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Abstract: [ Objective ] To measure the body burdens of polycyclic aromatic hydrocarbons (PAHs) in newborns in Harbin

and discuss the risk factors of PAHs exposure. [ Methods | Two hundred paired mother-newborns were enrolled randomly
from a hospital in Harbin and information was collected through questionnaires from April to September 2013. Eighteen kinds of
PAHs in umbilical cord blood were detected using gas chromatography-mass spectrometer. The risk factors of PAHs exposure in
newborns were assessed by Spearman rank correlation analysis. [ Results ] The eighteen PAHs were detected in umbilical cord
blood samples of selected newborns, including seven carcinogenic PAHs. Except that the detection rates of benzo [a] anthracene
and chrysene were 63% and 74% in umbilical cord blood, those of other five carcinogenic PAHs were higher than 80%. The sum
of concentrations of the seven carcinogenic PAHs in the newborns from urban area (median, 13.90 pg/L; P,s-P7s, 4.87-20.12 pg/L)
was higher than in those from suburban area (median, 7.01 pg/L; P>s-P7s, 2.39-14.00 pg/L) (P <0.05). According to Spearman
rank correlation analysis, higher concentrations of four kinds of non-carcinogenic (naphthalene, phenanthrene, anthracene, and
fluoranthene) and five kinds of carcinogenic PAHs (chrysene, benzo [a] anthracene, benzo [a] pyrene, dibenz[a, /] anthracen, and
indeno[1, 2, 3-cd] pyrene) in umbilical cord blood were associated with living in urban, living near a main road, passive smoking
during pregnancy, and consumption of food with high-level PAHs (P<0.05). [ Conclusion ] Carcinogenic PAHs are detected in
the umbilical cord blood of newborns in Harbin. The risk factors for newborns’ PAHs exposure are pregnant women living in urban,
living near a main road, passive smoking during pregnancy, and consumption of food with high-level PAHs.
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[ Note ]1: Naphthalene; 2: Acenaphthylene; 3: Acenaphthene; 4:
Fluorene; 5: Phenanthrene; 6: Anthracene; 7: Pyrene; 8:
Fluoranthene; 9: Chrysene; 10: Benzo | a ] anthracene; 11:
Benzo[ j ] fluoranthene; 12: Benzo| b ]fluoranthene; 13: Benzo
[ k Jfluoranthene; 14: Benzo[ a ]pyrene; 15: Benzo[ e |pyrene;
16: Dibenz[ a, h ]Janthracene; 17: Indeno[ 1, 2, 3—cd]pyrene;
18: Benzol g, h, i Iperylene.

1 PAHsHRERBBEFEIZE(50pu/L)

Figure I The standard chromatogram of PAHs
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Table 1 Demographic characteristics of newborns and mothers in urban and suburban of Harbin in 2013

#6545 (Index ) 71X ( Urban )(#=100) %X ( Suburban )(n=100) %tk ( Statistics ) P

FEEAERL (%) Mother’s age, years ) 27.11+3.14 29.03 +3.410 =115 0.285
Z#J# ( Gestational week ) 39.21 = 0.90 39.00 + 1.072 =226 0.135
LR LYES ( Neonate’s sex ) =242 0.120

3 (Boy) 46 57

4 (Girl) 54 43
B2 HF ARIE (Mother’s educational level ) 7=3.86 0.145

<& ( Below high school ) 8 17

{1 ( High school ) 22 22

> &1 ( Above high school ) 70 61
FpE NIIAENA ( J596 )( Annual family income per capita, x 10* Yuan ) =387 0.144

<5 27 30

5 24 34

>5 49 36
JE A BRI A 32 T38 ( Living near a main road ) 77 42 7=25.42 0.000
2 NIRRT (Indoor coal and gas burning ) 83 72 7=347 0.063
ZE 3R 5 ( Passive smoking during pregnancy ) 18 27 7=2.32 0.128
A PAHSs #5 9IK 24544 ( Consuming food with high-level PAHs ) 63 42 =934 0.002
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F2 2013 E£MRRETHEILFFIOAH PAHs iR E (pe/L, n=200)

