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I} 52 0 ] A 25 &% DL AR ARk MR Z i AR g . Y. R, PRADUBER 25044 [ I%#EER . FlE (dimethylphosphate, DMP),
TR AREERZEE  (dimethylthiophosphate, DMTP) | ®§iZ . £ ik (diethylphosphate, DEP), — Z 3L iR Bz EE (diethylthiophosphate,
DETP) % 1. MiEEmiEY [ &l (perfluorooctanoic acid, PFOA) 4 3Eheffifif (perfluorooctane sulfonate, PFOS)]., Ik =%
B, BB TG Y R K, 2R Spearman A5G4 BT AL IR AR SEIG Qe 2 IR G, 458 - 8. DMP, PFOA Fi PFOS
B AG: th 3 1 04 100.0%; &, DMTP, DEP, DETP Fit = G Az B A% th 3 53 il 7 89.3%, 81.2%, 97.3%, 96.6%, 59.1%, #t. K. PFOA,
PFOS. =& Mk i sh ik (FEE) 43 %1% 2840 (1130 ~ 65.70) pg/L. 0.85 (<LOD ~ 10.98) ug/L. 39.54 (1.16 ~ 273.68) ug/L. 4.56
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PFOA 7K V-5 T E A EADRF 588, i PFOS Fn =S MK AR T E AN AT S5 8t . %4545 Y AT MG PE AT 485 & R IR T )
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[Abstract] Objective - To evaluate the levels of environmental pollutants including lead, mercury, organophosphorus pesticides (OPs), perfluoroalkyl
and polyfluoroalkyl substances (PFASs) and triclosan (TCS) and further analyze the correlation between these pollutants in pregnant women.
Methods - Pregnant women were recruited from the Laizhou Wan Birth Cohort (LWBC) in Shandong from September 2010 to December 2013. A total
of 149 pregnant women were finally enrolled who completed questionnaires and provided sufficient biological samples for pollutants measurement
including blood lead, blood mercury, urinary metabolites of OPs[dimethylphosphate (DMP), dimethylthiophosphate (DMTP), diethylphosphate (DEP),
diethylthiophosphate (DETP), etc.], serum perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), as well as urinary TCS. Spearman
correlation analysis and cosine cluster analysis were used to explore the correlation between pollutants. Results - The detection rates of lead, DMP,
PFOA and PFOS were all 100.0%. And the detection rates of mercury, DMTP, DEP, DETP and TCS were 89.3%, 81.2%, 97.3%, 96.6% and 59.1%,
respectively. The median and range of concentrations for lead, mercury, PFOA, PFOS and TCS were 28.40 (11.30-65.70) pg/L, 0.85 (SLOD-10.98) ug/L,
39.54 (1.16-273.68) ng/L, 4.56 (0.55-15.38) pg/L, 0.58 (KLOD-58.01) pg/g, respectively. The median and range of concentrations for DMP, DMTP,
DEP and DETP were 36.33 (0.55—1 331.04) pg/g, 2.65 (SLOD-128.84) ug/g, 14.70 (<KLOD-585.05) pg/g, 1.84 (SLOD-86.21) ng/g, respectively. The
concentrations of DMP and DEP were generally higher than those in developed countries. The concentration of PFOA was much higher than those in foreign
studies, while the concentrations of PFOS and TCS were relatively lower. Correlation analysis and cosine cluster analysis revealed that mercury was positively
correlated with PFOA (+=0.36, P=0.000) and PFOS (=0.42, P=0.000). Conclusion - The population in LWBC is widely exposed to multiple pollutants and
there are certain correlations between mercury and PFASs, suggesting that attention should be paid to emerging pollutants besides traditional ones.

