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Associations between prenatal exposure to perfluoroalkyl substances and neurobehavioral
development in infants: A cohort study XIE Zhen-zhen®?, HE Geng-sheng!, LUAN Min*?, LIU
Xiao-min?, CAO Wen-cheng?®, CHEN Ya-fei ?, YUAN Wei?, MIAO Mao-hua?, LIANG Hong? (1.Key
Laboratory of Public Health Safety of Ministry of Education, School of Public Health, Fudan
University, Shanghai 200032, China; 2.Department of Reproductive Epidemiology and Social
Medicine, Shanghai Institute of Planned Parenthood Research, NHC Key Lab. of Reproduction
Regulation, Shanghai 200237, China; 3.Hubei Provincial Key Laboratory of Applied Toxicology,
National Reference Laboratory of Dioxin, Hubei Provincial Center for Disease Control and
Prevention, Wuhan, Hubei 430079, China)

Abstract:

[Background] Perfluoroalkyl substances (PFASs) are persistent pollutants. These substances
can be detected in pregnant women’s blood and amniotic fluid, suggesting that offspring are
exposed to PFASs during the fetal period. The associations between maternal PFASs exposure
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and neurobehavioral development in children are inconclusive.
[Objective] To examine the associations between maternal PFASs exposure during pregnancy and neurobehavioral development in infants.

[Methods] A total of 646 mother-infant pairs were included in the present study, based on the Shanghai-Minhang Birth Cohort
Study which was conducted between April and December 2012 at the Maternal and Child Health Hospital of Minhang District
in Shanghai. Eleven PFASs in pregnant women’s blood (gestational 12-16 weeks), including perfluorohexane sulfonate (PFHxS),
perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA),
perfluoroundecanoic acid (PFUdA), perfluorododecanoic acid (PFDoA), perfluorotridecanoic acid (PFTrDA), perfluorotetradecanoic acid
(PFTeDA), perfluorohexadecanoic acid (PFHxDA), and perfluorodecane sulfonate (PFDS), were quantified by high performance liquid
chromatography coupled with tandem mass spectrometry. When the infants turned 6 months old, their parents or other caregivers were
asked to complete the Ages and Stages Questionnaires (ASQ-3) to assess neurobehavioral development of their children at a home visit.
Poisson regression model with robust variance estimates was used to examine the associations between maternal PFASs concentrations
and each developmental problems/delay subscale of the ASQ-3.

[Results] The positive rates of eight PFASs in the 646 pregnant women exceeded 85%. The highest concentration was found in PFOA and
followed by PFOS, with the median concentrations of 19.76 ug-L™* and 10.67 pg-L?, respectively. Concentrations of PFOS, PFSA (PFHxS
and PFOS), and SPFASs (after natural log transformation) tended to be positively associated with developmental problems/delay in the
fine motor subscale (per natural log unit increase: aRRpros=1.60, 95% CI: 1.03-2.48; aRRprsp=1.90, 95% CI: 1.19-3.04; aRRsprass=2.11, 95% CI:
1.16-3.83). The infants’ sex stratified analysis results showed that in the 6-month-old girls stratum, the positive associations between the
concentrations of PFOS, PFSA, and SPFASs and the risk of developmental problems/delay in the fine motor and problem-solving subscales
were statistically significant: aRReros (95% CI) was 2.89 (1.50-5.58), aRReesa (95% CI) was 4.10(2.00-8.40), and aRRsprass (95% Cl) was 3.37
(1.37-8.30) for the fine motor subscale; aRReros (95% Cl) was 1.82(1.06-3.13), aRReksa (95% Cl) was 2.22(1.17-4.23), and aRRspeass (95% CI) was
2.25(1.07-4.73) for the problem-solving subscale. No statistically significant associations were found in the 6-month-old boys stratum.

[Conclusion] Maternal exposure to PFASs during pregnancy tends to increase the risk of developmental problems/delay in the fine motor
and problem-solving subscales in 6-month-old girls.

