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Abstract: [ Objective ] To investigate the relationship between urinary 1-hydroxypyrene level in pregnant women and
scores of Neonatal Behavioral Neurological Assessment (NBNA )in a hospital in Taiyuan, to understand the relationship of the
pregnant women exposure to PAHs with physical and behavioral development of their neonates. [ Methods | High-performance
liquid chromatography ( HPLC ) with subsequent fluorescence detection was used to determine the urinary 1-hydroxypyrene levels
in 152 pregnant women who were living in Taiyuan for more than one year, having their babies in the cooperative hospital at the
research time and were willing to cooperate with the researchers. NBNA was used to determine the development of neonatal neural
behavior. Using MLR ( Mutiple Linear regression )to detect the relationship between urinary 1-hydroxypyrene level in the pregnant
women and NBNA scores. [ Results | The median of 152 NBNA scores was 38, in which the NBNA scores of 4 neonates were
substandard, less than 35. In multiple linear regression models, there were negative correlations between NBNA scores and urinary
1-hydroxypyrene level, abortion, ages of pregnant women and their husbands, and living near by main traffic roads. There were
positive correlations between NBNA scores and number of gestation, and contraception before this gestation. [ Conclusion ] The
exposure to PAHs in pregnant women could lead to the reduce of the NBNA scores in their babies. Reducing emission of PAHs to
the atmosphere will be significant to physical and behavioral development of neonatus.

Key Words: urinary 1-hydroxypyrene; neonatus; NBNA

[it% ]

Z Ik (PAHs ) 245731 3 PP DL_E AR FR
LAY, WA S WA L) e L SRR 2 o K A
PG Z 05 R i SRR AN N R, B4R BT 11
PAHs i AZSE S BABE AR A TR S

[BEEWE JFHK A AR BITA (45 30800899 )

[1EERN 1A (1984—), 2o, WiLA; WS . Mamsilee;
E-mail: iamLixiaohuahua@126.com

[*BEMEE HFHE, E-mail: niugiao55@163.com; kA4k BRI,
E-mail: niejisheng@126.com

[EF AL NG BRI R AL P A =B 35 3 DA b, i K5
030001

SCHRHRIE , 223004 ik PAHs AT L2 iR LA A R RS 30
RE, MR kKGR Z s & B IRE?, A 4 i
PAHs AJ 51 A LA T D RERFAIR I 2o 3, 4im 26 B I 5238
S (a2 S RU 1D o L SN e DO (O 5 7 7 T 4
2 BE R T A 14500 3601, A5 2201 22 01 54 8% T PAHS,
AN LI R B 1 AN B2 (R i A2 D o

KET R4 R AL T REE I, JB T | Bkl 4 b
FEE Tk X o SCHRIRIE , KR T 1997 4528 S35 Y 45 A 1R B
F KBl 32 Ay Hh 7 FEE—), % 2007 41 8 A & 2008 48
21, AR R 25 b PMys P 35U FE 4 0.142 mg/m?®, R 12 ]
25 SH PMos SV 4 0.250 mg/m®, 8 F E R b — 9ubnife



PRI SO PEAE 2011 4F 4 F %5 28 %5 4 ] ] Environ Occup Med, Apr.2011 Vol.28 No.4

- 225 -

(0.01 mg/m® ), £ PMos AT KGN B Z /0 PAHs, JLHIEHIFE(a)
4 et 2 R ] 23 AT AR A BRAE (0.01 pg/m® ) 19 3 45 LA
BT PR AR LA A s T R B e A e B R AR LA S
X5, WS A LR AT N R B ARG

FIFCa ) EE R LA PAHS 28905, AR 1- e w
AN PAHs 25 88 4 PR a0 AT G2 sk
A 33572 CHPLC ) % A 5T 358 15 Be 43 0 i B 01 R vp 1- 5%
FERE S B TR A 0, XA AR 1~3 d il AR LA T
AT IR, 15 21T A (NBNA ) R4 AR5
WLERE IR b i — 2 X 2 AR b 1- R A KO SRR L &
1T VAT A DG TS

