374 4w E7 A = Vol. 37, No. 4
2018 4E 4 A ENVIRONMENTAL CHEMISTRY April 2018

DOI:10.7524/j.issn.0254-6108.2017102301
SRS PMELIC T A LA R 58— R B R Y A0 AR [ ) ] 3R B4k, 2018,37 (4) :636-643.
LI Xiaoying, SUN Hongwen. Distribution characteristics of phthalate metabolites in placenta from pregnant women in Tianjin[ J]. Environmental

Chemistry ,2018,37(4) :636-643.

RETZAREDBE_HB BN S MIFE"
EE SIS S
(RATT R RL 2 5 TR e, 2O AR PRI TG Y id 1 S B EE R S0 28, K, 300350)

8 E ARSI LRI B E 0 BB, I A A2 W 40 A0 AL VT S AT IR R J LY s e i
WREEFHE, I i PR IR LB FR R DL — > 2R, ARWFFRAE R TR T 78 N I G S84 i, )
FH HPLC-MS/MS W7E T Z2 iR &b 11 Fh4B2R — F B2 B ( phthalate metabolites, mPAEs) fY4% i, 4347 T H 4l
BAFAE, Ff i Spearman AHFRNE IR T 45 mPAEs PEBTAIFE 2 N O GEi T2 R AR X IR B mPAEs 75 12 152
M. ARWFFE TR S5 F mPAEs, 433152 3-%2 P9 2L 48K — F 2 54758 ( mono- ( 3-carboxypropyl) phthalate, MCPP) , £}
2K R B T I (mono- ( n-butyl) phthalate, MBP) , 4B — FH R .53 T T8 ( mono- ( 2-isobutyl) "phthalate , MiBP ) ,
AR R . £ T8 ( mono-ethyl phthalate, MEP ) 14 2% — F iR 51 (2-£ 0 3 ) Mg ( mono-( 2-ethylhexyl )
phthalate, MEHP) . Jii & X mPAEs & & 1 {E (Y8 F) o4 3.23 (0.0138—17.8). ng-g™' dry weight. A [F]Ff 2
mPAEs &Y Spearman A& Hr 4553800, MiBP 1 MBP 2 [A] A sRAHSEME (r=0.804, P<0.01) X J&h
TENMTEAARUIRR IR ——H R S Y E AR 53 S A 1. R, MBP I MCPP 2 [A] HAT 058 A A OCHE (r =
0.292, P<0.05) ,iX#E— L EMIE T AMK RS> MCPP 2 Hi MBP #4 bk i ia ik mPAEs 7 5 dett 2 A
FIGE AR JCAR G HE (P>0.05) 45 1K, U 3 AH DG (P<0.05 ), mPAEs ZEREL T 7 Aibk 175654
PERUA G, 1652 B R S W TR R SR8 IR 20 A S AR AR 22 T RIS 5.
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Distribution characteristics of phthalate metabolites in
placenta from pregnant women in Tianjin

LI Xiaoying SUN Hongwen ™"

(MOE Key Laboratory of Pollution Processes and Environmental Criteria, College of Environmental Science and

Engineering, Nankai University, Tianjin, 300350, China)

Abstract; Placenta is a vital organ for the exchange of substances between mothers and fetuses and
the distribution of chemicals in placenta can reflect fetuses’ interior exposure to contaminants and can
be used as an index to evaluate fetuses’ interior exposure. In this study, placenta samples from 78
pregnant women in Tianjin were collected, and the concentrations of 11 phthalate metabolites
(mPAEs) were analyzed by HPLC-MS/MS. Profiles of mPAEs concentrations in the placenta and
their possible association with selected socio-demographic characteristics and chemical properties
were explored using Spearman analyses. Five mPAEs, i.e. mono-( 3-carboxypropyl ) phthalate
(MCPP), mono-( n-butyl) phthalate (MBP ), mono-( 2-isobutyl) phthalate ( MiBP ), mono-ethyl
phthalate( MEP) , and mono-(2-ethylhexyl) phthalate( MEHP) , were detected in the placenta and
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Y mPAEs median concentration (range) was 3.23 (0.0138—17.8) ng-g™' dry weight. The results
of Spearman analyses on the relationships between different mPAEs showed that MiBP and MBP had
significant correlation (r=0.804, P<0.01), probably due to the fact that their parent compounds
are isomers. MBP had a strong correlation with MCPP (r=0.292, P<0.05), confirming the finding
in previous studies that MBP could be biotransformed into MCPP. mPAEs concentrations in the
placenta samples had no significant correlations with selected socio-demographic characteristics (P>
0.05), but showed a significant correlation with 1gK, (P <0.05). Besides the properties of
chemicals, mPAEs distributions in placenta depend on multiple factors such as the application,
human exposure, internal distribution in human body and metabolism of their parent compounds.

