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Effect of prenatal maternal exposure to polycyclic aromatic hydrocarbons on children’s
neurobehavioral development CAO Xiao-min, LI Jin-yu, LIU Cheng-juan, NIE Ji-sheng
(Department of Occupational Health, School of Public Health, Shanxi Medical University, Taiyuan,
Shanxi 030001, China)

Abstract:

[Background] Polycyclic aromatic hydrocarbons are a common group of pollutants in the
environment. Exposure to polycyclic aromatic hydrocarbons during pregnancy is a risk factor for
adverse neurobehavioral development outcomes.

[Objective] This study is designed to evaluate the association between maternal exposure to
polycyclic aromatic hydrocarbons during pregnancy and children’s neurobehavioral development.

[Methods] A total of 158 mother-newborn pairs were collected from two hospitals in Taiyuan City,
and the children were interviewed at age two. Urine samples were collected from the pregnant
women waiting for delivery in hospital and the two-year-old children, and after the specific
gravity of urine was measured, 11 urinary monohydroxylated polycyclic aromatic hydrocarbon
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metabolites (OH-PAHs) were detected by high performance liquid chromatography with tandem mass spectrometry. Children’s
neurobehavioral development was measured by Gesell Developmental Schedules. The Gesell Developmental Schedules consisted of four
sub-scales: motor development, language development, adaptive behavior development, and personal-social behavior development, and
each sub-scale generated a developmental quotient (DQ). DQ was standardized to 100+15; a DQ<85 indicated growth retardation; a DQ of 70-84
indicated moderate neurobehavioral development disorder; a DQ<70 indicated severe neurobehavioral development disorder. We used
mean and standard deviation to describe continuous variables with normal distribution, median (interquartile range) or geometric mean
(G) to describe continuous variables with skewed distribution, and frequency and proportion to describe categorical variables. Restricted
cubic spline models were applied to assess the dose-response relationships between maternal prenatal polycyclic aromatic hydrocarbons
exposure and children’s neurobehavioral development at two years old. Generalized linear models were applied to evaluate the effect of
exposure to maternal prenatal polycyclic aromatic hydrocarbons exposure on children’s neurobehavioral development at two years old.

[Results] The motor, language, adaptive, and personal-social DQs were 116.00+14.53, 113.22+16.37, 114.70+13.94, and 115.67+14.26,
respectively. There were 2, 5, 2, and 2 children generating a DQ<85 for the four sub-scales respectively, and there was 1 child with a
DQ<70 for the language sub-scale, 1 child with a DQ<70 for the adaptive sub-scale, and 1 child with a DQ<70 for the personal-social sub-
scale. Because the positive rates of 3-hydroxychrysene, 6-hydroxychrysene, and 9-hydroxybenzo[a]pyrene were all lower than 50%, the
study included the other eight OH-PAHs for further analysis. The G level of 2-hydroxyphenanthrene was the highest (0.09 pg:L?), followed by
2-hydroxynaphthalene (0.07 pg-L™"), and 1-hydroxypyrene (0.07 pg-L™") in maternal urine. The G level of total OH-PAHs (XOH-PAHs) in maternal
urine was 0.62 ug-L™. After adjusting for selected confounding factors, there were dose-response associations between maternal urinary
2-hydroxynaphthalene and children’s motor DQ as well as between >OH-PAHs and motor DQ; a unit increase in urinary In (2-hydroxynaphthalene)
(b=-1.41, 95%Cl: -2.74--0.08) or In (XOH-PAHs) (b=-2.09, 95% Cl: -3.96--0.21) was associated with a decrease in motor DQ.

[Conclusion] Maternal exposure to polycyclic aromatic hydrocarbons during pregnancy is associated with decreased children’s
neurobehavioral development at two years old.

Keywords: polycyclic aromatic hydrocarbons; pregnant woman; child; neurobehavior; development
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Table 1 The basic characteristics of pregnant women in Taiyuan City
in 2009 and their two-year-old children in follow-up visits (n=158)

