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Study on the influencing factors of perfluoroalkyl and polyfluoroalkyl substances in cord blood
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Abstract: Objective To measure perfluoroalkyl and polyfluoroalkyl substances (PFASs) in cord blood of newborns in
Henan province and explore influencing factors of PFASs exposure. Methods The present study was based on the birth
cohort established in Henan Province from 2013 to 2015. The levels of 11 PFASs in cord blood samples (n=336) were
detected. Generalized linear regression was used to analyze the effects of maternal socio-demographic characteristics, life
style and dietary intake on the level of PFASs in umbilical blood of newborns. Results The newborns of older mothers
(GM ratio 1. 03-1.05) , higher average monthly family income (GM ratio 1.30-1.63), pregnancy smoking (GM ratio
2.90, 95% CI:1.11, 7.56) and passive smoking (GM ratio 1. 84, 95%CI: 1.02, 3.32) tend to show higher PFAS
exposure in cord blood. Newborns whose mothers worked during pregnancy (GM ratio 0. 82, 95%CI:0.67,1.00) , and
with multiparous mothers (GM ratio 0. 65, 95% CI: 0.51, 0. 82) had lower concentrations of PFASs. Mothers who had
higher intake frequency of beef or mutton, pumpkin, garlic seedlings and pickles during pregnancy tend to have increased
concentrations of PFASs in cord blood (GM ratio was 1. 33-1. 80) , while the concentration was lower during mothers who
consumed more oranges, milk, cabbage and eggplant during pregnancy (GM ratio was 0.68-0.82). Conclusion
Maternal age, family income, history of smoke and passively smoke during pregnancy, parity, frequency of beef or mutton,
and plant-based foods intake may affect PFASs exposure of newborns.
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4 Ji Mt 5L W) 5 (Perfluoroalkyl and polyfluoroalkyl
substances , PFASs) f& — 28 0 ok fir 15 &R T 8l U
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Z it W b HE (85, 12%,286/336) . ¥4 1T 3/5(207/
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230 3 B W Al (4/336) BRI (6/336) 511 3. 57%
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54.17%(182/336) W22 = 20 ™ 1H (3R 1),

2.2 JFAT I PFASs Ve JE K AN [) B 2 ) 4 56 1

W 2 fr7%, PFOA .PFOS .PFDA .PFNA £ 90%
DL B B2 L JBE A AS B A A o B I PFASSs
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M /Y 7 40 % I PFUdA %5 & (GM L {E 2. 90;
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Table 1  Demographic characteristics of study subjects (n=336)

72 UA B R LA R AT B HATH/ %
FEIAAEE ) 26.1+3.9
B JLPE

5 183 54.46

o 153 45.54
FEAEE KT

I 15 4.46

wih 286 85.12

(S AV 35 10.42
FREFH A WA /76

<2 000 107 31.85

2 000 ~ <4 000 115 34.23

>4 000 114 33.93
ST AE

Jc 207 61.61

H 129 38.39
ZE 1 A

T 332 98.81

i 4 1.19
&L

<15 min/d 324 96.43

>15 min/d 12 3.57
el

Jc 330 98.21

H 6 1.79
FEIR

0 182 54.17

>1 154 45.83
L=

<I/H 264 78.57

=1/ H 72 21.43
LEE RS

<1/H 173 51.49

=1/ H 163 48.51
A1y

<I/H 177 52.68

=1/ H 159 47.32
EEd

<4/ H 66 19.64

>4k / H 270 80.36
T

<4/ H 170 50.60

=4/ H 166 49.40
N

<1W/H 305 90.77

=1/ H 31 9.23
FRH

<1/A 285 84.82

=1/ H 51 15.18
A

<1/ H 199 59.23

=1/ H 137 40.77

<1/H 298 88.69

>1K/ H 38 11.31

723 B I PFOS (GM b 1.335 95%CI: 1.02,
1.73) .PFDoA (GM [t {H 1.80;95%CI:1.21,2.68)
1 PFDA(GM . {H 1.35;95%CI:1. 04,1. 74) Wk 14
FEANIZ B 72 IR B R o WA 1 B P B I PROS i
BE LU A 02 A 1 19 Wk B2 AR (GM EE B 0. 795 95%CI:
0. 63, 1.00) ; 2 1 Wy 25 5 (4 7 11 LU AS 0 2 7% 1 7 1]
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Table 2 Distributions of cord blood PFASs in male and female newborns