Keywords : placenta, phthalate metabolites, plasticizer, distribution characteristics, Tianjin.

LF R W R ( phthalates , PAEs ) /A 34 %850 | DU ELAT TR 85 | 240 A oo S5 Rtk 107 FH - 2
RS FAGFER BUEAIA A B A5 Tl A 257 5 b R0, BT PAEs FR SR IEFE IR AR LIE &
SHR TR S 42, R AR B R B PR o, 2 R A ik | S A RSO RIS I R 253 e a0 A AR Py 7 3k A
MR KB 53 PAEs 23 7E 24 h P9 b 38 48 3 Sy X5 1 9 7™ ——48 R = HUR 52 g ( phthalate
metabolites,mPAEs) . I, 7E RV FEFLSE ANRFE S o mPAEs 2 7 RS H BT R0,
PAEs T E AL | B ME B2 LA E 0 (2R AR mPAEs SHAFHRL G PAEs T AT 535 1) 2
P Piechal % UHRGE T R mPAEs % i 5 R I OB PR LR S A5 e 1 AR G TR
Messerlian %' A8 TR mPAEs & &5 (AT R B )L S2 0 43 0 S 5 25 14 B8 28 e 453403 95 0k 1 1
RSt — 2 R 5408 R B (2- 43 C 3L ) TR ( mono- ( 2-ethylhexyl ) phthalate, MEHP ) [
BRI S Y —AR % R = (2-Z 3 T 35 ) 15 ( di ( 2-ethylhexyl ) phthalate, DEHP ) #H [t , MEHP B 5 5
i B A B A B W S A2 A y 45 SRS L sh M e g R SR L

TATIG VA LW, mPAEs 771l 52 85 G B FE IR R 1K 2 IR A7 A 0 3 A MR St A R R S R
JLIRIY) £ 366 () B L8 B, MG 45 v Ak 2 05 e TR g 52 I G R 300 Jies JL X 75 Y 0 1) B PN B S R A, TR
FFIRNG T mPAEs Z2Z RIS A FE 2 . H eI £ B8 H 2335k, %7 16 55 2 A Hl
TGy G AR mPAEs 1S I B 43 A R AE AT A U AR T [ B A 5T 2R W, MR Ay F R /N T
600 DaH 1gK, 7F 0.9—5 [ 3E B 7 B S 5 = N i M 14k & 1 5 8 2 e sh 3 850 5 X 28 3 e 4
JE02) RSy mPAEs BIAFASIZEE (R R mPAEs B9 B X 1 45 5 175 BE 1 i 52 0 38 A DL 4t
. Mose % 7E G AE T IRE & L mPAEs HA E M RO e NSRBI S A 1 MEHP |
LR 2K — W iR B K BE TR ( momoe-benzyl phthalate , MBzP ) 482K — H iR ¥ FH fi§ ( mono-methyl phthalate , MMP) |
AR — HI R BT i ( mono- ( n-butyl) phthalate , MBP ) F14[ 7% — Fl ik B Z, i ( mono-ethyl phthalate, MEP )
Hr MEHP b SR, 2098 35.3% , HBEK AL &9 ( DEHP ) 78 b [E 3840 50 4 7= & v o5 th e K, 920
70%" " XL TE A NG AL FFEmP AEs (6 4R AL T RIS AEUE B R R A B 98 210 P mPAEs P55 iR
B RBE G AR BR T AL A PRI A , B 25 IR LA B AT A T R 25t m] B 25 WAk & 43 A (R T
PR MR R mPAEs (1950 A FRAE AL 25 N FSARRAE (AN 22 I B AR IS 2 D7 | BRI i e 4k 42 ) 42
W PR LA BIRWA T 4 ) X mPAEs &8 Bs2 0 H i a BEot.