WRMNTE Bil% MRkt /%
Subject & variable Number Proportion
Za43 (Pregnant woman)
FlE /% (Age/years) (xts) 27.81+3.98
o . =
izyﬁiﬁﬁeﬁkﬁ;oréxsignancy/kg-m'z()_(is) AL EEEE
3Ll /em (Maternal head circumference/cm) (xts) 55.07 £5.63
SHEEE (Education level)
KR LLT (Middle school and below) 40 25.32
?::fr?;?rycsocational school and high school EE 220
KEM&LLE (College and above) 83 52.53
Za AR (Cooking during pregnancy) 79 50.00
HgHFHAEEF=AR (Caesarean birth) 74 46.84
4% (n>1) (Parity) 42 26.58
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ﬁii?aﬁ/kg'ml (Body mass index/kg-mrz) (xts) 24.26 +3.28 A -lEJ = T QE ﬂE WY\ X %& B *EE rgx % By {Z'SEJ:EI ﬁ&\ HD
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;;J;L‘Ic;a)\pro_xumutyto major roadway <35m EP 2- ¥§g;§\ SOH-PAHSs %QFE'—? 2 5} LEEM’F%‘EW%Z
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KB4 (Developmental quotient) §%'3O'OOQ P Ao DD P Ao N c%%_ 00S DR OO DS
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— Eb - — — 2 BRI A - R ER 2 BRI SHSEAEIN
S158E (Language) (x4s) 113.22+£16.37  3.16 < In-transformend-2-OHNap < In-transformed-3OH-PAHs
RZ48E (Adaptive ) (x+s) 114.70+13.94 127 BIAEXRP=001 EREXRP=003
N ABE (Personal-social ) (x+s) 115.67+14.26 127 ggg%%ﬁ%i%\f:gﬂgﬂon:o'm ;gzégg;a%ﬁgczlgnomo.%
Hﬁlﬂl’iﬂf’&rﬁ/u&[l (Cord blood Iead/p.g-L'l) M (Pss, Pss)] 23.20 (19.06, 28.51) P for non-linear association=0.13 P for non-linear association=0.22
> S o 10 L 300
(] « : A pa<ss D& Stk R — )
[Note] *: Proportion of the children with a DQ<85. 5 0 S 5 150
WS 5| e g 75 _
e e 00 e T
2.2 Z§3pR{¥H OH-PAHS K2 H 2558 N Ry ESa—
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f, 2- BEIFEN/IIERESRS (0.09ugL?), EX
B2-HBREZEM1-FEE 0970.07puglh), 1-FREEM
1- RESEM VY80 RERE 39890.03pgLh) . K 2,

R2 2009 FXEHREERPFEH 2 SIFFIRPZIHFIZ
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Table 2 Distribution of urinary PAHs metabolites in pregnant
women from Taiyuan City in 2009 and their two-year-old

children in follow-up visits (n=158)/pg-L*

ST IZHEE NS (OH-PAHs) GxSD" Pas M Prs
2-$2E £ (2-OHNap) 0.07+1.77 0.02 0.07 0.25
1- 2 E % (1-OHNap) 0.03+1.42 0.01 0.04 0.13
3-$2E7) (3-OHFlu) 0.04£1.32 0.02 0.06 0.10
2- 12575 (2-OHFlu) 0.06+1.57 0.02 0.07 0.18
2- 2K JE (2-OHPhe) 0.09+1.34 0.04 0.09 0.22
9-¥2E3E (9-OHPhe) 0.05+1.35 0.02 0.06 0.11
1-$2E3E (1-OHPhe) 0.03+1.61 0.01 0.04 0.10
1- 2 ETE (1-OHPyr) 0.07+1.50 0.03 0.05 0.12
LA MK T
ﬁ::j;fﬁ?ﬁ:zgf PAHS 0.62+1.20 0.27 0.53 1.29
JLERRAEN ST 0.63+0.79 0.40 0.58 0.96

Children’s $OH-PAHs

UE] * © Dy BN ER IR E AR EE

[Note] *: In-transformed standard deviation.

BIEBERP=0.01

P for overall association=0.01
EZIEBX R P=0.05
P for non-linear association=0.05
— fhitE

Estimation

- AfEXiE L TR
Upper and lower CI

SREXFP=0.04

P for overall association=0.04
JEAMEXFP=0.22

P for non-linear association=0.22
LE N J ﬁ

Konts

CE]ARETZEFR. REERE. ZRIRERR. BR BT,
DMGEHRR) L EHEMS ; B EANEM EARTZARBH

WRER. ZAZREEMIR. REREISmAZRE

REE

Fi&. 4 LFMSEREM 2 %) LERBRPEESITEZREY
Bk, BRI 95%Cl, RN FIHRE 10, F50FMFE0ES
{L¥RBYFR OH-PAHS TR
[Note] A: Model A is adjusted for mother's age, education level, body

mass index before pregnancy, parity, gestational age, delivery type,

and newborn’s sex; B: Model B is adjusted for father’s smoking

status, mother's cooking during pregnancy, residential proximity

to major roadway <35m, newborns’ cord blood Pb, and child’s

total urinary PAHs metabolites at 24 months, in addition to Model

A. Dashed lines represent 95% Cls. The red knots represent urinary
OH-PAHs concentrations at the 10th, 50th, and 90th percentiles,
respectively.
1 ZEARP2-FEE (1), BEERHSY 2) kTS5
H2 SWiAFRoEREIESTHNFTIERNX R
Figurel Dose-response relationships between
2-hydroxynaphthalene (1) and 2OH-PAHs (2) in maternal urine
and their 2-year-old children’s motor score in follow-up visits
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[ XEMERBEDET, TRBEXIRERER
&, & In a2 EKRT 2- RESMEERY S K

