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This study was carried out to investigate the exposure pathway of PBDEs in human breast milk col-
lected from new mothers residing in Chuncheon, a comparatively clean area in Korea. The congeners
of PBDE in 22 human breast milk samples were analyzed using a high resolution gas chromatography
with a high resolution mass detector. The residue level of XPBDEs was higher in primipara subjects
than in multipara subjects (p<0.05). The levels in this study were similar to those of people in some
Asian and European countries, but were lower than those of people in north America. In the congener
profiles, BDE-47 (mean contribution=36.1%) was predominant, followed by BDE-153 (27%), BDE-99
(11.7%), BDE-100 (11.1%), BDE-28 (7.9%) and BDE-183 (3.5%). The sum of BDE-47 and BDE-153 ac-
counted for more than 50% of XPBDEs in most samples. BDE-47 was highly correlated with ~PBDEs
(z=0.94, p<0.001). No strong trend was observed between PBDE levels and a number of key biological
factors (women's age, weight, height and body mass index) examined in this study, however, weak
correlations were observed in PBDE levels measured against dietary habits, particularly in fish con-
sumption frequency. It seems that Korean people might be exposed to multiple sources including

products of PBDEs, and particularly food resources.
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Table 1. General demographic and lifestyle characteristics of
pregnant women

Primipara Multipara

Subject characteristics (r=14) (178)
Mean+SD or percentage
Age (yr) 30+4.9 34+3.9
Body weight (kg) 48.5t6.3  57.0+129
Body height (cm) 162+3.2 160+6.6
Milk lipid content (%) 3.3+09 29+0.9
Pre-pregnant BMI (kg/m’) 184118  22.2+4.0
Perinatal BMI (kg/ m’) 214424 256133

Smokers (persons) (1, %) 0(0) 0(0)
Living near factories (<5 km) (n, %)  3(21.4) 1(12.5)

Journal of Lite Science 2010, Vol. 20. No. 3 357

AI»-I
o=

F AlE 50 g= F3ke] 500 ml &Aool Fir
HA 8 35g s Aste A8 lﬂl?—ﬁ—zr%é](MBDE-
MXEFS, Wellington Laboratories, Canada) 3C-labelled BDEs
(°C-BDE-28, 47, -9, -100, -153, -154 2 -183) 1250 pg< A7}
gt & E5oF § 4T SAIUEF, e, dshiE
F(PCB analysis grade, Wako, Japan)< 7}ate] &3l A 7 o}
o] % n#HUltra residue analysis, ].T. Baker) 100 ml& 37}
ato] - F2S 33 WHEG ths Al 200 mIE 23] 0]
A FAstH o, FE2HL FFFMIEF(PCB analysis
grade, Wako, Japan)S BHAA 88 AA AL F&29
£ 3 7A% %535 7)(EYELA N-1000) o] &38ko] 2 m7HA 5
¢ ts AR 2 s Eds AR Aste] A riA
A (70~230 mesh, Merck, Darmstadt, Germany)& &4
Ao sl 29 i FFIUER 1g §
d AT 1 g 2% ¢4 He7t3 g T4 A7t 1g 4%
Grk A7 10 g 2% ST 4 g T4 ATt 1 g FF
FHUEF 3¢S A & F pE2 50 mlE 5347 PCBs
2 7e Wl ERE AAS F 10% HEFZ 2 ehnikv/v)
150 mlE ©]-&3}o] PBDEsE &&A17 the €A ¥h(dioxin
analysis grade, Wako, Japan) 1g< AH&-3to] 25% HE 22w
e iHv/v) 80 mlE |43} PBDEsE 3|43}t

ad 298 I S F57I9 ALFEF7|E o &l
50 plE F5% F 348 S48 WF-EFE 2 (MBDE-MXER,
Wellington Laboratories, Canada) BCBDE- 77, -138< 1,250
pg A7kska HFH O 2 25 = F53 ths HRGC/HRMS
(Agilent 6890 series gas chromatograph/JEOL Mstation
800D mass spectrometer)Z 3l5 10,000 ©]’(10% valley)

o A Al o] 271 %W (Selected ion monitoring, SIM) EEZ
7285 TH(Table 2).

