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Cord serum polybrominated diphenyl ethers levels in newborns and their influencing factors
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Abstract:

[Background] Polybrominated diphenyl ethers (PBDEs) are widely used as brominated flame
retardants and produce adverse effects on both ecological environment and human health.
Therefore, monitoring the concentrations of PBDEs in cord serum and exploring the influencing
factors can provide evidence for risk assessment in mother and infant populations.

[Objective] The aim of this study is to evaluate PBDEs levels in newborn cord serum and explore
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associated influencing factors.

[Methods] Between June 2009 and January 2010, 1027 newborns from Sheyang Mini Birth Cohort Study (SMBCS) in Jiangsu Province
were enrolled in this study. A questionnaire survey was conducted to collect the pregnant women'’s socio-demographic characteristics,
living environment, and lifestyles. A total of nine PBDE congeners (BDE-28, BDE-47, BDE-99, BDE-100, BDE-153, BDE-154, BDE-183,
BDE-207, and BDE-209) in the collected cord serum samples were determined using gas chromatography-negative chemical ionization
mass spectrometry (GC-NCI-MS) and adjusted by total serum lipid concentrations. A multiple linear regression model was applied to
explore the association between cord serum PBDEs concentrations and mother’s socio-demographic characteristics.

[Results] Two or more PBDEs were detected in all cord serum samples. The positive rates of BDE-207 (97.27%), BDE-100 (92.99%), and
BDE-209 (91.63%) were higher than 90%, followed by BDE-28, BDE-153, and BDE-154 with the positive rates ranging from 71.21% to
81.01%. The most abundant congener in cord serum was BDE-209, with a median concentration of 18.37 ng-g™ (calculated by lipid),
followed by BDE-207 (1.14 ng-g™), BDE-28 (0.40 ng-g™), and BDE-100 (0.39 ng-g™*). The results of multiple linear regression models
indicated that mothers aged 25 to 30 years had a higher cord serum concentration of BDE-207 (b=0.21, 95% CI: 0.02-0.41; P=0.03) than
those under 25 years old; mothers with insufficient weight gain had a higher BDE-154 concentration (b=0.18, 95% CI: 0.01-0.35; P=0.04)
and mothers with higher weight gain had a lower BDE-209 concentration (b=-0.16, 95% ClI: -0.30--0.01; P=0.03) than those with normal
gestational weight gain; cord serum concentrations of BDE-153 (b=0.18, 95% C/: 0.01-0.34; P=0.04) and BDE-154 (b=0.23, 95% Cl: 0.12-0.34;
P=0.01) were significantly positively associated with annual household income; the mothers who lived in suburban areas had a higher
BDE-100 concentration (b=0.19, 95% CI: 0.01-0.38; P=0.04) and the mothers who lived in urban areas had a higher BDE-153 concentration
(b=0.21, 95% CI: 0.02-0.40; P=0.03) than those living in rural areas. Additionally, seasonal differences were also observed in the cord
serum PBDEs concentrations. The cord serum BDE-28 (b=-1.45, 95% Cl: -1.68--1.23; P=0.01) and BDE-100 (b=-0.60, 95% CI: -0.76--0.43;
P=0.01) concentrations collected in summer and autumn were lower than those in winter, while the BDE-153 (b=1.65, 95% CI: 1.45-1.84;
P=0.01), BDE-154 (b=0.40, 95% CI: 0.27-0.53; P=0.01) and BDE-209 (b=0.60, 95% CI: 0.45-0.75; P=0.01) concentrations presented opposite
seasonal pattern.

[Conclusion] The selected newborns are extensively exposed to various PBDEs, among which BDE-209 is the most dominant congener.
Their cord serum PBDEs concentrations are associated with maternal socio-demographic characteristics and birth season.