Keywords: perfluoroalkyl substances; prenatal exposure; infant; neurobehavioral development; cohort study
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HELRFRZE] 3B REBFEERMBEIT A IETT
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79 (3433.3+511.3) g, EEA55.9% N B, SHBR AEE
(n=579) #BLt, MANABFH B FEAYF=ERIELFIFIR
FHEREAXRERULEBLHRES (*=12.36, P<
0.001 ; x’=7.16, P=0.028) , Z2&13 ™A ERIMEAIEL
BB (*=9.33, P=0.002) , ELAHEFE R F 37519
1, IR 10

R1 2012 FXITHEBRTIANABEFIHEBR A BERY
EAFHELLER
Table 1 Demographic characteristics of included and excluded
pairs of Shanghai-Minhang Birth Cohort Study in 2012

MAANBE HEBRABE
(n=646) (n=579)  t/¥
Included pairs Excluded pairs

=

P
Variable

BRI/ % (xs)

) — 27.9+3.4 278434 -0.36 0.721
Mother’s age at baseline/years (xts)
B} £ 2251 BMI/kg-m™® (x&
!ﬁE?Fu /ke ) 2= 20.5%2.5 20.5+2.3 -0.48 0.635
Mother’s BMI before pregnancy/kg-m™ (x+s)
/\/ z AEA _ts
SRR/ % (xts) 29.9+4.4 30.0+4.6 0.59 0.557

Father’s age/years (xs)
JLEHAEIRE /g (xss)
Child’s weight at birth/g (x+s)
ZE /A (xts)

Gestational age/weeks (x+s)
REASBBN/TT [n (%)]
Family monthly income per 194 0.379
capita/yuan [n (%)]

3433.3+511.3 3410.7+441.3 -0.81 0.417

39.4%1.5 39.3+1.6 -1.19 0.233

<4000 133 (20.7) 120 (21.2)
4000~8000 271 (42.2) 218 (38.4)
>8000 238 (37.1) 229 (40.4)
ESHBRE [h (%
;jtghziyziffo[n Ié\je)l][n (%)] 391 0141
K LLTF (Middle school and below) 55 (8.5) 64 (11.1)
= (High school) 86 (13.3) 89 (15.4)
KEXKLLE (College and above) 505 (78.2) 424 (73.5)

gR1
e PNABE HESARE
V;ile (n=646) (n=579)  t/Y P
Included pairs Excluded pairs
REZHERE [0 (%
Father’s education[le\(/el)[]n (%)] 7.16 0.028
FH K LLTF (Middle school and below) 35 (5.4) 50 (8.7)
&R (High school) 95 (14.8) 100 (17.3)
KERLLE (College and above) 514 (79.8) 427 (74.0)
Zogi 3B RFIRIA [n (%)]
Father’s cigarette smoking in the first 9.33 0.002
trimester [n (%)]
2 (Yes) 194 (30.2) 222 (38.5)
% (No) 449 (69.8) 355 (61.5)
ZEi3 N B RFINE [n (%)]
Father’s alcohol consumption in the first 0.28 0.598
trimester [n (%)]
2 (Yes) 203 (31.6) 190 (33.0)
Z (No) 440 (68.4) 386 (67.0)
ZEi 3 BRENIRIA [n (%) ]
Passive smoking exposure in the first 0.27 0.604
trimester [n (%)]
= (Yes) 265 (41.1) 229 (39.7)
7 (No) 379 (58.9) 348 (60.3)
PR (Parity) [n (%)] 12.36 <0.001
#7243 (Nulliparous) 569 (88.1) 468 (80.8)
22743 (Multiparous) 77 (11.9) 111 (19.2)
22 ) L1451 (Infant's sex) [n (%) ] 0.93 0.334
% (Boy) 361(55.9) 306 (53.1)
% (Girl) 285 (44.1) 270 (46.9)
RZH n (%
;jtéhi’fzﬂ:tﬁeﬂngtaf diiression [n (%)] R
2 (Yes) 126 (19.5) 114 (19.7)
7 (No) 520 (80.5) 465 (80.3)
I MEFEAYE n (%,
;j:stl:fjilg—lﬁ/ri/ho(n/tag [n (%)] 0.240.626
0~4 95 (15.4) 51 (16.7)
>4 521 (84.6) 255 (83.3)

UE] U BFERRREIE © AANABENIREAB BN REZH
BIEE. 2R3 T AERME. 2R3 MNBAREINVE. ZF13 A
WRNRME. DELIRFRETIE), DA HERR ABERYSREE A B U
FRYBREE. LFERHERE. 213 MARERIME. Z25i31
BAGEINA. Z2H13 T BWERE. ) LR SEIRFE, &
M TR ARMAIRITERIAY Student-t 10580, DETEXA 1
WHITERMERLR,

