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Abstract:

[Background] Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are widely used in industrial production and the manufacture of
consumer products and are reported to have been detected in pregnant women'’s blood, placenta, and fetal cord blood. However, data on
PFASs concentrations in pregnant women are inconsistent.

[Objective] This study is designed to measure PFASs concentrations in peripheral blood in pregnant women and evaluate sociodemographic
and dietary factors as potential determinants of PFASs concentrations.

[Methods] The present study was based on the Jiashan Birth Cohort from September 2016 to April 2018. Maternal peripheral venous
blood samples (n=942) were collected from 942 pregnant women during prenatal examination at 16-24 weeks of pregnancy, and
were analyzed for 13 PFASs using high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). A structured
questionnaire was used to investigate the social demographic characteristics, lifestyle, health status, dietary style, and exposure history
of environmental pollutants during pregnancy. Multiple linear regression was used to examine the associations of In-transformed PFASs
concentrations with maternal sociodemographics, lifestyles, and dietary factors. The B values and 95% confidence intervals (C/) of factors
associated with PFASs were calculated, and the log transformed estimates indicated the geometric mean ratio (GM ratio) of PFASs
associated with per unit change of independent variables.

[Results] A total of 11 PFASs were detected in the peripheral blood of pregnant women, including perfluorooctane sulfonic acid (PFOS),
perfluorohexane sulfonate (PFHxS), perfluorooctanoic acid (PFOA), perfluoroundecanoic acid (PFUdA), perfluorononanoic acid (PFNA),
perfluorodecanoic acid (PFDA), perfluoroheptanoic acid (PFHpA), perfluorododecanoic acid (PFDoA), perfluorotridecanoic acid (PFTrDA),
perfluorotetradecanoic acid (PFTeDA), and perfluorohexanoic acid (PFHxA), of which the detection rates of former 9 PFASs were more
than 90%. Perfluorodecane sulfonate (PFDS) and perfluorhecadecanoic acid (PFHxDA) were not detected in the present study. The median
concentration of total PFASs was 37.95 pg-L™. Among selected PFASs, the median concentration of PFOA was the highest (11.99 pg-L™),
followed by PFOS, PFHxS, PFDA, PFUdA, PFNA, PFDoA, PFTrDA, and PFHpA. Varing degrees of correlations were shown among the concentrations
of PFOS, PFHxS, PFOA, PFDA, PFNA, PFHpA, PFUdA, PFDoA, and PFTrDA (r=0.35-0.94); PFDA and PFUdA were most strongly correlated (r=0.94),
followed by PFOS and PFDA (r=0.90). PFASs concentrations increased 1.42 times (95% CI: 1.05-1.93) to 10.06 times (95% C/: 5.01-20.20) in
pregnant women who were older, well educated, and with higher pre-pregnancy body mass index (BMI). The concentration of PFOA in parous
women was lower than that of nulliparous women (GM ratio=0.73, 95% Cl: 0.57-0.93). The concentrations of some PFASs in pregnant women
with a higher intake frequency of fish, eggs, animal offal, or soy products during pregnancy increased by 1.56 times (95% CI: 1.01-2.43) to 5.28
times (95% CI: 2.40-11.58), while concentration of PFOA in pregnant women with a higher intake frequency of whole grainswas lower (GM
ratio=0.67, 95% Cl: 0.46-0.99), and the concentrations of PFASs in pregnant women who mainly drank bottled water were lower (GM ratio: 0.15-0.50).

[Conclusion] Pregnant women in Jiashan are widely exposed to PFASs. Besides PFOA and PFOS, the concentrations of some emerging
PFASs are also higher in pregnant women'’s peripheral blood. Maternal age, pre-pregnancy BMI, education level, parity, and dietary
factors may affect the levels of PFASs exposure.

Keywords: perfluoroalkyl and polyfluoroalkyl substances; pregnant woman; birth cohort; perfluorooctanoic acid; perfluorooctane sulfonic
acid; peripheral blood
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ESDHEBITHRIT 2. TR0 PFASs AR E R
ERAEN, BENBYWANRGMNE (5~7 % A\
MR- 12k 173k BT RIMR) EFS
AR=172K - F <173 %-B7Y, UWARSHPE
BRBHEFERBREBTL S, K Pearson X1
¥ H KB IT 90% BY 9 Fh PFASs SR EE BIAE X 1%, R &
REHBEDITA KL R AOFRHE. &
EATUMERRZRARBIXT GRS PFASs JRE
HNER. RAZRREMET, USTEERIREH PFASs
KERANTE, ITEE M PrASs IKEMEXEZEZN A
BERE 95% Al X8, HXGHiHE (B) #HITIEEFLIR
(&), UMKKRBZTESTHK— 1 RAEPFASSTRE]L
A ERBILL B (GM ratio) o ERTAEERR RS 2135
B I PFASs TREE X R BT, EEBHRIAIT DTSR
A2k e g 38 B9 2 W Z2 43 91 A I PRASs SR FE B9 ]
R, EEZPAFR. SHERE. ZHIEEREE (body
mass index, BMI) A= XA NE B HITIAEE,

