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Levels and Influencing Factors of Phthalates Exposure in Two-Year-Old Infants in a County ZHU
Xiao-ning', JIN Yu-e*, WU Chun-hua', WANG Guo-quan®, CHANG Xiu-1i', LU Da-sheng’, ZHOU Zhi-
jun' (1.School of Public Health/Key Laboratory of Public Health Safety of Ministry of Education, Fudan
University, Shanghai 200032, China; 2.Laboratory of Hygienic Inspection, Shanghai Municipal Center for
Disease Control and Prevention, Shanghai 200336, China). Address correspondence to ZHOU Zhi-jun, E-mail:
zjzhou@shmu.edu.cn  + The authors declare they have no actual or potential competing financial interests.
Abstract: [ Objective ]| To evaluate exposure levels of phthalates and its influencing factors in infants at the age of
2 years old. [ Methods | Questionnaires and spot urine samples were collected from 344 2-year-old infants in a county of
Jiangsu Province from June 2011 to January 2012. The survey content included infants’ general information and their behaviors
& habits with potential exposure to phthalates. Nine urinary phthalate metabolites were determined by high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS). Non-parametric test and multiple linear regression analysis were used
to identify the influencing factors of infant phthalates exposure. [ Results | The phthalate metabolites were identified in all urine
samples of these infants. The median levels were as follows: monomethyl phthalate (MMP), 15.73 pg/L; monoethyl phthalate (MEP),
13.99 pg/L; monobutyl phthalate (MBP), 39.30 pg/L; monoisobutyl phthalate (MiBP), 29.231g/L; mono-3-carboxypropyl phthalate
(MCPP), 2.90 pg/L; mono-2-ethylhexyl phthalate (MEHP), 2.88 pg/L; mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), 11.93 pg/L;
mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), 8.70 pug/L, and mono-(2-ethyl-5-carboxypentyl) phthalate (MECPP), 50.10 pg/L. The
positive rates were 100.00% for MMP, MEHHP, and MECPP, respectively; 89.80% for MEHP; and 96.80%-99.71% for the other 5
metabolites. The usage of plastic milk bottles or plastic tableware was found to have statistically significant effects on concentrations
of some urinary phthalate metabolites in infants’ urine samples (P<0.05). [ Conclusion | The findings suggest that the infants are
widely exposed to phthalates. The usage of plastic milk bottles or plastic tableware might increase infants’ exposure to phthalates.
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MBP ., MiBP ¥ & 2 F1, /&4 T & PAEs fCif 4 Bk i
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JEZ A, PAEs fCHH) S0k B ( SPAEsm ) h 9 R Qi)
e B TR BAAR N o >R FH Spearman AH ¢ 43 M1 PAEs 254815

K H %k 89.83%, Higk 5 A H K N 96.80%~99.71%
MMP., MEP, MBP, MiBP, MCPP, MEHP, MEHHP
MEOHP . MECPP [ i 3k - 1573 13.99., 39.30,
2923, 290, 2.88. 11.93, 8.70. 50.10 ug/L; SLMWPm.
THMWPm, PAEsm () /1 {3 %% 53 7l 4 92.17., 77.01 .
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Table 1 General characteristics of the selected 2-year-old infants