[Note] Missing data in the following items: for the included pairs,
family monthly income per capita, father’s education level,
father’s cigarette smoking in the first trimester, father’s alcohol
consumption in the first trimester, passive smoking exposure
in the first trimester, and breastfeeding time; for the excluded
pairs, family monthly income per capita, mother’s education
level, father’s education level, father’s cigarette smoking in the
first trimester, father’s alcohol consumption in the first trimester,
passive smoking exposure in the first trimester, infant’s sex,
and breastfeeding time. Continuous variables are analyzed by
Student-t test, and categorical variables are analyzed by y* test.

2.2 BFEEIREAMEZ PFASs iRE
TEEF MK AN T 11 70 PFASs, ELA PFHxS.
PFOS. PFOA. PFNA. PFDA. PFUdA. PFDoA #[ PFTrDA
B9 Y Z 39 #8 1d 85%, M PFTeDA. PFHxDA F PFDS
B R, 959 28.79%. 26.16% ] 37.15%.
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PFOAMIH NI RE RS (19.76 ug-L™) , EX A PFOS

(10.67 pug-L?) , PFHxS. PFDA. PFNA. PFUdA. PFDoA # DLER 2,

&2 2012 FRTHETIEFEIRAAMIZ PFASs 18t KREE (n=646)

Table 2 Positive rates and concentrations of plasma PFASs of mothers during pregnancy in 2012 (n=646)

PFTrDA BY FR i #UK B 1R1K, SEE 9 0.11~2.74 pg L%

ESNig=sv] AR HHE /%  HATE (GM2SD) /ug L’

PFASs LoD/ugL” Positive mothers  Positive rate/% Concentration (GM+SD)/ug-L" P/ugl’  Pulugl’  Paugl’  Plugl’  Pu/ugl’
L E CIRREES (PFHXS) 0.015 646 100.00 2.71#1.55 133 2.08 2.74 3.50 5.69
LEFERER (PFOS) 0.02 646 100.00 10.68+1.75 4.08 7.51 10.67 15.53 24.96
LFFER (PFOA) 0.01 646 100.00 19.74%1.57 9.15 15.18 19.76 26.90 39.27
L& T (PFNA) 0.02 646 100.00 1.7741.67 0.75 1.29 1.76 2.51 4.05
LHEZEL (PFDA) 0.01 646 100.00 2.04+1.95 0.70 1.33 2.04 3.28 5.91
L& +—I=E (PFUdA) 0.01 646 100.00 1.53+1.98 0.50 0.94 1.52 2.54 432
2H+ )R (PFDoA) 0.015 586 90.71 0.10£2.82 <LOD 0.06 0.12 0.21 0.38
& +=)ZE (PFTrDA) 0.02 560 86.69 0.09+2.87 <LoD 0.05 0.11 0.18 0.35
& 1+704zE (PFTeDA) 0.02 186 28.79 — <LOD <LOD <LOD 0.03 0.14
LENIEE (PFHXDA)  0.02 169 26.16 = <LOD <LOD <LOD 0.02 0.25
LE SRR (PFDS) 0.01 240 37.15 — <LoD <LoD <LoD 0.02 0.05

[E] — : PFTeDA. PFHxDA F1 PFDS B9 tHZAR T 50%, KITEELMABIEL LOD : R,

[Note] —: The positive rates of PFTeDA, PFHxDA, and PFDS are lower than 50%, and the geometric means are not calculated. LOD: Limits of detection.

2.3 6 Bi¢Z) L ASQ-3its
T6 B2 L, FREXLZB R /TR
JLEEI9 10.54%~16.25%, EFABEEX A B0l /

IR &R, MATHFREXHN LB / EER KR,
ZRH0E, RMETEXBENZERBRHA/ T
BRHESHTHITFE N W3,

R3 RITHEPATI 6 BidE2) L ASQ-3iFHD MMLEITHE B [ FEIRZE (n=646)
Table 3 ASQ scores and developmental problems/delay of 6-month-old infants in 2013 (n=646)

&1t (Total)

B 22 (Boy) (n=361) 2752 (Girl) (n=285)

