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[4553] B)LRAZRF PAEs RBIWIREF UM AR EBMRZRREZTEE (MiBP,
35.10g/L) .« 4B _FREL B IF TS (MnBP, 34.70g/L) . SPE _ERELE Z B (MEP, 12.15g/L)«
PR _FEEE 2-ZEB ) B (MEHP, 7.85g/L) MBE BB L RAEE (MMP, 4.73g/L) ;
JUAISERRYET R AL BYRIR 2 MiBP (30.90g/L) « MnBP (26.92g/L) « MEP (11.22g/L). B2 (2-Z
B 5-BEOR) BEZFEEE (MEHHP, 8.13g/L) F1 (2- Z& -5- RENE) BE_FILES
(MECPP, 3.63g/L) o 22) LVAiBREX . FRINAEEX . MASHEREX . FEAEIEEEX. A -1t
SREX MY FI918 9 53570 48.54. 46.98. 51.49. 49.06 F148.34 53, YHBAEX SRR R FAAEX
SERBNBIE, 9509 11.7% M 12.3% ; HASERERIEAMNFEX S ERENES,
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S5MHASNEREX (OR=2.90, 95%C/ :1.15~7.33)  fRRIAJABEX (OR=5.34, 95%C] :1.17~24.44)
DA -2 =8EX (OR=4.18, 95%C : 1.18~14.80) R HEEHSAEMEX (P<0.05) ; Ltk4h,
22) LR T AR EREX M S E R W2 MiBP (OR=3.72, 95%C/ : 1.07~12.91) F1 MEHHP
(OR=1.90, 95%C/ : 1.01~14.09) FRERERFMN (P<0.05)0
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Abstract:

[Objective] Phthalates (PAEs) are widely used in plastics and other daily necessities. Their
ubiquitous presence in the environment and high degradation resistance have led to the
widespread pollution in food, water, and air; therefore, their exposure levels and potential
adverse health effects are concerning. Sensitive periods, such as infancy, are most likely to be
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affected by PAEs. This study aims to explore the correlation between PAEs exposure and infant neurobehavioral development through the
exposure assessment of PAEs in lactating infants, aiming to provide a scientific basis for the prevention and control of PAEs pollution and
eugenics.

[Methods] Using a prospective follow-up survey design, we collected urine samples and basic information at baseline survey from 154
healthy infants aged 0-8 months in Shanghai from March to June 2013, who had permanent residence in Shanghai. We also evaluated the
neurobehavioral development of the infants within 2 weeks of the age of 9 months by the Chinese version of Ages & Stages Questionnaire
(ASQ-C), and calculated the score of five individual skills including communication, gross motor, fine motor, problem solving, and
personal-social skills. Urine samples were collected either under their parent’s help in disposable cups or with urine collection bags if the
babies were too young to pee with parents’ help. Ultra-high performance liquid chromatography-tandem mass spectrometry was used to
detect the concentrations of PAEs metabolites in urine. Logistic regression analysis was used to analyze the correlation between urinary
concentrations of PAEs metabolites and ASQ-C results.

[Results] The top five median concentrations of PAEs metabolites in babies were as follows: monoisobutyl phthalate (MiBP, 35.10g/L), mono-n-
butyl phthalate (MnBP, 34.70g/L), monoethyl phthalate (MEP, 12.15g/L), mono-2-ethylhexyl phthalate (MEHP, 7.85g/L), and monomethyl
phthalate (MMP, 4.73 g/L). The top five geometric mean concentrations of PAEs metabolites were MiBP (30.90g/L), MnBP (26.92 g/L),
MEP (11.22g/L), MEHP (8.13g/L), and mono-2-ethyl-5-carboxypentyl phthalate (MECPP, 3.63 g/L). The average scores of communication,
problem solving, gross motor, fine motor, and personal-social skills were 48.54, 46.98, 51.49, 49.06, and 48.34, respectively. The abnormal
rates of communication (11.7%) and problem-solving (12.3%) were relatively low; the abnormal rates of gross motor (24.0% ) and fine
motor (16.9%) were relatively high; the abnormal rate of personal-social was 14.3%. Infants’ urinary concentration of MEP was positively
associated with the abnormal rates of gross motor skill (OR=2.90, 95%CI: 1.15-7.33), problem solving skill (OR=5.34, 95%Cl: 1.17-24.44), and
personal-social skill (OR=4.18, 95%Cl: 1.18-14.80) (P<0.05). The abnormal rate of gross motor skill was also positively associated with the urinary
concentrations of MiBP (OR=3.72, 95%CI: 1.07-12.91) and MEHHP (OR=1.90, 95%CI: 1.01-14.09).