2 25
2.1 HARTKRELE,
BIARERNN R BHRITR, HNEHIER R
(28.3114.38) %, Z2i BMI /9 (21.4343.17) kgm™s 43.84%
AR RIES T AER U EHE, 29.09% HIFFFIT
RAENFE, 391 B AF =13, 438 Bl ALEF=13,
i EpREERLD (941), 18290 FIFARITREH
ShIRIESE . REEFERE. 2280 BMI. SEBZEE. B
TEHFrZAAEINE M ZPrAss REZE R B AT
FENX. WK1,

R1 ARNROERFFE (n=942)
Table 1 Demographic characteristics of study subjects (n=942)

BEAHHE . SPFASs”
Characteristic n (%) [G™M (GsD)]
RZEES /% (Pregnancy age/years)
<25 227 (24.10) 28.70 (2.06)
25~ 641 (68.05) 40.81 (1.92)
35~ 71 (7.54) 47.38 (2.02)
RS (Missing) 3(0.32) —
Zgi BMI/ (kg'm?) [Pre-pregnancy BMI/ (kg-m?)] #
<185 130 (13.80) 34.87 (1.90)
18.5~ 582 (61.78) 38.55 (2.01)
25~ 95 (10.08) 44.44 (2.13)
EREE (Missing) 135 (14.33) —
SHERRE (Education) #
X LT (Middle school and below) 292 (31.00) 28.58 (1.87)
= H % (High school or technical secondary school) 209 (22.19) 34.39 (2.07)
AZE XKLL E (College and above) 413 (43.84) 48.08 (1.91)
fREE (Missing) 28 (2.97) —
B\ (Occupation) #
A% 5hE (Manual labor) 274 (29.09) 36.18 (1.93)
i 77555h% (Mental labor) 89 (9.45) 46.81 (1.93)
B ERERY / MAER (Freelance/self-employed) 130 (13.80) 33.73 (1.97)
2HA7E5 (Full-time work at home) 114 (12.10) 28.57 (2.03)
RS (Missing) 335 (35.56) —
EH& (Ethnic group)
S (Han) 833 (88.43) 389 (1.99)
Hth (Others) 26 (2.76) 17.34 (1.73)
R (Missing) 83 (8.81) —
YEIRAROTT (Marital status)
FER{@ (No spouse) 22 (2.33) 16.89 (1.80)
BHB (Have a spouse) 584 (62.00) 36.55 (1.96)
ThEE (Missing) 336 (35.67) -
REABBWBN/ T
Monthly household income per capita/yuan
<4000 179 (19.00) 34.54 (1.96)
4000~ 290 (30.79) 35.61 (1.98)
8000~ 126 (13.38) 36.73 (2.01)
RS (Missing) 347 (36.84) —
2R (Parity)
#7=43 (Nulliparous) 391 (41.51) 37.63 (2.04)
#2749 (Parous) 438 (46.50) 38.57 (2.01)
TR (Missing) 113 (12.00) -
T1EHFR (Workplace)
2548 3] (Textile and button factories) 12 (1.27) 52.74 (1.66)
HAth T~ (Other factories) 104 (11.04) 35.77 (1.93)
FFEI] (Notin factories) 230 (24.42) 45.48 (1.90)
RS (Missing) 596 (63.27) —
TRl ENIRMA (Active smoking before pregnancy)
2 (Yes) 9(0.96) 35.17 (1.90)
7 (No) 591 (62.74) 35.35 (1.99)
fRE (Missing) 342 (36.31) —
LRI (Passive smoking before pregnancy)
2 (Yes) 290 (33.12) 32.73 (1.97)
Z (No) 312 (30.79) 38.69 (1.97)
fREE (Missing) 340 (36.09) —
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#R1
EZM%?_E_ n %) SPFASs”
Characteristic [GM (GSD)]
Z=HATRSE (Drinking during pregnancy)
Z (Yes) 17 (1.80) 41.07 (1.80)
7 (No) 369 (39.17) 40.67 (1.95)
fReL (Missing) 556 (59.02) —
) L1431 (Sex of newborn)
%% (Boy) 488 (51.80) 37.81 (1.99)
¥ (Girl) 453 (48.09) 38.05 (2.02)
Rk (Missing) 1(0.11) —

[3F] # : P<0.05 ; * : sPFASs JJIM%ZH PFHxXS. PFOS. PFOA. PFUdA. PFNA.
PFDA. PFHpA. PFDoA. PFTrDA BYIRE B F0,
[Note] #: P<0.05. *: ZPFASs refers to the sum of plasma concentrations of
PFHxS, PFOS, PFOA, PFUdA, PFNA, PFDA, PFHpA, PFDOA, and PFTrDA.