[Key words] pregnant woman; heavy metal; organophosphorus pesticides (OPs); perfluoroalkyl and polyfluoroalkyl substances (PFASs); triclosan; correlation analysis
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FRENE AL T 22 Pl e RN H, 2295 e A vl i 4
HRA RIS G ge, FREREIGBURE 2, 1504
FIRR AR H 2R3 % . BT 5 ety 5 R Stis det e [nl A7
fE, HAP NI HE A, L S B N B e
FRFHRR L RTE, Btz B SRR, A
MLE A 25 (organophosphorus pesticides, OPs) wLLiE I
B, MEALTHERAE. KBEUBRINGILE S R
ma s pesh, BEE TR R, 2fbAY (perfluoroalkyl
and polyfluoroalkyl substances, PFASs), =%t (triclosan,
TCS) S5 Qe N bt & D7D ety
AN, 2009 4 (HTEERFEEANZ9) 585 PFASs Z1 04T
TS AVER LIS ety ¥, 2012 4EHIESR TIZE41E0 (WHO) o
TCS B BAREE N i THd ¥ NBERESE ™ R B2 40
PFASs 1 TCS %% al Wil LA KK & . shiyscle ' th
KI5 N PFASs 2% n] BEAS R E R BT, TCS W
PRIIES R, SRR R ARG & & R
ZEAVE Ay By B NTERR 5 52 3 LR SR8 15 Y M AN 1R 52,
FHERG LA He 2 B0, R MR 2 40 7R N 4% 15 Qi
ACPREICELL, REBHRIRIKR, MK EA DA T HEITH
{7 G JEAS AN AT T LATEAl 7 1 5 G 2 9 K
AR 23] 2 B b BE B (e HE R mT BE M L (R

FRTIT IR 2 56t 1 R s soRh R 25 Geti it S48 SR i
SO, A NPRAEAE RN 26 T 2 i gt . R85 Gedl ]
RERLAARIU 2 R IR S R, e RN HIZKCPAF
FE—EMIRRSCME, LR AR 25 Qe (A] ] GE A 7E SRR
Fetk o WFRANRITG e 2 TRl A A AEAR ST N RERE T
ST ABMG R A A ELE L, &Rk, AT
A LR N 2 Fh5 Qe 7K T A S e e A 1 X 2 S 3R 858
{T QPRI BT R, JHRR RN AR Guiy 255 7K °F-
(] R AH S

1 HES5HE

1.1 PFsERt %

AR ST A FE A WA LU 7R 2 b 0 SR M U T e 1 5 A
T rp ST I SE N 5 H A2 BA #1] (Laizhou Wan Birth Cohort,
LWBC), B M —AG 7B B R PSR, LA
2010 4£ 9 H % 2013 48 12 AR A GZEe e P {0 220 ki oe
MR, AbRME: OFBR KT 18%, HIGITR, OTEY
MR 3 4R, HAMRITEIZH KW . OBEAETCHiBhA:
S, UEHRAT / AEARIIRE SRR . PR U/ SRR iU
Ny ihbaiiag (HIV) BRYE50N, TERSAEE
KiEd, RS EEEGY. ORBL™ERK. ©RE
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Z 53 B AL SR (ZEmEREL). &
2ol 149 Bl BLIM SR . IS, Sk OPs AR ™4, IfiLih 4
EMR (perfluorooctanoic acid, PFOA) F14s %5 3 be fil i
(perfluorooctane sulfonate, PFOS). Jg TCS F i LEF# M
HIZEAAIIAFZE . AT il il a8 i K 2 e 5 ekt R
WEEP R A HE,

1.2 GEehice

WIS QAR L1 1B DI AS DI RI4R 5 T, Skar
SUCESHEIEE [ S 20 B R A A, S A
B RIS . RSN ORI, M
. B, ZPRTRRUR . SCIURRE . SRARIR DL, WA
e, Bk, A&, B2 L%, ORMEARN
UL, GnARlE. B, MR SCURREE. WM. R
W, @ZAREIEIRE ORI, K ERA . fEh5&
. KEEMLABIF LS. [0 AR R AR A T3, It
(Fped ok

