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Human Risk Assessment of Polybrominated Diphenyl Ethers by
Breast Milk Feeding of Infants
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Abstract : This study achieves results from 22 maternity breast milk samples in total to demonstrate exposure level and risk
assessment of PBDEs in Seoul area. PBDEs were detected in all the breast milk samples of the present study, indicating that general
population in these Seoul area are widely exposed to these chemicals. Residue levels of total PBDEs (sum PBDEs from tri- to
hepta-BDE) ranged of 0.84~13.1 ng/g lipid with an arithmetic mean and median of 3.56 ng/g lipid and 2.6 ng/g lipid, respectively.
Global comparison shows that the levels of total PBDEs were relatively similar to those of China, Taiwan and European country
(Sweden), and somewhat higher than those in some Asian (Vietnam, Philippines, and Indonesia). In the present study, however, the
levels of total PBDEs in human milk are still one to two orders of magnitude lower than those in North America. Contribution rate
of each congener appeared to be predominant with BDE-47, followed by BDE-153, BDE-100, BDE-99, BDE-154 and BDE-183.
The sum of BDE-47 and BDE-153 accounted for more than 65% of total PBDEs in most samples. From the result of the human
risk assessment of infants for total PBDEs and BDE-47 by breast milk feeding, we could find out that the average daily doses and
hazard index (95th percentile) were 16.5 ng/kg - bw/day and 1.2 x 10" each other when nursing for 6 months after infants born.
However, it was concluded that the infant health hardly had adverse seriously effects under this research condition.
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o)A 7]o]&-& BDE-470] 714 =9ton, t}-&o 2 BDE-153, BDE-100, BDE-99, BDE-28, BDE-183 1] BDE-154 49|
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1.2 sk Aoz dHAIL Utk ot SHA & wo
Aol A $ 4~671A7t Fobo] AAQl Y TaHUd =
At 30 FF =5 HAAEA W2 AFol FH st fre ot W, A, A Toll B2 Ees AN 2
Al AFEE o] £ PBDEs (Polybrominated diphenyl ethers)+= {9 POPse} & §r|edERo] a5 AL 11 IeAd
oAl w9 Y star A EeEA] Got xHRAdo] Aet ¢l FobolA FallEde] 8 &A= A8 = o] F
B B4 2 A 59 w4Vl e EER ool B85 58 AF wEof wig dilo] FriElel e
gral ol whet 2009 59 AEEE FoF AdAt FAEZE] Ui, @otol] thEF PBDEs®] =&o] &4 A1t &4 & =&
of| Al terta-, penta-, hexa- X hepta-BDEsE Al Z-HA & ot 29 L&AV} Ha 9ol R ct?
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2o AFA = WHO (World Health Organization) Z2 &'
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PBDEs®] £4]2 AlmFo] F23t 22719 ®i5 st

o FAF % 3044 BRE EAslon, 24 e o
o At
Hf 50 g EF8E] 500 mL &l Fo] Wt ojnf FrR

3 3 S AP Fislkel BAS EESUMBDE.
MXFS, Wellington Laboratories, Canada) C),-labelled BDEs
(C1,-BDE-28, -47, -99, -100, -153, -154 2 -183) 1,250 pg
& WSl 2 BEolE ¥ Ave] SANIES, o,
A EF(PCB analysis grade, Wako, Japan)& 7}3}o] &
A F L) 0]% p-3llAKHUltra residue analysis, J.T. Baker) 100
mLE H7}sto] oo %8 23] Wk thg A4 200
mLE 23/0] AA SAEIen, FEole RaglES
(PCB analysis grade, Wako, Japan)2 SIA|AH 82 A7
sty 292 A s579 AasE57]E o835
5 mL7HA] 553 o2 1| mLE £33 &8s AAT & 5
FEAol osto] AYtEE ST X =5
ARt AJ= -84 o] 8sto] =2l T 2R} A AE
2 =S AASH] fiste] oAz 2 -(70~230
mesh, Merck, Darmstadt, Germany)-& S1}A]7] o} A&
(dioxin analysis grade, Wako, Japan) 1 g& ARE-5}o] 25% T
222 g p-3AHv/v) 80 mLE ©]-&5}o] PBDEsE 3|4
sheict