Keywords: polybrominated diphenyl ethers; cord serum; mother and infant; birth cohort
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E—MIIZNBTRRERRER. BFIE. 4R
mMBRERZIHERIVRRREET, BaiERANER
RECRBE. JURBERBRRAHREECRE Y, sh¥3R00 K%
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AORER, BEMRBENUEEFESTEEEY, 2
A Z 81 {A E 531 (body mass index, BMI) LLZ2 Hij{K
& (k) /B8 (M) iHEEFH, 3EEXEEFZH R
AWM SRR ", 251 BMI<18.5. 18.57<25.
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11.4~15.9. 6.8~11.4kg, HEZHIEE D NIBEFE.
WEFEMEENZ =, FRFEREFIRUNE
FTRERS AR W AFGhE, TH I Rk
Hol. B R BAREMBURSZEAGND HES
FiE, TLEERARID NEIEE, KIER
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BDE-99. BDE-100. BDE-153. BDE-154, BDE-183. BDE-207
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0.208ng'L"s A& BohEH ol 2 ABE R H Il
=BREE, B 2SS 2HRIE PBDEs FHREE 2,
1.4 $#itFE5H

B, JLEBYE. TV EE. ma s
A% PBDEs JRE RV —AR4FIE. F3F BDE-47. BDE-99
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2.1 RMNREREE

FEARRFEAR, B 485 B21T (47.22%) BFER/NF
25%, 71.28% I 2 13 2 i BMI & F IE E 5B H (18.5~
<24kg'm?), 54.33% R ITZHAIL & T %, 56.38% HY
ZERWER AN, REFWANBEI3IGT
& 553.75%, BETERN (42.75%) WEEFKZTE
FEEENBXE, TEMEREFTOHNZA L
75.56%0 £5RILER 1o

®1 ZAERKER

Table 1 General characteristics of mothers

& (Variable) n (%)
e /% (Age/years)
<25 485 (47.22)
25~ 353 (34.37)
31~ 189 (18.41)

Zogi BMI/ (kg-m™) [Pre-pregnancy BMI/ (kg:m?)]

<18.5 124 (12.07)
18.5~ 732 (71.28)
2~ 171 (16.65)

ZHAER (Gestational weight gain)

HEIEE (Normal) 310 (30.19)

HERZE (Low) 159 (15.48)

¥ 8313% (High) 558 (54.33)
B KT (Education level)

<&M (<High school) 660 (64.26)

> (>High school) 367 (35.74)
KEEFEUN / 7T (Household annual income/yuan)

<30000 475 (46.25)

30000~ 552 (53.75)
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gR1

T & (Variable) n (%)

ERAV SRS (Occupation)

LI £ (Unemployed) 331 (32.23)

&% 5h (Manual work) 579 (56.38)

/2555 (Mental work) 117 (11.39)
B{EHZERY (Residence)

RAF (Rural) 439 (42.75)

£78 (Suburb) 210 (20.45)

X (Urban) 378 (36.80)
KHEZET (Sampling season)

K2 (Winter) 251 (24.44)

BEFZE (Summer and autumn) 776 (75.56)

[3E] BMmI : {KEEER,
[Note] BMI: body mass index.

2.2 BFininiE= PBDEs HYKE

Ffr A B I [ 375 4% 2 AR 25 B 46 HH 7 e Bz LA _E RS
PBDEs, #&HZE ST 90% HYA BDE-207 (97.27%) « BDE-100
(92.99%) #[ BDE-209 (91.63%) , BDE-28. BDE-153 #[]
BDE-154 BY#G H =SB E 9 71.21%~81.01%, 5 PBDEs
B & YR H IR T 70%. PBDEs SRE £ MAEIE
FRA, RENEEREHRERTEE 23 NMER,
BDE-207 #1 BDE-209 BY ¥ M IME R R EE RS, 2
%79 1.14, 18.37 ng-g*, i BDE-183 FYRR .MM ;& F il {E
KEEZE/\F LODE, PBDEs RFE 2 1 (sPBDE) A1
B9 0.03 umol-L% K 2,

£ 2 BFimimiE 9 PBDEs fs R EIRE D7
Table 2 Distribution of 9 PBDEs concentrations adjusted by lipid
in cord serum