1 xg575%
1.1 Bt %

F20094E7 A 16 H 201045 A 8 H, HEHUE KR T K
BE B i i, JEAE KR TR AR 1 4F LB 200 176 A CRIFse st
%, FABAERERIG, I T0A TR 82 PRI R 4E
1.2 BTk
120 FEAE  ARRAERELL . FEAS T UA | YRR
fi]  — B 15 (AR A S A P A . B A SO AR )L BEFE B0
(FREHER L . Ph 4 REPR ARG . FRTIRE W TR
s AN I ELAR AR R AT MR R R SR . R
SR ER). REREE (F NI B E N SR ESN35m N
T RN 200m WA TG T ) ARG B Z00
GEOR RN BRI . B A TR AR S . A IR YT
TG, R SRR EL . M ). HAE S (ZJER o i 251
PLUL KA PGB )L S 2 A TR bR o
122 #HAEILWEAT At E XA 3d AN BIET AR L Tk
Bl B MREI & 20 Wiph s d ok ) bR T o g
1. sk S . SIS Ty | R RS AR — A A, ARSI
RS SRR, 430, 1, 245 31459,
123 ZHERHEHFE  JH50mLE BRI EDFFE N
SR, b5 )5 BT -80°C kA NI~
124 RAEL-HEZEHN N KREEETFERNAE, 55

A5, SrENEGE 6 mL & T 10mL HLZE LA T, A 0.6 /mL
H AN 1.5 mL, 151G T 100°CHEK A 3.5 h, K4S
HUE A 100 pg/mL NFRE R 6 pL, FIERERIH 15 pH=3 % pH=5,
A 4mL G BE, 7ENHERIR )48 LIRAT 3 min, SPECCAH
PEZ) 3 ml, 7EFLZS THRAE T E 4 AR ) ) e 21
FRIEH 0.2 mL L/ K (75725 ) W fid, B 20 pl 645 i sS0R A £
T (CHPLC) 43Mr o AR R B [RDE M . PIARTR I A E 2
1.2.5 FALE 6y % AR & R UL T
13 %itFik

N FH EpiData SR 0l 555 A J5 . FH SPSS 13.0 #7481,
XA ) — 1 OLEA T 5 22T | Pearson Chi-Square K%, 5
WEFLIMEE: o PR 1- FR3E0E i R LB A A 0 o AIGTFAG H PR
B K PR 27 A0#: . X NBNA J4543 BEA7 22 S04k (BT 43
Mr, BT m R

2 FR
2.1 Bdakv1-#EESF

TZEEBE NI 176 2320, A A A AR R S fH 4
R 152 N 1- S BEEE ARG K 99.34% (151/152 ), 1- B2 EEE
FEFRIELAETE B 0.25~25.00 pg/L, #5: HFR A 0.02ng, ARG
1-FRIEEE R PRAET “Ka i BR 27 45 FIRAE . 1- FRHEEE (O h iy
1.13996 pg/mmol LiF, PUARIEXHIFE R ( Pas: 0.457 48 pe/mmol LT,
Pss: 2.67820 pg/mmol WLEF ), F/IME H70.011 00 pg/mmol HLEF, Fe A
{H 4 24.600 00 pg/mmol LT, ZEXTEFEIIG , TR 1- FIEEE st 1E
B34t
22 BlaXk KHER

HRAE A PR 1- BRI EE 5 B (Piof/Pas/Prs ), B TRATHG 2#
AP B4 152 2 220000 4 200 XPRRER . JR 1- 20
EE S 0.01100~0.162 20 pg/mmol JiiF; ALK = R&EH: IR 1-
FREEEE O B 0.011 00~0.457 48 pe/mmol pUisr; H B R ER 4
PR 1- 2 BE2E 5B h 0.457 48~2.678 20 pg/mmol JIUET; 155 A1) R 5R
20 SR 1- ISR 2.678 20~24.600 00 pg/mmol L . 4 ZH %%
TEBEACE 0 S LA 2 IR A L3R 1

®1 BAZEEXRBERILR

Table 1 General condition of each group’s pregnant women

1- 2 FEEE K- ( Level of 1-hydroxypyrene )