1.3 EWkEACR 4

FR A NG IS IR RN MR FEAS . RAEBEHLH
BIR, FEEIEMICEE, BT 80 CIKMEIMRMT . REH
i, —&Bor R 8 4xifn, FHPUEERIC e iz (EDTA)
PLgts H—iborsriiis, B —80 Cukih b IRTT,

1.4 BABE Akl
IR (525 M6, Thermo, E[E) i
S AR R IR kS (graphic furnace atomic absorption
spectrometry, GFAAS) il 224 4 i v By iR B, 4G HH
R (limit of detection, LOD) 24 0.1 pg/L"™, {8 [ [ 2h7K 4>
ML (%5 DMA-80, Milestone Inc., ZKF|) it 4 5
T W% W S i 7 (cold vapor atomic absorption spectrometry,
CVAAS) i 22 ok i, 3 LOD 2 0.3 pg/L",
i S # & B - T & (gas chromatography-mass
spectrometer, GC-MS) {{ ( % 5- TRACE, Thermo, 3£
) ME 2240 IR IR S LAT 6 Fl OPs SRR S E AR ™
PRI B, WEER — F S (dimethylphosphate, DMP), —
AL AR Ak % IS (dimethylthiophosphate, DMTP), — H
TR ACEEIAES (dimethyldithiophosphate, DMDTP) | %
M2 — L W5 (diethylphosphate, DEP), . & K& fiff £ i iR
fi§ (diethylthiophosphate, DETP) #F1— % — i Cuke g
(diethyldithiophosphate, DEDTP ) [ LOD 4y %I 24 0.18,
0.30, 0.30, 0.06, 0.06, 0.09 pg/L, ¥ i WLEF & IF J5 /1
DMP., DMTP, DEP 1 DETP ¥k £, 4y BIB&RLL & %Ry

Vol.39 No.4 Apr. 2019



Rom, F

PERITCE, P RACIEAN, BIohE he R ER L A
(dialkylphosphate metabolites, DAPs) [14EE/Rife g ™,

fi FH & 20 #H & T — BT i% i A (high performance
liquid chromatography-mass spectrometry/mass spectrometry,
HPLC-MS/MS) (X ( A 5 Agilent 1290-6490, Agilent
Technologies Inc., 3E[E) A& M %24 Ifi i o PFOA, PFOS
F1 TCS 7kF, H LOD 4512 0.09. 0.09. 0.10 pg/L™",

(ERTALET (BE) MEilmla (B AFEAZ Tk
ASth) fd B Ao Hr (8145 7100 , Hitachi, H
A) A %iﬂﬁéﬂﬂﬁ: i, JHEHR L IE OPs ™
PFi TCS /F.,

TEARSIN 15 e, FexH LS EATIIE . AR RAG I
{56 P 2 L REAS AR DU AEAS [l I A I, T BEHL B 10% ;Y
FEARVEATEMBGUE, PRUER & T A 380k 95% LA L.

L5 geit¢Jiik

R Ji1 SPSS 16.0 {1 Bt 17 K 9 43 Hr, 6 A U 45 o7 %

21 RXGE AL EEE (N=149)
Tab 1 Demographic information of the subjects (N=149)

A R4k In (%)

=R

0% 97 (65.1)

> 1%k 52 (34.9)
5]

WL 66 (44.3)

LGNS 46 (30.9)

KERLE 37 (24.8)
ZHARIRIE 5

EN 97 (65.1)

WA IH 51(34.2)

B LT 1(0.7)

