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Dietary exposure level of to perfluorinated compounds and its relationship with perinatal ad-
verse events in pregnant women in Xuhui District of Shanghai ZHANG Meiru, YAO lJiahui,
SONG Rui, XU Dong (Department of Environmental Health & Occupational Health, Xuhui District
Center for Disease Control and Prevention, Shanghai 200032, China)

Abstract:

[Background] Perfluorinated compounds (PFCs) are persistent organic pollutants. Dietary expo-
sure to PFCs among pregnant women may lead to elevated risks of adverse events during preg-
nancy and postpartum depression.

[Objective] To estimate potential risk of dietary exposure to PFCs among pregnant women in
Xuhui District, Shanghai, and the relationship between dietary PFCs exposure and risks of adverse
events during pregnancy and postpartum depression.

[Methods] This study was a small cohort study which recruited women residing in Xuhui District
from July 2017 to September 2018. All information was collected through questionnaires by
trained investigators. Basic information and dietary information were collected at the time of in-
clusion, where the dietary information was obtained through the Food Frequency Questionnaire
(FFQ). A follow-up visit was conducted within 42 d after delivery to collect the occurrence of
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adverse events during pregnancy and postpartum depression. According to the results of dietary survey, sampling and PFCs level testing
were conducted on commercially available staple foods, poultry and livestock meat, aquatic products, vegetables, milk and dairy prod-
ucts, eggs, etc. The food sampling points covered all subdistricts in Xuhui District, including farmers' markets, supermarkets, convenience
stores, and shops. Daily exposure level and hazard ratio (HR) of PFCs per capita were calculated according to the dietary survey and labo-
ratory testing. Logistic regression was used to estimate the relationship between PFCs exposure and the risks of adverse events during
pregnancy and postpartum depression. The levels of PFCs exposure were further divided into 4 groups according to interquartile range,
and OR and P, value were calculated respectively.

A total of 345 pregnant women were recruited in this study, whose average age was (29.61+4.92) years. Among them, 26.37%
subjects reported at least one adverse event during pregnancy, and 30.14% subjects reported an Edinburgh Postnatal Depression Scale
(EPDS) score =12. A total of 132 food samples were collected and tested, and PFCs were positive mainly in milk and dairy products, poultry
meat, livestock meat, eggs, fresh water products, and sea water products. The PFCs positive rate in fresh water products was the highest,
reaching 100%. The average concentration of PFCs in the positive samples was 0.018-2.10 ug-kg ™. The HR of PFCs was 4.44. A higher risk

of postpartum depression was found along with a higher perfluorooctane sulfonate (PFOS) exposure level (Pyenq=0.02).

Dietary PFCs exposure may pose a health risk to pregnant women. The study findings suggest that decreasing the intake of
freshwater products might help reduce the risk of PFCs exposure among pregnant women in Xuhui district, Shanghai.

perfluorinated compounds; pregnant woman; adverse event during pregnancy; postpartum depression; health risk assessment
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Figure 1 Flow chart of the study
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R & F A ER(PFOS) 2 & FER(PFOA) BITITE) o
SEKETE 5 g A RAFEEHRE 001 g) ETHERE
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HIOESER TR EREEN, RATEEMAS X
TEEBUENESTE, URIEHIRERE, 53
@A BIEPR PFCs 7%, =HAMFH Prcs 7K EY
RTFHHBR, a0 FEM IR s1 FR7R, 7 # PFCs 7 0.5~
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XWIREANEFRAE, 41.73%(144/345) AANITRAY
REFUWNTE 15~25 Ht 28l HHF, 9(2.61%) B2
PERIESE, BEFfEXNREZAYEERMA,; 5.50%
(19/345) WZEIABIXESE, ZHIH 0.87%(3/345) NZ
AGE, IAITRE, 177(51.30%) BRI AN E—RIE
%2, 219(63.45%) BZIA N1,

xR 1 AANHREFKESR (n=345)

Table 1 Characteristics of the participants (n=345)

HAF & fE( 3BT IREAVE PR AR IHIRFAS £ BIRAR
FE. TR BIERE. ERFERM. BT
ERHMY. FIERRRR. FAD . BRAIALEMR) LEKS
FR) ; ¥ 1/3(30.14%) BIFTR EPDS 18912 73(3FK 2),

R 2 ANHRZERRFEFREMFHRER (n=345)

Table 2 Adverse outcomes during pregnancy and after delivery
of the participants (n=345)

