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Introduction

We had been minutely analyzed samples of meal, breast milk and blood from 9 women, in order to investigate the
main source of typical chlorinated organic pollutants including PCDDs, PCDFs and coplanar PCBs (Co-PCBSs) in

human breast milk>2). As the result, it was revealed that these pollutants were delivered from two sources of the
meal and the accumulation-in-body. This new finding was able to break common senses in the environmental
science field that “ all of PCB and dioxin analogues in human breast milk originate in their storage-in-body” and “the
breast milk is one of the most suitable index samples for human body contamination”.

In this study, we focused on the polybrominated diphenyl ethers (PBDESs), one of the representative brominated
flame retardant agents, whose close-up is taken greatly in the environmental science field in recent years, and
investigated on the main sources of PBDES in breast milk.

Materials and Methods

1) Brest milk samples for pollution change observation during breast-feeding on an empty stomach:
Breast milk samples (ca. 30 mL) were obtained at the time of the start of breast-feeding on an empty from three
nursing mothers (Mothers A, B and C) of Osaka and Hyogo prefectures, western Japan, in a period of September to
October 2004. The numbers of samples are two samples from Mother A, six samples from Mother B and ten
samples from Mother C, and a total of 18. In addition, the time zones of sampling from three mothers were 7 times
before breakfast, 1 time before lunch and 1 time before dinner. 2) Breast milk and meal samples for change
observation with the passage of time: Thirty breast milk samples (ca. 30 mL) were obtained at a rate of once per
every three hours on consecutive 4 days from Mother D of Hyogo prefecture in October, 2004. On the other hand,
meal samples and between-meal snack samples were separately obtained at three time zones of morning time
(from breakfast to lunch), daytime (from lunch to supper) and evening time (from supper to next breakfast) during a
period of consecutive two days.

3) Analytical method:
2-1) Breast milk: About 20 g of sample was analyzed for PBDEs according to our previous methods®). It was
essentially composed of fat extraction, addition of 13012-Iaveled internal standards, alkaline decomposition, and

clean up on a multi-layer silica gel column followed by an activate carbon-dispersed silica gel column. The cleaned
up extract was analyzed in EI-SIM mode at a resolution of 10,000 using a Hewlett Packard 5890J GC-JEOL M700
MS.

2-2) Meal and between-meal snack samples: Meal or between-meal snack sample was dried in the
decompression chamber for 3 days. After addition of 13C12-Iaveled internal standards, the dried sample (ca. 100 g)

was extracted with 400 ml of toluene for 4 hours under reflux. The extract was filtered, washed tree times with sulfuric
acid, washed three times with water and dried over anhydrous sodium sulfate. After concentration, the extract was
purified using a multi-layer silica gel column and an activate carbon-dispersed silica gel column, followed by
HRGC/HRMS analysis.
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Results and Discussion

1) Changes of fat content and PBDEs pollution in the breast milk during breast-feeding on an empty
stomach time

We investigated about the breast milk samples obtained at the time of hungry before the breakfast, which the
influence of a meal could almost disregard. In this case, it is expected that the PBDEs already accumulated in the
inside of the mother body are generally discharged in the breast milk. In this study, however, the result of having
differed from anticipation considerably was obtained.
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future pollution of breast milk, it is thought that it is an important subject.

As shown in Table 1, in the case of Mother A, the concentration of PBDEs reduced by half from 266 pg/g-fat to 146
pg/g-fat during a breast-feeding. The same thing was observed by B-3 on September 30 in Mother B, and by C-2
and C-4 on September 30 in Mother C. Conversely, however, the increase of PBDESs level was confirmed by B-1in
Mother B, and by C-3 and C-5 in Mother. On the other hand, the level of PBDEs was almost constant in C-1 of
Mother C.

From these results, a big change of such concentration of PBDEs suggests the complicated action of PBDESs
accumulated in the living body in spite of breast-feeding of a short time at the time of hungry.