A H — = S F{H 7 {8 Pl
Survey project XA (n=15) AT (n=23)  PHRIEA(n=76)  FFEAL(2=38)  Fyalue or 4 value
’ Control group Low-does group Middle-does group High-does group Pvalue
FRENII AW (TE )] Family income (yuan ), x+s] 170000 = 819.41  2086.96+1029.70  1617.95+897.72  1671.05 = 1086.01 1.441 0.233
ZEYAERS (% )] Maternal age( year ), x +s | 27.61 £2.25 28.10 + 4.43 27.95 +3.83 29.00 +3.61 0.394 0.757
i (B4R ( %) Spouse Age(year ), x s | 20.17 + 4.34 30.08 + 5.08 29.29 +6.13 30.93 +4.08 0.546 0.651
AR YRAGYK (Y )( Number of pregnancy, x + 5 ) 1.20+0.41 1.17 £ 0.49 1.62 £ 1.26 1.47 £ 0.80 1.548 0.205
WU (Y )( Number of abortions, x ) 0.53+0.22 0.35+0.11 0.71£0.14 0.53£0.12 0.815 0.488
3454 (¥ )( Childbirth history, x %5 ) 1.20 £0.41 1.04 +0.21 1.12+0.32 1.08 +0.28 0.893 0.447
AR NN Primary school ) 0 0 3 1
Educati
ducation 17 (A Junior school ) 0 1 18 11
o 16.180 0.063
rhte s (N )( High school ) 6 4 21 7
KL KL () College ) 9 18 34 19
Py 7 (No) 10 16 54 26
Contraception E( Yes ) s 7 » 12 0.161 0.984
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1- }HEEE AKF- ( Level of 1-hydroxypyrene )
37 - - — FALE Pl
Survey project M (n=15) MGG (n=23) HREH(n=76) @R (n=38) Fyalue or ¢ value
Control group Low-does group Middle-does group High-does group P value
iU 73 (No) 6 8 28 14
Spouse smoking o 0.106 0.991
2= (Yes) 9 15 48 24
il 7 (No) 8 14 39 21
S) > alcohol 0.684 0.877
potse aieono £ (Yes) 7 9 37 17
EOEEN/ &(Yes) 8 8 36 17
Cooking during pregnancy % (No) p . 18 5 2.550 0.466
Yesh AN J2&(Yes) 7 11 29 19
Passive smoking #(No) 2 - e © 1.598 0.660
B JE( Yes) 1 2 6 5
Use of coal stove 0.957 0.812
7+(No) 14 21 69 33
35 m il J2(Yes ) 9 10 43 19
Live near traffic road 1.990 1.574
within 35 meters % (No) 6 13 31 19
200m T~ PRAB) T ( Gas station ) 4 9 31 9
Live near any factory FYRN X
outside the room within # LIS (Battery Factory ) 0 0 ! 0 8.028 0.531
200 meters G (Smelter ) 4 2 8 8
J&(No) 7 12 35 21
ZL0 1§ (Good ) 11 15 52 23
Mood duri ; . §
00d during pregnancy HPIAE—FE( As past ) 3 6 18 13 1.926 0.926
AR (Bad) 1 2 5 2
A I 7 (No) 3 10 35 2
Antenatal training o 6.304 0.098
J2(Yes) 12 13 41 16
ZT ) 7 (No) 14 22 74 38
Poison before pregnancy F( Yes) | " i 0 3.280 0.350
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A PRI PR, B GEE 2R @RS 1553
e 2 R L R A PR, AR R
XTI IE, At 220 QBRURRGT5: mRlid
SRR R A, WA SRR @ — iR
gy R S G AL R R, A SE e

F2 BRANBNAGABEREB (x+5)
Table 2 Results of NBNA scores( Mean + SD )

434 S NBNA (sl B E-) Wi} JE IR SIS — At
Groups Total Behavior capability ~ Passive muscle tension  Active muscle tension  Primitive reflexes  General assessment