2.2 ZEASEAMPPFASsHEEME, BKHER
RE

13FhPFASS KO R R E MR 2 iR, HiGH
11 Fh PFASs, PFHxS. PFOS. PFOA 1 PFUdA £ £ &
R KR HYHE K, PFNA. PFDA. PFHpA. PFDoA
0 PFTrDA BY 6 ) Z 35 #8 3 90%, PFTeDA Fll PFHXA BY
1 X 53 51 79 29.19% F1 9.24%, PFDS Fl PFHXDA 5
1o Ho SPFASs BYAR iR FEE /9 37.95 ug-L?, X3S PFASs
F, PFOARNH IR E &S, /H11.99ugl?, HARA
PFOS. PFHXS. PFDA. PFUdA. PFNA. PFDoA. PFTrDA #[l
PFHpA.

®2 INIEREMNNREMXZMNE M PFASs S HIER

Table 2 Detection of PFASs in peripheral blood of pregnant women in Jiashan, Zhejiang Province

& (Detected)

SREE / (ug-L™) [Concentration/ (ug-L™)]

PFASs
n % LoD GM (GSD) Min Ps Pss Pso Pss Pss Max

PFHXS 942 100.00 0.015 5.44 (1.83) 0.25 2.00 3.92 5.44 7.78 14.95 31.65
PFOS 942 100.00 0.02 7.87 (2.42) 0.33 1.70 4.39 8.71 14.93 30.25 168.73
PFOA 942 100.00 0.01 11.57 (1.76) 0.15 4.51 8.50 11.99 16.67 26.96 60.04
PFUdA 942 100.00 0.01 2.83 (3.38) 0.03 0.37 1.20 3.07 7.17 16.64 58.05
PFNA 938 99.58 0.02 2.23 (2.92) LOD 0.51 1.22 2.36 4.65 10.11 30.47
PFDA 940 99.79 0.01 3.96 (3.31) LOD 0.53 1.73 4.42 9.83 21.93 71.06
PFHpA 907 96.28 0.015 0.10 (2.50) LOD 0.02 0.06 0.10 0.18 0.43 1.63
PFDOA 881 93.52 0.015 0.21 (4.03) LoD LOD 0.08 0.27 0.62 1.50 6.91
PFTrDA 863 91.61 0.02 0.14 (3.30) LOD LOD 0.06 0.17 0.35 0.79 13.19
PFTeDA 275 29.19 0.02 - LOD LoD LoD LOD 0.03 0.07 0.23
PFHXA 87 9.24 0.02 -3 LOD LoD LoD LOD LoD 0.03 0.99
PFDS* — - 0.01 — - — — - - - —

PFHXDA* — — 0.02 — — — — - — — —

S PFASs® — — — 37.90 (2.00) 2.65 12.63 23.85 37.95 61.44 114.52 275.68

[3E] * : ZPFASs ;M 3Z A PFHXS. PFOS. PFOA. PFUdA. PFNA. PFDA. PFHpA. PFDoA. PFTrDA RUIRE SF0 ;# : k28 PFASs KT LOD, A& ENIE ;

$ I HEETF 50%, RITELAHE.

[Note] *: ZPFASs refers to the sum of plasma concentrations of PFHxS, PFOS, PFOA, PFUdA, PFNA, PFDA, PFHpA, PFDoA, and PFTrDA. #: This kind of PFASs
is lower than LOD. $: The detection rate is less than 50%, and the geometric mean is not calculated.

Z93 51 A A PFHXS. PFOS. PFOA. PFUdA. PFNA.
PFDA. PFHpA. PFDoA 1 PFTrDA YK FE 2 8] 2 R 12
ErMEx % (r=0.35~0.94, P<0.001, E 1) ; HF PFDA
N PFUdA Z [B]HIE X 4 Ex58 (r=0.94) , HIRE PFOS #
PFDA (r=0.90) o
2.3 FEIAOFEFHESZ3A5MNE M & PFASs iR
EHXH

Zr4MOEAn AN . SHEER <25 F4A
H L, 25~<35 % F 9 20 22 43 1A I P PFHXS. PFOS.
PFOA. PFNA. PFDA. PFUdA. PFDoA. PFTrDA ] ZPFASs
R E AN ZE 1.42 (95%CI © 1.05~1.93) ~2.28 (95%CI :
1.52~3.41) &, 35 % M LA L FHR2AZ2 43 9ME AR PFHXS.
PFOS. PFOA [ 3 PFASs 7k E 1% I = 1.81 (95%C/ : 1.03~

PFTrDA

Pearson tHXFEK

Pearson correlation

1.00
I 0.75
rros | [ 0-50
025

PFHXS . 0.00

© P X F FF F XX
PO T F D
FE LTI @ &

(5% (Note)] r=0.35~0.94,
1 WIAEHTESHXEEINNEMP R PFASs B
Pearson tHx X &
Figure 1 Pearson correlations of PFASs' concentrations in
peripheral blood of pregnant women in Jiashan, Zhejiang Province
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3.19) ~2.46 (95%CI : 1.16~5.23) f&, T J1 % #7 B! PFASs
(PFNA. PFDA. PFUdA. PFDoA. PFTrDA #l PFHpA) TEF
FIRARREZERTHRITFERX ; Z2HIBMI>25kgm?
£H B9 PFHxXS. PFOS. PFOA. PFNA. PFDA. PFUdA. PFHpA
M ZPFASs FRE S T 2281 BMI<18.5kgm?4H, H3lIE
ZEHI BMI<18.5kg-m2 £HY 1.67 (95%Cl : 1.05~2.64) ~

