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Introduction

Polybrominated diphenyl ethers (PBDESs), a family of chemicals widely used as flame-retardants are emerging
contaminants appear to be ubiquitous in the environment L2 and magnify in the biological tissues as classical
organochlorine compounds (OCs) 3. These compounds have propensity to disrupt endocrine system in animal
bodies . Some recent studies have suggested that PBDEs may be transported to significant distances and their

levels are increasing in remote areas and thus have to be included in the POPs (persistent organic pollutants) list 4
Therefore, similar fate and behavior of PBDEs with OCs and its potential toxic effect to human and wildlife have
been a matter of great concern.

Because humans occupy the top position in food chains, human tissue accumulates higher levels of persistent
lipophilic contaminants. Monitoring studies using breast milk samples indicated that PBDEs concentrations varied
widelyl'2’5'6, the levels in North American people being the highest 56, Furthermore, contamination of human milk by
PBDEs revealed increasing worldwide trends 6, Despite a considerable number of published studies on
environmental occurrences of PBDEs from Europe and North America 6, much less information is available in Asian
region 47 even though Asia has a very high market demand for PBDEs 2 The present study investigated
concentrations of PBDEs in human milk from various countries in Asia in order to elucidate their contamination

status, geographical variation, possible exposure source(s) and pathways, and to assess possible association with
maternal characteristics in comparison with OCs. Finally, the potential health risk to the human was also evaluated.

Materials and Methods

Breast milk samples were collected from healthy women living in urban areas of various countries in Asia (Japan,
Korea, China, Philippines, Vietnam, Cambodia, Indonesia, Malaysia and India) during the years 2000-2004 (Table
1).The milk was sampled during breastfeeding using a manual breast pump and/or a passive breast milk sampler.
Before taking the milk, the donors completed informed consent form and an exposure assessment questionnaire.
Breast milk samples were placed in analytical-grade glass containers with Teflon-lined caps, frozen immediately and

kept at —20°C in the laboratory until chemical analysis.

Analysis of PBDEs was performed following the method by Kajiwara et al. 7 with slight modification. Nine major
congeners of PBDE (Table 1) were identified and quantified by GC-MS in selective ion mode.

Results and Discussion

PBDEs were detected in all the milk samples analyzed in this study (Table 1) with mean concentrations ranging from
0.60 to 3.8 ng/g lipid wt. These levels were one to three order magnitudes lower than PCBs and DDTs. The residue
levels of halogenated compounds present in human milk were in the order of DDTs>PCBs>HCHs>CHLs>HCB>
PBDEs. Unlike PCBs and DDTs, concentrations of PBDESs in breast milk of the present study did not correlate with
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age of mother and parity (p>0.05), as also noticed in same other studies 58 This may be because of the relatively
short period of the usage of PBDEs and/or the different exposure pathways of PBDEs and OCs, which are yet to be
fully determined. Except Japan, to our knowledge, this is the first study reporting the levels of PBDESs in breast milk
from Asian countries. In Japan, the levels observed in the present study in the samples collected during 2000 (3.8

ng/g lipid wt.) was higher than in the years between 1973 (<0.01 ng/g lipid wt.) and 1988 (1.6 ng/g lipid Wt.)g. The
extent of contamination by PBDEs in human milk from Asia is comparable to those reported from Europe 6, but one
or two order of magnitude lower than levels found in Noth America 56,

Table 2. Mean concentrations (nglg lipid wt) of PEDEs in humanmilk collected from Asian countried. Among the countries studied
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In most of the donors from Asian countries (Fig. 2), BDE-47 was the predominant congener present in breast milk,

similar to other studies on human matrices 2810, Apart from the fact that BDE-47 being the main component in
penta BDE commercial mixture, the dominance of BDE-47 in biological samples may be due to its high stability and
high bioaccumulative nature. However, an observation of individual PBDE patterns shows large inter-individual
differences (Fig. 2), which may be due to influence to various exposure source(s) and pathways. In some donors, the
proportions of BDE-153 or BDE-183 were equal to BDE-47. This study reveals the exposure of certain populations
to higher brominated PBDEs. The exposure routes are different for BDE-47 and the higher brominated congener
like BDE-183. For example, food is the major source for BDE-47, whereas airborne uptake seems to be more

pronounced for BDE-183 1 Furthermore, the higher percentage contribution of lower congeners (BDE-15 and BDE-
28) in samples from Far Eastern countries, such as China, Korea and Japan (Fig. 2) may indicate their relatively

long history of usage when compared to South Asian nations and/or due to their temperate location. Ueno et al. 4
indicated a preferential atmospheric transportability of lower BDE congeners depending on latitude. Moreover,
typically commercial penta mixtures (BDE-47, BDE-99 and BDE-100) were more prevalent in the samples collected
from South Asian countries while the Far Eastern samples contained more octa mixture (BDE-183, BDE-153 and
BDE-154) (Fig. 2). This pattern may be due to the different commercial mixtures of PBDEs used in these two
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regions. However, due to lack of information on particular habits of milk donors it is rather difficult to identify the major
source and pathways.

The presence of PBDEs in human milk is of great concern since these compounds can be transferred to an infant
through lactation. Available evidence suggests that the PBDEs have the propensity to disrupt thyroid hormones,

cause neurobehavioral deficits, some changes of fetal development and possibly cause cancer in laboratory animals

1 However, it is unclear whether current concentrations of PBDES in human tissues may be expected to adversely
affect human health. The BDE-99 body burden (<1 mg/kg) found in infant of the present study is still much lower than

the LOEL for penta BDE (0.4 mg/kg) associated with behavioral alterations in neonatal mice 1 It must be
emphasized that, investigation on PBDEs level in human matrices were conducted only in very few number of
samples, and hence potential health impacts studies should include assessment at a large population level.
Moreover, PBDEs is still widely used in huge amounts at present. Evidence on the increasing levels in the
environment is mounting, and thus contamination by these compounds may become a matter of severe concern in
future. Continued investigation on contamination status and toxicokinetics of PBDEs are needed to evaluate their
temporal trend, source and potential health risk, particularly on critical target organs or tissues.
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