%27 Kt 2R/ % GM P25 P50 P75 Kt Rl /(ng/mL)

BB (n=183)
PFOA 100 1.30 0.88 1.30 1.93 0.17 ~ 18.90
PFNA 97.3 0.10 0.07 0.11 0.16 ND ~ 0.82
PFDA 98.4 0.09 0.06 0.10 0.16 ND ~ 1.10
PFUJA 89.6 0.07 0.05 0.09 0.13 ND ~ 0.72
PFDoA 77.6 0.02 ND 0.02 0.04 ND ~ 0.67
PFHxS 96.2 0.10 0.05 0.09 0.16 ND ~ 1.97
PFOS 100 1.06 0.58 1.02 1.73 0.13 ~9.45
3., PFASs 3.24 2.29 3.00 4.59 0.50 ~ 21.94

L% (n=153)
PFOA 100 1.22 0.88 1.19 1.76 0.03 ~ 6.98
PFNA 92.8 0.09 0.07 0.1 0.15 ND ~ 0.38
PFDA 98.7 0.09 0.06 0.09 0.13 ND ~ 0.44
PFUdA 87.6 0.06 0.05 0.08 0.11 ND ~ 0.50
PFDoA 78.4 0.02 ND 0.02 0.04 ND ~ 0.78
PFHxS 88.9 0.08 0.05 0.09 0.15 ND ~ 4.46
PFOS 99.3 1.02 0.60 0.96 1.80 ND ~ 6.69
S, PFASs 3.03 2.20 3.09 4.19 0.15~12.29

Ji% 1. PFDA (GM Lt {8 0.82;95%CI: 0. 68,0.99) #il
PFDoA(GM L fH 0. 68;95%CI:0.54,0. 87) He JE 1K .
M3 B AR & ™ 3 5F il PFUJA (GM HE fE
0.71;95%CI:0.54,0.94)F1 PFDoA(GM . 1H 0. 73;
95%CI:0.55,0.96) ¥ B BAR o i $8 A 55 1Y
72 A B i PFHXS (GM HE A 0. 775 95%CI: 0. 59,
1.00) F1 PFDoA (GM FLAH 0. 76595%CI:0. 59,0. 99)
) W B A o

3 it

AT 5T Sz BRI] R 5L 4 DX B A LA B ) PRASs
TR W S OB A L, AE DR A A R 5
EARE" . Bl PFASs 2 88 /K F 7] B 5 77 I 4F
S A NN SRR RS R 3oL S R TN
122 SRR AR A 36 20 A 56 o 22 004 3 T 4 A 3R
12 14 = B I PFASs VR BE 8 i, 2 A ) DR B )
AT BE 2 MR 72 I B I PRASs WRJE .

55 A 5T SN AR 9 K& BLKE I PRASs
e B S 7 0 A A 1G0T B, X R R ks 5
PFASs I [B] B IR G & o PFASs J&—FfF AR
BLIG ey, A K (4 ~ 5 4 ), w] B s 1) 76
RN E B . ARSI & B FEFEW A L TAE AR
BRI 5 B I PRASs W B A SE . P k-
T A I A & R BE A S PFASs ¥R B 22 [0] £7
FE ARG o A0 mT B D PR Ay 50 B A0 A R 1 R E
FEAM SR A S AN IR EUE 2 8 A PFASs 15 44 &
YL 418 £ PFOA Al PFOS 78 — IR 1 48 45 L TRt
B BRI EEEE R T HAa RN, 6
SEERTPER, NG EY PFASs 547, A
WESE IR & IS0 AR 09 7= I i PENA ¥ B2 AR T %

A TAER =0 . BEAE 5T & & BT AE X ™ 1
PFASs W& B R SZ M o 30 S fF 5 $ 7R J& A T AR T
e AR E AR EERERLE, SV EHMEIL,
2P A I PEASs W AR . iX 55 PFASs 4L 8RR
)3 3 i B B R R BEFLP E B T AR
ST K W AR ( F sh Ak 5 ) 25 3 B0 B Il PFASs
W BB A ST AL AR T A W AT BE & PFASs &
JE B R 0 FE S PR 2 SR T WL KR B i PRASs B #E 11)
AR ATE R

SR R B A e AR PFASs % 58 1Y 8 %Ok
PSS ZHANG B T 125 6y s W U5 v £ b
PFASs & i, & 4 R I =E R B PFASs Wk 53 %)
H4.43 1. 71 ng/g. BREAMF I8 A B A 2K 5 A 00 %
5% PFASs ¥R BE 52 0E AH G AW 5t & B 4
AR B S I PFASs ¥ BE I A . X
2 PFASs T35 Y45 il i 5 2 AL, DL AIK PFASs 1)
5 77 AU .