2.2 FIRBEG R kT

ZE A A RS H 2R A 100.0%, ¢ B i o 4 A 28.40 pg/Ls

MRSy 89.3%, ¥R EEH {4 0.85 ug/L, ik OPs AL
F=4% DMP, DMTP ., DEP 1 DETP f5# Hi 245 51124 100.0%.,
81.2%. 97.3% %11 96.6% (DMDTP %1 DEDTP [1#5 H} 22 #5 {1
T 5%, MRy s ZRNUEARIE)S, DMP, DMTP, DEP
11 DETP [k B vh A7 805y 3k 36.33. 2.65. 14.70. 1.84 pg/
g, PFOA Fl PFOS Uit 2£45 7 100.0% ; PFOA AR L i fir
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(O. Oson Os5). JLITIGHL, JEH (Bo/ME ~ BKIE) i
RE TG Y IR NI A KT o SRATBRAR S 2 B i B
Spearman A< ¥ (r) IR %15 Y RIIASCHE, AT
HERR AT A b RAR S P R BB S A A2, (R 3R 257
B v B Ff A s T & T G R AR SR PEREA T I IE . A
7k ¢=0.05,

2 BER

2.1 R ANEGE

149 (iR R R (28.17+4.02) %, ZPmithiie:
$5%0 (body mass index, BMI) 2F-15% (22.15+3.67) kg/m®,
22 W ¥ N N R BT & A (16.21+£4.86) kg, 97 fA
(65.1%) A=A, FEZRIANZHIL B (0.7%) 224
TN, ZEHT A 53 5 (35.5%), R Al
WA 5161 (34.2%) 5 B a8 ANikil. H N 0415

BHERE1,
iH Bk /n (%)
ZRTIRAR NS5
IR 95 (63.8)
BB 53 (35.5)
Bl 1(0.7)
REER
eli] 0(0)
K 149 (100.0)
FEF AN
<3000 ¢ 83 (55.7)
3000 ~ 4999 ¢ 48 (32.2)
> 5000 ¢ 18 (12.1)

%4 39.54 ug/L, PFOS [y e & vh 7 4 4 4.56 pg/L, TCS #&
2 59.1%, ZMUEFRIE R B (2 8Ch 0.58 nglg, &3h
G5 Y TR KR IL R 2, % OPs AR 471 PFAS Yy
B2 /KOF 5 AT AR E AR LU LR 3, # 4,
1, DMP Fl DEP [y B i L8080 TR, H A Kkl 6
A A BRI 22 A A B 7K P 5 s PFOA R B rh (o BB T
i, BAS, R, HEE. SEERUHRGE KPS i PFOS
PRI JEE RS AR T EE A NIFZE 4R E 7K T
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2 LWBC 210k N 215 Qe it 2 # K13 At Ol

Tab 2 Exposure levels of various pollutants in pregnant women from LWBC

544

$8/ (ng/L)

&/ (ng/L)

OPs RKi7=#1 / (ng/g)

DMP
DMTP
DEP
DETP
PFASs/ (ng/L)
PFOA
PFOS

TCS/ (ng/g)

P53k
Q25 QSO
22.83 28.40
0.44 0.85
14.87 36.33
1.20 2.65
6.05 14.70
0.90 1.84
23.05 39.54
3.00 4.56
<LOD 0.58

3 AIFWFFLIRE Y OPs AR ™ 1 2 85 K i lh g

Tab 3 Comparison of OPs metabolites levels among different reports

HIx

ARIEM i
L
HA

7

e AT

TASFAE

2010—2013

2011—2012

149

249

62

1301

4 4 ARBFFEER PFOA F PFOS 252 /KT M LL 4k
Tab 4 Comparison of PFOA and PFOS levels between different reports

X

RS
{55418
%E

)

Jh2%

HA

AR,
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TRSFAE0

2010—2013
2009
2003—2006
2003—2004
2008—2013

2010—2013

149

50

487

1438

392

WRIERAI%/ (pg/l)
PFOA PFOS
39.54 \ 4.56

1.26 2.92
5.50 13.00
2.11 12.80
2.00 8.23
1.20 5.20

DMP
36.33
26.86

0.80

EEPUN

(18]
[19]
[20]
[21]

[22]