[Conclusion] Lactational PAEs exposure such as MEP, MiBP, and MEHHP may be a risk factor of delayed neurobehavioral development in
infants.

Keywords: phthalates; infant; lactational period; neurobehavioral development; Ages & Stages Questionnaire
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spectrometry, UPLC-MS/MS) 3 1T FR #1 PAEs B9 14 31l

&1 PAEsfRH#&M. 1R, E

FRIFRERBRSINN - A B IR T BRI 1TEGRE, B
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Table 1 Names, limits of detection, limits of quantitation, average sample recoveries of standard added, and relative standard
deviations of PAEs metabolites

TS hnAT YERRE (o
PAEs KIS B PAES KU BT sy R (/) TERIR (/L) DGO ree

PAEs metabolites in Chinese PAEs metabolites in English Abbreviation detection quantitation Average sample recovery starfdfard

of standard added deviation
PR FRER FRES Monomethyl phthalate MMP 0.02 0.10 83.5 1.2
PR_FRERE B Monoethyl phthalate MEP 0.20 0.60 80.8 5.5
NER_HRABESTE Monoisobutyl phthalate MiBP 0.04 0.10 109.1 1.7
MR _FRERBIE TS Mono-n-butyl phthalate MnBP 0.04 0.10 106.2 1.7
PER_PRE -2ECH) fE Mono-2-ethylhexyl phthalate MEHP 0.20 0.60 89.5 1.2
B (-ZE - 5-GRCH) SR _FPEEE  Mono-2-ethyl-5-oxohexyl phthalate MEOHP 0.10 0.40 71.5 5.7
B (- ZE 5-BERE) SBR_BELES  Mono-2-ethyl-5-carboxypentyl phthalate  MECPP 0.20 1.00 85.0 2.0
B (-ZH 5 FEDHE) 4BFE_PELEE  Mono-2-ethyl-5-hydroxyhexyl phthalate  MEHHP 0.03 0.10 95.1 7.4
B Q-BECE) SAE_HRERES Mono-2-carboxymethyl-hexyl phthalate ~ MCMHP 0.50 1.00 79.6 3.0
PR FRER B KBS Mono-benzyl phthalate MBzP 0.60 1.00 82.6 5.0

122 FR5RXEF#HIZERE (Asa-c) D XAP
XHREW S & B #1271 %E (Chinese version of ASQ,
ASQ-C) TR LHITIT AR B IRRBNTEN, XFrE
MNEEREE) L7279 BliR s 2 BIRfE A AsQ-Cinl&E
FRIAZE, AsQ-CREEERIFNEENMNE, HiE
Z Cronbach a %89 0.77, R0 Cronbach a Z2¥ A
0.86 %,

