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Abstract: Objective  To investigate the contamination status and distribution characteristics of perfluoroalkyl and
polyfluoroalkyl substances ( PFASs) in liquid milk and livestock meat in Inner Mongolia, to assess the health risks of dietary
exposure in the population, to provide a scientific basis for national food safety risk assessment, and to promote the formulation
and implementation of PFASs prevention and control measures. Methods  Samples of locally produced liquid milk and
livestock meat were collected from 12 leagues and cities in Inner Mongolia. High — performance liquid chromatography — tandem
mass spectrometry ( HPLC - MS/MS) was used to detect and analyze 23 PFASs in the samples. The estimated daily intake
(EDI), estimated weekly intake (EWI) , and hazard quotient (HQ) methods were applied to conduct an exposure assessment
on the total intake of perfluorooctanoic acid ( PFOA) , perfluorooctane sulfonate ( PFOS) , perfluorononanoic acid ( PFNA) ,
and perfluorohexane sulfonate ( PFHxS) through liquid milk and livestock meat consumption among the population in Inner
Mongolia. Results A total of 454 liquid milk and livestock meat samples were collected, including 214 liquid milk samples
and 240 livestock meat samples. The detection results showed that the overall detection rate of 23 PFASs in liquid milk samples
was 48.13% (103/214 ). The predominant compounds detected were perfluorobutanoic acid ( PFBA ), PFHxS, and
perfluoropentanoic acid (PFPeA) , with detection rates of 31.31% (67/214), 13.08% (28/214), and 11.21% (24/214),
respectively. The overall detection rate of PFASs in livestock meat samples was 59.17% (142/240). The compounds with
higher detection rates were PFPeA, potassium perfluorooctanesulfonate ( PFOS), and PFBA, with detection rates of 23. 75%
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(57/240) , 20.83% (50/240) , and 19.58% (47/240) , respectively. The assessment results indicated that the HQs for the
total intake of PFOA, PFOS, PFNA, and PFHxS through liquid milk and livestock meat in the Inner Mongolia population were

all <1. Conclusion

The contamination level of PFASs in liquid milk and livestock meat in Inner Mongolia is relatively low,

and the dietary exposure risk of total PFOA, PFOS, PFNA, and PFHxS through liquid milk and livestock meat consumption is

low.

Keywords: Inner Mongolia region; Liquid milk; Livestock meat; Investigation and analysis; Polyfluoroalkyl and perfluoroalkyl

substances; Risk assessment
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Table 1 Detailed information on the limits of quantification and detection for 23 PFASs

P R YR i i CASEERT LOK\]%:' '[Lﬁ%k@ ( LO%%E;%]{;;)
T BERR Perfluorobutanoic acid PFBA 375 -22 -4 0.02 0.06
IR EER R Perfluoropentanoic acid PFPeA 2706 —90 -3 0.02 0.06
LR OB Perfluorohexanoic acid PFHxA 307 -24 -4 0.01 0.03
RBEFIRIR Perfluoro heptanoic acid PFHpA 375 -85 -9 0.01 0.03
SRR ER Perfluorooctanoic acid PFOA 335 -67 -1 0.01 0.03
R TR Perfluorononanoic acid PFNA 375 -95 -1 0.01 0.03
RS BERR Perfluorodecanoic acid PFDA 335-76 -2 0.01 0.03
LR R Perfluoroundecanoic acid PFUdA 2058 -94 -8 0.01 0.03
LRt R R Perfluorododecanoic acid PFDoA 307 =55 -1 0.01 0.03
LR =hR R Perfluorotridecanoic acid PFTrDA 72629 -94 -8 0.01 0.03
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A S g casuRn (GO R
AT R R Perfluorotetradecanoic acid PFTeDA 376 -06 -7 0.01 0.03
LE N R R Perfluorohexadecanoic acid PFHx DA 67905 -19 -5 0.01 0.03
R\ BRIR Perfluorooctadecanoic acid PFODA 16517 -11 -6 0.01 0.03
TR T B ERA Potassium Perfluorobutanesulfonate acid PFBS 29420 -49 -3 0.01 0.03
L5 O R TR AN Sodium Perfluorohexanesulfonate PFHxS 82382 -12 -5 0.01 0.03
s e eyl Potassium perfluorooctanesulfonate PFOS 2795 -39 -3 0.01 0.03
IR S BE TR AN Sodium perfluorodecanesulfonate PFDS 2806 — 15 -7 0.01 0.03
TSR R Perfluoropentanesulfonic acid PFPeS 2706 -91 -4 0.01 0.03
PR Perfluoroheptanesulfonic acid PFHpS 375 -92 -8 0.01 0.03
TSk R perfluorononanesulfonic acid PEFNS 98789 —57 -2 0.01 0.03
4.8 - "5 -3H- 423 TFK 4,8 - Dioxa —3H - perfluorononanoic acid ADONA 919005 - 14 -4 0.01 0.03
6: 2 FACZ F eI R LR 6: 2 chlorinated polyfluorinated ether sulfonate  6:2Cl - PFESA 73606 - 19 -6 0.01 0.03
8. 2 SN L EUkm Lk hrt iR £k 8. 2 chlorinated polyfluorinated ether sulfonate  8:2Cl — PFESA 83329 -89 -9 0.01 0.03