sleE §391e HAFUEFI|9 AasEI|E o8
50 uL= F53 3 3es 338 LHTi—f%Q(MBDE M
XFR, Wellington Laboratories, Canada) 3Ci,-labelled BDEs
(°C1,-BDE-77, -138)& 1,250 pg A 7}8tal &= o= 25
pLZ 5=3F 3 HRGC/HRMS (Agilent 6890 series gas
chromatograph/JEOL Mstation 800D mass spectrometer)=
E3ll5 10,000 ©]AH(10% valley)ol| 4] AElo]- & = (Selected
Ion Monitoring, SIM) EEZ &3} 21, HRGC/HRMS
717184 248 Table 13} 2t}

Table 1, HRGC/HRMS conditions for indicator PBDEs
Gas chromatograph (6890 series GC system, Agilent)

Injector temperature: 250C

Injection mode: Splitless

Injection volume: 2 L

Column oven temperature
140°C (1 min) - 20C/min to 200°C, 10C/min to 280C (2 min),
10°C/min to 300°C (14 min)

Analytical capillary column
DB-5HT (30 m, 025 mmid, 0.1 um)

Carrier gas: Helium, 1.0 mL/min

Mass spectrometer (JEOL Mstation 800D MS)

Measuring mode: SIM (Selected lon Monitoring)
lon Source: El (electron impact ionization)
Interface temperature: 290°C

lon source temperature: 310C

lonizing Current: 300 pA

Electronic energy: 40 eV

Resolution: ) 10,000 (10% valley)

Acceleration voltage: 10 kV

Mass correction: Lockmass mode (PFK)
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HIEFA] 2 (Blank sample) 42 fujjiup 22 HE wellE
A we 09ds AR gstol ) AR WA PEA AR)
1714 FAlof Akl on, i HEIHA (Limit of Detec-
tion, LOD) ©]3}91th. H7Fel PCix-labelled o] 42| ¢] H4#
35280 68~118%(H = 87%)°] H|= US EPA (EPA 1614)
o ola BT 271 W3] 20-200%E THEGHHm, Hol
Z>(Coefficient of Variation, CV)<= 3.2~8.6%2] HY=Z 15%
o|Ugith w3, YEEZERS A183t ARIZA 0l Z A4
AFA ARAS)E 0999 (p<0.001) o4+ LRSI
FHAI= 0.02~0.08 ng/g (S/NH] 3 o]4he] Holm A%
0]3}9] Al7 o) thsfr]= EFHE(Not Detection, N.D)=

2.3. Yleigdgot 4l

AHA 3FelS 93t IatA & (Epidemiological study), %
A A} 7 (Toxicological study)+= v]=F T7 H 5 #(US EPA)9]
IRIS (Integrated Risk Information System)2] fjo]E|H|o|AE
ol gt o, nueky Sg BIlE Sfat BRI
(Reference Dose, RfD)S ZAsFGItE"? n)at 34K 54 o

HE
13
& 3}

Be=AA ¢l drel=A 9] 7130 ue} welge JLE319 1,
=2 EQAF0] 7A3te] A4%E NOAEL (No Observed Ad-

verse Effect Level)@ LOAEL (Lowest Observed Adversed
Effect Level) S ZAF5FIT)

2 leSA U oA Foto] Ky SR AR
G Bkl 2oAste] HRE A, Gorel )
B3 4 U AL oISl dakoltols)l
A AR ERE ForAlSH o RS LS| =2
At AESHICh T, oF5e] me A ANETt BEA
%, B4 e 7120 B A3l ek 0~14, 14~30
12704, 2~3704, 3~4704, 4~5704Y, 5~67NL7HA] 77
7o A w2 AU S 4R Table 2).

el Aol o851 A =S Hot U U ==K ave-
rage daily doses, ADDs) O 2 LENH 4= gl o, o]= UHIA
o7 njelt HAo gt &2 A5 8 Ao
2, 5770} Bat71be 9 e EM, A 71Xt
it wmEee BoASAA sHe Aolth Ek, ol o]
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Table 2, The exposure scenario of this study
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CXIRX BX D
BW X AT

ADDs (ng/kg/day) = (D

ADD : Potential average daily dose (ng/kg/day)