JUf 3% (o]
O
34.86 28.45 11.30 ~ 65.70
1.18 0.75 <LOD ~ 10.98
63.99 31.08 0.55 ~ 1331.04
7.12 3.32 <LOD ~ 128.84
33.12 12.61 <LOD ~ 585.05
10.02 2.99 <LOD ~ 86.21
70.86 36.06 1.16 ~ 273.68
5.92 4.06 0.55 ~ 1538
1.90 0.76 <LOD ~ 58.01
WA A%/ (ng/g) "N
\ SR
DMTP DEP DETP
2.65 14.70 184 -
13.39 8.58 8.20 [15]
2.40 2.90 0.41 [16]
4.96 3.33 0.58 [17]

2.3 BB B B ARG it RO PE 53 B

i1t Spearman #H 5GP 43 A1 & B : PFOA 5 PFOS 2 [
EIEFSE (7=0.69, P=0.000); IR ZIAEHMHK (=
—0.21, P=0.009); 5k 5 DAPs & 1 1 3% (=—0.30,
P=0.000); K 5 PFOA (r=0.36, P=0.000) #I PFOS
(r=0.42, P=0.000) ¥ IFAHF; PFOS 5 DAPs 2 fi4H)%
(r=—0.17, P=0.045); TCS 5 DAPs % IF #H 2% (=021,
P=0.011) (£ 5), @il Ro%B I Hrxt L RIS Yedy
=LK K5 PFOA F1 PFOS HYZk 54 B 25 AR 4K
i, RRH A4 h—2 BT, DAPs f1 TCS & H oh—
% (B 1), SEaRERESPMES ISR, I
K5 PFOA F1 PFOS Z[AIRUAH G MRS, M 5R. KE
DAPs, PFOS 5 DAPs, TCS 5 DAPs Loy £ — 2%,
AN EARRAE,

Vol.39 No.4 Apr. 2019



Rom, F

A5 Fi5 Gl i HH S HE R

Tab 5 Correlation matrix between pollutants

Y R PFOA
i H
r i PiE r 18 P r i P i
B 1 - —-0.21 0.009 —0.06
R = - 1 - 0.36
PFOA - — - - 1
PFOS - = = - —
TCS - - - - -
DAPs — - — _ _
Fe TR e
0 3 10 15 20 El-i
PFOA J
PFO%
3
TCS
4
DAPs

1 EERMERZRESHHIRHRE

Fig 1 Dendrogram of cosine cluster analysis between pollutants

3 ifig

AWFGEHT LWBC A6 T ZA2ig 1 2 4 i 39 R b i v %2
FhERsEm ey (85, 7K. OPs fRiftr=4%, PEASs, TCS) [1ifk
i, PHUTZI X IS5 G (2 i v B T S A A

By, RIL OPs fEMfEGiim gty — HAAZ BN, AW
ZE MBS VR B v 2 5 28.40 ng/L, KT8 224 1 1 s
KF (40.04 pg/L) ®, @Y (16.74 pg/L) * ki
(10.60 pg/L) = REAIME AT, Z9hingEk (5.60 ng/L) ™
M (10.00 pg/L) *" @R g8 bR E BRI 3 ~ 4 1%, 2
AR A (0.85 pg/L) T kil (1.35pgL) *. Kik
(1.99 ug/L) ™ FnigEH (1.40 pg/L) ™ BEA KT, WAL
FA M (1.50 pg/L) *"BFge R AR E KT, (HIG s T4
K (0.56 pg/L) " 5T AR MR K E . RS ™ R
DR R R e R K B R AR R BRIE . AT
U RS I /K P v RE 5 Y IR v B & RS R
s M TRACHART E N R 5 X B[R 2R A, rTREH T
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0.481