12,2 sl (1) BEASR AL AR v i T i 4 1) -
BEHLIHRE , BR A5 N 52t 11X 12 AN B T A 72 I
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f{)—2 (1/2L0D) SRR A
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quotient, HQ ) DA 7512 X6F PN 552 1yl DX 3 3k 35 7™
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(2) K (3) R,

CxIR
EDI = BW (1)
EWI =EDI x7 (2)
EWI
T TWI (3)

Hoir, EDI( Estimated Daily Intake ) fC A& /) H
B AR [ ng/ (kg - d) ],C ARG PRASs (-1
FREAVRIE (ng/g) IR iy H T 3% & (g/d) (440 5K
T2 4 U DAL H 0 (CFSA) 2020 48 5T Jg i v [
JE B IH B U A B0 RS B P SR L IX
JERH ¥R , BW g AR 1A . 2020 48, Bk

2R (EFSA) KA T & T2 54L& 1 0 XU
WA R 5 o % T U Ah 4 5 ke B2 49 5T (PFOS  PFOA |
PFNA 71 PFHxS) X} gl (%) 5% 0 B30 1 22 R AR DL J
10 M v B 250, EFSA 198 5 T5 Y Wpiv Ak &
Z 20 (CONTAM /N ) s Xof ik U A PFASs SE1 TS
Al . ARTEIA B s R 5T , X4 sE R G 10 52
M B DA A S RS TFA 110 SRR RA N o 7 T 00 A AR 9%
L1 B S B LEE LG T U AP PFASs SUFTAY R L%
B T AR AL 435024 31.9 ng/ml 1 27.0 ng/ml,
f#iH PBTK A7 fki 11,1 % JLEE 31. 9 ng/ml %135 7K
AR TR R AR R R B 1. 16 ng/ (kg - d)
T ixX PUA PFASs £7 75 Rl I [R] (1) 22 AR50 , CONTAM
/NG B 5E X DY PFASs ( PFOA | PENA | PFHxS Fil
PFOS) () TWI Jj 4.4 ng/ (kg - week) ™', % TWI 1]
PRI AR A 22 A TS TE AN KRR, I DL AE R PFAk
fat Rl G 35 I S