 BinE/ER .. N
RBPEER e /5m5R

KB /TR

REFE/ER

KB/ HER RBIEE/HER

= B9 # #
ASQEER 1589) flzg = /% 2 = % 2 = 1o )
. [Pso (Pas, Pss) ] Number of Number of Number of X P
ASQ Domain Rate of Rate of Rate of
Score infants with infants with infants with
developmental developmental developmental

developmental roblems/dela developmental roblems/dela developmental roblems/dela

problems/delay P v problems/delay P v problems/delay P v
7538 (Communication) 50 (45, 55) 105 16.25 53 14.68 52 18.25 1.49 0.223
¥ AENE (Gross motor) 40 (35, 45) 68 10.54 37 10.28 31 10.88 0.06 0.806
¥EAENE (Fine motor) 60 (50, 60) 74 11.49 38 10.56 36 12.59 0.70 0.402
iy R1B]7R (Problem solving) 50 (45, 60) 74 11.46 36 9.97 38 13.33 1.77 0.183
N A -#t4 (Personal-social) 45 (35, 55) 88 13.62 51 14.13 37 12.98 0.18 0.673

2.4 BFEITIREBIAZ PFASS iREFZE)LASQ-3iES
By R EX

HEBEEZE KRG, PFOS. PFSA F 3PFASs
KRELBRBHAREITHHE RS, 52 L5460
FREX A BN/ EREE N KB EEEX, &
IR FRVRESIE M— N EAL, HESRR (95%
) 53579 1.60 (1.03~2.48) . 1.90 (1.19~3.04) F12.11
(1.16~3.83) o KANMEREIF 3 PFASs KESE ) | HMEE
XA BN/ IERNXBEERITERE N K4

BREBUESHITOED, ESRETR, F6BRKL
2eh (ME 1), B3 MM% PFOS. PFSAF SPFASs iR EEitd
=, FBAHEMAR R REEX & B R/ R A E
Xt , FFshEREX © TS RR (95% C1) S5/

2.89 (1.50~5.58) \ 4.10 (2.00~8.40) #13.37 (1.37~8.30) ;
R R 0] @ BE X : A E SRR (95%C) 73 Al /91.82
(1.06~3.13) . 2.22 (1.17~4.23) #12.25 (1.07~4.73), ™M
EmdE. MARSEN DA -t =X L TR /iR
R A PFASs ;REFEE) LASQ-3  EDBARITFERENX
HIXEX, TE6 BiR B2 (WE 2), KA PFASs KE
S5&EXNABNHE /ERXREEERITEREXH
KB,

¥ PRASs RE = DI EIEND KT EMNIREE
8 ERD, URIARESFIEIE RS2 IR 8]
HITHRMD NG, EREETHNEREBM (EXE
B, WAFE# % www.jeom.org/article/cn/10.13213/
j.cnki.jeom.2020.19885) .
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R4 BFTIREAPFASS iREM 6 BiEE) LREIT A A BRI [ IERAIXEX (n=646)
Table 4 Association between mother’s plasma PFASs concentration during pregnancy and 6-month-old infant’s developmental
problems/delay in ASQ scale (n=646)

ERLED

7538 (Communication)

$AAENE (Gross motor)

FLAENTE (Fine motor)

fi#/Ria)7A (Problem solving)

“NA-1t% (Personal-social)

PFASs CRR (95%Cl)

aRR (95%Cl)

CcRR (95%Cl) aRR (95%CI)

CcRR (95%Cl)

aRR (95%CI)

CcRR (95% Cl) aRR (95%CI)

CRR (95%Cl)

aRR (95%Cl)

22 ITHEES (PFHXS) 0.86 (0.55~1.33)

LFETERS (PFOS)  1.03 (0.77~1.37)
LM (PFOA) 1.07 (0.77~1.48)
LmEE (PFNA) 095 (0.70~1.29)
LMZER (PFDA) 0.90 (0.71~1.14)

29+—k=E (PFUJA) 0.90 (0.70~1.16)
2H+ " /xf (PFDoA) 0.87 (0.75~1.02)

2 5+= 48 (PFTrDA) 0.98 (0.83~1.17)

PFSA 0.97 (0.67~1.42)
PFCA 1.04 (0.74~1.45)
SPFASs 1.03 (0.71~1.52)