R3 MIEEX

3.45 (95% Cl : 1.74~6.85) 1& ; SRARHABIEE Y]
AR LA TAAALL, K%K UL E4ASMNE A& F PFASs
R, NEBAM1.61 (95%C : 1.15~2.24) ~
10.06 (95% CI : 5.01~20.20) f& ; =43 5ME M A PFOA
BEREAR T #7713 (GM ratio=0.73, 95%C/ :0.57~0.93) -
I 3,

EEMXZAFRAQFHIESINE M PFASS RERIXF (n=942)

Table 3 Linear associations between demographic characteristics and concentrations of PFASs in peripheral blood of pregnant women in
Jiashan, Zhejiang Province (n=942)

AT GM ratio* (95% Cl)
Demographic characteristic PFHXS PFOS PFOA PFNA PFDA PFUdA PFDoA PFTrDA PFHpA S PFASS®
HRBER /%
Pregnancy age/years
<25 227 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
55m a1 1.42 2.28 1.55 1.68 2.04 2.19 2.10 2.08 0.93 1.72
(1.05~1.93)" (1.52~3.41)" (1.19~2.03)" (1.09~2.59)" (1.19~3.48)" (1.26~3.79)" (1.11~3.97)" (1.24~3.49)" (0.59~1.46) (1.25~2.37)"
35~ 7 1.81 2.46 2.11 1.81 211 2.36 2.35 1.88 0.81 1.95
(1.03~3.19)" (1.16~5.23)" (1.28~3.48)" (0.80~4.08) (0.78~5.73) (0.84~6.60) (0.71~7.75) (0.72~4.95) (0.35~1.87) (1.07~3.54)"
Z281 BMI/ (kg'm”)
Pre-pregnancy BMI/ (kg:m™~)
<18.5 130 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
185~ 582 1.02 1.30 1.16 1.18 1.26 1.08 1.22 1.00 0.81 1.19
’ (0.75~1.39) (0.86~1.97) (0.88~1.53) (0.76~1.84) (0.73~2.17) (0.61~1.89) (0.63~2.34) (0.59~1.70) (0.51~1.29) (0.86~1.65)
S5e 95 1.67 3.32 1.79 3.08 2.98 2.39 2.46 2.08 3.45 237
(1.05~2.64)" (1.80~6.15)" (1.19~2.70)" (1.59~5.96)" (1.32~6.74)" (1.03~5.53)" (0.93~6.51) (0.94~4.58) (1.74~6.85)" (1.45~3.85)"
ZHEIZE (Education)
MR
Middle school and 292 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
below
ERRFE
High school or 209 1.12 1.62 1.15 1.70 1.50 1.41 1.82 1.93 1.30 1.35
technical secondary (0.80~1.57) (1.04~2.54)" (0.86~1.55) (1.05~2.74)" (0.83~2.72) (0.77~2.60) (0.90~3.69) (1.09~3.43)" (0.79~2.14) (0.95~1.93)
school
RERIUE Mg 1.61 4.83 1.75 5.19 7.63 8.12 10.06 9.51 2.17 3.26
College and above (1.15~2.24)" (3.11~7.51)" (1.31~2.35)" (3.23~8.34)" (4.25~13.67)" (4.46~14.80)" (5.01~20.20) " (5.40~16.72)" (1.33~3.55)" (2.30~4.63)"
KEANBBN/ T

Monthly household
income per capita/yuan

<4000 179 Ref Ref Ref Ref
0.69 0.77 0.87 071
4000~ 290 .
(0.520.92)" (0.52~1.12) (0.67~1.11) (0.47~1.07)
0.75 0.83 0.89 0.78
~ 12
8000 ® (053~1.06) (0.52~1.33) (0.65~1.21) (0.47~1.28)
Bl (Occupation)
.
RERFER 114 Ref Ref Ref Ref
Full-time work at home
KAFhE 74 1.00 1.09 1.18 1.10
Manual labor (0.71~1.42) (0.69~1.73) (0.87~1.60) (0.67~1.82)
X155 hE g9 1.09 1.09 1.2 1.26
Mental labor (0.68~1.73) (0.59~2.03) (0.80~1.81) (0.64~2.46)
=NEAS
Eeféni// MAEIR 5o 088 0.98 1.09 1.00
(0.60~1.29) (0.59~1.63) (0.77~1.52) (0.58~1.72)
self-employed
=R (Parity)
#7243 (Nulliparous) 391 Ref Ref Ref Ref
125 1.25 0.73 123
2 P 438 .
2743 (Parous) (0.95~1.65) (0.87~1.80) (0.57~0.93)° (0.83~1.83)