HEE=8 EAPNOE

F/% % (s) 29.61(4.82)
B5/cm, x(s) 160.97(4.91)
HNBHEAE kg, x(s) 61.06(9.21)
ZEI{KRE ke, x(s) 55.06(8.97)
ME/mmHg;  (s)

I gaE 110.32(9.72)

FKE 68.14(7.55)
XAIZE, n(%)

MARLT 112(32.46)

SrhRAkL 178(51.59)

ARIR L E 55(15.94)
KEEFWN/FTT, n(%)

<5 11.37(9.27)

5~<15 49.27(41.74)

15~<25 48.22(41.74)

225 8.47(7.24)
BIRMESE, n(%) 9(2.61)
BIESE, n(%) 19(5.51)
ZHRIRGE, n(%) 3(0.87)
LR, n(%)

1 177(51.3)

22 168(48.7)
FEIR, n(%)

o 219(63.48)

21 126(36.52)
2 BILEA, n(%)° 46(13.33)
R AR R MR, n(%)° 44(12.75)
BER¥, n(%) 8(2.32)
M¥ERE, n(%) 2(0.58)
SRS MSE, n(%)" 3(0.87)

TREH n(%)
YHIREAF & RE
YEIREARE PR 33(9.57)
YHREAS & 14(4.06)
22 DNz 26(7.54)
Pt Siiad 24(6.96)
EhEsE 22(6.38)
= TR 2(0.58)
B T PR 14 2(0.58)
mERAE 11(3.19)
Fkgb 6(1.74)
BRI ARIE 8(2.32)
) LEKRZR 4(1.16)
EORE—I 91(26.37)
FRIFRER
EPDSIA)EIFS 21257 104(30.14)
[ =tuslil 3(0.87)
PR 1(0.29)
YIOBAERR 275(79.71)
FRRRES 3(0.87)

[ Ja: EEALAREAT AR, ALBREM. ABRNHIEE, £5. B
KRB, FEY KEFHMIALBRER. b: BEFEE. PEE
fh. DHEERIAMFEHM. SRIDKESI. BEFHMAREK
o o BUIE | BURRERYA. || BURERRYS. MEMY AR, =REMIERIR,
d: BiESBRERME. & h=AMmiE. BSESAEMEN KRS
EREE B EE R M E,

ORI R, 9.57%H R RXT REDRIFZH K
T IRMEPRIR, 26.37% AR RE /D R4 d —INZE

2.2 BY prcs B HFNE HEIBNE

AR HREFER 1324, 2N 12K, 8FFR
(n=4). KB (n=12). BiH(n=26). EX 5T |5 (n=
14). L5 A HIF(n=10). B %X (n=6). BR(n=8).
BRA(n=4). EA(n=11). BEF(n=10). KKF=fm(n=
7). @K @m(n=20) ZARH, ZHEE. ERENE
HE9BANE D F 0.04 kg A 0.11 kg; &K= A
BAKEGMEHETIYEBNE, 3979 0.06 kgo PFDS.
PFHpA. PFHxA 1 PFPeA 39K 10 o #2442 H B PFCs F
J579 PFNA. PFBA. PFOA 1 PFOS, T ENHEIS A
. BR. BR. B, AKFRINEKERT. H
F, %K= PFCs e E &5, X F 100%; EB. K
R OEX.EX50FH R BREMBRYRLH
PFCso 7E2tH PFCs VB @M, FHRES H(EETH
MRE) 1£ 0.02~2.10 pg-kg™ ZIEI(FK 3) o
2.3 PFCs BYIRE it

21t 8, PFOS W EDI B & &, F 391X 5/ (19.11+
18.78) x10™* ug-(kg-d) *; PFBA fY EDI AR 1K, FIY N
(1.18+1.17)x10™* ug-(kg-d) (& 4),
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%3 WLXHEFRERYIF PFCs MR HE, TIgRLiRE
REETIRYMEBANE