ASQ-CIREEHXT) LERN A MEX D HIZITER,
BIEEREHE. XAMEXDHEE /A8, B
JLER. BHEES. WEESFERRAUE) LXT1E
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B, REWESENITAEEESHNTRER, 5!%
HIBrER) LIt EMARRBIERIEEST 5 DA-HR, B
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¥, FRIRNEEIIBFESTIMF, BFRAZE)LE
HFENAN, tESMAFRIARERKFE
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MA%”E'”E“’EETE"E\”T”E’JIEI.:.O “B" R
LHEBE, 111097 ; “BRNE” RANINSERRED
BNRENATR, it59 ;& RTEFRR, 11073
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AohE. FEHIE. FRAIBM DA - LW RED
5179 22.87. 30.07. 37.97. 32.51#0127.25, IRIFEX 2
DERENXR, A B N “REER “ABRE
®FAHATABEN  ZAREERILERFHE—HE
HNE) HELBERRE,
1.3 FitZESR
fEFBER{E SPSS 21.0 1T o X7 154 B 22 LEAREE
FR PAEs RISTH R B SD 1T IES MR T, AHRKRA
PAEs NI RERE (GFF “RE”) 2RSSR,
WMRBE DA, U L3531 (geometric mean,
GM) HITH TR, FRE R HEIER 1/2 KN R
(limit of detection, LOD) &1, M) LASQ-CEXR AN
BEXHNDETE (EESE) FERASBIEDL [ (%)]
HITRITHEIR, RFAZEAEZE logistic Bl)AFIZEE DT
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B)LR#EH PAES K FE SR ) LI E1T N A B RITHAE
XM, ERIZMHLLEL (odds ratio, OR) #195% AJ {5
[X 8] (95% confidence interval, 95%Cl) , ZHR IR
NFTE REIENR. PRERIIIHNMIELE, 138K
/& =0.05,

B A IRV R 2 MiBP. MnBP. MEP. MEHP F1 MECPP,
DER 30

=2 BJ)LEXER (n=154)

Table 2 Basic information of recruited infants
FHIE el SRER [n (%) ]

Characteristic Category Distribution
%2 (Registered permanent residence) 75 (Local) 78 (50.6)
2 & ,
JEZAT (Non-local) 76 (49.4)
2.1 ARWREXEFE B (Age in months) * 04 67 (43.5)
M 154 BB LR, AP ESIEATAEA % (558)
w Thm \o eAm M5 (Sex) & (Boy) 85 (55.2)
HEATE, 254 50.6%H49.4% ; 578 BIREE) LA 4 (Gil) 69 (44.8)
86 N, £555.8% ; BULLBIEARTE, 55 5552%  Ss5KER (Body length, cm) 50~ 43 (27.9)
Ma48%; BILEKABBRER, &K60cm UL 60~ 95?”;
70~ 16 (10.4
0, \ o/ * = 15
e bb72.1%, R E5kg BLE & EE90.3% ; (R IE K BHEIAER R (Weight, kg) <5 15 (9.7)
(body mass index, BMI) 5 {& 9 (17.62+2.39) kg/m?, 5~ 72 (46.8)
ﬁlﬁE 2 Fﬁ/_\o 7.5~ 60 (39.0)
e . . 10~ 7 (45)
N i s [
2.2 FR7RAH PAES fUINYIRE BMI (kg/m’, Xis) 17.622.39
B LREF PAEs UIYIRERUBRIRT B AR 5. - sumams,
/K32 MiBP. MnBP. MEP. MEHP A1 MMP ; J1{a]3J%KBY [Note] *: Data missing.
K3 2B)LREP PAEs KitIRERE S (n=154, pg/L)
Table 3 Distribution of urinary concentrations of PAEs metabolites in infants
- i (Detection) RERE 7% (Concentration distribution) .
PAEs metabolites N ¢ £ (%) Min P, Pus Py P Pas Max
Number Rate
MMP 148 96.1 <LOD 0.03 1.26 473 11.43 37.70 644.00 2.95
MEP 152 98.7 <LOD 1.24 4.75 12.15 30.20 107.00 537.00 11.22
miBP 154 100.0 2.73 433 1055 35.10 91.45 238.25 440.00 30.90
MnBP 154 100.0 2.46 3.84 8.38 34.70 73.35 192.00 1700.00 26.92
MEHP 154 100.0 3.05 4.00 5.61 7.85 9.82 19.50 95.00 8.13
MEOHP 154 100.0 0.19 0.32 0.71 1.42 3.10 10.70 119.00 1.62
MECPP 154 100.0 0.26 0.67 1.84 3.40 6.88 29.88 289.00 3.63
MEHHP 154 100.0 0.07 0.33 0.97 2.07 5.38 16.05 214.00 2.24
MCMHP 154 100.0 0.52 0.54 0.62 0.79 1.12 3.90 92.70 0.82
MBzP 128 83.1 <LOD <LOD 0.66 0.76 0.90 1.78 6.15 0.61

