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Pollution status and dietary exposure assessment of per- and polyfluoroalkyl substances in
animal-derived food sold in Hu’ nan Province
XIE Yanxiang, LIU Fengjiao, FAN Ke, LIN Yongtao, ZENG Xiaoyuan, XIE Chaomei,
LI Zhaomin, LIU Sunian
(Changde District Center for Disease Control and Prevention, Hu’ nan Changde 415000, China)

Abstract: Objective To investigation and analysis the pollution status and dietary exposure risk of perfluorinated and
polyfluorinated alkyl compound (PFASs) in animal-derived foods sold in Hu’ nan Province. Methods From 2023 to
2024, a total of 266 samples of animal-derived foods including aquatic products, livestock meat, eggs, dairy products were
randomly collected in Hu’ nan Province. The content of 23 types of PFASs in the samples was determined by UPLC-MS/MS,
and the dietary exposure of PFASs in animal derived foods was evaluated by the method of point estimation. Results ~ Seventeen
types of PFASs were detected in 202 samples, with a total detection rate of 75.9%. The overall detection rates of various
types of food were ranked from high to low as follows: aquatic products (100% )>eggs (91. 6% )> livestock meat (80. 5% )>
dairy products (24.2%) , and the difference was statistically significant (¥’=94. 69, P<0.05) ; the content range of 23
PFASs was 0. 01-8. 17 ng/g, with the highest average PFOS content in aquatic products being 0. 42 ng/g, the HQ evaluated
from the total assessment of four PFASs including PFOA, PFNA, PFHxS, and PFOS in various foods were all less than 1.
Conclusion The contamination of PFASs in animal derived food sold in Hu’ nan Province was relatively common, but the
degree of contaminationwais relatively light, and the impact on residents’ health was limited.
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Table 1  Detailed information on 23 per- and polyfluoroalkyl substances

TS R P& 4 W 1 CSA S Iy T
ST B R R Perfluorobutanoic acid PFBA 375-22-4 C,HF,0,
AT R TR Perfluoropentanoic acid PFPeA 2706-90-3 CHF,0,
RO LERIR Perfluorohexanoic acid PFHxA 307-24-4 C()HF”OZ
AR R R Perfluoroheptanoic acid PFHpA 375-85-9 C,HF 0,
I LR Perfluorooctanoic acid PFOA 335-67-1 C,HF 0,
R T HERTR Perfluorononanoic acid PFNA 375-95-1 C,HF ,0,
B R TR Perfluorodecanoic acid PFDA 335-76-2 C HF ,0,
R — LR R Perfluoroundecanoic acid PFUdA 2058-94-8 C,,HF,,0,
LRt T RR Perfluorododecanoic acid PFDoA 307-55-1 C,HF,,0,
R =R R R Perfluorotridecanoic acid PFTiDA 72629-94-8 c,,HF,.0,
AT PR R Perfluorotetradecanoic acid PFTeDA 376-06-7 c, HF,,0,
A SRR Perfluorohexadecanoic acid PFHxDA 67905-19-5 C,HF;,0,
EH A\t R IR Perfluorooctadecanoic acid PFODA 16517-11-6 C HF,0,
AT b R Nonafluorobutane-1-sulfonic acid PFBS 375-73-5 C,HF,0,5
B R Perfluoropentane sulfonic acid PFPeS 2706-91-4 C,HF,,0,5
4 R e itk TR Perfluorohexane sulfonic acid PFHxS 355-46-4 C,HF ;0,8
2 F0 Db B R Perfluoroheptane sulfonic acid PFHpS 375-92-8 C,HF 0,8
LG S i TR Perfluorooctane sulfonic acid PFOS 1763-23-1 CSHF”OSS
AR e R perfluorononane sulfonic acid PFNS 68259-12-1 C,HF 0,8
A2 RS B i R Perfluorodecane sulfonic acid PFDS 335-77-3 C,,HF,,0,S
9-58 1 7 Hi-3 -4 ot ] - 1 -tk i 9-Chlorohexadecafluoro-3-oxanonane-1-sulfonic acid 6:2C1-PFESA 756426-58-1 CHCIF, 0,5
- 3-8 — e -1 - iR 11-chloroeicosafluoro-3-oxaundecane-1-sulfonicacid 8:2CI-PFESA 763051-92-9 C, HCIF, 0,8
4.8-" 4% 3H- 2 TR 4,8-Dioxa-3H- perfluorononanoic acid DONA 919005-14-4 C,H,F,0,