0.000
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PFOS TCS DAPs
i PfA r i PfE 8 P1E
—0.14 0.085 —0.06 0.459 —0.01 0.947
0.42 0.000 —0.20 0.810 —0.30 0.000
0.69 0.000 —0.10 0.205 —0.07 0.406
1 = —0.07 0.408 —0.17 0.045
- - 1 - 0.21 0.011

i 5 1 XN TR A SR o B A ok B i DUk = i 2
AT v 2 A IS 7K o3 1 5 [ e s il ho Ol /L
AR (100 ng/L) 2™, 161 (0.67%) IfisRKkF
I 3 [ R A R R I R ARAE (5.8 ng/L) ™, BRifi
BAWFTE "IN, R HY 2 55 R R S0 B 4h L™= 2 iy

RO SRR, (RACE RS G LA K & & 5T
FEA R Y, BRI K, ERNER, K faE
Je ARG LR f& A /] 240

AHFFE T OPs AR =446 2 SRR R, Hovh DMP
1 DEP [ 7K - §i8. 3% 5 - [ 8 SMH < B 58 "7 s DMTP i
DETP 55 H; ft BF 78 F5 1 s I T H At BIFFE 9 22 40 B 35 7k
o TR 25 A BRI A TG A R 5238, K25 A AL
1 A R Bk b B R o Y, IR ST Yt B
AP,

PFASs J&—R N L&A, EAER M)z,
PFOA Fll PFOS J& 2 ffi 3= %) PFASs, AWF7¢ i HiAs 3
25 100.0% ;5 H A BFFE bk, PFOA ¥ J& v fir i
b BF 92 297 40 £ ", ifii PFOS ik & i iz 5 I T £
SRR E KR, ST HA " A1 i PFOS sk
B, [HRTEBMAR, APFIE 2 PFOA [k & 254
73 PEOS (19 9 £, 15y A 5 H A7 b Z2 40 fL {F PFOA Fin
PFOS [155y i s AR % . A HiE " Bk PFOA 23
{55 R BRI InT e F P K A LR i PRASs L B2 5y, $
SRAWFSE Ze 4 PFOA [ 5 T K EAs s

TCS & —Fh S PE I, Iz AT B s,
He e i (058 ng/g) 57 M —TiRFSE ™ Had ik F
(0.60 ng/L) $3Ls WHEMLTEE (6.5ugL) ™, &k
(25.3 pg/L) " WIRFZE R E RS TCS /K F, i N RE T 5
i O A S A TCS ™, Hge Y KWk A
[ A N TCS & & ATk A SRR 2R & .
BEWIE TN E D RRR S TCS B/ E- 2 AR

SR (BN L 2019, 39 4) ()
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Ko MAMTEH 55.7% I ZAFK E AW AL (<3000 7).
HHEHED, TCS ACEHAR AT i 22 5 A R E A A48
Y TCS &, A AP ERH S 68 B R 2 R ol 45
R4 %, IT4Esk PFASs F1 TCS P2 F{E HI iz, Hoxt
T 5 BT (R fE 5 LD DR £ 561,

A B R BLEY 5 R, RS DAPs, PFOS 5
DAPs 2 il f{E A4 5%, ifii TCS 5 DAPs 7 [a] 4 {E 1 AH
%, MHIZEERIRER IR ERRIE. BTV REEA
T DR, (AR, MDA R
7Rk 5 PFOA F1 PFOS 2 [BIfFERR BRI IEAHSS, HAER
ok E T Bor = F /o h—2K, R = HARERA
FRACLIR 2 7 R . 50 0 20 5K 7 A 5 N T i oR
o PFASs [ E B84 ™", B —J5H, JKF PFASs )
Rl EENG I BRI, AT RE S S S ek v an Hh A 5 Ry S
AEARLEEN T B RTREIE K £ 35T 1 R EOR R 205 e
YN BFE KT, MR E 25 Gt B 55 7k T e d5 i 2 T
FSCPERITE TR D . ARRFFEAE L FPR [R5 Yedph % BLR AN
PFASs S IEAHSE, P AT RERT AP HEr= A bin R . 1%
HE RN A Ja B ASBR SR IE £ PR el el 5 5% % e e
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