[%] LoD : ¥R,
[Note] LOD: Limit of detection.

2.3 Wz"ﬂaﬂ’ﬂﬁ’é‘ﬂﬁ)ﬂ

B) L mEFTALRBRREL ASQ-C AP EEX
i%n\#lh-&, 7@Lﬁbxx fRRA I BE X 12 KBHERE

X. {BHAMEER. DA -HERERBFIIFR D5
7348.54\ 46.98. 51.49. 49.06 #148.34 73, /AWEEX
5 #RR R EE X 78 AR, 79519 11.7% 0
12.3% ; MARSHIEREX MFEA I EREX & B AT
=, 951924.0%M16.9% ; MM A-HESEXWE

“?‘Z)”Im 14.3%, MR AFIR. FERANZE, X
Kﬁ%‘}i REREFEHITELE LN,
2.4 METRARBRRESS PAESsBENXR
LXASQ—C‘/AJL_ﬁb  BREBEX. fBHh{ERE
X. fRAFEX. MA-HSEXEFAINTE (3
MIEE R0 EEN1), MUEJLREE S PAEs X514
KEEABTE, DRNNZEZE logistic 5] )FIEE
B, FUR2FANE) L EXBEREADETE. &

XERY
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A, PAESR I SABREKEEBRANXALSR
ITFEE X (P>0.05), X514 MEP (OR=2.90, 95%CI :
1.15~7.33) . MiBP (OR=3.72, 95%CI : 1.07~12.91) 0
MEHHP (OR=1.90, 95%C/ . 1.01~14.09) A fE B S &

R4 B HETHAEZSERITFIRAIEER (n=154)
Table 4 Infants’ neurobehavioral development evaluated by
scores of ASQ-C domains

B BRI

Questionnaire domains

T8 EBAHN %] BEAS (D (%)]

Average score Normal number Abnormal number

) L*ﬂj(ﬁﬂﬂz E\Ezgﬁ%ﬂ—%—ﬂgﬁﬁﬁ% (P<005) ’ S5)38 (Communication) 48.54 136 (88.3) 18 (11.7)
14 MEP FTRER S B LR RIAIRIAEK (0R=5.34, AP (Gmsmonn o aess 7 (00 372e0
95%C/ * 1.17~24 44) %I] /I\ A ?i A E‘E < (OR—4 18 FEAEN1E (Fine motor) 51.49 128 (83.1) 26 (16.9)

(0] . . . - pay -5, 9

- @ Rin)E (Problem solving) 49.06 135 (87.7) 19 (12.3)

95%Cl :1.18~14.80) R EEXH SRR MEZE (P<0.05

0 )#'%_'_ﬂhﬂ’]%[;l.%( )O DA -11% (Personal-social) 48.34 132 (85.7) 22 (14.3)
ZERIFNRS,

K5 B)LREEP PAEs X5 B 8EX ISR logistic ZERIER VIR 4R [OR (95%C1) ]
Table 5 Multiple logistic regression analysis on infants’ urinary PAEs metabolites and scores of ASQ-C domains
PAEs 11514 JiE FATNE ¥ETN1E i Rin) MA-H2
PAEs metabolites Communication Gross motor Fine motor Problem solving Personal-social