FEAAE L ANBC (%)
YyIa) A 3 Mann-Whitney UGS | Kruskal-Wallis General characteristics n___ Proportion
I N S . PE5 3 (Male ) 196 56.98
HEG5 BN FAMAC R E R 25 Z2EEME code e CFemale) s a0
5] 05 43 A7 BT R 52 m A e BE i 2 A T &R . R 37K JEAL IRIX (Town ) 83 24.12
Y a=0.05, Place of residence g ( Suburh ) 110 31.98
4Ht ( Countryside ) 151 43.90
S EE AR Aol Az 7= X ( Agricultural fields ) 138 40.12
2 R Periphery of A4 ( Green park ) 93 27.03
residence
2.1 YILEKER Wi % JE ( Neither ) 113 32.85
BRI FBE =10 (Housewife ) 135 39.24
344 4 S LA S 2 %, Hep B 2196 A, 5 Maternal oceupation g 4. -8 ( A gricultural farmer ) ; 503
56.98%; Li%148 N\, 5 43.02%. K44 ILEAETE J5" A 54 T Industrial worker ) 78 26
V437 5 T ( Public institution staff) 35 10.18
SRHURIACR (365 75.88% ), 3o 24.12% JRAEAERRIX.. FEAIEL# (Other ) 89 25.87
@JLE%lﬂtt@BZzﬂkifzgﬁiﬁg( 54012% )o Zﬁ)L @%—EH/L{JK ﬁjﬁﬂjﬁ(ljnemployment) 11 3.20
FEAFHILZE 1, Paternal occupation gy 1 22242 ( Agricultural farmer ) 6 1.74
.. b 2 B T 4l 5T (Industrial worker ) 92 26.74
22 $HILRF PAES Rt R BT 0 7 51 T Public institution staff ) 40 11.63
TE A 2 L BR H 5 I 3] PAEs At 9y, Hoep FOBILLF (Other ) 195 56.69
MMP . MEHHP . MECPP [ £ tH 2354 100.00%, MEHP & (TotaD) 344 10000
2 %JLIR PAEs IR E 5276 (pe/L, n=344)
Table 2 Distribution of urinary phthalate metabolite concentrations in infants’ urine samples
Sy 3 ¥ R
MMP 344 100.00 0.55 233 7.19 15.73 3042 14229 884271 1591
MEP 343 99.71 . 1.51 528 13.99 5021 45923 565214 17.70
MBP 342 99.42 3.39 14.82 39.30 104.10 34676 213032 37.88
MiBP 343 99.71 3.33 12.72 29.23 6821 228.07 648.68 28.84
SLMWPm — — 2.43 10.66 34.98 92.17 24246 120571 917727 97.63
MEHP 309 89.80 . * 1.16 2.88 6.36 23.03 62.24 271
MEHHP 344 100.00 0.80 2.12 6.15 11.93 23.94 67.88 374.57 11.97
MEOHP 343 99.71 : 158 461 8.70 16.74 41.64 206.12 8.56
MECPP 344 100.00 253 743 21.40 50.10 116.19 36793 1792.85 4973
SHMWPm — — 3.83 12.80 3457 77.01 163.98 507.86  2068.43 78.34
MCPP 333 96.80 : 0.56 1.31 2.90 6.54 18.58 96.04 2.90
SPAEsm — — 8.74 32.13 104.40 244.96 57123 168588 974341  244.13
[ ] ATFARER(<LOD),

2.3 41U PAEs AR 44 K 18] 6 4R 5
Spearman MM EE R R, 4 LR * PAEs %%
G e BE 01 AT — € B AR S PE (P <0.01 ), AHOC R KL

(r) 5 0.398~0.986( 3 ), MEHP. MEHHP ., MEOHP .
MECPP ¥3°4 DEHP f94 5147, MEHHP 1 MEOHP A &
P (#=0.986 ), MEHP 5 MEHHP . MEOHP . MECPP
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[ A0 5 2 504 31k 0.849 . 0.840. 0.620, MECPP 5
MEHHP ., MEOHP [&] {1 #H 5& 2 %443 51 4 0.783 . 0.790,

MBP 5 MiBP . MCPP [ #H 54 55 1 (4351 4 r=10.839
r=0.879 ), AP A R ECH 0.398~0.773,

F3 41)LEKH PAEs X% B 8149 Spearman 1855 R &

Table 3 Spearman correlation coefficients between levels of urinary phthalate metabolites in infants

547 ( Metabolites ) MMP MEP MBP MiBP MCPP MEHP MEHHP MEOHP MECPP  XLMWPm XHMWPm  XPAEsm
MMP 1.000 — — — — — — — — — — —
MEP 0.532 1.000 — — — — — — — — — —
MBP 0.621 0.611 1.000 — — — — — — — — —
MiBP 0.682 0.584 0.839 1.000 — — — — — — — —
MCPP 0.626 0.603 0.879 0.773 1.000 — — — — — — —
MEHP 0.424 0.398 0.587 0.633 0.479 1.000 — — — — — —
MEHHP 0.553 0.492 0.684 0.756 0.648 0.849 1.000 — — — — —
MEOHP 0.573 0.497 0.676 0.767 0.646 0.840 0.986 1.000 — — — —
MECPP 0.554 0.463 0.561 0.639 0.594 0.620 0.783 0.790 1.000 — — —
ZLMWPm 0.731 0.844 0.860 0.776 0.800 0.510 0.621 0.620 0.550 1.000 — —
XHMWPm 0.585 0.495 0.632 0.711 0.638 0.740 0.890 0.894 0.969 0.605 1.000 —
XPAEsm 0.730 0.743 0.834 0.851 0.807 0.663 0.795 0.796 0.763 0.920 0.819 1.000
24 FRRVES BARFILA K E IR 4L PAEs AV, BRSO a, AR R
R4 0 R IE £ 5 BRI, R RO SR B, AR e B

Mann-Whitney UK 56 45 & 8 7w, 5. @4l LI
[ IR PAEs FCIH vk 1 22 57 oG24 L (P>0.05 ),
Kruskal-Wallis A K 30245 53200 . FE A ( 3k IX | 454
BT ) Z 18], TR REARIX (falb Az = X | el gkt . P
HETC) Z M), ANEACEHEE Z 8], 41JLIR PAEs %1%
IR R 1) 2= RG24 L (P>0.05 ),
2.5 RRE4T A A7 T WA 40 )L PAEs R 45 6 K
B E 5t