Fkih 16 Fi, IS HE RS KL 9 B, FL A JAL
B 2 Bl 45 2880 dh 19 G Hh RO B 20 1) R 7K
7225 (100% ) > 25(91. 6% ) >7 N 25 (80. 5%)>F. i
2:(24.2%) , 225 A G L (}=94. 69,P<0.05) .
KPP A 2 Bl A BUR R W A L, Horp PFUdA
(98.5%) .PFDA(97.1%) .PFTrDA(95. 6%) , ¥ i %
¥J>95%, PFNA (85.3%) . PFDoA (85.3%) . PFTeDA
(64.7%) .PFBA(63.2%) .PFOA(51. 5% )k H} %4>
50%,9 Ff 4= 0 R H AL PFOS # HH % 50% , HiAth
Y/ it O A 5 SRR ST ) PFBA K
L 50% , 17 7L & 28 PFBA(24. 2%) Al PFOS
(6. 1%) AL wkil . KR MPHS PFASs & &3l
il <0. 02~11. 1 ng/g, /K221 S PFASs % 2 f5 =
11. 1 ng/g. > PFASs & i ¥{E M & 2K 43 0] R 7K ™
i (1. 52 ng/g)>H25(0. 27 ng/2) >FL i 22(0. 20 ng/g)>
FHWI(0. 13 ng/g) o LB 23 Fh PFASs 15 4%
IKT R R R LR 2,

23 Fi PFASs & &L FIH 0. 01~8. 17 ng/g, A [d]
1 A5 B PFAS ¥{EAH 22 80K, K7™ 25 LA PFOS
I fcm N 0.42 ng/g, I BRI EILMEU
PFBA {8 & & 4> 4 0. 10.0.06.0. 17 ng/g, 5 2%
iR 23 Fl PRASs & i3 {E e WA 1.
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3 it
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B R T 2010—2012 4 Y 1] 45 i A
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At A BT 22 KRG HE PR BT G 5 K 7 38 R Y PFASS
TR EE N 11 ng/g, & T 2020 4F 1L 744 a2k
(3.671 ng/g) K- KT 2016 4F 0BT T K 7=
(20.73 ng/g) M1 2020 4 i 6 JE L A M XK 7= dh
(75. 114 ng/g) K P2 B I E WP Y PFASs
TR R 2.21.0. 86 ng/g, KT 2016 4EJL
T (9.29.3. 68 ng/g) Fl 2020 4F i b - 7 3 [X
(7.581.2.512 ng/g) B K" AT BE H 45 b X BR35%
5 YL KT 22 S T 20, WY H AT RS 4 T B sh A R
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Figure 1 Comparison of the average content of 23 PFASs in animal-derived foods sold in Hu’nan Province
F3 WA TR YIRS T PFASs fE F B (HQ)
Table 3 Hazard quotient (HQ) of PFASs in animal-derived foods sold in Hu’nan Province
TR H ¥ 3w/ (g/d) S, ,PFASs(PFOA+PFNA+PFHxS+PFOS) HQ i i il / %
K72 (n=68) 40 0.514 60.3
HEH(n=83) 33.7 0.045 5.3
#H I (n=82) 127 0.267 31.3
A2 (n=33) 21.6 0.026 3.1
Hit (n=266) 2223 0.852 100
N AL F AR X BRI K o BEAEIESE o, &k R R T 40Xt PFASs WHEABE 1, & 45 8500 B 75 filk 55