Table 2 PAHs concentrations in umbilical cord blood of newborns in Harbin in 2013
Kt AB(No.) Kzi# (Rate, %) fe/IMH(Min) Ps M Pis I RAE (Max )
% ( Naphthalene ) 200 100 0.035 0.051 0.105 0.389 1.119
JE M ( Acenaphthylene ) 94 47 0.000 0.000 0.000 0.370 17.742
J& ( Acenaphthene ) 84 2 0.000 0.000 0.000 0.296 2211
% ( Fluorene ) 200 100 0.103 0.149 0.372 0.868 2.855
3K ( Phenanthrene ) 200 100 0.320 0.569 0.744 1.163 1.906
4 ( Anthracene ) 200 100 0.250 0.477 0.605 0.918 1.468
£ ( Pyrene ) 184 92 0.000 0.181 0.348 0.664 4.678
HEJ ( Fluoranthene ) 178 89 0.000 0.100 0.200 0.326 2.789
Jifi ( Chrysene )" 148 74 0.000 0.000 1.125 4382 10.861
#3[ a ] ( Benzo[ a Janthracene )" 126 63 0.000 0.000 0.133 0.398 10.688
HIE[j 198 ( Benzol j Mfluoranthene ) 200 100 0.093 0.153 0.831 2.406 9.672
ZH:[ b 197 (Benzo[ b Jfluoranthene )* 196 98 0.000 0.408 0.632 1.876 5.239
9% k ]9€ 7 ( Benzo[ k Jfluoranthene ) 160 80 0.000 0.302 0.517 0.964 4.320
%[ a ] (Benzol a |pyrene )" 164 82 0.000 0.424 0.594 0.919 5.091
9 [ e JEE (Benzol e Ipyrene ) 90 45 0.000 0.000 0.000 1.757 10.953
ZX3t[a, h ] (Dibenz[ a, h Janthracene )* 200 100 0.033 0.035 0.036 0.041 0.056
Bfidf-[ 1, 2, 3-cd JtE (Indeno[ 1, 2, 3-cd Ipyrene )" 200 100 0.171 0.231 0.261 0.291 0.347
#9F[g, h, i J4E(Benzol g, h, i Iperylene ) 200 100 0.178 0.193 0.208 0.287 0.351
Y18PAH — — 4.404 8.956 17.22 24.165 30.423
> 7PAHs" — — 2241 4210 11.546 17.990 21.147
[ Ja: %£EIEZ 1575 B2 5 % PAHs( B 50 PAHs ).
[ Note Ja : Group B2 by the United States Environmental Protection Agency( 7 carcinogenic PAHs ).
F3 2013 FMRIET. PRFEILFF M A PAHs KB [ M( Pos~Pis), ng/L |
Table 3 PAHs concentrations in umbilical cord blood of newborns in urban and an suburban of Harbin in 2013
PAHSs T X ( Urban )( n=100) ZBIX.( Suburban )( 7=100) V4 P

2 ¥ ( 2 rings )

%% ( Naphthalene ) 0.28(0.10~0.41 ) 0.09( 0.05~0.38 ) -2.61 0.009
3IA(3 rings )

J& i ( Acenaphthylene ) 0.00( 0.00~0.38 ) 0.14(0.00~0.34 ) -0.85 0.395

J& ( Acenaphthene ) 0.00( 0.00~0.30 ) 0.00( 0.00~0.05 ) -1.23 0.219

% ( Fluorene ) 0.57(0.14~0.90 ) 0.40(0.35~0.81) 0.42 0.674

4 ( Phenanthrene ) 1.01(0.74~1.12) 0.69(0.56~1.47 ) -0.66 0.509

7 (Anthracene ) 0.93(0.57~1.14 ) 0.57(0.47~0.90 ) 3.40 0.0007

/N ( Subtotal ) 2.91(0.62~3.46 ) 2.10(0.45~3.20 ) -1.51 0.130
43 (4 rings )

£ ( Pyrene ) 0.65(0.37~1.17 ) 0.33(0.14~0.58 ) 2.65 0.008

H¢ 14 ( Fluoranthene ) 0.20(0.10~0. 59 ) 0.11(0.06~0.34 ) 2.07 0.038

Jiii ( Chrysene )? 2.63(0.52~5.37 ) 2.48(0.00~4.81) 0.69 0.490

2#3:[ a 174 ( Benzo[ a Janthracene )® 0.13(0.00~0.41 ) 0.10( 0.00~0.29 ) -0.76 0.447

/T (Subtotal ) 6.09(0.73~7.39 ) 3.95(0.20~4.78 ) 224 0.025
5#(5 rings )

H#31:[ j 19 ( Benzol j Jfluoranthene ) 0.87(0.00~0.41) 0.42(0.00~0.29 ) 3.07 0.002

Z3:[ b 1% ( Benzol b |fluoranthene )* 1.09( 0.82~3.90) 1.04(0.82~2.20) 0.21 0.834

FEHE [k 1914 ( Benzo[ k Jfluoranthene )* 0.89(0.32~0.91) 0.69(0.45~0.82 ) -1.51 0.131