SREE/ (ngg”) [Concentration/ (ng:g”)]

PBDEs ﬁﬁz/% SBE
Positive rate/%  Gm (GSD) Py Py Py e
Range
BDE-28 81.01 0.42 (5.24) 013 04 117 0.08v17.42
BDE-47 52.09 0.20 (6.16) <LOD 0.1 0.8 0.08~18.25
BDE-99 50.05 0.10 (2.86) <LOD  0.05 0.2 0.0576.30
BDE-100 92.99 0.41 (3.14) 0.19 039 095 0.08~6.96
BDE-153 80.92 0.37 (4.57) 0.12 038 1.04 0.07~29.96
BDE-154 71.21 0.12 (2.49) <LOD  0.12 0.23 0.06~3.66
BDE-183 47.61 0.28 (2.40) <LOD <LOD 0.55 0.23~8.55
BDE-207 97.27 1.07 (2.80)  0.63 114 211 0.08~11.68
BDE-209 91.63 17.01 (2.90) 841 1837 3544  3.43~190.25
3PBDE" 100.00 0.03 (2.05)  0.02 0.03 0.05 0.01~0.27

[E] 6m @ JUE9ME 5 GSD @ JUAIARAEE ; LoD @ #tHPR ; * : 9%hPBDES

REZN, BALY umolL,
[Note] GM: Geometric mean; GSD: Geometric standard deviation; LOD:
Limit of detection; *: The sum of molar concentrations of 9 PBDE

congeners, umol-L™.

6 7 PBDEs B R Y BIIVAE X DT RUE 1 PR
7, 1N BDE-28 5 BDE-153 (r=-0.22, P<0.05). BDE-209

(r=-0.24, P<0.05) , LA BDE-100 5 BDE-209 (r=-0.19,
P<0.05) 28145551 X%, HAK PBDEsEAYEZ =
FMEx (rEEE : 0.1170.83),

BDE-2091-0.24" -0.19" 0.11° 0.06

BDE-207|- 0.01 0.04 0.06

BDE-1541 0.11" 0.29"
BDE-1531--0.22"

BDE-100

BDE-28

[E (Note)] * : P<0.05,
1 BFimimn;E= 6 #h PBDEs Kz ZPBDE jREBHEX 4534

Figure 1 Correlations among 6 PBDEs concentrations in cord serum

2.3 BRininiE PBDEs ikERMEXEZE

BY 7% PBDEs RE S Z AR AOFEEEN
KEXDMERNRKR 3, ZEFIR 25730 5 IFE)L
f5% I I 75 BDE-207 R E & T HF e/ F 25 5 19217
[[5] Y3 & %k b=0.21, 95% & 1= X [&] (1) : 0.02~0.41,
P=0.03] ; 5SZHRIEEIF W2 EAEL, ZEEERE
89%249 BDE-154 /RE RS (b=0.18, 95%C/ :0.01~0.35,
P=0.04) , % HA1E E L % Y% 43 BDE-209 /R E R K
(b=-0.16, 95% C/ : -0.30~-0.01, P=0.03) ; B I M ;&
BDE-153 F1BDE-154 IR E S KEFWANZ EMEX
(b=0.18, 95% CI : 0.01~0.34, P=0.04 ; b=0.23, 95%
Cl : 0.12~0.34, P=0.01) ; EFEFEF RPN M M5
BDE-100 (b=0.19, 95% CI : 0.01~0.38, P=0.04) R E &
FRNZE, BXEEZRERIAMIME BDE-153 RE
ST RNZE (b=0.21, 95%Cl : 0.02~0.40, P=0.03),
BRILZ b, #r&E) LBF M ME AR E PBDEs I R RE
KFEEFEERE CRiF) =ETHNER | EMEHEREIL
B [ I 5% BDE-28 #11 BDE-100 AR ER F L E=H LR
4 )L (b=-1.45, 95%CI : -1.68~-1.23, P=0.01 ; b=-0.60,
95% Cl : -0.76~-0.43, P=0.01) ; Bz, EMEZHEHR
4 )L % o I 35 BDE-153. BDE-154 F1 BDE-209 FY 7K
STFEFHENFE)L (b=1.65, 95%C : 1.45~1.84,
P=0.01 ; b=0.40, 95%Cl : 0.27~0.53, P=0.01 ; b=0.60,
95%C/ : 0.45~0.75, P=0.01),
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#*3 & PBDEs RERMEXER [b (95%C/)]