0.89 (0.55~1.44)
1.07 (0.77~1.48)
1.11 (0.80~1.55)
0.95 (0.69~1.31)
0.93 (0.72~1.20)
0.95 (0.73~1.25)
0.90 (0.77~1.06)
1.01 (0.83~1.23)
1.03 (0.68~1.58)
1.10 (0.77~1.57)

1.13 (0.74~1.73)

1.11 (0.64~1.94) 1.01 (0.63~1.62)

1.01 (0.70~1.47) 1.03 (0.70~1.54)
1.66 (1.00~2.77) 1.60 (0.98~2.61)
1.11 (0.75~1.65) 1.13 (0.76~1.67)
1.02 (0.77~1.36) 1.01 (0.76~1.36)
1.05 (0.76~1.44) 1.04 (0.75~1.45)
1.02 (0.84~1.24) 0.99 (0.81~1.21)
0.88 (0.72~1.08) 0.90 (0.72~1.12)
1.08 (0.69~1.68) 1.05 (0.65~1.68)
1.51 (0.92~2.50) 1.50 (0.92~2.45)

1.43 (0.86~2.38) 1.42 (0.84~2.42)

1.42 (0.91~2.23)

1.50 (1.03~2.19)

1.33 (0.84~2.11)
1.20 (0.78~1.85)
1.20 (0.87~1.66)
1.23 (0.88~1.74)
1.08 (0.88~1.32)

0.97 (0.77~1.21)

1.76 (1.17~2.63) ©

1.47 (0.90~2.41)

1.80 (1.06~3.06)

1.29 (0.77~2.15)

1.45 (0.89~2.37)
1.34 (0.86~2.11)
1.28 (0.90~1.81)
1.31 (0.90~1.90)
1.07 (0.85~1.33)

0.98 (0.76~1.27)

1.67 (0.99~2.83)

© 211 (1.16~3.83) "

1.60 (1.03~2.48) "

1.90 (1.19~3.04) "

097 (0.60~1.58) 1.16 (0.72~1.89)
1.01 (0.69~1.48) 1.09 (0.71~1.66)
1.36 (0.88~2.08) 1.57 (0.92~2.69)
1.25 (0.85~1.82) 1.45 (0.94~2.25)
1.22 (0.90~1.64) 1.28 (0.93~1.78)
1.16 (0.84~1.60) 1.27 (0.90~1.79)
0.93 (0.77~1.13) 0.98 (0.79~1.22)
0.85 (0.69~1.04) 0.87 (0.69~1.10)
0.99 (0.60~1.61) 1.12 (0.68~1.87)
1.41 (0.91~2.19) 1.71 (0.98~2.99)

1.30 (0.79~2.13) 1.59 (0.88~2.88)

0.88 (0.61~1.27)
1.11 (0.79~1.56)
1.08 (0.70~1.66)
1.23 (0.85~1.78)
1.17 (0.86~1.58)
1.20 (0.89~1.61)
1.10 (0.91~1.33)
0.96 (0.81~1.13)
1.04 (0.68~1.60)
1.13 (0.72~1.77)

1.10 (0.66~1.81)

0.89 (0.61~1.29)
1.11 (0.77~1.61)
1.02 (0.65~1.59)
1.20 (0.81~1.77)
1.18 (0.86~1.62)
1.24 (0.91~1.69)
1.10 (0.88~1.36)
0.96 (0.79~1.15)
1.05 (0.67~1.65)
1.09 (0.68~1.74)

1.07 (0.63~1.81)

CE] ARFFENRZER. ZaI8M. BESHERE. REFR. RESHERE. RERAERE L. ZHHERIBEAN. ZEEERBA. FNE
FEEBIE R WA KEAIBUWAN. =X 2R B)LHES ) cRR : #HRR ; aRR : JAEEfS RR ; PFSA=PFHxS+PFOS ; PFCA=PFOA+PFNA+

PFDA+PFUdA+PFDOA+PFTrDA ; YPFASs =PFSA+PFCA ; * . P<0.05¢

[Note] Adjusting for mother’s age at baseline, BMI before pregnancy, mother’s education level, father’s age, father’s education level, father’s cigarette

smoking and alcohol consumption, folic acid intake before pregnancy, vitamin intake during pregnancy, house decoration in past two years, passive

smoking, family monthly income per capita, parity, gestational age, and infant’s sex. cRR: crude RR; aRR: adjusted RR; PFSA=PFHxS+PFOS; PFCA=PFOA+
PFNA+PFDA+PFUdA+PFDoA+PFTrDA; $PFASs =PFSA+PFCA; *: P<0.05.