Table 3 The positive rates and average concentrations of PFCs

and the daily dietary intake by food groups from Xuhui markets

PFOS/ BYITFIIER

PFCsi&H PFBA/ PFNA/ PFOA/

RYTHIE

/% (ngkg™) (ugke™) (neke™) (ng-kg™) NE/(kgd™)
F8(n=4) 0.00 = - — — 0.40
k&R (n=12) 0.00 - — - — 0.27
ERHE(n=26) 0.00 — — — — 0.25
SE5THIMR(n=14) 0.00 — - - — 0.10
L5 3LHm(n=10) 10.00 0.28 - - - 0.16
B2 (n=6) 0.00 — — — — 0.03
12 (n=8) 0.00 - — — — 0.04
BA(n=4) 75.00 — — 0.14 — 0.04
BA(n=11) 18.20 - - 0.18 — 0.11
BEX(n=10) 60.00 — — 011  0.02 0.06
HIKF=fn(n=7) 100.00 — 006 016 210 0.06
787K F=da(n=20) 90.00 - 011 031 081 0.06

[ 1*: HEE PFCso

f£F3 Bootstrap 7 i it A & PFOS. PFOA B9 EDI
1 PFCs BY TWI BI3YME, 52519 19.07x10™ pg-(kg-d) '«

7.57x10™ pg-(kg-d) " #01 19.49x10™ ug-(kg-/A) ' B
ATSDR F EFSA 45 HHBYFRETT TS, ATSDR: HRp0s=0.96,
HRpox=0.025; EFSA: HRprc.=4.440

x4 ZEBEREBAPFCs EHREEZEENRAAIFEAE
Table 4 EDI and TWI of PFCs estimated by dietary intake of
pregnant women

EDI/[10™* pg-(kg-d)”] TWI/[107 pg-(kg-8)7]

PFCs

x(s) m(Q1, Q3) x(s) m(Q1, Q3)
PFNA  9.81(8.44)  9.27(5.21,9.27) 68.67(59.09)  64.91(36.47, 64.91)
PFBA 1.18(1.17)  0.78(0.40,0.78) 8.25(8.20) 5.45(2.78, 5.45)
PFOA  7.59(5.14)  6.32(4.01,6.32) 53.14(35.95)  44.27(28.05,44.27)
PFOS  19.11(18.78) 13.24(7.56,13.24)  133.76(131.43) 92.68(52.90,92.68)

24 PFCs ERBESEHNFREFAREGHNXA

9N0%% 5 F7x, PFNA. PFBA. PFOA 1 PFOS 5Z£f
FREAN=EINERNENXR, RRTERERENZ
K2 logistic [E])IEE R OR BERLUAITEE
5, BRERIEN OR RIGITIIKRTF 1. EF=FHIAERX,
5 PFOS FE B R ENIREA, BREMZERNE
% OR BRIIIBERITF RN (Per=0.02).

x5 ZAPFCs BRBESZHAREMHMN~EIENLEIX R

Table 5 Associations between PFCs exposure and adverse outcomes during pregnancy and after delivery

EO—MBRFREH EPDS>12%)
PFCs™ oR 95%Cl AOR® 95%Cl oR 95%Cl AOR® 95%Cl
LR TR LR TR TR TR LR TR
PFBA
Q1,<0.035 pg-kg™ 1.00 — — 1.00 — — 1.00 — — 1.00 — -
Q2,0.035~<0.053 pg-kg™ 1.15 0.58 2.29 1.00 0.97 1.04 0.95 0.49 1.79 1.02 0.99 1.05
Q3,0.053~<0.071 pg-kg™ 1.65 0.86 3.17 1.54 0.70 3.40 1.24 0.67 2.30 0.87 0.42 1.76
Q4, 0.071 pg-kg™ 1.03 0.52 2.03 1.80 0.86 3.81 0.69 0.36 1.32 1.13 0.58 2.20
Pz 0.63 — - 0.66 - — 0.63 - — 0.66 — —
ST ugkg™ 0.86 0.00 142.86 1.01 0.94 1.08 0.86 0.00 142.86 1.01 0.94 1.08
PFNA
Q1,<0.0022 pg-kg™ 1.00 - - 1.00 - - 1.00 - - 1.00 - -
Q2,0.0022~<0.0052 pg-kg™* 0.90 0.45 1.78 1.00 0.96 1.03 1.15 0.58 2.29 1.02 0.99 1.06
Q3,0.0052~<0.0092 pg-kg™ 1.02 0.52 2.00 0.60 0.26 1.36 1.68 0.87 3.29 1.13 0.52 2.50
Q4, >0.0092 pg-kg™ 1.08 0.55 2.11 0.57 0.25 1.27 1.68 0.87 3.29 2.05 0.98 439
Pz 0.75 - - 0.53 - - 0.07 - - 0.13 - -
ST1 ugke™ 0.00 0.00 1073421770.02 1.01 0.95 1.08 1.21 0.99 1.50 1.03 0.97 1.10
PFOA
Q1,<0.047 pg-kg™ 1.00 - - 1.00 - - 1.00 - — 1.00 - —
Q2,0.047~<0.079 ug-kg™ 2.09 1.06 4.26 1.00 0.97 1.04 1.44 0.74 2.83 1.02 0.99 1.05
Q3,0.079~<0.140 pg-kg™ 1.33 0.65 2.77 1.75 0.78 4.01 1.36 0.70 2.69 1.77 0.83 3.86
Q4, 20.140 pg-kg™ 1.59 0.79 3.28 0.84 0.37 1.93 1.68 0.87 3.29 1.45 0.69 3.10
Pz 0.45 - - 0.92 - — 0.16 - — 0.33 — —
BT ugke™ 2.80 0.00 5166.27 1.01 0.94 1.07 1.16 0.94 1.43 1.04 0.98 1.10
PFOS
Q1,<0.046 pg-kg™ 1.00 = = 1.00 = = 1.00 = = 1.00 = =
Q2,0.046~<0.079 ug-kg™ 2.08 1.02 436 1.01 0.97 1.04 1.39 0.69 2.80 1.02 0.99 1.05
Q3,0.079~<0.14 pg-kg™* 1.60 0.77 3.39 2.66 1.15 6.40 1.85 0.95 3.67 1.27 0.59 2.80
Q4, 20.14 pg-kg™ 2.40 1.19 5.02 1.56 0.66 3.79 2.09 1.07 4.16 2.13 1.02 4.56
Py 0.04 = = 0.09 = = 0.02 = = 0.02 = =
ST W1 pgke™ 4.56 0.63 31.31 1.01 0.94 1.07 1.28 1.04 1.58 1.04 0.98 1.10