XTHEZH ( Control group )( n=15) 37.80 £ 1.42 11.53 £0.83 8.00 + 0.00 6.47 +0.99 5.87 +0.35 5.93+0.26
AL ( Low-does group )(n=23) 3835+ 1.19 11.43 +0.90 8.00 + 0.00 6.91 +1.20 6.00 + 0.00 6.00 + 0.00
2 ( Middle-does group M(n=76 ) 38.25 + 1.24 11.37 +0.86 7.99 £0.11 7.01 +£0.92 5.89+0.31 5.99+0.11
A4 ( High-does group )(n=38) 36.55 + 0.86 10.97 +0.79 7.58 +0.50 6.37 + 1.00 5.74 +0.45 5.87 £0.34
FE(F value ) 19.760 2.621 23337 4.224 3.364 3272
P (P value ) 0.000 0.053* 0.000" 0.007* 0.020* 0.023*
232 BAFEIMEATABL T EAFFEN R WA 233 FAENMEAT AW EZ SN K NBNA BT 1T

JUMZAT AR RIBFRFER 7.14% ( 1/14 ), AR ALHT A L
AT AR AIEFR R 0% 0/23), Rl EAHE LA 21T R
AN IBER N 1.33%(1/75), @il dlg e ILsh et g5
AIEBRFN 5.56%( 2/36 ), 54T HE LA T Mg ANk
FRRTCGET7 2250

RE SISy . BB LIK S1A55) . Fsh LIk IA45 | b SO A5 4
T — FBE A A A543 43 ) 15 VR 5 14 T A5 TR 28 3R 4 T Pearson A1 26 43
Br, B4 N A AR, 5L B S BIiE T 22 oc bk [l
SR (F3),



SO EESE 2011 4F 4 H 26 28 55 4 ] J Environ Occup Med, Apr. 2011 Vol.28 No.4 e 227 -

#3 NBNABAEMEZS TEERASHER(n=152)

Table 3 Multiple linear regression analysis results of NBNA scores

AR giit JE¥ix 1ot vl FE JEU RIS — Al
Variable i NBNA Total Capacity Passive muscle tension Active muscle tension  Primitive reflexes General assessment

1R i (X ) B -0.424 -0.226 -0.455 -0.093 -0.194 -0.166
1-hydroxypyrene

t -5.640 -2.795 -6.203 -1.139 -2.410 -2.053

P 0.000" 0.006" 0.000" 0.257 0.017* 0.042*
TEIRIA (X)) B 0.573 0.014 -0.002 0.537 0.014 -0.004
Number of pregnancy

t 4.014 0.173 -0.026 3.572 0.174 -0.043

P 0.000" 0.863 0.979 0.000" 0.862 0.966
T UEL (X)) B -0.370 -0. 030 -0.041 -0.343 0.019 -0.020
Number of abortions

t -2.622 -0.366 -0.555 -2.281 0.232 -0.243

P 0.010* 0.715 0.580 0.024* 0.817 0.808
FEfEAE S (X ) B -0.161 -0.109 -0.116 -0.075 -0.032 -0.008
Spouse Age

t -2.052 -1.347 -1.573 -0.878 -0.394 -0.100

P 0.042* 0.180 0.118 0.381 0.694 0.920
TR (X ) B -0.092 -0.051 0.151 -0.150 0.112 0.075
Contraception before pregnancy

t -1.256 -0.626 2.067 -1.879 1.375 0.924

P 0.211 0.532 0.041* 0.062 0.171 0.357
ZCAES (X6 ) B 0.133 -0.038 -0.090 0.081 -0.192 -0.077
Maternal age

t 1.307 -0.546 -1.166 0.910 -2.410 -0.946

P 0.193 0.586 0.245 0.364 0.017* 0.345
JEESN S mNATLTIE(Y,) B -0.144 -0.037 0.040 -0.092 -0.172 -0.106
Live near by traffic road within
35 meters t -1.935 -0.457 0.545 -1.123 -2.164 -1.314

P 0.055 0.648 0.587 0.263 0.032* 0.191

P 04 =0.05, ay=0.10, #1708 MERIH 4T, L 1- 3 Tt
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RN L% 0GR A P R % 0.016 435 BESF35m N
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