TEEM—"N8M0, 2% ) LEERE DM ERINE
FitFE N (P<0.05) , DHIR 1.41702.09, TFR 30

K3 ZARPERFREEERFKESH2SHITFRLEERRABTERIFH ZENEKR [b (95%01)]
Table 3 Associations between PAHs metabolites levels in maternal urine and their 2-year-old children’s
Gesell Developmental Schedules score in follow-up visits [b(95% C/)]

SHERAEY RIBE (Unadjusted)

JAEfE (Adjusted)

PAHs metabolites ThERE (Motor )

R4)8E (Adaptive) =iBAE (Language) [ A BE (Personal-social)

Eh1ERE (Motor ) R48E (Adaptive) =iERE (Language) [ A BE (Personal-social)

2-$2HLZ5 (2-OHNap)  -1.37" (-2.63, -0.11) -0.70 (-1.93, 0.52) -0.80 (-2.24, 0.64) -1.68" (-2.91, -0.45)

1-$2EZ (1-OHNap)
3-$87%) (3-OHFlu)

2- 257 (2-OHFIu)

2-$2E3E (2-OHPhe)
9-$2H3E (9-OHPhe)
1- 2 E5E (1-OHPhe)
1-F2ELEE (1-OHPyr)

BEEABEAE
SOH-PAHs

-1.11 (-2.69, 0.48)
-0.74 (-2.18, 0.70)  -0.17 (-1.56, 1.21)  0.69 (-0.94, 2.31)
-0.53 (-2.22, 1.16)
0.71 (-096, 2.38) 0.8 (-1.42, 1.78) 0.13 (-1.75, 2.01)
-0.61(-2.01, 0.79)  -0.20 (-1.55, 1.15) -0.07 (-1.66, 1.51)

-0.88 (-2.38, 0.63)  -0.52 (-1.96, 0.93) -0.45 (-2.15, 1.25)

-1.27 (-2.79, 0.25) -1.35 (-3.14, 0.44)  -0.90 (-2.46, 0.66)
-1.71° (-3.41, -0.01) -0.63 (-2.28, 1.02) -059 (-2.53, 1.35)  -0.44 (-2.13, 1.25)
0.55 (-0.87, 1.96)
-0.34 (-1.96, 1.28) -0.54 (-2.44, 1.36)  -0.21 (-1.87, 1.44)
1.03 (-0.61, 2.66)
0.62 (-0.76, 1.99)
0.25 (-1.23, 1.73)

-2.02" (-3.88, -0.17) -0.75 (-2.55, 1.05) -0.85 (-2.96, 1.27)  -0.86 (-2.70, 0.99)

-1.41" (-2.74, -0.08) -0.30 (-1.64, 1.05)  0.06 (-1.51, 1.63) -1.13 (-2.43, 0.17)
-117 (-2.75, 0.41) -1.16 (-2.73, 0.42)  -1.02 (-2.87, 0.82)  -0.60 (-2.14, 0.95)
-142 (-3.22,038) 002 (-1.78, 1.82)

045 (-1.65, 2.55) 0.36 (-1.40, 2.12)

-0.98 (-2.43, 0.46)  0.09 (-1.35, 1.53) 124 (-0.44,291)  0.72 (-0.68, 2.12)

-1.29 (-3.01, 0.43) -0.28 (-2.00, 1.44) -0.87 (-2.87, 1.13)  -0.63 (-2.31, 1.05)
-0.26 (-1.97, 1.45) -0.19 (-1.89, 1.50) -0.54 (-2.51, 1.46)  0.30 (-1.36, 1.96)

-0.81 (-2.18, 0.57)  0.06 (-1.31, 1.44) 0.44 (-1.16, 2.05) 0.88 (-0.46, 2.21)

-1.13 (-2.63, 0.36) -0.16 (-1.66, 1.33) -0.002 (-1.75, 1.75)  0.61 (-0.86, 2.07)

-2.09" (-3.96, -0.21) -0.28 (-2.17, 1.61) -0.004 (-2.21, 221)  -0.18 (-2.03, 1.67)

UE]# D RETZ2AFR. ZORHBERE. ZRIFERN. R BB, 2875 HEMS. KERRER. ZHRESHMIR. EEEEHR35m
RREERETTE. FmEREN 2 %) LEREPRESHFERIEMEKT 5« P<0.05

