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Abstract: PFAS were emerging pollutants that have caused great attention in recent years. PFAS were widely
detected in the environment and posed potential risk to human health. However, the nationwide distribution of PFAS in
soil and groundwater remained unclear. Through published literatures, the concentration levels, component characteristics
and the sources of PFAS in soil and groundwater were compared in different regions. The spatial distribution of PFAS
were discussed. This work would provide insight into the status of PFAS in soil and groundwater across China. PFAS
were pervasively existed in the soil and groundwater. In general, the PFAS level was higher in east China of coastal
area than the west areas. The PFAS level around point sources,such as industrial area (especially the fluorochemical

facilities) was higher than other areas. PFOA and PFOS were still dominant PFAS in the environment, while the

content and detection frequency of novel PFAS (such as perfluorobutanoic acid. perfluoro (2-methyl-3-oxahexanoic)

acid,etc) was increasing,which could not be neglected.
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Table 1 Informations of common PFAS

FH L Fx e 4y F CAS % 5 EE BN
S TN TFA C,F;HO, 76-05-1 [8]
AN R PFPrA C3F;HO, 422-64-0 [8]
L TR PFBA C,F7HO, 375-22-4 [8]
£ PFPeA C;FyHO» 2706-90-3 [8]
R PFHxA CsF1 1 HO: 307-24-4 [8]
L PFHpA C:Fi3HO, 375-85-9 [8]
LR PFOA CsF1s HO, 335-67-1 [8]
PFCAs ERTm PFNA CoFi7 HO, 375-95-1 [8]
AR PFDA CioF19 HO 335-76-2 [8]
A+ —R PFUnDA C11 Fyy HO, 2058-94-8 [8]
o i ) PFDoDA Ci12F23 HO: 307-55-1 [8]
o T N [y PFTrDA C13F25 HO 72629-94-8 [8]
TR PFTeDA C1F2r HO, 376-6-7 [9]
2R TN PFHxDA CisF5 HO, 67905-19-5 [9]
£ AN 7y PFOcDA CisF35 HO, 16517-11-6 [9]
S TRT R R PFBS C4FyHSO; 375-73-5 [8]
A O e i R PFHxS CsF13 HSO; 3871-99-6 [8]
AR BE B R PFHpS C;F17HSO; 375-92-8 [10]
A2 TRE BE T TR PFOS CsFi7 HSO; 1763-23-1 [10]
PFSAs 4 TS ot T TR PFDS C1oF21 HSO; 335-77-3 [10]
AT 2 S R 4:2FTS CsHsFeSO;3Na 27619-93-8 [10]
IO I B R 6:2FTS CsH5F1380; 27619-97-2 [10]
1H,1H,2H,2H-4 f 2 T 1R 8:2FTS CioH5F17S05 39108-34-4 [10]
1H,1H,2H,2H-2 % | = %e FE Tl iR 10: 2 FTS Ci2 H5F21 S0; 120226-60-0 [10]
A FR2-H -3 2R E IR HFPO-DA CsF1 1 HO; 13252-13-6 [9]
PFECAs 7N IR T B = R R HFPO-TA CoF1y HO, 13252-14-7 [11]
4,8- "IN O -3 H-2 T TR ADONA C7Fi1s HO, 958445-44-8 [11]
& BB 6 = 2 G182 Gk R 6 : 2 CI-PFESA CsF1580, HCI 73606-19-6 [11]
8+ 2 G2 kB R 8 : 2 CI-PFESA Ci0F20 S0, HCI 83329-89-9 [11]
A5 SE R R FOSA CsHF17NO,S 754-91-6 [12]
e - - 4 L S B O M N-MeFOSA CyH:Fi7NO: S 31506-32-8 [12]
&&ﬁ?g N-2 34 95 HE B8R T N-EtFOSA CioHsF1rNO, S 4151-50-2 [12]
N-H SRR -4 G o Ttk 1 B 2 1 N-MeFOSE CiiHsFi7NO3S 24448-09-7 [12]
N- & -4 G 2 Jo 1 1 ik £ 1 N-EtFOSE Ci2HioFi7NO3S 1691-99-2 [12]
1H,1H,2H,2H- 2 - 1-F & 6: 2 FTOH CsH;sF 130 647-42-7 [13]
FTOH 1H,1H,2H, 2H- 4 %-1- 5 5 8: 2 FTOH CioH;F170 678-39-7 [13]
1H,1H,2H,2H-& &+ B 10+ 2 FTOH Ci2H5F21 0 865-86-1 [13]
X4 G 2 358 ) 7 W5 R 4 6: 6 PFPi C12F2502PNa 40143-77-9 [10]
A2 9 O B W R 4 6 : 8 PFPi C11F3002PNa 610800-34-5 [10]
AR X4 A ) 2B R 4 8 : 8 PFPi Ci5F3102PNa 40143-79-1 [10]
WL 2-(4 0 C 3% & 3L T R oM 6: 2 diPAP Cis HsF25 04 PNa 57677-95-9 [10]
W 2- (R FEHL) 5L W R 8§ : 2 diPAP CooHyF3 O, P 678-41-1 [10]
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Fig.1 Statistics of the number of publications investigating