YRR E 21t 2 R B R R B M X 2 — | R Tl 3G shd &k AR TG K F i, SR = i Kk
P A AR A, 10 T % XA B mPAEs (9528 /K F, 11 H §iiZH X 2210 i3 48 h mPAEs
B RO AR RHEAT AR ST, BRI, ACBIFGE DA T 22 40 o0 R0 42, 40 B T &b 11 F mPAEs
RIS R AE , [R) B iz Spearman A G40 MR 57 T mPAEs W46 P B A AL & N 1 22 R AE X i 4%
mPAEs £ 32 520, AR5 AT R AH DG Ak 27 i 100 et BRE IXURS: TFAs 15 4 1 45 AR IR A AR 4.

1 #ES 7 ( Materials and methods)

1.1 FEaREE
ABFSET 2015 4F 10—11 HAEREERTHRAE T 78 MG ALRE S FIAR A 40 a3 | B T ok
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TRV AT T 3z 1 Se g 28 . IR AR A BR LB 220k 0D VR TR SRR IS IR LT
S ACIRIEMA , B B QBRI , I8 T 20 CuRkA P ORAFE AT 5T T BTl 2 4 G5 S B O R
AR REY 24—37 JA1 % JOATAT AL G sz, HLIGHE SR sl POl MR AT AT PAEs B 1 82, iR 2035
1%, N A GEH# AR E LR 1.

®1 AOTTEE 78 DN Z LA 2 N D GET ARk

Table 1 Selected socio-demographic characteristics of 78 pregnant women and infants in this study

S T TE T T PR s P
. ﬁﬁ;ih?‘&‘ FrifE2E) (T—ﬁ]fﬁi Age groups Gravidity Parity
wa et PR e
(n=78)  Body mass index ei/[d ‘1ondS];»ee/s Maternal age
(Mean=SD) / (Mean=SD) (Mean+SD)/ 24—31%/ 31-37%/ N=1—V N=3—-7/ N=0/ N=1-3/
(kgem2) weeks years n(%) n(%) n(%) n(%) n(%) n(%)
29.3+4.49 38.3+1.27 31.8+4.50 36(46.2) 42(53.8) 34(43.6) 44 (56.4) 39(50) 39 (50)
LR LT 3 ..
2L (P {E bR ) CEE bR ) CEIH£hRifE )
(n=83) Fetal birth weight Fetal height Fetal head circumference B Male/ 4 Female/
(MeantSD) /g (Mean%SD)/cm (Mean+SD)/cm n(%) n(%)
3330+349 52+2.5 34+1.5 40 (51.3) 38 (48.7)

T NWELG n ABL

1.2 RS R

11 Fh mPAEs bRyl (4K T 95%) , 145 MEHP MEP MMP MBzP MBP 3-FRNFEARA — Hfig
fiig ( mono-( 3-carboxypropyl ) phthalate, MCPP ) | 4B & — HWER HL.5% T § ( mono-( 2-isobutyl ) phthalate,
MiBP) ABZ —HIiR H1.(2-2.3&-5-F2 ) 5L ) Bl ( mono-( 2<ethyl-5-carboxypentyl ) phthalate, MECPP)  £B &
THTR R (2-R FEH B C L) BE (mono-[ ( 2-carbexymethyl) hexyl | phthalate, MCMHP ) | 2 2K — Hl [ig ¥
(2-.%:-5-%C %) i ( mono- ( 2-ethyl-5-oxohexyl ) “phthalate, MEOHP ) FI4B %% — F iR P (2-2 FE-5-F 3L 0
F£) fig ( 5-mono-( 2-ethyl-5-hydroxyhexyl ) phthalate, MEHHP ), ] ) H /il & K ) Toronto Research
Chemicals.3 ' [N #5 £ §5 P C,-MBP | ¥ C,-MECPP (4 £ ¥ =99%) , I B 3¢ & Y Cambridge Isotope
Laboratories."*C,-MECPP FJ#E MECPP .MCMHP MEHHP MEOHP MEHP #1 MCPP (% N#5, " C,-MBP /i
YE MBzP \MBP F1 MiBP [ P45 4 [Rli " C,-MEP F AR IE MEP F1 MMP. it g 24 Rk R S0 B K HA b2
IRFIHE 2 7443 B EE A Poly-Sery MAX (150 mg/6 mL) W [ [ 1 _F V2835 S 56 B B A BR 2 .
1.3 FEAmAbEE