Table 3 Factors associated with cord serum PBDEs concentrations [b (95% C/)]

24315 8. (Characteristics of mothers) BDE-28 BDE-100 BDE-153 BDE-154 BDE-207 BDE-209
e/ % (Age/years)
<25 £# (Ref.) £# (Ref) &% (Ref) £# (Ref.) 2% (Ref.) £%E (Ref)
25~ -0.12 (-0.41~0.17)  -0.05 (-0.26~0.16) 0.06 (-0.19~0.31)  -0.09 (-0.26~0.08) 0.21 (0.02~0.41) ©  -0.03 (-0.22~0.17)
B -0.11 (-0.47~0.24)  -0.05 (-0.31~0.21)  -0.06 (-0.37~0.25)  -0.14 (-0.35~0.06) 0.15 (-0.09~0.39)  -0.07 (-0.31~0.17)

Z2giBMI/ (kgm”?)
Pre-pregnancy BMI/ (kg:m?)

<18.5
18.5~
24~

ZxHAI® ES (Gestational weight gain)
MEIEE (Normal)
HERRE (Low)
HETZ (High)

B KF (Education level)
<& (<High school)
>5 M (= High school)

KEFWN/TT

Household annual income/yuan
<30000
30000~

BRIV ZER! (Occupation)
T I (Unemployed)
K% 5h (Manual work)
%50 (Mental work)

BEHZER (Residence)
ARAF (Rural)
£258 (Suburb)
X (Urban)

KHEZEYS (Sampling season)
£Z (Winter)

5% (Ref)
0.25 (-0.05~0.55)
0.29 (-0.08~0.66)

B% (Ref)
0.01 (-0.28~0.31)
0.13 (-0.08~0.35)

5% (Ref)
0.02 (-0.20~0.24)

2% (Ref)
0.17 (-0.02~0.37)

2% (Ref)
-0.11 (-0.32~0.10)
0.06 (-0.30~0.41)

2% (Ref)

0.01 (-0.25~0.26)
0.07 (-0.15~0.29)

2% (Ref)

5% (Ref)
-0.01 (-0.23~0.20)
-0.02 (-0.29~0.25)

ZE (Ref)
0.05 (-0.17~0.26)
0.01 (-0.16~0.16)

2% (Ref)
-0.10 (-0.260.06)

5% (Ref)
0.08 (-0.06~0.22)

5% (Ref)
0.10 (-0.06~0.25)
0.04 (-0.22~0.30)

S% (Ref)
0.19 (0.01~0.38)

0.08 (-0.08~0.24)

2% (Ref)

BfZ (Summerand autumn)  -1.45 (-1.68~-1.23) © -0.60 (-0.76~-0.43)

5% (Ref)
-0.02 (-0.28~0.24)
0.02 (-0.30~0.35)

2% (Ref)
-0.16 (-0.10~0.42)

-0.12 (-0.31~0.07)

2% (Ref)
-0.15 (-0.35~0.04)

2% (Ref)

0.18 (0.01~0.34) *

2% (Ref)
0.05 (-0.13~0.24)
-0.09 (-0.40~0.22)

2% (Ref)
-0.03 (-0.26~0.19)
0.21 (0.02~0.40) *

5% (Ref)
1.65 (1.45~1.84) °

5% (Ref)
-0.04 (-0.22~0.13)
-0.01 (-0.23~0.20)

5% (Ref)
0.18 (0.01~0.35) ~
-0.01 (-0.34~-0.02)