C  : Exposure concentration (ng/kg lipid)

IR  : Ingestion rate (kg/day)

B : Bioavailability

D : Exposure duration (days)

BW : Body weight (kg)

AT : Time period over which the dose is averaged (days)

93ll= ZA(Risk characterization)2> RfD2] H|E E3 o}

Zo] Al 2)of oJste] Y= R|4x(Hazard index, HNE A&
skl
Hazard Index (HI)= Afifgs )

HI : Hazard Index
ADDs : Average daily dose (ng/kg/day)
RfD : Reference dose (ng/kg/day)
24, SEAN 2N

sid B7Eel 7 dAO A S 4 e E2H44(Un-
certainty)S 7AA]7]7] &3t FEEH g oot
Bz 7P 7 Sia)lArSe] a4 Bote] Aafo] x|

el
= 9 7= A& 915te] Monte-Carlo simulations-
A3}t E3F, Monte-Carlo simulation2 %£3}] PBDEs
S AEe} =SSl REGS FHFORH, Bt o
gob W 247 2eA WA 0FR A AL B
A 243} 59Tl Monte-Carlo simulation Crystal
ball 2000 (Decisioneering, Inc.)2 &-83}o] BE w=-FH0)
100,000814 KL oJAH -2 =35k

27 e

2.5. SAIM K17l Mzl ¥ 2N

1) o] AFaA|(Pearson's correlation analysis) £-41-2 PB

. Body weight of infants (kg) Exposlure Frequenoylof The amoun? of .
Days after birth duration breast feeding ~ breast feeding The amount of breast feeding per day
Mean SD months event/day mL/event
0-14 days 3.40 0.48 0.467 95 60 570
14-30 days 3.40 0.48 0.533 8.0 90 720
1-2 months 456 0.59 1.000 6.5 120 780
2-3 months 5.82 0.84 1.000 6.0 150 900
3-4 months 6.81 0.84 1,000 55 180 990
4-5 months 7.56 0.86 1.000 55 180 990
5-6 months 793 0.90 1.000 45 240 1,080
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DE ol 42A] Abole] AHA|o) shotel] $istel ALgH9)
o, a4 Brke] GEEER AA7)7] 98 AT 4
A2 Anderson-Darling test, x*-test, Kolmogorov-Simirnov &-
A HAYE EYE Skl A3 s T HiolH Y &
AlEA-8 Statistica (version 6.0, statsoft Inc., OK, USA) soft-
Sayshelr.

ware system O =

1.
AehAkAte] 59%7}
2 53 kg2 HPH

Table 3. General characteristics of pregnant woman and their
infants participating in this study

Subject characteristics

Mean + SD or
percentage (Range)

Mothers

Age (years)

Body weight (kg)

Body height (cm)
Pre-pregnant BMI (kg/m?)
Parity (primipara/multipara)

Delivery process (naturalbirth/cesareansection)

Living near factories ({5 km) (yes/no)

Infants

Gestational age (weeks)

Birth weight (g)

Distinction of sex (male/female)
Mikk feeding in perinatal period
Breast-feeding (%)

Milk consumption (mL)

Lipid content of the milk (%)

32 + 2.7 (26~38)
53.1 + 7.9 (40~68)
160 + 5.9 (150~172)
206 + 2.7 (16,1~28.4)
13/9 (59/41)

14/8 (64/36)

0/22 (0/100)

39 + 1.35 (36~42)
35+ 05(29~47)
10/10 (50/50)

21/1 (98.5/1.5)
88 + 38 (50~200)
31+ 13(1.5~6.1)

AFEL 35405 kg2 A FE Goh= glglon], Yok} ofo}

O] &S 47} 50%= YERRlth gote] WB.5% = 2/E A
AL 2 (EA 3Y olU) o B £{S 50~200 g2
‘:”%E o}$~ Bt 88 g2 HFH ot AR TAEGOH, B

2o 1.5~6.5%2] <% cH(Table 3).