HIALEE Ty 12 B EE Sk 7,24 ], R TR AL . MERIFR & 1.00 ¢ TREAIIGEFESR , INA 5 mL 1Y 70%
NG KA 50 mIAIRE AR (500 ng-mL™"' [ PC,-MBP . "C,-MEP F1"C,-MECPP) J5 #4 20 min, D)
3500 remin”' BLOJE B I LR, R 2 T 308E T, T S mL 9 709% HEE KO0 i B RE S ET T3
B, 20 min, B0 B EVE W, IR G PR I W B JS H CNW Poly-Sery MAX [ AH 2% HUHE (150 mg/
6 mL, CNW ANPEL ( Shanghai, China) ) #FF7 45 Flvefl , 2R SCH 4 mL B BSR4 mL ALK AL HE
B Je B TR A TR RO A AR AE BORE B 4 mL B 407K AT 4 mL NaHCO, 28 0P % ¥ (50 mmol - 17", pH =
8.5+0.1) Yk 2% 0, W I AHAE BUHE R 2= 1. P 5 ml 25 2% W R W) FF BEREA TV 08, WO 46 Uk I 9
MZIE T 0.5 mL 10% 1Y S K7 R OCRS i, i o %5 358, BT =20 C¥RURIRFF, fif HPLC-MS/MS
S3HT.
1.4 XERS ORI S AH 25 A

A R F o ROBOAH 0,335 - = 5 DU A A 5 3K 5 3% 3K H X ( HPLC-MS/MS) ( Agilent 1200/ Agilent
G6410B) Kl H A5tk & W0 i SEBR R BE

AR S VR A 23543 85 FE S BETASIL C18 4 (100 mmx2.1 mmX5 pm, Thermo Scientific, PA
USA) , RN 5 mL, WA A 0.1% ZBRIK (A) FIE 0.1% LRIV ZNE (B) , iR 0.3 mL-min™".
WENAEELE N .0—5 min, 10% B/90% A ; 5—7 min,35%B/65% A ; 7—12 min,45%B/55% A ; 12—16 min,
90%B/10%A ;16—26 min,10%B/90%A.
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R A5 AR A B 22 S g WA AR X 6 mPAEs #1782 RS | B -5k H 5 35 B 5 AR s o
TE25 C, BEHEHN 3.00 kV, B FURIEE N 150 °C, TSR 300 Lemin™" | ¥R A 50 5 0
350 CF1 10 L-min™", fiHESA A E . BAE S RIS ELE 2.

F2 AW RTREREY 11 F mPAEs (4R TES 5 R YA o

Table 2 The instrumental parameters and the selected properties of 11 mPAEs in this study

F S ITETE T
Mass spectrometric parameters Physicochemical properties
mPAEs BT/ TET i e LN LiEROp s N K
Precursor ion/ Collision Fragmentation The relative leK. . Solubility/
Product ion energies/eV voltage/V molecular mass (mg-L™")
MECPP 307.2/159.1 45 3 309 3.49 28.25
MBP 221.1/77.10 40 12 222 2.84 125.7
MiBP 221.1/71.0 35 16 222 2.77 145.2
MEP 193.1/71.0 55 13 194 1.86 1212
MEHP 277.2/134.0 70 6 278 4.73 1.492
MMP 179.1/71.0 50 15 180 1.13 5958
MBzP 255.1/183.0 75 4 256 3.07 51.66
MCPP 251.1/103.1 40 3 252 - -
MCMHP 307.0/159.1 60 8 308 3.49 28.25
MEOHP 291.2/121.0 75 8 292 2.68 69.76
MEHHP 293.2/121.0 70 13 294 3.19 80.38