Ref Ref Ref Ref Ref Ref
0.75 0.79 0.68 0.87 0.63 0.78
(0.45~1.23) (0.47~1.32) (0.37~1.24) (0.54~1.42) (0.41~0.96)* (0.58~1.05)
0.66 0.69 0.60 0.74 0.57 0.79
(0.36~1.22)  (0.37~1.30) (0.29~1.26) (0.41~1.34) (0.34~0.96)" (0.54~1.14)
Ref Ref Ref Ref Ref Ref
1.52 1.40 1.08 1.19 1.23 1.12
(0.82~2.81) (0.74~2.63) (0.52~2.24) (0.66~2.15) (0.73~2.05) (0.78~1.62)
1.86 1.68 1.48 1.27 1.17 1.23
(0.81~4.24) (0.72~3.92) (0.55~3.96) (0.57~2.83) (0.58~2.34) (0.75~2.01)
1.18 1.12 1.01 1.07 1.02 0.96
(0.60~2.32) (0.56~2.25) (0.45~2.27) (0.55~2.05) (0.58~1.81) (0.64~1.43)
Ref Ref Ref Ref Ref Ref
1.41 1.30 1.11 1.00 0.97 1.06
(0.87~2.29) (0.79~2.14) (0.62~1.98) (0.62~1.59) (0.64~1.46) (0.80~1.42)
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#R3
NS GM ratio® (95% Cl)
Demographic characteristic PFHxS PFOS PFOA PFNA PFDA PFUdA PFDOA PFTrDA PFHpA SPFASs®
ZRIHE R IR IR
Passive smoking before pregnancy
2 (Yes) 290 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
= (No) 312 0.71 0.88 0.98 0.78 0.73 0.65 0.53 0.71 0.88 0.81
= (0.55~0.90)" (0.64~1.23) (0.79~1.22) (0.55~1.11) (0.47~1.13) (0.42~1.02) (0.31~0.89) (0.47~1.09) (0.61~1.27) (0.62~1.05)
T {&1%FRF (Workplace)
Z:E.I}_ . 230 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Not in factories
4540 4
}f;meaﬁzué: - - 1.76 2.64 1.41 1.8 2.93 3.08 2.99 2.65 1.33 2.02
—— (0.69~4.49) (0.76~9.23) (0.62~3.22) (0.47~6.92) (0.56~15.41) (0.56~16.91) (0.41~21.64) (0.53~13.20) (0.33~5.36) (0.75~5.45)
BT 104 1.09 0.83 0.98 0.78 0.82 0.78 0.80 0.53 0.97 0.95
Other factories (0.79~1.51) (0.54~1.28) (0.74~1.31) (0.49~1.25) (0.46~1.47) (0.43~1.40) (0.40~1.59) (0.31~0.93) (0.60~1.57) (0.67~1.34)

4 ) LIS (Sex of newborn)
£ (Boy) 488 Ref Ref Ref Ref

1.10 0.98 1.13 1.07
% (Girl) 453

(0.86~1.40) (0.71~1.35) (0.91~1.40) (0.76~1.51)

Ref Ref Ref Ref Ref Ref
1.05 0.94 0.93 0.98 1.57 1.07
(0.68~1.60) (0.61~1.45) (0.56~1.54) (0.65~1.49) (1.09~2.24)" (0.83~1.38)

U] & : EAORETEIFESRIRIL ; # | ZULMLAZRRENENERBE R, WEESH (3) #TIEHEE, ARETESTL—
A5 PRASs SREE LIS 2MAILLE 5 $ © SPFASs JII%K A PFHXS. PFOS. PFOA. PFUJA. PFNA. PFDA. PFHpA. PFDoA. PFTrDA ;KBS ; * : P<0.05,
[Note] &: The demographic data reported have varying degrees of missing data. #: All factors enter the model at the same time and are adjusted to each
other. The exponentiated coefficient of the linear parameter (B) is interpreted as the change in the GM ratio of PFASs concentrations for each

category of the included variable compared to the reference group. $: >PFASs refers to the sum of plasma concentrations of PFHxS, PFOS, PFOA,

PFUdA, PENA, PFDA, PFHpA, PFDoA, and PFTrDA. *: P<0.05.

2.4 ZHIREREZERXZIFINE M PFASs iRER RN
LA RARR, ERERAFR. SEERE
E. ZFiBMI. FRfE, BARZHER. NERELN
Z2 335 I AR PRASs BUIREE K 2 EERER. SHR
BARDEEL, BARZHERNZE, HIMNEMF
PFOA FUKEBE{EE (GM ratio=0.67, 95%C/ : 0.46~0.99) o
BABEMERESNZEHESINE M PFOS. PFNAL
PFDA. PFUdA. PFDoA. PFTrDA 1 SPFASs /R EE 381N,
DARELEEBANMERMEITN1.87 (95%C :
1.22~2.85) ~5.28 (95% C/ : 2.40~11.58) &, BN K %
s R AERY 2243, H5MNE M PFTrDA BYR EIE N E
2.61 (95%Cl : 1.0676.42) fZ, MARZEXNZH,