3.2. PBDEs s & O|M
AR AT Bg

ZH 2%

YPBDEs =74 % Z o| A

23t 3 Fig. 10 Uehiglon, $isid B71E 91 4
dho} =42 71 2(RfD)7} A|A|E BDE-47, -99 & -1539] =
Lo g ®RIEEiE= Fig 20 Uetf it

PBDEs #4241} tf5452] K30 i PBDEs7} &% o
%] =2 9] PBDEs7} =] 2ukel o1
Yol = w=ZE]o] 98-S oF <= 9)9irt SPBDEs (BDE-28, -47,
-99, =100, 153, 154, 1832] 3hH2] == 0.84~13.1 ng/g lipid
(B4 + 2HA}, 3.56+3.10 ng/g lipid)o] MYz 'Y
(3.5 ng/g lipid), 7+ (3.59 ng/g lipid), ¢H' (4.01 ng/g
lipid)oll A &8 Aol Ao, WEE” (1.1 ng/g
lipid), D& (2.6 ng/g lipid), A= Alo}? (1.25 ng/g li-
pid) 5 /WU =A=ET}E tha =9kt 28y PBDESE 7}
A wo] ARg-she Eu] 219" (73.9 ng/g lipid)o] v]siAE
w& oIk

Fig. 1ol Urebdl viel o), m§ 2 7iE PBDE o]/ 44|
o] P9} XEHA= BDE-470] 132+ 1.16 ng/g lipid
& 7%°] 32 PBDE o4 8A & 7MY k& =R HE

on, SPBDEs?| ©F 35.8%2 #}%|5}%it). thS-© 2 BDE-
153 (0.96 + 0.64 ng/g lipid, 30.7%), BDE-100 (0.44 + 0.52
ng/g lipid, 11%), BDE-99 (0.41 +0.42 ng/g lipid, 10.7%) <=
09} o1, BDE-28, -154, -183 o] A A 2] 3> SPBDEs?)
15% u|qto g Ao ZAAH|2 et A& penta-BDEs
ZgEo] 29 JAEX <l BDE-470] IPBDEso|A] 71 =
2 FHE AABHL s A2 AEC tig A 44
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Fig. 1. Residual consistency and congeners distribution of TPBDEs (sum of tri- to hepta-BDEs) in breast milk samples collected from
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Fig. 2. Concentrations and frequency distribution of BDE-47, -99
and -153 in breast milkk samples.

o elate] &) A HA 7] wjite]ch? £3, BDE-47,
99 W -153& FEAY AT} e FRoHE tEulA, A
A, A7) Sl thE =470 8 $3A3A 9TV

Ehfl, deca-BDEso| H|te] atafo] Zof 41A] Q1A ol
249 4 qlo] Wby 5 <AAlel that $1shde] L non-

coplana PCBs Jx 9] 93|Ad& 714 ALE F7h=E )
t}.? E3l BDE-47, -1532 o} AFahE X (Pearson's co-
rrelation analysis) Z¥} YPBDEs %= 9} 713 =2 AaAdS
Hof Ao tigh 22 EAE7 E 5 U o=
= UATH(p < 0.001).

3.3. 2l "It

3.3.1. gote| 27 MF ol HE ==HI}

PBDEse| thgt Qo] k&7 Table 29} o] Wi 4
S A7I7HE 0~14Y, 14~304, 1279, 2~37}1¢¥, 3~47)
Y, 45709, 5~670E7HA] THAR e oA 2 A
FFe] wgtof| s tupch FoiRl IAES] Hddles &
Boto] TdF7t g Fekgl e, o &% PBDEs w0 o
gt S EREZE 13 Monte-Carlo W E& 483t &&
EE & ool Table 49 A 2]shgich

Table 40f| LEbdH vie} o] Tl L ghE ARt A
o7k 6711 B¢t 25 FlA AFHE 4+ = TPBDEs9]
Bt L =ESHADD) AlF 1 kg 16.5 ngo| Qi) EE&
Monte-Carlo 24 A7} 55 329] 297k(50th percentile)
S 11.4 ng/kg - bw/day, |t =% F(95th percentile)-2 47.4
ng/kg - bw/day 2 A2 = QU 24 T 5~671LA Folb &
+ =& &% IPBDEs9 HH4YYrE%2 &4 A0~
14Dl ulakol 17%, 14-30Ae] HAAL 36% st
of Wobe] mg 45 7I7ko] Zoj W45 TPBDEs] A %
qge GA gasts A0 dSHYAT ol B 4
o} %S A7 Z7FehA, A7kl WHE 1.9 % SPBDEs
5 pFo| gash] R Ao Ml olfd Ao

