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Introduction

Agent Orange, a phenoxyherbicide mixture of 2,4,5-trichlorophenoxyaceticacid (2,4,5-T) and 2,4-
dichlorophenoxyacetic acid (2,4-D) was sprayed in large amounts of southern Vietnam during the
Vietnam war between 1962-1971. 2,4,5-T was contaminated with the highly toxic and persistent
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in the low ppm-range (mg/kg). Previous studies have
documented intake of TCDD from Agent Orange in among US war veterans and in Vietnamese (Kahn
et al.1, Schecter et al.2, Michalek et al.3, Schecter 4 and Schecter et al. 5, 6, 7 ). Samples collected between
1970 and 1973 documented elevated levels for TCDD from Agent Orange in milk samples from
southern Vietnamese woman as well as in fish and shrimp samples from areas in this region
(Baughman et al.8). Little is known regarding conditions of veterans from other countries serving in
Vietnam. Approximately 320,000 Korean soldiers had participated in the Vietnam War from 1964 to
1973. Following the war, a series of demonstrations and appeals were made by the Korean veterans to
demand medical care and compensation for their health damages. The Vietnam veterans issue became a
serious public concern. As a result, a bill of medical care and compensation for the “Agent Orange
Victims” was promulgated in 1993. About 4,000 veterans have been registered. However, there has
been neither an extensive investigation on concentrations of dioxins in blood samples, nor an attempt to
compare the Korean veterans with those from other countries using the same analytical protocols.

We collected blood samples from 6 Korean veterans who served from 12 to 36 months in Vietnam..
In this paper we report on analytical data for dioxins and the dioxin like PCBs found in the Korean
blood samples.

Material and Methods

Samples and Sampling
The sampling was organized in cooperation with local health centers. Sampling was done in July

2001. All of participants were selected from the registry of Vietnam veterans “Agent Orange Victims”
and were categorized as “mildly symptomatic” by the Korean Veteran’s Administration. All
participants were examined about their current health conditions during the interview with the
physicians. Some background information for the individuals who donated the 6 Korean Blood samples
is given below.

Samples were sent in frozen state by an international courier service to ERGO in Hamburg/
Germany where they were stored below  -18 °C until the beginning of the analyses.
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Analysis
Before the extraction 13C-UL-labeled internal standards for all 17 PCDDs/Fs and 12 PCBs were

added to the sample. After spiking, the samples were extracted with appropriate solvents using a solid/
liquid extraction for blood. The cleanup was done on multicolumn systems involving carbon-on-glass
fibre. The measurement was performed by means of high resolution gas chromatography and high
resolution mass spectrometry (HRGC/HRMS) with VG-AutoSpec operating on a resolution of
approximately 10, 000 using DB-5 capillary column. For each substance 2 isotope masses were
measured. The quantification was carried out with the use of internal and external standards (isotope
dilution method). The analytical methods used are validated and successfully applied by participation
at international quality control studies 9, 10.

Results and Discussion

The results of this investigation are presented in Table 1. The total TEQ for the 6 samples ranges
between 22 and 51 pg/g lipid.

Code Age Time of stay Length of stay Job description
in Vietnam in Vietnam

# 1  53 1969-1970 12 months Infantry foot soldier
# 2  54 67-68, 69-71 36 months Infantry foot soldier (involved in spraying)
# 3  54 70-71 12 monthsInfantry soldier (field

 communication)
# 4  51 72-73 12 monthsInfantry foot soldier
# 5  52 72-73 12 monthsInfantry foot soldier
# 6  54 69-70 12 monthsInfantry foot soldier

Figure 1. TEQs for PCDDs, PCDFs, non-ortho and mono-ortho PCBs in blood from Korea and from
other counties, values in pg/g, lipid based
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For individuals possibly exposed to Agent Orange and its main product TCDD, the concentration
for 2,3,7,8-TCDD is the most important value. The concentration found for TCDD in the 6 samples
ranges between 1,7 and 4,2 pg/g lipid. These values are in the typical range for persons living in
industrialized countries only being exposed to dioxins via dietary intake. They compare with levels in
blood of some Vietnamese of up to 413 pg/g in blood and 1,850 pg/g TCDD in milk lipid from Agent
Orange ( Schecter et al 2, 5, 6,7).

In Figure 1 we compare the TEQ-values for PCDDs, PCDFs, non-ortho-PCBs and mono-ortho-
PCBs found in the 6 Korean samples with mean values for the general or background populations of
Germany 11, Japan 12 and Russia 13. As can be seen from this figure, the individual values in the Korean
samples are within the range of the general population of other industrialized countries.

Finally we note that the analysis of 6 individual blood samples of Korean Vietnam veterans is not
an extensive investigation on concentrations of dioxins in Koreans or Korean Vietnam veterans.
Although we believe this small investigation to be a first step in the right direction., a more detailed and
representative investigation needs to be undertaken especially of highly exposed veterans.
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Table 1. PCDDs/Fs and dioxin-like PCBs in blood of Korean veterans, values in pg/g, lipid based