[F ]a: EO—MZHEAREMHERAE DR E T —INEY, SIRHIREERA. TRESNE. BRESE. LKA BIHERE. BEERHE
PR, BT ERAME. RIERRE. FAKZ D, BRAARIEMAR) LEKSZR. b: AOR AKRIEM OR, HARERARZBIENANEHR. NARFE. Z2A.
Fh. Bk 22 R, RS ETIRRMER. @5 EIERRMER. FRERE M. FEflERTRENFEF L E s MmE.
*: Ql. Q2. Q3. Q4 DA KRE T D IE0<25%. 25%~<50%- 50%~<75% >75%o
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EARENNZFEIEL 345 B, HH, 26.37%89
AANKREDRES—MZRFREH; 30.14%89H
RN RABEEEFREEN=EINEBEER. 1T8E
PFCs B9 HR 5 4.44, 187 1% 4 M PFCs IRTIREXT &
BABEEREXK, ANESEIMEEXES PFOS
SRR D UERE] OR BT AR, BIFEE PFOS
RBREILS,EPDS FHEE, BEABHETRINEHN
X e,

FEARMRA, Prcs FEFASHAF R EEAM
KSR E, MEEXE. KR, X, X554,
EREMRERYRIGE, XA g5 EMEEMNKE
EYMNEMRBIERE X, ZTMERHR B KREA,
EEYERY R Pres KB TR TR
YL, SR — AL R B9 RR TR A (P 28 SPFCs=
0.3 ug-kg ), ARSI F RFERPIRET
PFBA EIRFE N 0.28 pg-kg ' K= M H A PFCs £
& PFNA. PFOA #0 PFOS, RE 7 0.06~2.10 pg-kg ™, 5
EARAMEMAREE -, EEEFARUI R H
PFOA, B PFOAKRE /7 0.14 ngkg, ERH I
0.18 pg-kg o EHM, B PFOA JRERTHET) 1™,
WRP S RPOMBAFNYHNAR, S FIHR"FEH
FE; M&BEAT PFOA NS FEFIFfEHR. EA—
TR R ZRE, AL RIER PFOABREZEN T ER
=, ARBAER 93.2%