%It a 1t (Benzol a Ipyrene ) 0.92(0.53~0.99 ) 0.54(0.02~0.60 ) 5.64 0.000

#3f:[ e Jt£ ( Benzol e Jpyrene ) 0.02(0.00~1.95 ) 0.00( 0.00~1.07 ) -2.81 0.005

%3 [ a, h 17 (Dibenz[ a, h lanthracene ) 0.04(0.04~0.05 ) 0.04(0.03~0.05 ) -1.00 0.317

/N ( Subtotal ) 6.37(1.77~8.41 ) 4.54(1.21~6.00) 2.37 0.018
674 ( 6 rings )

EliFE[ 1, 2, 3-cd ]t (Indeno 1, 2, 3-cd Ipyrene )" 0.26(0.23~0.31 ) 0.19(0.18~0.25 ) -3.06 0.002

#3t[g. h, i J4E(Benzol g, h, i Jperylene ) 0.21(0.18~0.34) 0.19(0.18~0.27) -2.10 0.036

/N ( Subtotal ) 0.49(0.21~0.60 ) 0.21(0.09~0.51) 6.31 0.000
Y18PAH 17.52(9.01~25.84) 10.30( 8.86~19.61 ) 2.56 0.010
Y 7PAHs" 13.90( 4.87~20.12) 7.01(2.39~14.00) 221 0.027

[ Ja: EEFRF M7 M B2 4 K PAHs( B BUE PAHs ),

[ Note Ja : Group B2 by the United States Environmental Protection Agency( 7 carcinogenic PAHs ).
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Table 4 Influence of characteristics of PAHs exposure on body burdens of PAHs concentrations in umbilical cord blood in urban and

suburban of Harbin in 2013

71X ( Urban ) ZBIX ( Suburban )
432 ( Classification )
n M( Pys~P3s) z P n M( Pys~P35) VA P

JEAEHB I A 318 ( Living near a main road ) -3.38  0.001 -2.03  0.042

2 (Yes) 77 21.67(15.17~24.58 ) 42 19.95(10.23~22.15)

7 (No) 23 15.08(8.27~16.24) 58 13.28(8.23~19.58 )
ZH Al 5% A ( Passive smoking during pregnancy ) 449 0.000 -6.38  0.000

J&(Yes) 18 24.09(9.38~28.62) 27 22.12(9.42~25.20 )

75 (No) 82 14.25(9.52~17.58 ) 73 15.23(9.10~17.10)
5% A PAHs BRI 4544 ( Consumption of food with high-level PAHs ) -2.55  0.011 -2.14  0.033

JE( Yes) 63 19.59( 15.15~26.58 ) 42 18.79( 11.02~22.15)

7 (No) 37 12.08(5.98~22.12) 58 12.25(6.23~20.28 )

R5 2013 EMRRIETHEILFFH LA 9 Fh PAHs iR E 2501 [E 2= #9 Spearman B HAX D &R r(P)]

Table 5 Spearman rank correlation analysis of 9 PAHs in umbilical cord blood and related factors of newborns in Harbin in 2013

PAI ' E&EFE X E&Hﬂ&ﬁi&?ﬁiﬁﬁ _ 7?{%5%&@1%&1 i f%/\ PAHs /&% ﬁ<}tkﬁ’£%ff@
Living in urban area  Living near a main road  Passive smoking during pregnancy Consumption of food with high-level PAHs
% ( Naphthalene ) 0.24(0.022) 0.06(0.581) 0.17(0.000 ) 0.10(0.246 )
4E ( Phenanthrene ) 0.14(0.084 ) 0.21(0.032) 0.21(0.001) 0.17(0.010)
4 ( Anthracene ) 0.18(0.002) 0.19(0.005 ) 0.10(0.510) 0.18(0.027)
HER ( Fluoranthene ) 0.04(0.083 ) -0.03(0.114) 0.17(0.018 ) 0.04(0.143 )
i ( Chrysene ) -0.07(0.415) 0.28(0.026) 0.20(0.011) 0.14(0.037)
Z#9%:[ a 174 ( Benzo[ a Janthracene ) 0.18(0.013) 0.17(0.005 ) 0.19(0.010) 0.07(0.204 )
HIH-[ a ] (Benzol a Jpyrene ) 0.10(0.994 ) 0.20( 0.000) 0.14(0.003 ) 0.19(0.003)
— %[ a, h ] (Dibenz[ a, h Janthracene ) —0.16(0.143 ) 0.10(0.256 ) 0.23(0.040) 0.21(0.000)
Bidf[ 1, 2, 3-cd 1t (Indeno[ 1, 2, 3-cd Ipyrene ) 0.22(0.004 ) 0.14(0.037) 0.01(0.053) 0.15(0.003 )