PBDEs 7t o]/d Ao g AL 2+ F5A vhet 2719
Adelo] 9] o] & Z=9] H7F 9% A3l SojeH g
gQd Ao HFstglon, dedol AEd 4fole ol
o tl-§-3F+= LCS (Labelled compounds standard)ell o g+ 1k
SAHATE o] &3 TH9A 54 (Isotope dilution method)
3} 2J k-3 Al 4*(Relative Response Factor, RRF)E ©]-&-3F Uj
FEEW vk el

B Ao A= ulegAl & (blank sample) 42 & §vju
222 B daed ke 29E HES 40}04 570 A&
sk 38 BAo B4 FU99 759 PCol A 3
T 3 5&2 64~115%] M E USEPA (EPA 1614 draft)°]
o3 e =AW 25~150%F VFEH e, AEIA
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Table 2. Analytical conditions of HRGC/HRMS for determi-
nation of PBDEs

Hewlett Packard 6890 series

Column DB-5HT (30 m*0.25 mm LD., 0.1 pm)

Temperature Program 140°C (1 min) — 200°C, 20°C/min
200°C — 280°C, 10°C/min (2 min)
280°C — 300°C, 10°C/min (14 min)

Injector Temperature 250°C

Injection mode Splitless

Injection volume 2 ul

Carrier gas Helium, 1.0 ml/min

JEOL Mstation 800D MS

Electron Impact (EI)
Selected Ion Monitoring (SIM)

Instrument

Instrument

Ionization mode
Detection mode

Ionization current 300 pA
Ionization voltage 40 eV
Acceleration voltage 10 kV

Resolution >10,000 (10% valley)

Z, w55A S) v #E QA Alole] AAAAE F7] sl
7] 0f= A4 (pearson correlation analysis)S A A 31912

33)E HlwE o student testE
AHEElTh d9A BAHEA (one way ANOVA)Z Bonferroni
01], Oﬁ?r =, %Zﬂ 4-4 HIE)A
S A
o7 fosirtal 7+ ;}ﬁidr @ﬂr OHM% ki3 ‘3] o|E| ¢ F
A4 Statistica (version 6.0, statsoft Inc.,, OK, USA) soft-
ware system©. 2 43 5| Qi T},
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Fig. 1. Comparison of total PBDEs existences according to
parity. In the box plots, the horizontal lines denote the
25th, 50th, and 75th percentile values. The error bars
denote the 10th and 90th percentile values. The dotted
lines denote mean values. *p<0.05, p value in student
ttest.
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Table 3. Concentrations (ng/g lipid weight) of PBDE congeners in breast milk samples

Primipara (r=14)

Multipara (7=8)

All donors (722)

Parameter
Mean+SD  Median Range Mean+SD  Median Range Mean+SD  Median Range
Age (years) 30+4.9 29.5 23~39 34+4.0 35.0 27~40 32+4.7 325 23~40
Lipid (%) 2.9+1.0 25 1.9~49 3.3+0.9 3.2 23~53 31209 29 1.9~53
PBDE congeners
BDE-28 0.2240.15 0.25 0.04~0.53 0.15+0.15 0.10 0.05~0.50 0.20£0.15 0.14 0.04~0.53
BDE-47 0.95+0.48 0.85 0.41~2.09 0.60+0.13 0.62 0.40~0.79 0.82+0.42 0.77 0.40~2.09
BDE-99 0.37+0.28 0.29 0.10~1.01 0.18+0.05 0.17 0.11~0.28 0.30+0.24 0.20 0.10~1.01
BDE-100 0.33£0.22 0.29 0.08~0.79 0.18+0.04 0.18 0.12~0.23 0.27+0.19 0.20 0.08~0.79
BDE-153 0.69£0.29 0.65 0.34~1.19 0.47+0.11 0.45 0.31~0.63 0.61£0.26 0.55 0.31~1.19
BDE-154 0.09£0.08 0.04 0.01~0.24 0.03+0.01 0.02 0.02~0.05 0.07+0.07 0.03 0.01~0.24
BDE-183 0.10+0.09 0.05 0.02~0.29 0.05+0.02 0.05 0.04~0.09 0.09+0.07 0.05 0.02~0.29
> PBDEs 2.75+1.39 2.84 1.16~5.49 1.66=0.36 1.75 1.14~211 2.35+1.24 1.84 1.14~5.49

SD: standard deviation, Mean: arithmetic mean, Range: minimum ~maximum.
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Table 4. Comparison of mean concentrations of most dominant congeners and total PBDEs in breast milk from different countries

PBDE congeners

Concentrations (ng/g lipid wt.)