1.5 el

W T BAR RO TR B 40 AMRE BT — AR TERNZ T 1.00 g (o3 ali ik 3 4Ry as AT AR R Y
FEHU AT, 7R FR P 245 ORI AR 25 1 S 56 H 2 R At mPAEs. 5 SRR F 3 A 25 ng AR (50 plL,
500 ng-mL™¥E T M) , LA IE I B SE 00 B o R w0430 sh0T o3 A 235 51 7 A R S e AR E S 38 43 B 235
REHERR TG R 11 B mPAEs [FISCRE N PR R IE 5 Ya N 65% £14% (MCPP ) — 82%+9% ( MMP ).
mPAEs 7£55 R BO7 A HYBR (method detection limit, MDL) LA % R i1, MDL i Fil o
0.0100( MECPP ) —0.100( MEHP ). ng- g dry weight (dw).

2 53R 51718 ( Results and discussion)

2.1 REHZAIAM AL mPAEs 195 M A FRE

RG34 15 Fl mPAEs, 455 MEP MiBP .MBP .MCPP Fl MEHP , £ i %% 83.3%—
100% , 3 156 W ity L3 3k %2 78 7F mPAEs 338 i 1fif MMP \MECPP MBzP MCMHP MEOHP MEHHP 7£Z#
TEG R AR X 5 mPAEs YR A BRGS0 0 AR 38 B8 7KSF- A7 6 R B 340 52 i 28 Ik B XA [
PAEs DL} mPAEs [R] R ¥ 555 1 5558 1 052 M AN 50 50— IR IE T KT 22 0 R 450 mPAEs FUFETE.
WE s, AR X mPAEs P E & 88 3.23 ng-¢™' dw,BHN 0.0138—17.8 ng-g¢™' dw.H
& 170, MEHP A B IR 8 mPAEs 19 F 2 A5, 29 5 i Y mPAEs &1 60% , Ho% il
6.12 ng-g™" dw. SAWFFEAML, A HFIRIE T MEHP J& A 2% B 4] 2UR AR M35 B i mPAEs (1) 322
BAP OS82 oYk, MBP Al MEP 43 1] 7 i 4% 70 X mPAEs &5 8 19 21.0% 1 12.0% , 7 & tF {8 5 5~
2.14 ng-g™' dw M 1.19 ng-g™' dw. MBP I MEP 7£ A48 E B 20t A 46 Y 22 AR W58 b MMP Al
MBzP AHG H | T Mose %52 ZEJBFH7 1AL S & 38 T MEHP \MBP \MEP MMP 1 MBzP. % 5 AN [ fh 251k
Y1 (PAEs 804 mPAEs) FUFFAETE sG5| DL K HAE AN ] 4 2] A 43 B 5 45 328 i T (R 455 e A
F) A 2 IR mPAEs (RS 3R 4 4 1 /6 103 AP bk 32 22 4% MEHP 4, 38 46 11 T MiBP , MEP |
MMP F1 MCPP'™! 75X S8 ] AL S A Rl FP2E mPAEs XS L MEHP &84 & 5 Lo il i 5
I AL 7 e DEHP 4 125 Y0 A 6.
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Fig.1 Levels and distribution of mPAEs in the placenta samples from pregnant women in Tianjin

NEFES T mPAEs K5 Bl E WK AT E PAEs #E A NK G 24 W% {b ik . MEHP &
DEHP ¥ A9, MBP J&4B7K W 2 —1F T g ( di-n-butyl phthalate, DBP ) B U35 24 75 508} 5
AP RS R DEHP v [ S8 A0 750 4E 7 B (0 Ee 0 8 G, 200 70% 2 LU DBP i JE A IIF T JIf 4
Ht MEHP Fl MBP & 52 %5 = (9 5 22 J5L 5L 1l MEP 9 BEAR 6 & 90 48 78 W i —e 1§ ( diethyl phthalate,
DEP) W £ F T4 A4 2] 5 MBP MiBP MEP MEHP 19 HAH e, MCPP & b TR K, F
K& 0.0539 ng- g™ dw, X Fll MCPP j& MBP #ll BBzP Y2 HACHE = ¥y A ¢ 48 b al i, BAR
mPAEs /K EMER R, 5l ad R HE RSN (HJRA5E —3B5> mPAEs 8¢ PAEs Ik A fRI:38 i i
B B LIRN . ZEATFZEH MBP Al MMP RAG HY | RS ™ 78 AN BB U R T MB2P FI
MMP.#£ PAHs FIBFFE A ARG 32 i TR S RIZ 2 5 15 S W 7E A FAEA T i &
8 AR AR A7 AR 22 5 0 RV A TR ST . T4 PR Y mPAESs B9 2 BERIUIG #E MR /N R
AR AHSEE N R R B S 217 (0 R H AT AT B mPAEs & 5 (0 BB ROHE , AR B 58 M i LY
mPAEs Z& B2 R OUHR AL T F KA.

