD 28.75 (1.36) 22.27 (1.70) 23.67 (1.66) 18.92 (1.53)
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1,2,3,7,8,9-HXxCDD 740 (1.23) 537 (5.05) 831 (1.55) 7.84 (1.35)
HpCDD 46.84 (137) 43.17 (2.09) 69.82 (1.42) 2553 (1.60)
OCDD 24701 (1.34) 224.44 (1.84)  381.65 (1.28) 284.32 (1.45)
TCDF 005 (4.07) 059 (5.90) 026 (5.65) 0.28 (4.05)
1,2,3,4,7,8-PCDF 093 (3.83)  0.38 (6.09) 190 (142) 079 (6.51)
2,3,4,7,8-PCDF 1642 (1.32) 17.84 (1.61) 1270 (1.34) 1361 (1.37)

1,2,3,4,7,8-HXCDF 56.23 (1.56) 77.77 (1.66) 53.19 (1.64) 57.89 (1.40)
1,2,3,6,7,8-HXCDF 4097 (155) 55.25 (1.66) 38.73 (1.67) 4033 (L.44)

2,3,4,6,7,8-HXCDF 412 (1.28) 211 (7.83) 430 (1.29) 374 (1.48)
1,2,3,7,8,9-HXCDF 343 (1.60) 062 (520) = 288 (245) 0.81 (5.55)
1,2,34,6,7,8-HpCDF  79.80 (1.50) 120.31 (1.82) 96.05 (1.77) 100.56 (1.45)
1234,7,89-HpCDF 810 (1.67) 11.27 (1.91) 790 (1.79) 873 (L.55)
OCDF 434 (154) 157 (9.90) 336 (1.73) 053 (6.45)

L birth defect children *:P<0.05
The age of all fathers and mothers of birth defect children was over 30 years old. Data shown in the table do not
include the results of the subjects below 31 years old. MEAN = geometric mean. SD = geometric SD

Table 3 Comparison of TEQ levels in serum samples between normal subjects and parents with birth defect
children for each sex in a non-sprayed commune of Ha Tinh (HT) Province and a sprayed commune of Quang
Tri (QT) Province in Vietnam.
Fathers of BDC' Normal men  Mothers of BDC  Normal women
(pg WHO-TEQ/g-lipid) (46.06.6YR) (44.4%6.8YR) (425%x6.3YR) (47.7%+10.4YR)
Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Non-sprayed commune in HT

S PCDDs 417 (128) 391 (1.97) 3.0 (1.93) 243 (2.57)
S PCDFs 442 (120) 631 (L54) 442 (1.29) 3.33 (3.88)
S PCDDs/ DFs 859 (1.19) 1022 (1.58)  7.52 (L1.47) 576 (2.83)

Sprayed commune in QT

S PCDDs 1464 (1.15) 1174 (1.63) 14.10 (1.36) 1051 (1.76)
S PCDFs 19.92 (1.39) 2436 (1.64) 17.80 (1.46) 18.48 (1.40)
S PCDDs/ DFs 3456 (1.27)  36.10 (1.61) 31.90 (1.33) 28.99 (L1.47)

! birth defect children
The age of all fathers and mothers of birth defect children was over 30 years old. Data shown in the table do not
include the results of the subjects below 31 years old. MEAN = geometric mean. SD = geometric SD

Table 4 Result of a logistic regression model after forcing Sex and age in the model

B SE Significant level Odds ratio 95% ClI
Sex Men/Women  0.049 0.829 0.953 1.05 0.21-5.33
Age group 40s.50s/30s 0.851
LogycTCDD (x+1)/x 2.392 1.116 0.032 10.94 1.23-97.4

Organohalogen Compounds Vol 69 (2007) 0-138 571