2) Effect on the pollution level and composition ratio of PBDES in the breast milk by meal

The PBDEs concentration in breast milk was also changed sharply temporally in the analysis result of breast milk
sample of a total of 30 obtained for four days of continuation every about 3 hours from Mother D. With the fat base,
the range of the concentration of PBDESs for four days became 68 - 947 pg/g (average: 364 pg/g), and was carrying
out the thing difference 14 times at the maximum.
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As a result of analyzing about six samples of meal and between-meal snack on the first experimental day which
came to hand from Mother D, the PBDEs content per one sample was 81.7pg-374.3pg, and all the PBDEs intakes

via a meal and between-meal snack in this examination date was 1,401 pg (see Table 2).

Table 2 Intake anownis of PEDEs via meal and hetween-meal snack on the first experieent day

Irtakee atnowd o fPEDE: (poineal or B etween-tneal sraclk)
Cormpond Titre of meal or hetween-meal saracls
830 2:00 13400 18:50 20:00 22:30 Total
TriBDE (#17 20 n.a 0.0 0.0 0.0 0.0 20
TeBDE #7 8.4 17.6 189 6.7 11.2 n7 113.5
#0 23 121 146 51.0 6.3 n7 8.0
PeBDE (#9)
(#1007 33 1.1 14 4.3 1.2 nz2 11.5
(#1530 304 41.8 19.6 1033 19.7 158 2304
H:EDE
(H#15) f.5 5.3 25 196 45 53 437
#1581 268 14.0 634 7.5 1.2 263 1397
HpBDE ‘ )
(#1383 2.6 1.0 53 14 0.3 26 132
DeBDE (#2097 110.0 p2.0 2485 996 374 1724 7589
Total PBOEs 1923 184.7 374.2 3434 81.8 2245 1400.9

On the other hand, as
shown in Table 3, the
amount of PBDEs
excretion per breast-
feeding in the same day
was 201.2 - 1,946 pg, and
was sharply changed for
every breast-feeding.
Moreover, not only the
difference of such an
excretion amount but the
composition ratio was
changed remarkably. The
total amount of excretion
via breast milk was 6,063
pg. The intake via a meal
was equivalent to 1/4 of

the amount of excretion via breast milk. It is set also to one ninth even if it considers the absorption factor (it assumes
as 50%) of PBDEs from the stomach and intestines.

Table 3 Excretionamownt of PBDEs via breast millk onthe first e xperiment day

Exeretion amowt of FEDEs(pg

C ctnponang Time of treast-fee ding
15 2:15 1130 14:45 18400 2100 23400 Tota
T+ELE (#1T) oo 89 81 20.0 198 08 83 259
TeEDE (#4T) 331 351 937 4158 3084 461 4 1961 15636
PoEDE () 140 04 116 5.5 227 437 21 1429
#1000 179 212 1432 230.0 1288 1942 1059 7122
HYEDE (#153) oa 39 41 0.0 127 121 20 40 8
#1534y [ 1070 113 8 119.3 350.4 401 6 2307 1823 15051
HyBDE #1511 05 125 026 1039 1530 9 127 4 G087
#1583 a7 2.0 340 1.3 267 124 168 1379
D:EDE (#2095 oa 0.0 482 788 00 0.0 35268 11796
Totd FEDEs 2012 1338 5358 19457 10746 10532 10184 a062.7

On the other hand, in the
result in another
examination date, the total
intake of PBDEs intake
via a meal was 2,143pg.
This intake was equivalent
to one third of the above-
mentioned amounts of
excretion, and even if it
considered the
absorptivity  from  the
stomach and intestines, it
was set also to one sixth.

PBDEs are liposolubility
substances and their

absorption factors from the stomach and intestines are greatly influenced by the fat content of a meal. When a meal
with a high fat content is eaten, it is suggested that the PBDEs intake via a meal may approach the amount of
excretion via breast milk. Taking these things into consideration, it became clear that the PBDEs contamination in
breast milk has received strongly the transient contamination depended on a meal course.
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