2 & mjof 67 o]% ot n{pAFHE E7 IPBDEs2)

o 2 o of

wHe F43) gasil @ Ao o2e 4 Ak 6714
Wg 4§ 717+ B9k Jote] TPBDEs AU FH wEFo

Table 4, Comparison of fixed-point and monte carlo average daily intake dose estimates of total PBDEs in infants via breast-feeding

in different period of life

Monte-Carlo (ng/kg - body weight/day)

Tgfpt(;r:i:f ';':;? Mean Range Selected percentiles

min max P5 P20 P40 P50 P60 P80 P95
0-14 day 178 18.5 152 A 3.98 6.59 10.2 125 154 257 528
14-30 day 225 235 2.20 970 504 8.31 129 158 195 323 66.9
1-2 months 182 189 1.65 822 4,05 6.72 104 127 157 26.1 53.6
2-3 months 16.4 176 149 843 3.68 6.07 9.40 115 142 236 486
3-4 months 154 16.0 1.55 586 348 571 8.42 10.8 134 221 455
4-5 months 139 14 4 1.40 538 3.12 514 795 972 120 199 408
5-6 months 145 151 1.32 457 325 536 827 101 125 20,7 426

""" 0-6months 165 168 186 618 374 617 952 114 143 236 474
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Fig. 3. Frequency charts of average daily dose (ADD) for exposure duration standard.
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Table 5= $J8]l= A4o| D23 BDE47, -99 4 -153 o4
At 670E B = 713 <k Bat A e s T

B 2

-4

a9 7} 77} Monte-Carlo dyto] FEEE S A
2]3l Ao, SFEZL Fig. 40| LJE STt PBDEsS] &
9T et ol @A} thach”) gakuksg 7t A
BDE-47-% u}$-20] 0~10.5 mgkg/day?] S22 Z1L £

). H|Z, FfycloA BaE FAHUA-=3FS PBDEsS] & 3t A1} NOAELY} LOAEL-2 ZFzF 0.7 9 10.5 mg/kg/day
Table 5, Comparison of fixed-point and monte carlo average daily intake dose estimates of BDE-47, -99, -153 in infants via breast-
feeding
Monte-Carlo (ng/kg - body weight/day)
Congener Fixgd Range Selected percentiles
point Mean ,
min max P5 P20 P40 P50 P60 P80 P95
BDE-47 558 571 1.35 56.7 248 3.38 438 494 557 753 115
BDE-99 196 213 0.16 213 0.31 053 0.89 114 148 2.80 7.01
BDE-153 442 455 0.76 981 1.40 2.05 290 3.42 4.06 6.19 114
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Fig. 4, Frequency charts of average daily dose (ADD) for expo-
sure duration standard (BDE-47, -99, -153). The single
point estimates calculated by the 5th percentiles, me-
dian, mean and 95th percentiles from the Monte Carlo
simulation after 100,000 iterations are shown,
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3.3.2. &l3l = X|4=(Hazard Index)

A 209% 2] PBDE o|A & A % BDE-47, -99, -153 2
-2090f| thsto] lald B fIvt =/49Ra1A](Reference Do-
se, RMD)'"7} A A|E|o] Qltk(Table 6). RIDE THY =% A
gajedgol et kg Ao 7|tjshs §3F0 2 NOAEL
1= BMD (Benchmark Dose)o]l 244 Al4>(uncertainty
factor) & Lefsto] AbEH glor WdIFH 2 54
EA5HA = Ao R £t Table6o] 7} o] JAA 543
3F9] POD (Point of departure) 2|4 .24 BDE-471} BDE-
99= BMD ZFo], 121 BDE-153-2 NOAELZ A A|5}gle
W, 388 SEARY A4 Sol we B4 WS
AABEAE: o]0 RD gh& &-8-5to] 671 i f 7|3t
5%t BDE-47, -99 9l -1539] iU dleEwgol o BEet
afA49] T Hrix W SEEZE 733 Monte-Carlo
BAATIE Table 7o) Helstglon], os|x|4o] SEREL
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Table 6, Reference dose in each isomer'”