the distribution of PFAS in soil and groundwater in
different years in China
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N T 53 Mt PEAS HERCIR 8014 7% 88 KU, 75 2
BF 5% A48 DX 40 FH b 28 RU R 3+ 1 18 5 0 R 7K PFAS
Ay N Tl X A R U b A R R FR AR
o Tl X 87 35 JEU 3 02 0 A 1 PEAS HE O
AR B ISR b 2R Y PFAS 19 1R 22 58 KUK
B
3.1 TR

FALYH T (FMEF) 2 8 2 1) PFAS 47
fifi S HE IR . B AT ER X Tl X 5 PFAS 40 A3 4R
BRI A R Bl 48 FME JF R (W% 3), TR IE
FMF J&# i1 +- 58 PFAS i o1 2 W 2 3K 4.89 g/kg
(i THEEEE)  Hitp PFOS 4 475 mg/kg, ik 3 3 [
BSR4 B (EPA) #H) + 0 2% {8 (1.6 mg/kg)
13K 300 £% . % FMF JE i + 8 PFAS & #iE &
FHIIEE (LR E TLHE L TR ER D . i
BHFMFJH 1 Rk h PFASH % 75 (3.10 mg/L) .

Table 2 Distribution of PFAS in some regions of China

*2 HEIMSMHMEX PFAS 5"

i X AEf PFAS 2% I 5 PFAS {5 il PFAS V¥ EE BN
Bl 2013 18 bR K n.d.~119.4 ng/L 37.60 ng/L [12]
KT 2015 13 44 1.25~10.62 pg/kg 3.55 pg/kg [14]
KT 2019 12 E= 4.60~63.85 pg/kg 9.73 pg/kg [15]
PNE ] 2013 12 bR K 0.32~8.3 ng/L 2.40 ng/L [16]
TN T 2009 2 + 4 0.09~1.02 pg/kg 0.36 pg/kg [17]
W 2009 2 + 3 0.11~2.58 pg/kg 0.83 png/kg [17]
RET 2009 2 + 45 0.19~1.96 pg/kg 0.86 png/kg [17]
it it 2009 2 + 45 0.09~2.45 pg/kg 0.50 pg/kg [17]

SEVT R R E) 2018 18 T K 9.90~592.2 ng/L 144.8 ng/L (18]
B R AR CE gAY 2019—2020 12 B 4 0.043~1.57 pg/kg 0.40 pg/kg [19]
T E IR X R # 2020 26 + 15 0.81~4.51 pg/kg 2.05 pg/kg [20]
TTHE 2016 16 1 K 2.69~556 ng/L 43.1 ng/L [21]

E I A 2016 22 iR K 1.27~381 ng/L 47.6 ng/L [22]
WL R ) 2020 2 HiLR K 0.26~23.1 ng/L 6.25 ng/L [23]
YT I (R 2008 16 + 15 n.d.~1.22 pg/kg 0.50 pg/kg [24]
A M T | e T A 2013 15 + 4 1.15~5.89 pg/kg 2.69 pg/kg [25]
M T L e T A 2017 12 + 3 4.23~48.7 pg/kg 13.30 pg/kg [26]
TEIN T 5 T A 2015 13 + 5 0.05~13.97 pg/kg 0.93 pg/kg [14]
PHA T LB T S 2015 13 A+ 3 n.d.~1.81 pg/kg 0.64 pg/kg [14]
FE %8 2 2015 13 1% n.d.~0.39 pg/kg 0.19 pg/kg [14]
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*x3 FMF BB LTESHT/KA PFAS %6