H 41 E 1 5 A9 PFNAL PFDA. PFUdA. PFDoA Fll PFTrDA 7R
FE 12 0 = 2.06 (95%C . 1.03~4.13) ~3.67 (95%Cl : 1.27~
10.66) 18, BMARZEZHIRNZE, HIMNF IMHH
PFOS. PFDA. PFUdA. PFDoA 1 ZPFASs BY /& FE 18 N &
1.56 (95%C/ : 1.01~2.43) ~2.46 (95%CI . 1.16~5.24) 1Z,
BARZAANMBREGYNZE, HIFELHH
PFTrDAREE 7 BIIE AN ZE 2.53 (95% I © 1.18~5.41) {ZH0
2.32 (95%Cl : 1.18~4.55) &, KMARKELIMZEEINE
M PFASs YR E S HIEE BYMBERNBAE X
SEZEIABRRKNEEEL, AR RKINE
H9ME & b PRASs BK EIRRR, ZRBERITE
E X (GM ratio : 0.15~0.50) 0 TLZK 40

x4 WIEEHTREMXZERFERERRERXINIMA PFASs KX F (n=330)
Table4 Linear associations between dietary factors and concentrations of PFASs in peripheral blood of pregnant women in Jiashan,
Zhejiang Province (n=330)

[T ySES GM ratio® (95% CI)
Dietary factors PFHXS PFOS PFOA PFNA PFDA PFUdA PFDOA PFTrDA PFHpA S PFASs®
/\Z (Wheat)
=
GE ',)\ R Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
172k - * 247 0.84 1.00 0.98 0.89 0.83 0.92 0.81 1.11 1.17 0.95
1-2 times per week (0.52~1.36) (0.54~1.87) (0.61~1.57) (0.48~1.67) (0.36~1.93) (0.38~2.21) (0.31~2.14) (0.51~2.45) (0.55~2.49) (0.57~1.58)
FB#R (Whole grains)
e =
03 ',)\ A 167 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
12k * 163 0.71 0.87 0.67 0.72 0.77 0.93 0.95 1.17 0.86 0.75
1-2 times per week (0.48~1.06) (0.52~1.46) (0.46~0.99)° (0.43~1.20) (0.39~1.55) (0.45~1.92) (0.43~2.11) (0.61~2.24) (0.46~1.61) (0.50~1.14)
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“R4
[EFSES GM ratio” (95% CI)
Dietary factors PFHXS PFOS PFOA PFNA PFDA PFUdA PFDOA PFTrDA PFHpA SPFASs®
= (Tubers) &
e =
g 3/,)\ R 105 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
1~20-Et 24 1.20 0.92 1.06 0.83 0.95 1.01 0.86 1.22 1.00 1.03
1-2 times per week (0.77~1.87) (0.52~1.62) (0.69~1.63) (0.47~1.45) (0.44~2.04) (0.46~2.24) (0.36~2.07) (0.6~2.48)  (0.5~1.97)  (0.65~1.63)
4T (Red meat)
e =
0v3R-A 78 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
1~2%-At 252 0.80 1.58 0.74 1.40 1.72 2.26 212 253 1.16 1.11
1-2 times per week (0.50~1.29) (0.86~2.9) (0.47~1.18) (0.76~2.58)  (0.76~3.9)  (0.96~5.27) (0.83~5.43) (1.18~5.41)° (0.562.43) (0.68~1.83)
@ (Fish)
=
g 3/,)\ R 125 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
1~20%-Et 205 1.15 3.00 1.17 2.27 4.18 4.98 5.28 4.03 0.95 1.87
1-2 times per week (0.76~1.74) (1.81~4.99)" (0.78~1.75) (1.35~3.82)" (2.11~8.29)" (2.45~10.10)" (2.40~11.58)" (2.12~7.63)° (0.50~1.81) (1.22~2.85)"
BMA (Poultry)
N =
0 3/,)\ R 155 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
1~2%-At 175 1.01 1.59 0.81 1.12 1.54 1.70 1.86 1.77 0.77 1.11
1-2 times per week (0.68~1.5) (0.96~2.63) (0.55~1.19) (0.67~1.86) (0.78~3.05) (0.84~3.46) (0.85~4.07) (0.94~3.35) (0.42~1.41) (0.73~1.68)
EN¥IMAE (Offal)
R =
g 3/,)\ R 288 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
1~2%-At " 0.81 1.64 0.85 1.27 1.40 1.89 2.64 261 0.87 1.14
1-2 times per week (0.46~1.42) (0.80~3.36) (0.50~1.47) (0.62~2.62) (0.53~3.69) (0.69~5.17) (0.87~7.98) (1.06~6.42)" (0.36~2.07) (0.63~2.04)
B (Eges)
N =
073R-A 68 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
1~2%-At 261 1.07 1.85 1.09 2.06 3.12 3.65 3.67 274 1.63 1.52
1-2 times per week (0.62~1.85) (0.92~3.7) (0.64~1.85) (1.03~4.13)" (1.23~7.88)" (1.40~9.57)" (1.27~10.66)° (1.15~6.54)° (0.70~3.78) (0.87~2.68)
45 (Soy products)
0~3 Sk, -1
/,)\ R 115 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
120 At 14 1.50 1.82 1.15 1.55 232 2.46 241 1.77 0.83 1.56
1-2 times per week (0.99~2.29) (1.063.12)" (0.76~1.74) (0.90~2.67) (1.12~4.79)" (1.16™5.24)" (1.05~5.56)" (0.89~3.51)  (0.43~1.60) (1.01~2.43)"
SHVER S (Fried food) &
0~3%-A7
/,)\ R 254 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
1~2%-At 75 0.97 0.96 0.93 1.07 1.09 1.24 1.08 1.33 0.45 1.00
1-2 times per week (0.59~1.59) (0.51~1.82) (0.57~1.50) (0.57~2.04) (0.46~2.58) (0.51~3.04) (0.40~2.90) (0.60~2.99)  (0.21~0.96) (0.59~1.67)
UZE (Nuts) &
0387
/,)\ R 124 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
0-3 times per month
1~2%-Et 205 1.06 1.69 1.04 1.19 1.91 2.08 1.82 232 0.86 1.27
1-2 times per week (0.70~1.62) (0.99~2.89) (0.69~1.57) (0.69~2.06) (0.92~3.94) (0.98~4.42) (0.79~4.21) (1.18~4.55)° (0.45~1.66) (0.82~1.97)
PRk
Source of drinking water
B 3ksK (Tap water) 142 Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
S IA=F"3e . 0.20 1.57 1.15 1.28 2.75 2.02 0.00 0.81 10.59 1.13
Purified tap water (0.01~2.88) (0.04~59.22) (0.10~13.29) (0.01~149.06) (0.02~410.58) (0.01~309.70) (0.00~0.17)" (0.01~120.93) (0.17~647.26) (0.06~20.48)
TREELRK 98 0.28 0.34 0.50 0.33 0.18 0.15 0.16 0.23 0.45 0.31
Barreled water (0.19~0.42)" (0.20~0.57)" (0.35~0.71)" (0.17~0.66)" (0.09~0.37)" (0.07~0.30)" (0.07~0.37)" (0.11~0.47)" (0.25~0.81)" (0.21~0.47)"
HREE LK . 0.62 0.57 1.06 0.61 0.33 0.23 0.28 0.29 0.68 0.61
Bottled water (0.26~1.46) (0.18~1.83) (0.48~2.31) (0.13~2.79) (0.07~1.62) (0.05~1.14) (0.04~1.78) (0.06~1.44) (0.18~2.52) (0.24~1.53)