FAGERER, SRR 4L, HR
MEP ., MBP, MEHHP . SLMWPm ., SPAEsm 4 ¥ JiF 5 T
MARAS 2t B 4 L (P <0.05 ); fifi 2k 980}
EEALL, HIRF MCPP A4 B 5 MR A i 9
BEEMLIL(P<0.05); &HE MRS &0

FLE B, RSP R S A, gLz E 4l LR
PAEs AR E 9 22 R LG #38 L(P>0.05 ),
2.6 LK PAEs KRR E#H R Fe 2 T4 K
)2 A7
H A AR P B AT X EI (loguo ) e 4 i B2 AL
EAE, DR AR & KebEa] R R
RGO ACEEBOE . A LA TR R A T 20 1555 AT R s i
21 LIR PAEs FRIHH1 e B2 i IR 3490 S B AR i 5] AR
R SR RIRIEI T 2 A 8T 450 %
5) KB, BRI AR Co=f FH, 1= AT ) AT
hn4h LR MEP, MBP . MEHHP . SLMWPm . ZPAEsm
P (P<0.05); SRR HLAMHo={H [, 1=
ARAEH ) A mah LR H MCPP [ i ( P<0.05 ),

FR4 REMITHMEFSIEL LR PAEs RIEHIRE (GM, pe/L, n=344)

Table 4 Urinary phthalate metabolite levels with various infants’ behaviors and habits

ﬁﬁ.ﬂf*‘(ﬁ 3 L? A MMP  MEP  MBP  MiBP MCPP MEHP MEHHP MEOHP  MECPP SLMWPm SHMWPm XPAEsm
Behaviors and habits n
SR
Use of plastic baby milk bottle
fdi 11 ( Often ) 286 1682 1945 4100  30.34 3.06 2.82 12.61 8.98 51.93 106.45 82.43 261.31
MASEFH (Never ) 58 1208 11.13 2561 2245 222 224 9.26 6.76 40.18 63.75 60.94 174.55
P — 0.078  0.019 0045 0088 0065 0.130 0.036 0.074 0.203 0.012 0.078 0.016
SRR H
Use of plastic tableware
{4 ( Often ) 208 1678  17.99 3998 2845 321 2.52 11.76 8.36 48.29 102.62 77.07 247.98
MAAH (Never ) 136 1465 1727 3487 2945 248 3.03 12.31 8.88 52.02 90.48 80.33 238.34
P — 0512 0939 0319 0935 0045 0253 0.619 0.512 0.679 0.337 0.872 0.553

[ 7 ] Mann-Whitney U3, 5 M & i 41 tt. 3 ( Compared with the never group ).
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Table 5 Multiple linear regression of various factors on infant urinary phthalate metabolite levels
R FI A5 i 1A 25 iz LR HTVRES 4 ; P
Metabolites Independent variables Unstandardized coefficients Standard error Standardized coefficients
MEP HRHE (Intercept ) 1.166 0.082 — 14.170 0.000
FEEIY ( Maternal occupation ) 0.044 0.025 0.095 1.771 0.077
SRHI3HL( Use of plastic baby milk bottle ) -0.246 0.108 -0.121 -2.269 0.024
MBP FREE ( Intercept ) 1.497 0.088 17.036 0.000
Ji 24T ( Home adjacent to cropland ) 0.076 0.044 0.103 1716 0.087
SRHISH ( Use of plastic baby milk bottle ) -0.180 0.091 -0.107 -1.979 0.049
PP A ( Use of skincare products ) -0.168 0.093 -0.109 ~1.807 0.072
MCPP I (Intercept ) 0.506 0.033 15.157 0.000
S5 H ( Use of plastic tableware ) -0.111 0.053 -0.113 -2.096 0.037
MEHHP FRHE ( Intercept ) 1.101 0.027 41.104 0.000
SRR ( Use of plastic baby milk bottle ) -0.134 0.065 -0.110 -2.055 0.041
SLMWPm HREE (Tntercept ) 2.027 0.036 56.017 0.000
I ( Use of plastic baby milk bottle ) -0.223 0.088 -0.135 -2.526 0.012
SPAEsm HRHEE (Intercept ) 2.417 0.031 — 77.840 0.000
SRR ( Use of plastic baby milk bottle ) -0.175 0.076 -0.124 2317 0.021
3 iFig gl LR R & WS AN B T - B4R |l i

o FIRFE 4> B 24 . PAEs (Ui Fh 2k £ H o &
fIKE /LK, FHF i il AR UE 26 1928 LR FE
NGy 3AT , AFAEREA IE F N 58 AR I 4 PR35 5
FTFHE, A b A T Ak BHRIRS: I #8077 A — 8 O MEFE , R
FHERL . 5 R 0% RN vk e R B2, AR R4l LR
PAEs I 9 RG>k T B- 6 40 W 1Y BRI K A, TR &
B 2 4kt ( MAX) [ETAH £ B, HPLC-MS/MS ZE 14,
[ 2R PRE e i, 2R H LOD #43K 0.5 pg/L, 1]
WK 90.16%~117.81%, H M. H 8] 22 (RSD ) %
INTF20% . FTEAERRE R, ST, SIESEH, v
YRR E 401 ) LIR H PAEs AU &