Country Year Reference
BDE-47 BDE-99  BDE-100 BDE-153 >PBDEs
Asia
Korea 2006 22 0.82 0.30 0.27 0.61 2.35 This study
Japan 2004 13 1.24 0.55 0.28 0.54 254 [9]
China 2005 21 1.3 0.23 0.19 0.8 35 [2]
Taiwan 2000-2001 20 1.52 0.51 0.37 0.87 3.59 [6]
Malaysia 2003 5 1.6 042 0.32 0.65 35 [37]
Philippines 2000 4 1.1 047 0.3 0.39 26 [37]
Vietnam 2000 10 0.11 0.08 0.1 032 1.1 [37]
Indbnesia 2001-2003 30 0.39 0.18 0.15 0.32 1.25 [38]
Narth America
USA 2002 47 40.8 14 82 53 739 [32]
Canada 2001-2002 92 129 32 19 1.3 221 [11]
Oceania
Australia 2002-2003 17 5.64 1.9 1.33 1.07 10.2 [40]
Eurgpe
Sweden 1996-1999 93 2.35 0.62 0.38 0.6 4.01 [23]
Poland 2004 22 1.07 047 0.15 0.53 25 [17]
Germany 2001-2004 89 0.91 0.38 0.26 0.59 25 [43]
United Kingdom 2001-2003 54 3.0 09 0.6 14 89 [18]
ltalia (Venice) 1998-2000 10 15 041 0.28 041 28 [15]
. number of samples.
Table 5. The estimated market demand amount of PBDEs (metric ton) in the world in 2001 [13]
Europe (%) America (%) Asia (%) Others (%) Total
Penta-BDEs 150 (2%) 7,100 (95%) 150 (2%) 100 (1%) 7,500
Octa-BDEs 610 (16%) 1,500 (40%) 1,500 (40%) 180 (5%) 3,790
Deca-BDEs 7,600 (14%) 24,500 (44%) 23,000 (41%) 1,050 (2%) 56,150
Total PBDEs 8,360 (12%) 33,100 (49%) 24,650 (37%) 1,330 (2%) 67,440
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Fig. 2. PBDE congener profiles of breast milk samples.
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Fig. 3. The comparison of congener contributions (given as per-
cent of total) and the R value in breast milk in different
countries. R is the ratio of the sum of BDE-47, 99, and
100 to the sum of BDE-153, 154 and 183.
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Fig. 4. Comparison of congener profile of PBDEs in breast milk
samples with profiles of penta and octa commercial mix-
tures [21].
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Table 6. The deference in PBDE levels between the different food consumption groups
n BDE-28  BDE-47 BDE-99 BDE-100 BDE-153 BDE-154 BDE-183 >PBDEs
Fish & shellfish
<1 times/week 9 0.14 0.68 0.21 0.19 0.52 0.04 0.06 1.84
1-2 times/week 5 0.19 0.85 0.26 0.26 0.62 0.06 0.09 2.35
>3 times/week 8 0.26 097 0.42 0.36 0.69 0.09 0.11 292
p value’ 0.28 0.37 0.19 0.19 0.35 0.28 0.29 0.21
Meat
No 3 0.15 0.67 0.32 0.21 0.59 0.07 0.09 211
1-2 times/week 13 0.17 0.70 0.22 0.23 0.57 0.05 0.07 2.01
=3 times/week 6 0.29 1.16 0.45 0.39 0.70 0.09 0.12 321
p value’ 0.21 0.07 0.16 0.15 0.58 0.46 0.37 0.13
Milk & dairy product
<1 times/week 7 0.16 0.63 0.17 0.17 0.46 0.03 0.05 1.67
2-3 times/week 10 0.18 0.92 0.35 0.32 0.65 0.08 0.10 2.61
>4 times/week 5 0.28 0.89 0.35 0.33 0.74 0.11 0.11 2.83
p value’ 0.37 0.33 0.28 0.22 0.15 0.14 0.36 0.21

? pvalue in one-way ANOVA test (Without any adjustment).
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