2 5 R

2.1 &AL F W T LR S R E 0N
LR M WNFEH XIS E N PFASs Bk
Ko 3R AR, g 53.96% (245/454) , Hir, 214 3
A FLH 23 il PFASs 1 SUACKS 1528 48. 13% K5 1 4%
R B A PFBA | PFHxS, PFPeA, K5 3% 43 51
31.31% (67/214) 13.08% (28/214) .11.21% (24/
214) ;240 {3 & At PFASs 119 46 H 24 59. 17%
(142/240) , K H =55 25 14 4 PFPeA . PFOS PFBA ,
4 5k 23.75% (57/240) . 20.83% (50/240) |
19. 58% (47/240) o R W ST AR TR NS 35 % 2
AE5ERTEEIE (AW L IESS) #1751
IHT (KB 7K fE « = 0.05), 25 - W], PFBA (P <
0.001) .PFPeA(P <0.001) PFNA(P =0.011) .PFDA
(P <0.001) .6:2Cl - PFESA (P <0.001) 55 PFOS (P
<0.00) 7EBE N SWAEA TP & & ERAST
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61.94% (70/113) 1 56. 69% (72/127) , FiZH 22 5%  PFOS 7EF A A V-1 & & 22 S B G &
Gt X (X =0.683, P =0.409); X [{] — &  X(P=0.006),
PFASs , 2R FH PR 37 A AR Bk FIKG: 562 b 38 AN [R] & A ot e
R2 OWMSILTE N PFASs BURRINAS R 558110 bk
Table 2  Detection results and statistical analysis table of PFASs in livestock meat and liquid milk
AT i) FH

fea B PSRRI Ko 9 POS o RKfl MGk (A POS  BOK(H KR

(ng'kg) (pgkg) (pgkg) (%) (ng’kg) (pgkg) (pgrkg) (%) (pg/kg) (pgkg) (pgkg) (%)
ADONA 0.0053 0.0050 0.0350 0.94 0.0050 0.0050 0.0050 0.00 0.0050 0.0050 0.0050 0.00
6:2Cl - PFESA 0.0078 0.0390 0.0430 8.41 0.0053 0.0050 0.0390 0.88 0.0055 0.0050 0.0400 1.57
8.2Cl - PFESA 0.0051 0.0050 0.0180 0.94 0.0050 0.0050 0.0050 0.00 0.0050 0.0050 0.0050 0.00
PFBS 0.0051 0.0050 0.0190 0.47 0.0050 0.0050 0.0050 0.00 0.0058 0.0050 0.1120 0.79
PFHpS 0.0051 0.0050 0.0220 0.94 0.0053 0.0050 0.0250 1.77 0.0050 0.0050 0.0050 0.00
PFHpA 0.0050 0.0050 0.0110 0.47 0.0051 0.0050 0.0130 1.77 0.0050 0.0050 0.0050 0.00
PFDS 0.0051 0.0050 0.0310 0.94 0.0058 0.0050 0.0680 2.66 0.0050 0.0050 0.0050 0.00
PFDA 0.0051 0.0050 0.0240 0.47 0.0062 0.0150 0.0320 7.97 0.0059 0.0050 0.0550 3.94
PFHxS 0.0057 0.0110 0.0160 13.08 0.0068 0.0140 0.0440 13.27 0.0089 0.0290 0.0820 18.11
PFHxA 0.0076 0.0050 0.4720 4.21 0.0054 0.0050 0.0210 3.54 0.006 7 0.0100 0.1490 6.30
PFNS 0.0051 0.0050 0.0180 0.94 0.0051 0.0050 0.0180 0.88 0.0051 0.0050 0.0110 0.79
PFNA 0.0051 0.0050 0.0270 0.47 0.0073 0.0050 0.0060 6.20 0.0052 0.0050 0.0230 1.57
PFOdA 0.0050 0.0050 0.0050 0.00 0.0050 0.0050 0.0050 0.00 0.0050 0.0050 0.0050 0.00
PFDoA 0.0053 0.0050 0.0650 0.94 0.0050 0.0050 0.0050 0.00 0.0050 0.0050 0.0050 0.00
PFHxDA 0.0057 0.0050 0.1010 1.40 0.0050 0.0050 0.0050 0.00 0.0050 0.0050 0.0050 0.00
PFTrDA 0.0050 0.0050 0.0050 0.00 0.0050 0.0050 0.0050 0.00 0.0050 0.0050 0.0050 0.00
PFTeDA 0.0052 0.0050 0.0280 1.40 0.0050 0.0050 0.0050 0.00 0.0050 0.0050 0.0050 0.00
PFUdA 0.0051 0.0050 0.0280 0.47 0.0050 0.0050 0.0050 0.00 0.0064 0.0050 0.0910 3.15
PFPeS 0.0051 0.0050 0.0204 0.94 0.0051 0.0050 0.0170 0.88 0.0064 0.0050 0.1020 2.36
PFPeA 0.0340 0.0080 1.0600 11.22 0.1120 0.3770 4.1600 21.24 0.0812 0.3540 2.3600 26.98
PFOS 0.0055 0.0050 0.0310 5.14 0.0187 0.0940 0.176 0 28.32 0.0100 0.0350 0.1140 14.17
PFOA 0.0056 0.0050 0.1180 0.94 0.0058 0.0050 0.0470 2.66 0.0057 0.0050 0.0370 3.94
PFBA 0.0702 0.2470 4.2200 31.31 0.0400 0.2600 0.4280 19.47 0.0440 0.1350 1.2200 19.68
Bt - - 48.13 - - 61.94 - - 56.69