2.2 A[FEEEX R mPAEs & AR

ot FHET A DR A A TR B 232k 5 2 A48 T IX (PP X o X b IX AR X T
X LIRFIX) KHREIX (ARARIX P X R X R K)  REE X (B R HE M5 #iE 70) K
BT & X (E s DU A T (R AL T AR B A AR A 2 R, KRB
TFRIXH Y mPAEs & bl HO L M 6.13 ng-g ™' dw, i HABA T Y T mPAEs & ik, HL
AFH4MEN 1.09 ng- g7 dw. FKHETT B TF & DX G RAE i 1 2 A, I AT B S XS A & PAEs 1)
SRR T A il FH R R

20~

—
wn
T

Concentrations/(ng-g~! dw)
=

wn

Urban  Suburbs County  Coastal area Other provinces

B2 REHAERE X AL T i T mPAEs & BRI L

Fig.2 Comparison of X mPAEs concentrations in the placenta from different districts in Tianjin and other provinces

JAE RN mPAEs B8 WU N PAEs Z2E0IRO0 , (ER iy TRE B0 RO BR ], LSO TR A=
TG I FI PR EE 9 22 57, 25 AR HE b mPAEs (9 3 5 i R He i VR EE T, Tl TG s K ik |
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AT KRR SR i ) A i — 25 T AR N mPAEs YR, 3X 0] fE & R EETT G &
mPAEs = FHAE ARG AT mPAEs & & 05 2R 0 E N A B RT RRET mPAEs 853 T i
58, AP X G L2 i IS 1 5 ATy 7 1 — A5 R AT
2.3 JAEh &R mPAEs & ] B A DCE ST

iz ] Spearman AHICYE AT 7, 00T T2 106 500 5 A mPAEs 5 & [A] (A M. fr (&1 3 m] 1,
MCPP F MBP Z[H] BA IEAHSEHE (r=0.292, P<0.05) , UiW] MBP H1 MCPP EA A ] slAH I AR U A
W58 & B MBP n] 4L MCPP™ i & B A 1A AH & 14 B2 2 JF . MBP Al MiBP [i] H AT 5% 1E 40 5 o
(r=0.804, P<0.01) (&l 4) , LB MBP F1 MiBP HA AR >F J5 sk 3 i A& 42, e A1 S LBk
4% DBP 1 DiBP #4524 [F] 43 544 oAl mPAEs [R] 0 AT B i A AH G PR (P>0.05) , RIIL iR & AR
JUIRIN ) mPAEs [/ RPIRIFEEZE S, SRR R0 E KA DL LB RRE A G mife g &
PAHs FIBFFE & B, A FIFIZEE) PAHS [RG B3R AR S (P<0.05) ™ X 54L& Wiy~ 5230 Sl IR AT
HERAT B AR OE. [R] | B MEP (r=-0.0385, P>0.05) %}, MCPP MBP MiBP MEHP ‘5% mPAEs ¥ %%
SRAHEME(r=0.569, P<0.01; r=0.836, P<0.01; r=0.825, P<0.01; r=0.769, P<0.01).

a r=0.292 . ok b . 0804
L ]
oal P<0.05 L P<0.01
8 —
| |
| ]
6+
: _ :
= 01 = 4
2
0L
oL ] 1 ] ! 1 1
0 1 2 3 4 5 6

MBP MBP

B3 R EG AT MBP FILMCPP (a) 5 MiBP (b) HYAHCHE
Fig.3 Associations between MBP and MCPP (a) or MiBP (b) in placenta based on