DMP, DEP, DBP, DOP, DEHP J2& 3£ [# 3 5% ff
PrE MR EA SRRy, 2%
41 JLLA I PAEs i % 8 K7 S sz (R &, A B F
HEAT KU PFAk 5 R BT 414 B 46 1 it o AS T 5% 7 o
A 2% 4 LR 46 2 PAES AR 4, b MMP
MEHHP . MECPP {4 H % >4 100.00% , MEHP £ Hi %
4 89.80%, HiAx SFhASE %8 96.80%~99.71%, Ui HH
41 )Lt i 25 7% T PAEs.

MMP ., MEP, MBP, MiBP, MCPP, MEHP, MEHHP ,
MEOHP . MECPP #y¥ & Hr i 80551 . 1573, 13.99,
39.30.29.23,2.90. 2.88. 11.93, 8.70. 50.10 pg/L, 5
AU Z AT A R A, DL AR A A
BT 12 2L, YN T 1 2 Byl 245,
584 )L TPk A K B BB B, B 56 g
BIBa s A 56, T & PAEs 22582 19 FEZ R YR,

BCESEA T A A TG S A AR 2 P B R T
LM PAES' "™, 5 ESMIFSE L &L, 4)LIR MMP,
MBP . MiBP 19 H i 503 5 T 36 [ 2~28 J #4122 4
JL'™®!, MCPP, MEP, MEHP, MEHHP . MEOHP () H143;
BOHIMEAR T 25 [ B L LU 2V R L2 R
I ] 52 4 )Ll 1) PAEs R /K SF- vl REASIA),

4l LR H PAEs £5 AP e B 1] 25945 — 2 A AH ¢
P, Spearman FH 3¢ 2 %CH 0.398~0.986, $7n4l )L AT AE[H]
iy %% T DMP, DEP, DBP. DiBP, DOP, DEHP, MEHP,
MEHHP , MEOHP I MECPP 344 DEHP (514, MEHHP
F1 MEOHP A9 #H 56 1 % =, MEHP 5 MEHHP . MEOHP
MECPP B AH &R Z (124 0.620~0.849 ), 5 EL A7 WF 5
— 3%, DBP 5 DiBP K [F] 4 S¢ A4 {4, HAR ) MBP
5 MiBP ARGt 45 5 (7=0.839 ), #£/K5 DBP 5 DiBP
1) 2 B8 K F . AR v BEAHALL . MBP 1 MCPP [7]
B 1 AH S (#=0.879 ), AT HE K i MBP Fil MCPP 4 /2
DBP B

Mann-Whitney U35 & 2 85 4k (1] 73 A 25 SR 4
R, SURHL . SRR HL A AT RE S 4l LR
HhL e PAESs ISP R B o il A SR 4L,
H JR # MEP. MBP, MEHHP . SLMWPm ., PAEsm (¥
WeRER R T MR 2L ; MR ERE 4L,
FLPR Hh MCPP ¥ B2 5 F RS FH A9 401 Lo 156 B 380K
L R B R, RT3 in 4 JLDEP. DBP,
DiBP . DEHP (%) 2 8, #0874 )L 388} 5 a3 38
BB EAIEH
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AWETE IR BRI AE AR S 3500k A [ —H X
W —4ERS A 4L, E45E ) B, rTReHGE R T
FERLX IR . A R AR 1 2l L 2h)LIMFEATE B . TRk
A PAEs (19478 B A2 06 20 0, Y595k X4l LAC BRI
ln) B8 A, W BEAEAE 2R . BT PAEs 285 1 IR
Iz, AT BT R AR 2R A IR A R LR B PR
PAEs Z#5 7K,

g5 ik, i n) 2 R A A IR PAESs AR5 A
MZER 538, AR IR, 2 4 D LR 9 Fl PAEs
PR R348 5, ALt i 22 5% T PAEs;
SRR A% B8 8 Rk 4 L ) ol FH RT BB 2 &)y LA
PAEs [ 2 85 , I 41 ) 2 58 ok 5 A& 42 45 il PAES,
Prdriah LR

AEE B T L BREGE IR 2R 2R
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