AT 5T A8 K B A VR B ) (g I | P SR A5 i R
G 55 KB B4 A 5% 1 PFASs W BEEA G . 5
ORI R E RSN EEA NN . BRER R
PFASs & 8 I020 (RO A A K . 1 2 AT 85 5%
FK SRS AE P U5 B B A5 IR PRASs 1B 1 42
D, A58 —8,  bifg FEIaT 5 & B
S B S B R R LoV Il PFASs W 2
TEAHSE I A 28 L ZORAR 25 2 SR ) IR £
YA R 5 5 PFASs % @ KPR A 56, — v,
N T o 2 2 ] — o AN [) £ FH 0 A0 1140 5 3 7K 2
T PFASs W EEAN TR . IR 75 06 i S S aF ot >
B 2S5 5 (8. 68 ng/grdw) - ¥k B TR 25 28
(3. 84 ng/g-dw) FIZK R H K (6. 46 ng/g-dw) . K
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&3  PRASs W BERE A DN FR A T LA 11 45 R (n=336)
Table 3 Generalized linear regression for the influencing factors of PFASs in cord blood (n=336)"

PFOA GM PFNA GM PFDA GM PFUdJA GM PFDoA GM PFHxS GM PFOS GM 3 PFASs GM

El,; 3
YmREx HAE(95%CI)  HABE(95%CT)  HAE(95%CI)  HUAE(95%CI)  HiH(95%CI)  HAH(95%CI)  HAE(95%CI)  HAE(95%CI)
1.03 1.03 1.05 1.02 1.04 1.02 1.04 1.04
PR (1.01,1.05)"  (1.01,1.06)" (1.03,1.08)"  (0.99,1.06) (1.01,1.07)°  (0.99,1.05) (1.01,1.07)" (1.02,1.06)"
KRB HURA /TG
<2 000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.30 1.03 1.49 1.35 1.01 1.22 1.09
2000 ~ <4 000 (0.82,1.22)  (1.02,1.65)  (0.83,1.29) (1.13,1.98)" (1.01,1.79)°  (0.76,1.35)  (0.96,1.56)  (0.92,1.28)
4000 0.97 1.52 1.12 1.63 . 1.29 0.76 1.17 1.01
(0.78,1.20)  (1.17,1.97) (0.89,1.42)  (1.20,2.21) (0.95,1.75)  (0.55,1.04)  (0.90,1.52)  (0.85,1.21)
ST AE
¥ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.92 0.82 0.99 0.88 0.96 1.19 0.99 0.96
fi (0.78,1.08)  (0.67,1.00)  (0.83,1.18)  (0.70,1.11)  (0.77,1.21)  (0.94,1.50)  (0.81,1.21)  (0.84,1.09)
%
o 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.79 1.81 1.51 2.90 1.29 0.78 1.99 1.21
fi (0.40,1.56)  (0.79,4.11)  (0.72,3.19)  (1.11,7.56)"  (0.49,3.41)  (0.29,2.09)  (0.87,4.55)  (0.70,2.12)
EILE
<15 min/d 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
15 min/d 1.36 0.72 1.39 0.42 . 1.84 ) 1.53 1.02 1.14
(0.90,2.05)  (0.44,1.19)  (0.88,2.19) (0.23,0.75)" (1.02,3.32)"  (0.84,2.80)  (0.61,1.68)  (0.82,1.60)
IR
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
- 0.84 0.81 0.95 0.90 0.84 0.89 0.65 0.76
(0.69,1.02)  (0.64,1.03)  (0.76,1.17)  (0.68,1.18)  (0.64,1.11)  (0.67,1.18)  (0.51,0.82)" (0.65,0.89)"
FER
<1&/A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LA 1.05 1.25 1.12 1.46 ) 0.92 0.98 1.14 1.07
(0.87,1.28)  (0.99,1.59)  (0.91,1.39)  (1.11,1.92)°  (0.70,1.21)  (0.74,1.30)  (0.90,1.44)  (0.91,1.25)
e S
<1&k/A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
V%A 1.08 0.80 0.85(0.69, 1.00 0.82 1.03 0.79 ) 0.94
(0.89,1.31)  (0.63,1.01) 1.05) 0.76,1.31)  (0.62,1.07)  (0.78,1.36)  (0.63,1.00) (0.80,1.10)
LS
<1&/H 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1%/ 0.94 0.93 0.82 ) 1.22 0.68 . 0.88 0.94 0.94
0.79,1.11) ~ (0.76,1.13)  (0.68,0.99)  (0.96,1.54)  (0.54,0.87) (0.69,1.13)  (0.76,1.15)  (0.82,1.07)
3
<4/H 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
A%/ 0.89 0.89 1.03 0.71 ) 0.73 ) 1.22 0.99 0.91
(0.73,1.09)  (0.70,1.13)  (0.83,1.28)  (0.54,0.94)" (0.55,0.96)° (0.91,1.62)  (0.78,1.26)  (0.77,1.07)
i
<4/ A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
4%/ A 0.99 1.03 1.04 1.15 0.76 ) 0.77 ) 1.17 1.03
(0.82,1.18)  (0.82,1.28)  (0.85,1.27)  (0.89,1.49)  (0.59,0.99)"  (0.59,1.00) (0.94,1.46)  (0.89,1.20)
RN
<1&/H 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
L/ 1.11 1.16 1.08 0.90 1.80 ) 0.77 0.91 1.07
(0.84,1.47)  (0.83,1.62)  (0.80,1.47)  (0.61,1.33)  (1.21,2.68)"  (0.52,1.16)  (0.65,1.28)  (0.85,1.34)
EEa)
<1&/H 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
L/ 1.09 1.22 1.05 0.92 1.05 1.03 1.33 ) 1.14
(0.87,1.35)  (0.94,1.60)  (0.83,1.34)  (0.68,1.25)  (0.77,1.44)  (0.75,1.41)  (1.02,1.73) (0.95,1.36)
<1/A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
L/ 0.92 1.03 1.00 0.91 1.01 0.91 0.99 0.96
(0.76,1.12)  (0.81,1.30)  (0.81,1.23)  (0.69,1.19)  (0.77,1.34)  (0.68,1.20)  (0.78,1.25)  (0.82,1.12)
<1/H 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LA 1.16 1.34 1.35 1.23 1.04 0.94 1.20 1.15