U] & 1 SAOFSHEBUSFERIEIRE ; # | FRIFER. SHERE. ZR1BMIL PR, SIEMSH (B) #TIEHNER, AREBTESTH— 8
{iIf5 PFASs SREERY JLAIYIERAVLL(E 5 $ © S PFASs JIIM3Z A PFHXS. PFOS. PFOA. PFUdA. PFNA. PFDA. PFHpA. PFDoA. PFTrDA BTIRESA ; * : P<0.05,
[Note] &: The demographic data reported have varying degrees of missing data. #: Adjust for pregnancy age, education, prepregnancy BMI, and parity. The exponentiated

coefficient of the linear parameter (B) is interpreted as the change in the GM ratio of PFASs concentrations for each category of the included variable compared to
the reference group. $: ZPFASs refers to the sum of plasma concentrations of PFHxS, PFOS, PFOA, PFUdA, PFNA, PFDA, PFHpA, PFDoA, and PFTrDA. *: P<0.05.

www.jeom.org



376 JJ-&«SE".&(&% | Journal of Environmental and Occupational Medicine | 2021, 38(4)

3 itie

AAREANEEMXZEZAT ZEEF 1M
PFASs, H PFOAI PFOS B RE RS, F2 I PFASs B
KEAJESZEAER. ZaisMl. SBERESHS
AOZFFHEME X, ZHBANEE EXNIHImME
RENZAKRIE D PSS RERS, BANLA. 1Y)
MAEF R RAMFK RSB 2283 PFTDA R E RS, TR
ARSI S S IR AR B 40 5 K FOZ2 3 26 93 PFASs 7R
E31K.

SARERIRE T INIEZEMXZAINE N
M1 PFASs BY B 58 15 /o PFOS. PFHxS. PFOA. PFUdA.
PFNA. PFDA. PFHpA. PFDoA F PFTrDA BY R {1 /&R E 93
$18 8.71. 5.44, 11.99. 3.07. 2.36. 4.42. 0.10. 0.27
0.17 ug-L AR ZEI5ME A PFOA F] PFOS BIIR
ERs, 5 bEHEER 2013—2015 EFEMN LB
ARAFIMN IR EKT (11.6. 8.2 g L) BEA—E, B
PFHXS 1 PFDARE (0.63. 1.82pug:L?) BEEN D ; &<
B 53 & PFHxS. PFDAFI PFNARUKE IR S F LB X
TN AR E KT (277, 2.04. 1.76ugL?) W7,
ASEZTAS HH ER IS HY PFHXS. PFOS. PFOA F1 PFNA BYHR
(LRI = T R BY HASE E#T R T8N A A MNE A& M7k
T (0.89. 4.00. 1.77. 0.68pg:L") ™, i EFRE LK
Z2 335N E M PFASs B 7K T 1), AR S H AR 5545
B, RUARE PrASs HRE Z 8 2R EIZE
B, H PFDA K PFUdA Z [B)I9FE R RAR, HX
& PFOS#1 PFDA, REAXLE (L &Y 0] sEKIRTHERY
FE R