- FORIEE.

2.2 RAELEFATAERA S RIRAN G DT
A £33 WAF 5 FWNH PFASs (PFOA + PFNA + PFHxS +

2.2.1 A[RE 5 PFASs RIS IRIE NS
H DX R R ASFL S & WIS 9 &, 455 4 Bl PFASs (1)
SRR ARV TGN G X e RIS
%W AFET PFASs (1) EDI EWI 5 HQ, iR E/RNH
Setr i X fE R A FL 5 B RN A 4 Fh PFASs
(PFOA + PFNA + PFHxS + PFOS) [ HQ ¥ < 1,4 A
FCSFL S & AR HQ 2 0. 246, il 5%, HQ
0.038,2f 7 HQ 24 0.020, 474 HQ 4 0.012, AN
St HLIX JE RGE S W ASFL S FE N 2R T PFASs §3
(RS A . L6 3

2.2.2 A[FAFIBH(2) WAL 575 W PFASs 1) 2
FEVPAG MR AFEIS 2 (3 ~ 14 (15 ~44 45 ~59 60
~T4. =75 B )AL S E R H X, XA
PFASs By XU i 17 2 88 WAl . 452 WoR, HQ 3 <1
(0.199 ~0.476) ., W3 4,

PFOS) ) B F2 Al 4521
Table 3 The assessment results of PFASs ( PFOA + PFNA +
PFHxS + PFOS) exposure in liquid milk and livestock

meat
H ¥ 9% 5 EDI EWI
= B
LLILES (d)  [ng/(kg-d)] [ng/(kg-d)] 1O
AT 65. 67 0. 024 0. 168 0.038
4 12. 00 0. 008 0. 056 0.012
B 25.23 0.012 0. 084 0. 020
Ean 102. 90 0. 044 0. 308 0.070
RIS i .

EIRMZ LA A YRS S E AT
Rrih  REAS B HH 300 301y 48.13% 5 59.17% o W
AFLPREH RE R 190 PFBA [PFHxS PFPeA K5 Hi
Sr3Ih 31.31% (67/214) (13.08% (28/214)
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F4 RIS WATL S A PFASs(PFOA + PENA + PFHxS + PFOS) [ 2 85 PF i 45 5
Table 4 Exposure assessment results of PFASs (PFOA + PFNA + PFHxS + PFOS) in liquid milk and livestock meat across different age

groups

151 H 399 e it EDI EWI HQ HOQ fit i
(gd) (ng/(kg - d) (ng/ (kg - d) HBl(% )

3~14 111.01 0.299 2.093 0.476 32

15 ~44 93.84 0.125 0.875 0.199 14

45 ~59 94.71 0.127 0.889 0.202 14

60 ~74 127. 46 0.173 1.211 0.276 19

=75 % 138.46 0.198 1.386 0.315 21

Vi BLAE I 43 BT T 2000—2001 A ABRBRG 71411 ( GBD) H ARG ) 48t 1 o it AR 4L " E R 7]

11.21% (24/214) ; 3 A K H B85 19 4 PFPeA |
PFOS . PFBA, ¥ 1 % 43 51l & 23.75% (57/240) .
20. 83% (50/240) .19.58% (47/240) ., WAL SZE A
A SN 22 JUbE R AL B W) 32 Bk A 32 75 YL 1 A R
7k, 2L PRASs 75 H MR AN LU kA i 4