Table 3 Distribution of PFAS in soil and groundwater around FMF
Hh X Ay A PFAS Fh2k PFAS {u[H PFAS FH#{H EE PN
P - T 2021 44 18 357~4.89X10° pg/kg 1.02X10° pg/kg [27]
FRA] 2021 LR K 18 1.98X10*~3.10X10° ng/L 9.90X10° ng/L [27]
R 2015 + 4 13 1.30~913 pg/kg 65.0 pg/kg [28]
R 2015 R K 13 30.0~1.56 10" ng/L 2.44X10° ng/L [28]
) &l 2010 + 15 9 0.68~189 pg/kg 22.6 ug/kg [29]
MR 2018 + 3 18 4.40~189 pg/kg 39.2 pg/kg [30]
T 1T 2014 + 3% 12 1.86~641 pg/kg 66.0 pg/kg [31]
b i) 2014 + 12 2.09~200 pg/kg 64.6 pg/kg [32]
I Pl T 2019 R K 18 10~6.52%10% ng/L [33]
WS T 2014 Hu Tk 12 2.09~2.73X10° ng/L 2.72X10" ng/L [34]
T 2022 + 1 17 5.93~123 pg/kg 31.2 pg/kg [35]
RN T 2012 4% 35 2.09~33.4 pg/kg 8.82 ug/kg [36]
I T 2012 + 4 14 0.75~28.8 pg/kg 7.17 pg/kg [37]
PN 2017 LR K 17 18.6~1.46X10% ng/L 290 ng/L [38]
Fr M T 2015 R K 11 4.80~614 ng/L 250 ng/L [39]
L=< 2016 + 4 25 2.40~240 pg/kg 49.70 pg/kg [13]
EL BT TT 2019 iR K 18 72~6.81X10" ng/L 9.10X10° ng/L [40]
B 2017 R K 10 216~2.67X10" ng/L 1.35X 10" ng/L [41]
x4 HtTWXBFELHFEFR PFAS 57
Table 4 Distribution of PFAS in soil around other industrial areas
b X FH o AR T prasfig TS o PFﬁfﬁgﬁ/ 2% ik
wHI T 2013 1 Ciki 1 14 14~400 82 [42]
W T 2013 + 4% G 14 4.0~89 33 [42]
WY T 2013 e I 14 11~18 15 [42]
WY 2013 + ¢ Wk 14 11~16 14 [42]
WY 2012 + 4% 14 2.7~98 35 [43]
REEM 2017 + 1 CER 3 16 1.71~16.3 [44]
KT 2021 + 3% 7H 26 2.57~32.3 14.3 [45]
KT 2008 + 4 RATALIX 12 1.3~11 3.61 [46]
L9548 S 3t 2018 +- 4% b T Al CA il AR 2555 12 30~216 [47]
g 2021 1+ 45 T4l 18 0.68~108 8.01 [9]
g 2021 + 4 FL 18 1.67~28.9 8.46 [9]
FE A T 2018 + 3% A Tl (R 25 5 11 0.19~1.85 0.83 [48]
TP 2021 + 4 3.09~25.4 11.4 [49]

L9 5 FMF JE i1 T K PFAS & # 5 1K.

B T FMF Z4b, 95280 88 45 17kt 25 1
PFAS YR ¥ 5, i mJ8 i1 + 3 PFAS (1 21
(L O, B, HAl Tk X (3 FME) J& i1 +
By PEAS & &K T FMF TolkIX .,

3.2 BRI

B Tl IXAh, 17 3 S 38 37 02 + 3 5 R K h
PFAS 1 7 — 2V 76 R U, 4l Al 11 F 5] b7 3% Ji
Y B AF m) JE O OBR BE b B4y 3 110 kg W
PFASHEHE ZHANG AE59% 43 8 A6 5t i B 3%
HIM MBI A, X &0 PFAS £% 5
PFHxA .PFHpA,PFOA HI PFOS, Jfi & ¥ £ 5 5
J 876~2 830,408~1 025.1 211 ~4 658,0~76
ng/L; YAN SE0V220 i Ay 7 1 g T LR M T L R