R ERFZENER R T PFOS BB S EINER X LAY
OR ELAMHEE, BK=REAKERAN PFOS HEE
FERNR, H2IBANEM 78.9%, (BIM EXE I
FREMRAFUEDTERT PFOs BES K&~ B
BHXAR, FEINBAKXKRARA, BEEAEXRZER
R &, FIRARINEERRSCO. B8 FRERKFETRER,
FURBR S SIS AR 14D, 3 BE B E L NS R TR
B EIERHI X, MERRRCSYEER S RIS
ZREE, FEHBE, MMTILBRRERIhEE. BRI
MRIFRET, PFOS EABARBE(MAESE) REMN
PFCs: EIMNY—TRARAN T R BEE. HSEMELF
BEER 9 METHI 473 P AR IIRITAE, ERER
PFOS B MBRP S E RS PFCs, PFOA X 25 333
9 N 85 M MBEHFAFITOMNARIER, R
AR PFCs SEZBEFEEER, BEPRE
EWRE R prosPY, HBEL T Efh PFCs, PFOS B
HEZEETEAMAPLEFENES, XBIFHEETH
AT LIMERE] OR BT ABIET, EBT, S5 EFSA

BIARE, HRpee, /9 4.44, IRNEBBIZEABEER
RRIX P2,

FEOBABH. KR . BKE @ F g
Hlaa. A EM B ME R R RREE B~ EHIEREX
B kB 23 MEKRI—IAESHR LI, HEINEK
= i H 2R B] LABRMR = BRI EBE XS, X AT RER S |BA
BT IHmABRIREEE XY, EHEE
=, EAEA LU P RINERERY & £ X, $Fa]
BEIE T &M 7B R B RICR ZIZHTHDERER, i R]
BEE T 52 M BRI AR TH BE SR B2 Ml 7= S 3N AR Y & 4P, ¢
MIAE A UM A 2. A& EPIREL, A
R, T8 KR, TR, ER5S 5@ EREME
RIYRH PrCs, L5 FMBRGH T PrBA, BE
AREESHH 4 QY prcs R, A5 AHI R ETAE
NEEFEEAREHN=HEINEXEAEGRIPE
B, AR A, PFOS RTEKFRMIBERPIKRE,
B#KF= G PFOS & Efxm. BINIRIE (BYM=E
0% BEERER ANNRE, B, B, BXBY
NEBFHIEBANSEAN 033 kg, imE T 2022 FE
ERERIERE) PHEES, Bi3(0.25 kg) IS5 E
#l5a(0.16 kg) BAFR B, BREMNDE ML TE,
BEF LU LD, R 2T A LUEE R/ 5K~
BB, LALEBR(EE PFCs BB BEXB,

BAREUTERYE: FIERANREEERR
¥R B EEHRICK, AE—HMRE, B2IMEMER
NBR; AARERWNIRKREBIIRRERAE, 2R
EHEITEF G 42 d AR, RATEE _LER T BIIZRE,
BINELHIBR NI EPRAREEHFE, (B248L
FEEMEREERAFRMNBEFICR, N sEHE;
KRERF KA ePDS BNIERKIFHA R R E = EHD
BRI MBS, E (A ImPRIZHT, AT LR EMAT ; R
EXRMRBAET —RIIAIEEZMARSEFHIEFE
=, B MFERREMBINBERRXEARLE
WANFE, BTNHIREEERS, MANTTRIEK
MR RR, 3 A UWEE B MR S E YRR, = PFCs B9
NEBEHIE, TEATEER PFes REKFEMAKRA
PFCs KFEMX R, RIARREMNANTTREHFHIT—RX
(BYISRERRE) BIRE, REBEBNZ2HTPHER
SN EET K, REEM— N FH80a MG, FTEE
SXMAARBEMET; ZARRXETERER
PFCs YR BRI, HARXT ALK M (0, JHEhEEs) FiX
F/K#IT PrCs B EMNE, ATRERME T ABEIEDN
PFCs IER B E/KF; BT Pros BIRRHIE=FER, &
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RZ & EREEREE(F-538) F PFOS BRI E
RITIASIEEEE, BAH R AR KRB,
B EEELENAR AR EN,

2R ERTIR, R RE T B BATIRA R, fR<F
7 RCXZEAZER P Prcs IREIBN, SR
BIR HRpe, 1IRE 4.44, IRKTF 1, RAZABEERE
XS BEIBRIERY) PrCs 1M HHAR, IR Z A BRI LL
1B HIABIRBEN, B K= BB N (PFCs 1
ERhGHRERS), UM Prcs WEER B E XK,
BARBMRIETT PFCs NERBEXNZREZ LS
FREZHEM N A E = FINEBI XA BE N ERE
%, 8%, HFBEMMAE PrCs BEREEERK, EEX
ZERIE G, RN R EE AR ERIIFZER,
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