[Note] #: Adjusted for mother's age, education level, maternal body mass index before pregnancy, parity, gestational age, delivery type, newborn’s sex,

father’s smoking status, mother's cooking during pregnancy, residential proximity to major roadway <35 m, child’s cord blood Pb, child’s total

urinary PAHs metabolites at 24 months. *: P<0.05.
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BRAMRITRFIAENAE, BINIIHAR,
ETEIRITZ2HA PAHs B EXT) LBEWEIT AL BB,
RRLERKRA | ZEARF 2-FEEMOH-PAHs 52 %
JLEnh{ERE DQ B RETE R EX,

AERETF PAHsHIN 2R %, BIRRIRE—K
R IFAE LY 70% BV R B& SRR B 18IS RN PAHs 75 1Y
BY), WEEEXTEBIMAPAHS SRNTRBET
HIEFRBPAHs ; RIFBEAHTEBIRKEER
BT IREARY PAHs 23, ZZEARRR) LE KA BRI XH
HA, Z2{3Z A PAHs T 55 A] s = E @I IR\ PAHs 5 4
BBl NIFEE Y PAHS FREL, TEZASHF S 34all T
2% OH-PAHs, ZZ8A{ARM 2- R EIFERKRE (0.09 pg-l?)
58 %3R&%21 (0.11ugLh) 8N, thiERHENEZ
13 (0.16 pg'L) R, AR A, ZEFKAL-FE
EERYRE (0.07 pgL?) LERBALIHZAKANKE
(0.15 pg-L™) 18 ¥, REHIX 22T KA PAHs I5THIHY
KERE, AgeRATARMXIFESEEZEEREFRR
o LI AR PAHS YT AT BEZ SR8 MR, AE1E
. SRS EMEESRELSMHNMAERNEM, K
FH OH-PAHs BY7K F = REERT BB, Frlt
BT REIE A 22831 PAHSs LIS/ FBIAE) By,

BHLEMFTATINNINEN LB NMEG
REIMEMHBRRNFBRENEXREE >, &
RA FIHB BRI 45 R A M 4T PR OH-PAHs S53#T

) LNHETATLEAEXXR Y, XARNE
REMZBEARF OH-PAHs 52 % ) LEMEITHEAEE
AR, IR PAHs BEXE) LK) LER®E
TTAMIAKINRER B Al RE B HFERIRZM, SARH AR
DRV 45 3R & TR A [ PAHs-DNA Tl & ¥ 7K F 5 ah i
BTN S EBEEIT D FEXREK ™ >, AARENZ
QAR 2- BEESohFRe T D FEXEK, #H—FiRBA
ZHPAHs BB A S L EMEZIT AR B IRE, N
PAHs BTSRRI EFNRMELBLERTENENTF
M FERTAMAR LI HA R & PAHs AT LI 2 &
[RI£H DNA B E (V7K TE 5 PAHs BT LU S4B & P450
BEAR, #mrEEM S, KEREPUI | AL#H MR
LA ; PAHS BB IR N 2R EH (0] EE
[(+)benzo[a]pyrene-7, 8-dihydrodiol-9, 10-epoxide,
BPDE] 5|f2RY R IR {5 RIS R DNA (5, BIABAT#
B, BBER K Tau EERAIG N ", SHEMNMLR
MRLIES, RN ZHREEBREH (EE7ES
ML R BFEHMEUN, FlanmEFAICIZeEIMFE
Sae 1, RITRFIREHARLI, ZHPAHs &
BOUSE3 Y ) EEhABHEEEENSZ ) LEIN
HMINBEABIRE, ®Me~7% ) LEINHMTHEEMIT AN
BB o s 3000l KEFR A PAHs BORRE S M ER T
) L ERHRMEEK, BB PAHs IHECR B E
JLERNBEITREEKF,.
KRR DRI ATIAR, ERRPREIE
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M7 Z % OH-PAHs, BRATFEUTAE. F—, X
FERANBREFNIREZRERE, WEREERIBTE] S
B—, FEERMENZHPAHs WREKFE, £, &
R T 2233 FR 4 OH-PAHs 7K, & B 1MIZ2483
Z 8 PAHs VSN R BB /KT, EE R BRZ2 YA A PAHS Y
BEkR, £=, ZARNELRE/), gERNMEHEER
XERNFITHEERK. £, M) LEWEIITAL
BNREERRZ, EtRENEMIFRITEY), ERH
RAYREER,

%R b, AR EZINZER S PAHs X5 =417 LL
5l#2 2% ) LEShERE T 2 B, R/ Z2 83521 PAHS
REAENTNE) EMETANAE.
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