1017¢ prrxs

= PFOS
4 PFOA
8|lv PFNA
+ PFDA
o PFUJA
6||= PFDOA
A PFTrDA
v PFSA
« PFCA
4|+ sPFASs

0] I

%H;;ﬂm hh} : Hﬂ J Hh“}%ﬂ

AP HATHIE

Communication  Gross motor

KELRENTE

BRIRIE)RE

Fine motor Problem solving Personal-social

CE] BRI ZFR. ZaisMl. BRTHERE. EFHR. R

PA-HE

4 (v PFNA

aRR(95% Cl)

[

0

ERUBREE. KFERRIERER. ZREHEBREN. ZHEER
B EFmEREREER. WARIE. REABEAN. PR,

23,

[Note] Adjusting for mother’s age at baseline, BMI before pregnancy,

mother’s education level, father’s age, father’s education level,

father’s cigarette smoking and alcohol consumption, folic acid

intake before pregnancy, vitamin intake during pregnancy, house

decoration in past two years, passive smoking, family monthly

income per capita, parity, and gestational age.
1 B3FEIEIRER PFASS iREF 6 B LB ME1TH
KB [ TR KEX (n=285)
Figure 1 Association between mother’s plasma PFASs
concentration during pregnancy and 6-month-old girl’s
developmental problems/delay in ASQ scale (n=285)

2 ||* ZPFASs

il

® PFHxS
= PFOS
4 PFOA

+ PFDA
® PFUdA
= PFDoA
A PFTrDA
v PFSA
* PFCA

M

i :

b

Communication  Gross motor

HAEIE  KUREHE

FRIRIEIRR

AR

Fine motor Problem solving Personal-social

CE] BAEERTZER. ZaiBMI BFRZHBRE. LFEFHR. R

FRYUBEE. KERBTCERER. ZRIHEREN. ZHREER
B EFMEREEEER. WHRE. REABBRAN. PR,

2,

[Note] Adjusting for mother’s age at baseline, BMI before pregnancy,

mother’s education level, father’s age, father’s education level,

father’s cigarette smoking and alcohol consumption, folic acid

intake before pregnancy, vitamin intake during pregnancy, house

decoration in past two years, passive smoking, family monthly

income per capita, parity, and gestational age.

2 B3EUEIREA PFASs iREEF 6 B B B2METH

KB [ TR XKEX (n=361)

Figure 2 Association between mother’s plasma PFASs

concentration during pregnancy and 6-month-old boy’s
developmental problems/delay in ASQ scale (n=361)
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3 itig

AAARETF EBXHITHEBS, KMEEME
R 8 fh PFASs BV 10 HH ZR 81 85%., B3 =T IRAA MR
PFASs FISRE S 6 AR ) LIVMEZIT R A BRI / &R
Bx, BARIA PFOS. PFSAF SPFASs REERFE AJRE
1106 Bt T BAE A EF AR RN MEX L B ) /
IEIRAEE N, RN FFIRIASEE T PFASs AT BE
SRMFRNBETALE.

AERSAMAY 11 Fh PFASs 7, PFOA #l1 PFOS R EEER
= (PUECREDF 19.76 ug- L 1 10.67 pglY) o X5
FELEEMARNS — AR RAEM (PFOAR PFOS
REZSAPUBDIN11.6ug L FI8.2pg L) M,
ERPESTRNAEMERNENIKRE, AEA
(PFOA : 1.27 ug-L™, PFOS : 3.52 pg-L?) P, ME K
(PFOA : 1.7 pg-L™, PFOS : 4.6 ug-L?) 2 Z2E (PFOA :
1.1pug-L", PFOS : 2.4pgL™) 22,