AW AE WA FL A £ E A PFBA | PFHxS |
PFPeA K H B 43510 ND (IR T H R ) ~4. 220
wg/kg LOD ~ 0.016 pg/kg, LOD ~ 1.060 peg/kg.
2016 4FAb st B ALY PRASs F5E FP ALK T
T FEA Y, BAUK S T B A BE DG ) PFOA
WK 23.3% , & T AWF 5 PFOA 19 K i %
(0.94% ) ;2018 4F i #5> H IX &1 %+ 17 Fh PFASs 1)
T K R AL = 9 o PFOA (PFHpA A1 PFHxA |
A FLH PFOA (0. 377 ~3.870 pg/kg) B H =
TABFFL(ND ~0. 118 0 pe/kg) ;2025 4£ 8 perii ™ xf
YR ShH PRASs BRI A3, AR FLAE A h F2 8L
fi it PFBA 55 PFPeA PFh PFASs , 5 4B 5% fh A 1
I —FG s — T 5 T A FL AP PFASs 09T B
N TS FLAG R E R A A PFOS (100. 0% ), PFOA
(100. 0% ) .PFHxS(93.3% ) .PFBA(80.0% ) , /5
FAMESE H X 4 B o A H R (5. 14% 0. 94%
13.08% 31.31% ) ; i . il g A5 5L PFASs 46  BF
FEHp K R 98 PFOS (PFOA \PFHxS, K H R 1
4 100. 0% , ¥4 155 F AT

B PFASs (1) 5K 1Rk 59. 17% (142/
240) kit 8 = AR PFPeA (PFOS (PFBA £t #.53
Wk 23.75% (57/240) .20.83% (50/240) . 19. 58%
(47/240) . X Fe A HoAl 4 i, Jb st T
PFASs ¥ I BF 5% Hh, & A FE A PFASs B A6 R A
66. 7% , f= TAHFSE , HA4 A 52 A PFHxA & 5K
SE-(ND ~0. 54 ng/g ND ~0. 28 ng/g) ¥ 5 T ARUFFE
PFHxA 18 B KF (45 ND ~0.021 0 pe/kg; 2 [A
ND ~0. 149 0 ng/kg) ;s WIRA BfFse ™ %01, & B
PFASs £ i1 3% (80.5% ) ' T A B 5% (59.2% ), H
PFOS K tH 3R Ky 25. 6% , & T A #F 5% (20.83% ) ;
2025 4F b g Y AT ST, B A 3 E G PFBA

(54.0% ) . PFOA (20.8% ) Fi1 PFOS (18.3% ), H:rh
PFOS X FAHFF K H 2 (20. 83% ) . 2010 4EHBfEE >
EEX$E A PRASs 46 B9 BIF 5T 25 B, PFOS 5 PFOA
R H %8358 100. 0% , 3575 FABIESE , Kt AE S Lk
0.022 ~0.100 pg/kg, W% T A HF 52 (ND ~ 0. 176 0
pe/kg) o

PHASZE LI, NFE X AR REASE
R T PFASs ) HQ < 1, SR WT1Z b XA FF252 7 XU
A F AT Z K R NS XS S5 & W
PFASs (175 Je45%

WAAMEBEBREINGE T EREEEAN EE
KR, He PFASs V594KV h Y Mg e e A g it 1
TR RG . RH T T R X sk BR A
T Je NTEME £ 5 G2 Al , LA R AT X AR T K L 28 L R
Ak R ST SR A A 1) W, Sk Y Sk 96 3 ANBUOR
il 22 SRRl

AU ST AN E A TS (1) AUBFSE T NS
WX SIS E NS PTRE &, KA K
B AW SAR K IS TE R R s A2, AT Re A4l A HE S
PN (2) 8 2 AR IR B b E R R 2R
BLIHAE (2020) ), J5 22 TAERY K& 5 28000 15
R, S TR AR 1, L3R i 2 B VAN I I 2 A e o
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