5% (Ref)
-0.06 (-0.18~0.07)

5% (Ref)
0.23 (0.12~0.34) *

2% (Ref)
0.04 (-0.080.16)
0.04 (-0.16~0.25)

5% (Ref)
-0.10 (-0.25~0.04)
0.01 (-0.12~0.13)

5% (Ref)
0.40 (0.27~0.53) "

5% (Ref)
-0.06 (-0.26~0.14)
-0.16 (-0.41~0.09)

BE (Ref)
-0.19 (-0.39~0.01)
-0.09 (-0.23~0.06)

2% (Ref)
-0.03 (-0.18~0.11)

5% (Ref)
0.05 (-0.08~0.18)

5% (Ref)
0.07 (-0.07~0.21)
-0.06 (-0.30~0.18)

£% (Ref)
-0.12 (-0.30~0.05)
-0.08 (-0.23~0.07)

2% (Ref)
-0.07 (-0.22~0.08)

5% (Ref)
0.07 (-0.13~0.27)
0.12 (-0.13~0.37)

5% (Ref)
-0.08 (-0.28~0.12)
-0.16 (-0.30~-0.01) "

2% (Ref)
-0.01 (-0.16~0.14)

2% (Ref)
-0.11 (-0.24~0.02)

5% (Ref)
0.02 (-0.12~0.16)
0.07 (-0.17~0.31)

2% (Ref)
-0.10 (-0.27~0.07)
-0.06 (-0.21~0.09)

5% (Ref)
0.60 (0.45~0.75) "

UE] * 1 P<0.05 ; BIREDH LIRS ELEER PBDES RENW LR, Fiid. 28] BMI. ZHIEE. RHEEKT. RSB REFWA. BEMIEEMNR

HETHEZE,

[Note] *: P<0.05; Ln-transformed PBDEs concentrations are taken as dependent variables, and age, pre-pregnancy BMI, gestational weight gain,

education level, occupation, household annual income, residence, and sampling season as independent variables.

3 itig

A ETF sSMBCS, %1027 ZZFRFM I EH
9 f PBDES JREH T T NE, HIRZE T2 HAPBDEs &
EREXAER, AREAWM, FAERIOMEFRFIYE
e P PBDEs B R YY), B PBDES RE 2 8] iR
SEFEHEX X%, HABDE-200 R HEK S, HAE
FRREREHLLLEMPBOEs A RAY S H 172 ME
& ; BHRIEIR T PBDEs R B /K FESZEAFIR. RE
FIRN. BEMEENIE) LBESTHEX,

B 5T T A ) LBF I M55 A 42 BS TR AR IE 89 9 F
PBDEs AKX E S5 H AR AT M M7 PBDEs REH
Eb i A FE M LR S1. TEASERZT A, BDE-209 AYAF
m;E+(KEEFTE PBDEs B AT RS, BEN,

EHRERV. B FAEENHARH, BDE-209 K E
f£FfE PBDEs A RYIF RS ® 22, XAIgEEAHT
KR EEF0 A [E 93 5 B 2004 FEF1 2006 FFE Xt H A fd
PBDEs IRV E=MERE PRSI, MmEZEBaiD
R3J BDE-209 HITE TR ), B, HRKRAPHE
TR RAEFI HAYE 9 PBDEs 1, BDE-209 FT £ Y
RELLGIRS ™, AJRES N A2 BDE-209 R E
M=, SEFERSE. SEARFTNRIF RO
3Tl 2 7IAALY , AH SRR I 0 75 FP R R 1L BY BDE-28.
BDE-99. BDE-100. BDE-153 #{1 BDE-154 ;K E 5 HAHif,
BEFHIEENSH—TMRLERY, XeEERA
AEMERPEE PBDEs N EBEM Y —, HIFR
XA = SFRARY) PBDEs SRE RS, FFTARE
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KENSTREE A, B, AARSHELEH
4 ) LBF M0 75 BDE-28. 47. 99 #1183 B9 REHET, 1B
BDE-100. 153. 154 RREERE e,