MMP 2.15 (0.41~11.28) 1.58 (0.53~4.73)
MEP 2.18 (0.54~8.87) 2.90 (1.15~7.33) *
MiBP 1.65 (0.20~13.68) 3.72 (1.07~12.91) *
MnBP 2.51 (0.24~26.53) 0.24 (0.05~1.16)
MEHP 0.86 (0.29~2.55) 0.85 (0.39~1.89)
MEOHP 0.93 (0.12~7.26) 0.45 (0.11~1.86)
MECPP 0.92 (0.28~2.96) 1.20 (0.45~3.21)
MEHHP 1.24 (0.21~7.38) 1.90 (1.01~14.09) *
MCMHP 0.56 (0.17~1.84) 3.76 (0.28~1.65)

0.68 (0.85~4.26)

2.53 (0.83~7.71)
1.82 (0.70~4.79)
1.56 (0.48~5.04)
0.59 (0.16~2.71)
0.66 (0.28~1.54)
2.65 (0.59~11.97)
0.92 (0.32~2.66)
1.11 (0.29~4.31)
0.39 (0.16~0.99) *
0.89 (0.39~2.00)

1.57 (0.30~8.10)

5.34 (1.17~24.44) *

1.65 (0.26~10.20)
1.73 (0.24~12.47)
0.35 (0.12~1.02)
0.38 (0.05~2.71)
0.87 (0.24~3.12)
2.73 (0.51~14.69)
1.07 (0.36~3.17)
1.66 (0.59~4.71)

0.54 (0.13~2.32)
4.18 (1.18~14.80) *
0.72 (0.13~3.91)
6.80 (0.97~47.68)
0.39 (0.14~1.06)
0.92 (0.14~5.86)
2.91 (0.76~11.22)
1.03 (0.22~4.79)
0.72 (0.27~1.94)
1.26 (0.48~3.29)

MBzP 1.20 (0.42~3.43)

[3£ (Note)] * : P<0.05,

3 g

X TF PAEs VA S, FESIYISLIO, MELG3Enh
MTERBREAFM R FE R E T PAEs S HII AT AB
Bifm o), LIRFESIFICIZ e A W FEABERIT
RERRF, HE—TARRER, FHIEE T PAEs,
OgEa e BIRE) LN LEBNEMAB £ M E
w2 SZAEENEEES—THRER, ZH8
ETPAES A RESIEE) LEE HMEmEE ™, £
REFFTIY F IR IT T UREA PAEs B BT F BT AW
F0m, SR B e E R IMKR AT Z XEk R E T ZLEA PAES
FREXNEL) LHETANER, MBI EAFE IR
AAFEKE BRI X BT (BURHER) , 1ZBYHA PAES
REFREE S TEMBRER . AHRH | B)LRR
FREY PAEs IR EEEAVEFAR (E BT 5 — I E B9 B
R AL ERH AR ; MiBP ALK E (35.10g/L)
RTFERAN—TMARER (51.7¢g/L) 9, AJEERH
FREXRFNZTAETEFER LEFEER. ZHRE
RILEA PAEs RE RN ER) LBV ASIIE. ARRIAI.
MA-HSEXFFE IR BIAXLER M
2 [ BRTE MEP. MiBP F1 MEHHP &/ D3 §I¥E 5 L,

B TEEZEE PAEs BB ) LMELENFM, 5—
MEBENAR S ER, LBEKPEET PAESSWTH
TRAFERREW, #H 611 5 LEEHR, /FE&
B, B4 METANAERT SHERINITES
BEXZH, HEGRKINBIRNIFEZRERFEARD]
2o

FEERHFTZE R logistic [Bl)IREAH, #MEITHE
BIRRE SIS MEP X—IETRE X, MEP SHHAEHE
BEX. R FBEXMNA -HSERHEIMEXS
BENASEEGXEE, RTIMEPTER) L HETRAE
SETAREAEETEE . MEPHFRRIEEEESH
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