2R ik i DX 46 % R R R VR T i IX L DL K Tk
V5 g X AE Tl V5 9 X A B 58, PRASs K ik B2
L R 2T T PFASs SEM G K Hth =Y,
W R N A KR AL Tl B, 285 & R K AR 4
B HE 4 b 9 5 b st Rt db w7 AR
AL LB R E 4 K YWE L4 F
PFASs (PFOA+PFNA+PFHxS+PFOS) [ it T it 15 %)
B HQ #y <1, HrK ™= 2 5 HQ & &L 0.514,
AR T 2020 45 98 b gAY H XK 77 28l b D
PFOS FRETEAG 19 HQ(2. 462)1" | 5 2020 4EiL T4
K= 8 H L PFOS B & Al A9 HQ (0. 0196~
0.587) 43 HE R i A4 T B B R TP AR
K 22 Ji ot He Ak A T Y R B A, o) i RS A B 5 i)
H

— AR KA PRASs AYFEVESR T 8% PFASs ™,
H Wik PFASs i 65 187 7~11 B, & AL
N7 I 5 e 11 33 T i (R TR > 11 2R
BT o ARG K, o DA 2 A A G A A R B

B4 2 T 5 . AR R A Y 23 Bl PRFASs 7E K
;S L PFUAA(98.5%) \PFDA(97.1%) .PFTrDA
(95. 6% )3 Fl | B SRS Hh B 05 &7, TP % PFOS %
St A E Fe AR S CF TR ISR A 28 TR R
B Y R B SR PRAS Y4 S Bk PFBA, R Bl
B AR AR S K 7 B AR A B P A
Tl PRASs V5 3 , 1M 45 = 45 (14 8 28 Ay 3L sh 9 ) 3 22
AR HE PRASs, H ' 4R BE AR X 30558, $2 75 1K 2
HEMEL FRIEMIA SR E KR EAR
WAL W EEE AR . 2018 AEERUN A 5 2 4 R/ Ak
B A R R RIS YA 86% K
[ £ 28 R Al v P AR IR 5 R ) R A T R K
J5 S PFASs & S ME 5 1. 52 ng/g, J2 W 91 151 /9 44
TEEZ(0.27 ng/g) . & WZ(0. 13 ng/g) MFMZE
(0.20 ng/g) > PFASs & BI{EZ MM 2.5 £%, H1K
FEAH 4 LA PRASs BE AL EIR HQ 4 28
IR A HQ 1Y 60. 3% , Ui BT T 45 7 2 %
ot B W U AR R T A AL A W A R AU
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RARF A=, 5 BRI 5 % 4 Jm i BF 98 45 18 S AR
—,

2009 4 DLk 45 [H S8 5 X PFOA (PFOS K H £k
L EAT BRI AR ]V 2 8 B AR A T bR R
A IF VR AR 5, A0 45 PFBA 2506 55 PFASs il
O E RE Y 4 G0, Q025 R A B kR TR
(PFECAs) Fl i i? (PFESAs) 3% Wi %% )7z i ™ .
BE 72 8 45, 2015 4F db 50 % = /K R £ /) 12 Fp
PFASs &, DL K &% PFUdA & & ¥ E & &R
1. 68 ng/g",2020 454t LAY b X K 7= 2 rp 14 Fp
PFASs @ ki ifh , DL 85 PFOS & B (H & & h
7.316 ng/g", [WHAIL 744 s h 16 Fh PFASs 4236
Wiy, DUELHE PFBA & i 5 4 1. 354 ng/g"",
AW K P22 23 B PFASs Kt 16 i, LU
PFOS & ¥ U 0.42 ng/g, £ Fh AR A &
et A A AR LA XA KR R B, W] PFASs %
Y4 7E S ) M X K R [ s 30 1 7 e A B A7 7 WK
ZSF L MRS &M TR A FEMWAEG A
X, A R T A R 3R [ 4T PFASs S5 A A HLTS Y
Y1) 55 s R D UL AR . (B A5 TR R AR K A
FEAR 72 RZSRIE R ZS B RN R R B A T
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