KM AN SEE B 2000 FEFHL221E T PFOS. PFOA Fl
PFHXS BUE=HMER, B PFASs EANB Y
YAER U 2, B 2003 FE LK, PFASs FFIATEREAE
EEFER, HIRESHE. HIEMEHRTIL S, &
MAPMENHRIZEEEMUTABEFAKK, H
FET IR EEFER B L PFASsHILER. ARZEE. H
M. BF. LI BM GR. BRABSINITE T,
HABEINIEPFASs BB R B AMEHRIPFASs T E R
BEY. IMAKFIZMEEESMPIASsHYRE, B
I0 L PrASs BVIRIRIFA M, XA R ABEZEIHE
FHFTEL PFASs BB K IR & o

PFASs RS ERMMEY F Z KRS, Fl
90 PFOA M PFOS 7E A AR F = HALY 4~5 5, PFHXS &
MARHARHA 8.5 F, AIARPZRITFIRS ZEX PFASs
REEINA X, RLT PFASs B BN, X5

BEEMFRIRELE R —HY, BE3SRULER
¢ 2 55 PFHxS. PFOS. PFOA F1 SPFASs R FE 1 I & 4
I E X, ML 8 prASs (PFNA. PFDA. PFUdA.
PFDoA. PFTrDAF] PFHpA) REEZRERITFERN, A
BESHTEL PrASs FHIAE AT A X 2, 52 HIM
ZEMBEREANRR 1, KARFHUERE
Z2 5 BMI 52 5 Mo PFHXS. PFOS. PFOA. PFNA. PFDA.
PFUdA. PFHpA 1 SPFASs IRERITTRERI R 22, B
BREDFERIBTELSE., A0 TIEMZEEINE
M >PrASs ;REEIE IN, BELH LR, AN TEMNZEA
HEEREXRN (n=12) , AR RERARE, XHAREK
EIMIELHER. AN TERZEAIMNE A F PFASs
KEAD, B AEEERREHAD .
FEANLRET PrASs W ZFIRER, BYFIIKE
ANINARE B FEABENETEBNER, AH28
BERY90% 2, AKIRE T PrASs & B RYEIR D P52
B RIREARTIG. NIE (A . EXBRPPFASS S
25 0, AR LZIZEAIMNE AR LEFHSER PFASs BY
KEREIR. EXM AR ERIE 0TI M.
boh, BRI 2iER PFASs B R BN T ERE Y,
BE=HN—IHAREREXEERESH A PFOS M5E
KFLEITB AR S 2615, XM RERWETEHE
BANBERZHZEY, HIMNE A PFOS. PFNAC PFDA.
PFUdA. PFDoA. PFTrDA#l] XPFASs FUIREISF+ &, i —
ST FIRAR. B RIRE, SN FHESYAE.
ERFNEMS, PFASSTEREZFHEMERRS .,
TRREZNBARZEFH ENEA, HIMNE M ZH
PFASs (PFOS. PFDA. PFUdA. PFDoA) &R E & i, 2l
mEAFEZREY, BRERS, A5 PFASs
BREMYN HMERMBANBREXKAEZM. S,
AR EISIREBRKNZEMELL, (AR EDS
JKEYZ2E34ME R PRASs BREERRE, Ie e EtX B
RIKFIRH PFASs BEE AR 2, HKEIRAREL S
IKPTREST PRI A ¥ PFASs RE/KFE—EIER
FEREIEIER A A B8 PrASs 8 5 K B
R, AARBREEMOM T EEMXEZEHER
PFASs R EE/KT, Rt AOFRHE. ZHERBRE
&, BHEE—EREZL. MEITRIANANE
(13985) ABLL, ZRFRARITR (942 ) KiFK %,
THEHIZEFRITMIZ F PrASs RE SEERB R R X RN
RH (33061, HEXRBIRKEL, WAL RIAFTRINT
RO BEFEEIEERE, ERYMENEHREEE
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HRAENEE K, HFATENERER, ERREHR
AR REEBRERYME, EHRIREFRR
BERATROENTFE, NARABEAIEE—T
HRERM. BN, KARAREZEAEENTIEIFER
RS KL KEFIFIR B PrFASs BTS2 18,
URMEAE. B@INTAXMZESXET XS 2
PFASs BB K FEEEFMNEXE S, AJRESYTLE

FERN, BFE—THRRFURE,

R b, ZEEMX PFASs TSRIRTE, PRIZ4E PFOA.
PFOS HYSS Z9h, B FhinBY Y PFASs 1E 1% 3 X 175 4 ™
B, ENHEZMPASs EEBRRES. RIEZHFNY
= BREAT ZHE RE PFASs B B IR R B ITFMN
PFASs SY 21 R HF RV, F5b, Z2HA PFASs
RENFERBEXRE, IRnMABEANZAGEER
e SRBINE FE PFASs S5 X,
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