Spearman correlations in 78 pregnant women in Tianjin

2.4 JIGE mPAEs (199 55 H AT A #2800 A et

BRI, A8 TR AW w IR LA 9 (MW <600 Da, IgK,, =0.9—5) 5l 1 B sh &t
AR FH 25 385 A A5 20T ARG R 0T Y 11 B mPAEs 2854 12454 , [l iz F Spearman AH RS
FrEST T 2106 b mPABs H & B FIN R mPAEs AL TE BT (AHX A3 7 B & IS A % 1gK ) 1Y 56
R, R 3AEARM SR oK, A G ARIFIZE AT mPAEs 7% 2 (8] 2 A 5008 B AH % (r=0.900, P<
0.05) , X ULHH 1gK,, J& I A RIS mPAEs FEJG £ o0 A0 1 — AN E S E, (Xt nl 582 AR Rl
PAEs (mPAEs FJRHARILA ) o 00 22 52 58 B, 1T LIS 2532 3] PAEs 7E R [RI MRS B 2 58 25 57
H AU A BACEIRCR R RS AR BFIE & B 1gK,, AR £ mPAEs oA —EMEK R Bl TRAR
G YDy R BRI, R 2 A R mPAEs 76 AR [RI4IZUA0 40 1 22 53, AR 28 mPAEs (197 &
1 mPAEs #4614 3¢ R A T il — B B0 USSP iRIE T BT A A s S h 285 R A, Ry
T/ N Z IR TFE (IE 20 Ko b e s AR ST G £ TR 1 i mPAEs 258 PAEs BRI, 2
G PBE MCPP AP ALY AAS TG A5 mPAEs W& A53T-5t [8] 3 6 BH G HK.

AWFEIRIE ] ANOVA R T 4R 5201 B AR B a8 22 8 220k 2 ik e JL R P Sl F s A
R Ao N T2 RREX IR 3 h mPAEs & 8 152, 10 B 25 5 (P>0.05) S5 ARNIR 45 52540, IR
P PAHs &I R — AR BB R AL Z N R R B LA SN E AR LR
BT V5 Y i 2 P AR IR S A AT PR G RE B RN 2 A T L, LA KT VS e ) R R RO, R R
M 122 245 SR A PT RSP
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® 3 AANRE T AR mPAEs &R 5 X0 mPAEs YRS CHXS 205 B W X 1K, ) 8] A AR DGR 434
Table 3 Spearman correlation coefficients and p-values between median concentrations of mPAEs

in placenta and the chemical properties ( molecular weight, solubility and 1gK,, )

L ER2e Ty — e
{7 i HRE SRR s
Median . . .
. The relative IgK,, Solubility/
concentrations/ lecul ( Ll )
sular mass oL,
(ngemL") molecu mg
T 1 -0.205 0.900** 0.500
Median concentrations/ (ng-mL™") — (P>0.05) (P<0.05) (P>0.05)
ARX A3 i 1 -0.359 0.200
Relative molecular mass — (P>0.05) (P>0.05)
IgK,, 1 0.200
— (P>0.05)
K 1

Solubility/ ( mg-L™") —

3 258 ( Conclusion)

(D) fEZA R A4 1 5 F mPAEs, 035 MCPP \MBP MiBP MEP MEHP, ¥ mPAEs & & h{i
3.23 ng-g™' dw (0.0138—17.8 ng-g™" dw).

(2) TERE#EF A mPAEs FHCHES 4T, & P MiBP HI MBP 22 J) HA S8 AH 1 (r=0.804, P<0.01) ,
X T EATEA AR —H R & W BN RS SRR, RIS, MBP F1 MCPP 22 [A] HL AT 455k
B EHE (r=0.292, P<0.05) , X #E—EDUE T AR N#RSr MCPP J& i MBP $44b3k 1.

(3) fiify 5 F mPAEs HE & s A 1gK, HABIRIAENE (r=0.900, P<0.01) ,iX 5] 1gK, A&
AR A S mPAEs 78 i 8 0 /0 A0 1) — AT 223 (A mPAEs 7616 #8109 70 i 8 5 A [R) B 2% PAEs
(mPAEs WEHAME D) i R 258 S0 S AR K.
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