S5 AEMRAEL, INEAZIIEF S PBDEs
RENRS, B4R PBDEs KER 14~504 1, —
ERNZINERAARREFERRE (2004—2005) ,
iz R B Xt PBDEs £ = FERAMNRES], Z2EN
ZHRRTHNEALHERZFKES, 125 PBDEs B~
VN EEZE, EEEN—RRH, FFinmE %R
PBDEs PALKERTFEER, XSHEHQMAZEEX (E
£PREE : 0.17~0.83ng-g") ; {EXH BDE-28 (2.19ng-g")
#BDE-99 (1.65ngg™) HIRES T AR Y, 58
MEAFMEETEANILEEKAELL ™ 22, XARE
PBDEs /KERIE, XA gERHTFARIER ABNE
A BB EFIERARSH.

KRR XTH 4 ) L PBDEs REHEXEAEZ ST LM
25~30 % A RI BT IM M 75 BDE-207 R E & T <2548, M
EEAM RPN ERE A I PBDEs K E S F BT
HXRXHR P HREMKED, XAERHTFEER
FHX R EFEHERABEIT S PBDEs - mBIEABERAR
B, REFZNHREITRER. EEMRH, ZHAE
EREMNZEERKIMME BDE-154 K E RS, ML
& 3 S M Z A7 M 75 BDE-209 iR E YR, XAJRER
BT AEE NS EN R EKFR BERHER” (EAiE
BT B BN AR EL (R UR N 4B Z2 43 B I I 575 BDE-153
I BDE-154 REE S, IR =WANAEEFEEE T PBDEs
HN=E%, BE5—IMEENHR P BRBNSHF
min;5 PBDEs K E X, FILHASK— STEILTF
MEEMARLERBM 22, KARPEEEEE
A3 X AV Z2 49, ELBF I 1 75 BDE-100 F1 BDE-153 BY 7K
Bttt Rt Z2IEE S,

SR ER, ZPROEsERYIRESHE)LH
AE=ETEX, EMEHERS) LB M5 BDE-28 F
BDE-100 R ERFLFEHEE, BEFMARER, =
NRELZBAKPBDEs BEMETEGRRZ— B3, £L
FANBEPREBIKIZIN ; Sb, HARIEBALERE
BB RE 2 {E ¥ PBDEs TE PRI L BIMRFE B34, B A(KIE
i PM,s ZFE T PBDEs X TEL = RE ), MAH
RPESEKEHA S ) LFT MM BDE-153. BDE-154
M BDE-209 MRESTLFELEE, XAEEHTZ

MAREABHXFR, EMEARSEREBNENL
=¥ %, BRR KRBTSR BDE-153. BDE-154 Fll

BDE-209 Y& HH 195k 5 o,

ZMANMBETHRELRERK, FENE
REMEIF, B, EXRARPNUE 7 EEFRDIAR
9 BDE-207 Al BDE-209 BY B I [ 75 7R E. B i R %A
PBDEs BJ @it A EE R EH NBS) LIKAR &7, BRE1EE
EFEMR) LA, B PBDEs ;REBE R LUK
BFEREKT, WA LUEATIRIAR) LR BAIEIR,
LR, AR EERRZL, ATFEEFHDZ2A
ZHINIMBMZERIFMREE R, AT ERRXER
Z 3¢ PBDES %%E’JE’UH BRRABYRBE—RE™
Eﬁ?f, SR BEFET—EEENEERE,

%z 1k, 126% &)L 2B E T PBDEs, HAR
PIBDE-209 ix NEE, ARG #4E)LPBDEs IR =
KEDHSZEFFER. KEFWRAN. BEMIERAH
) LBEFTEX, FEH P IRASEIENEEH
JLE BDE-209 B B2 7K T, [E1BS SR ENAE R TR +8 s LA
RV,

(Bt : R BRSNS FX U IAE
R EAFRERER ARIER,)
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