(0.91,1.47)  (1.00,1.79)" (1.04,1.75)°  (0.87,1.72)  (0.73,1.46)  (0.66,1.33)  (0.90,1.61)  (0.95,1.40)
T :'P<0.05; " P<0.01; P4 A R R T AL LR 3, 7 IO B0, Yl Jm £ 1, K 0, 7 4, IR 2R R T26, T A0
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HER — JRURF 582 K B SR AR (0. 42 pg/kgewt) Al &S
NAR (0. 14 pg/kg: wt) PFOS ¥ B 1 & T 11 32 M
(0.07 pg/kgwt) 5% N (0.07 pg/kgwt) o 75—
J5 T PFASs Vi JE AR B & W) 85 2 18 A 7T BE 38 4 1k
| AL TR 28 A5 B W 1 ek 2D, AT 9 I PRASs
o VR E R BB TR A I S R B R 2SI
B S B A AL AR P 2/ 1 B S B A AL Y 13K PFOA
M PFOS M FE & o 4 S5 7R 1T PFASs i & %% 88 PP Ah
10 NV -4 e S S 7 R A T I Y [ 97 TN
i B 45 A T 5

A IE A A7 AE S SR R . B e, SRSt T A
N B MR AR 5 RO AT R B TR O R A F G s
K2R X JBF I PFASs 7K 7 (9 52 0 1 R AT — 3458, 5
Je WF 5% AT 2 A X S R B LR FRQ I A
TE7E B5 B 55 17 20 WR B EAT 00 o ZE R 300 ), AR B 45
PRI RE & & A AR b . 3xX 2B AT A S B2 i 22 i 2
5 i 22, 0 v B e e A K B AR S I BBk
N o B, ARBEGE T AR 2] e T 2 B E
05 T )RR AR, 2 IR B R M R 5 KT 25 R Rk
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25 LRTR AR R BE WA B T AR
B WA, 7 RN I B 25 AL AT AE S e T A L
PFASs Z# K F-.
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