3 Tt T AE b B ME AR A, Tl — A 5 v T AR o 4
A IF 5T A 3 X W R 3 T 200 49 5 AR LRI /N, Madhavan 2810 %} 24 44 B[R AR LB I 4 0 2K

PAHs fII5E , B8 JLE %2 8 PAHs /G5, 18 Fp
PAHs H1, AW 3F{Ae KA T 50%, R ¥9% T 63%, H
H 8 Ak 100%, Tsang 257 %t 35 A JLIFAR LR TAGI
EEBIAS HHR 100%, K51 a 1, ZRIF0 b 196, 2K
[k 9B R TE 70% LA E o A5k 2T 258 %)
A U IRLEEA TR , 7 F PAHS (5 B[ o JBL. 5t
Laltt . RI[b ]2 B R kB =K a, h]
BRI g, h, i 138 ) K 2 7E 70% LA 1o FRATTY
W85 ERBFIREE RIEAATE . AWFIEH, TEieTii X
M SERB IR A JLIE 7 I mp TSI 22 FP30E PAHS
I PR A/ T 0 S s I P PAHs 7K A Bl B/

Il a BRI a, h |ERAZE A 0.1 mg/L Al
0.50 mg/L. Tsang 2517 %} 21 44 75 s A LI ML i 1
HEATAGIN, BIARASG 2R [ a JEE R 2R [ a, b ]
1 F IR AIFST ARSI A 5 SR B B S AR BTN
ICATVE RS2, Afefioe ERYHE . AR o 1T
MR a, b ORI & T A EE SR
JsrT 271 A LB I RS IR BE (015, 0.02 pg/L )
S Py AR T A EL, 30 A A IR U K 3 R =) A 2
KA T A L PAHs R EE AT RE . WA R IEA TR
BEHAT , SRR pbmE =2 DU o 32 HHAE AR
& Tolk i, Tk REVR L 25 AT IR
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2T DRI BT A LB M H 4 2R | 5 35 PAHS
WP, X T RE S I AR A 06 I B ekt 2
VERBUAIE A G, P LLEE, 236 . 438 538 H1 6 24
PAHs ¥ & T X 5 FRB X o 1 52 [ FR 0 28 51 A 7 A
HAWBAE NABUETER PAHs R ET T 4.5, 6FF,
7 X7 P U PAHS Ve 2 FIBH B & AR X, A
PIFATfE: 45—, #5 A PAHs & MK S 45 AR,
AR X AT 2 & AR | e RS B, &
VR AT X AR EE T4 3 2004 48 & A 1) — 100
KT KGR PAHS” BIIR AR, ML beks | AR
G Tk E B EWIN A PA”s, BN
PAHs VB . 55—, MHECTFRBIX, T X VR4 i i 4k
H, BAHERD™E, HIRA BN T XA R A A A
T E T AR X, 2 T Be e . 55 =, 0l
A8 5 RS PAHs B B8 R A G, T IXRABREAIL I A 4]
gt B 9T 2 T8 2 R W 0934 2 R g 40
WA ZR VT X PMLs WR 35 5 FARIX 1, PAHs 725 <
B T LASAHAELESS, A% 2 W I AE ORI, T2
PM.s, J2& PM,s S40 0k 4 () B E L BGH A0 2 BRTIIX
I IE i PAHs 28240, I sh AR & B 4= JL PAHs
RENGERIEE,

AHIGE IHRER PAHs Z 28X AL LA o8 T A
(w1 o B, LS LA Tl 1ok, ST ke
ATV PAHs B 88 e AR IR AR, ANBF5T R DAL
W R 2 AR PAHS 1 A PR 8 A= LA Y PAHS B i
KR bR, HAREM 0k, BEHNAMIETE T, [
A Gz 1M 9 18 Tl PAHs () B4k i 20>, ACBIFSE HLA
HEE . R, WFSE R R SR A, PEM A R R
P2 AR L, BAT ATSEE (A5 v A7 AE—
YOG S, NBEREASE AN A BN, S SR e
5o IR o 55, ARBIFGY FUR XA JL PAHs &
FE A BRI A, X LR R 2R A0 A A 3R 1
Tt —2 B UE, HARZ I PAHs A S PE 75
— 5T

ZE b, ABFIREE R BN MYRETHT A LI I
ARG 2 R EUR PAHSs, B AR TIX .
A B A 3 F3E . A2 R Sh W L B PAHS = 1)
REEEF R4 )L PAHs B EE MR 2, #2/8 PAHs
X ARG ) LAEE FRAFAE RZ MR, 1 E A FUER R PAHs
F4) 4 0 2 i ) gt R XU A A o

AEEFAAR X T LFRSGEERNFIZERR,
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