IR & I & FEZ A PFOS. PFSA ] SPFASs ik FE
REb, B)LEAmEEX A B R#E /RN AENR
g, BMNEEUNER, SUEFHIHRNE
RHEM. BAEAtEE—INE T EerIaIE M HERT!
Bf5R (2002—2005 ) &I PFOA ZE R RER M
6 Bt ZBHHAZ A B LIEERTES P, S—HHE
BENFEPATIRR LI =5 PFUJAS, PFNA R BB S
JLEEBEMIRE 2 BEEHERX 2, oulhote E»1 337 %
JIEMNEMEIEE DT RI, PFASs RE S KAFE
X 7] & (strength and difficulties questionnaire, SDQ)
R Z B XBEEFEESEIES, RIAPFASSTKES
ZIZSDQ R MFEIEMRX, MEBZF HAERXRE
TxBk, SARMRRERRZE, Fei F > AT ANERE]
PFOAFI PFOS N RIRES 7% ) LENTAFENNE
G X ; ENHREEE LI =7 PFASs BEES) L
5 ADHD 3% ) LE PV & & U Y — Bk Bk 19, T2
BEAETIFRAS, RRAREE LK I PFOA
FPFOSKRES)LE6 MNBH 24U MARNEHNMERS .
BHIZNEE B E TS N KE WY, XL
RERNERTERZSMHERIRN. BAAHARZE
YTIRHA PFASs BB KF e FRINHAEMERHAR,
BNENEFFEZ12—16 A%, MK PFASs BY
REREMUEN R (WNFI) FHPASSRES ;
Hx, EMRAAEAN) LETRHLE TGS E KT
ERFREARE ; thih, REAFKHABHFIERIAR
FRFRAZEAE, AHRKE T RAFEEHEM

REHTLUEE, SELRZRZREIIR/.

B 80X F PFASs X217 0 & B #2 MBI &l = =
BRf. chIRARE T, TiREA PFOS RESRRKE
B2 75 BIRER I ZE (thyroxine, T4) =M RR S,
2 (3, 5, 3'-triiodothyronine, T3) 7K 221 Y K (¥ &
BT4KF 0 XATRESIRB(FRNEE A B, AR
MRIRR, ZHIRE T PrASs BV R 3% M55 FRIHE S T4 A
BT4KFETEE, TSHAKFEAS 2, MFMET3IFE
T4 KRR B3, 42T PFASs R a2l 7 SHMAFIRS) L,
RIS RN BT, M) LNEETAEE

woM, Ithobh, RIMEEIRAR AT PFOS FIE JHFES
BRREREEHPcL2B DA ZEERKRE, KT
THETTHMSEREE, NTMEZEEMMETAL
B AR L IITIREA Pros BB 5 L 2 EMEh e iR
FIREEX & Bnlfl / IR HY & £ KR REX, Mt
FhIEHY PrASs B EPH XBLIEINAVEE, BREAITE
BN, XAJRES[E] PFASs XT1842 & B RS2 ImaIA &R
[B78 X Slotkin & B4 3@ A SME B & I A [F] PFASs X
HE R BENEMHARIER, FXAIREFEE—MEEHN
HEZMF, a0 ERZ K PFOS #M 7 Z BRRBRRREY, MM
PFOAXTRENAE LI & B F MM, A5 27 PFOA
SEMBELBERIVRE, SIERPHNMEER. 2B
MERZ EIRERD, NTEMBETRHEE. HILA
0, B2 HIRER PFASs Pl REEIT Z i E @R EiE
BEEMFRBEITARE, NEINEHE—FTRE,

SHIEAARMEL, KRR AFIEENTIHRE
BARERK, NEBRFRBEENESMNEYES,
FRKIAMERRE T EBHIEIN, N3 EITIRT PFASs
BRESY) | METHAENXERRREHETREN
ERXKEKIEE. AR DT 11 PFASs (L &1, 1
SHEMR MR T ZFIFLE PFASs BEN FRBEITH
EBEWHMN, SR ESLEHRBEN A ERET
ZNMBENEXAZREGEEHHITREE, Rt
DIRENEM, BRFENE, AARKIFHABKR
%, AR FEERILRE, BEEMARNAZESHRA
BNERSERMN, EERXIFARTESHER™
SR RE. Lo, B) LA ASQ-3 TN AIESRE
BEEm, MAMRRKEXSEFNGES, BER
AN RXBSHERZEHTT AR, XAEHDIET
BT REE B ERRT RN, &E TR PFASS
REMFREETAHAAEZENXAAETHER
NIFEREREREZETIN, REFEER T ZIIRFNESE
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