Congener Reference Dose (Oral)
BDE-47 Critical Effect Neurobehavioral effects
Point of Departure BMDL (1SD): 0.35 mg/kg5)w
BMD (1SD): 0.47 mg/kg
UF 3,000
MF 1
RfD 0.0001 mg/kg-day
BDE-99 Critical Effect Neurobehavioral effects
Point of Departure BMDL (1SD): 0.29 mg/kg®”
UF 3,000
MF 1
RfD 0.0001 mg/kg-day
BDE-1583  Critical Effect Neurobehavioral effects

NOAEL: 0.45 mg/kg®®
LOAEL: 0.9 mg/kg

Point of Departure

UF 3,000
MF 1
RfD 0.0002 mg/kg-day

* Single dose gavage study in mice,

UF: Uncertainty factor, MF: Modifying factor, RfD: Reference dose.
Conversion Factors and Assumptions: BMDL1SD = 95% lower con-
fidence limit on the maximum likelihood estimate of the dose corres-
ponding to a change in the mean equal to one standard deviation (SD)
of the control mean, BMD1SD = maximum likelihood estimate of the
dose corresponding to a change in the mean equal to one SD of the
control mean,
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Table 7, Estimation of Hazard Index in BDE-47, BDE-99 and BDE-153

. Monte-Carlo
Congener Ezﬁw? v Range Selected percentiles
ean
min max P5 P20 P40 P50 P60 P80 P95
BDE-47 56E-02 57E-02 25E-02 57E-01 25E-02 34E-02 44E-02 49E-02 56E-02 75E-02 12E-01
BDE-99 20E-02 21E-02 20E-03 21E-00 30E-03 50E-03 90E-03 11E-02 15E-02 28E-02 69E-02
BDE-153 22E-02 23E-02 40E-03 49E-01 70E-08 10E-02 15E-02 17E-02 20E-02 31E-02 57E-02
100,000 Trials Frequency View 97,906 Displayed Ft A =E27|7 5 222 AT FaFeFe] YEA
e ke Ao Ffsts 229l RDE vl@4A2 e
ACR, “17& 1 71& FOo & sy, “I7& et H¢
Ly Lo LER2 R faiFEel vehd 7HeAdel Stk
. 004 so0 £ A5 Z3} BDE-47, -99 9 -1530] tfgk Jote] B4
%m_ mog Holl M2 FFLLdreEFol| TAT G F7HR] £447
£ g Ht )8 |4 BDE-47 5.6 x 107, BDE-99 2.0 x 10° &
0021 o BDE-153 2.2 x 1072 4F&=|o] v]uer @ G2 dof ©jgt 2l
001 - 1000 A Foli9eFe s dddte 7led “17E 2R o
o . : . : . 0 oot FEE4 98 B2 AAISE Monte-Carlo 5422}
0.060 0.080 0.100 0.120 0.140
98| 4=2] ZZH(50th percentile)-2 BDE-47 4.9 x 107, BDE-
-Infinit Certainty: |100.000 % Infini
45T i L 99 1.1 x 107 @ BDE-153 1.7 x 1022 BDE-479] 98§47}
: : 7V A AE5EReH, 1 L 2I5S Ao E 3 S9F
e Freeney e D ol Alubel Lol A= Zo) =% 7ol 95th percentile > BDE-47
e [HI] BOE-89 o 12 % 10", BDE-99 6.9 x 10> & BDE-153 5.7 x 10°& w]uko}
014 14,000 A=Y 7SR “17E 28R oot 671 Fet B
e 12,000 FHE QAT ot A Yal TS B2 ALeR HUt
2010 10000 T =]tk
2 oo A Rl e 2 A7AT 98 e we Ao Wi
a 0084 Plegzn -0011] 6000 3 O}, QA fBiA Bk AV 2E A s AS A
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Fig. 5. Frequency charts of hazard index (HI) for exposure du- z3tglon, them e ARS oo 2 9ot}

ration standard, The single point estimates calculated by
the 5th percentiles, median, mean and 95th percentiles
from the Monte Carlo simulation after 100,000 iterations
are shown,

1) BE tiA BR{A 504 PBDEs7F HEEglom, By
% IPBDEs®| Hyts® 9 EFHAN= 3.56 £3.10 ng/g lipid
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