IR TR N T 5 A B U 3 1B IR 14
Fff PFAS Skl 7.28~292 pg/L, B JH T 57 5% 51
W 830+ 5 5 R K F i PFAS 4351 R 5,31~
108 pg/kg.17.3~163 ng/L000 i 7 5 17 $7 %
Y H i b PFAS ly 16.6~19.6 pg/kg, H
EET T X L8R PFAS & &M By b
WA Ji i )2 L PFAS 25 0.64 ~11.9
pg/kgt . AR POB IE W h PFAS & i BE A
ZEYIRE R B EFHAR LI )G  PFAS KBR W]
PLIKF143.3 % ~99.4 %6150 R AK A7 20 R AIK 12 U8
T PFAS & &, 38/ K15 08 L 422 HE T 3 A R i
IS PFAS {53,
3.3 ERE

A EEFE A, TR E R RIX 198 21 F PFAS it
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KR 0.24~13.56 pg/kg™, 5L RO S
X - 4erf PFAS ¥ B AH 2, H &5 T 8RR 55 i X2
FLARTT 5 S 76 2R SR I b X, VA T T R R X £
g PFAS N 0.76 ~ 13.37 pg/kg CEE 6.9
pg/ kO R R IX 13 PFAS O 1,15~
5.89 pg/kgCEEIME 2.69 pg/ke) 3 VT4 L1
PFAS N 6. 59 ~ 8. 27 pg/kg (F ¥ {H 7. 27
pg/k)PT Tk H PEAS 24 2.69~556 ng/L"PY,
At H DR R T S B T AR L R XA - B
PFAS } 0.27~5.35 pg/kg CFH{H 1.93 pg/kg) . Hi
Tk PFAS S5 3 100 ng/ L2 5 BRI = £ Ui b
X RIX L 4h PFAS 2 2.19~98.5 pg/kg CF1y
{8 5.97 pg/kg)™ . PFAS 431 5 #b X 3k i1 1k ok 72
e Tl & Je 23 VI AH O AR 30 Vi i b X0 1S IX + 4
LR K PFAS & & AR e e 0Lt H 2 i |
DXCHE I Tl XIS, 2 386 i {4 2 3 AU, R 2 5
AR I DG TE
3.4 KR &

A B 45 MR K B B PFAS 2 i i & ) %

HEA AR T SE i) AR RE A - HE S T
K PFAS i W3 5.

ST T A T 385 R K PRAS ¥ % %
T X by P SE 337 45 A . A3 b DXl S TR
RN R b D A B SR R K PR T
F B PFAS, — J7 I i1 F 31X 26 F 5% R B X ik 4
FMF ., Tl X 8§ 4b F Tl %5 4 B9 3 17, 7] BB A7 ¢
Tk TG K HE B A R L, B i 2 05 e i
KHE R 0 1 B AT BOR A vk
PFAS; B — M, o PFAS B E# 52  PFAS
SR, A LT AR R GE B bV X R A 4 h
PFAS(141~225 pg/ke) 7t i T Hofth b X 4 1 L i F
FH AR PFAS & = LR (TFA), Jf H TFA
ii LIk 80.8 00~ 89.4 04 o i Ho A I K 43 1 3 £ i 5
HOREL & TFA, H T xF T + 58 5 8~ /K o R D
PFAS Fi 28 o4t — i brif .

FH A 56 26 B L R AR % PRAS HL A 55 19 A=
YIRLERE S, AR L HEp PFAS TRt B 24,
4 HE B AL M R (AN pH AL A LR A

x5 KHEITESMHMTKA PFASHH

Table 5 Distribution of PFAS in farmland soil and groundwater

H X G0 i PFAS ffi 2 PFAS JE[#l PFAS - ¥ i 2% ik
g 2021 44 18 3.21~14.5 pg/kg 6.52 pg/kg [9]
AR 2008 + 4 14 141~225 pg/kg 178 pg/kg [8]

ES AT 7D 2014 + 4% 17 0.33~17.0 pg/kg 2.73 pg/kg [61]
piXA Nl 2015 + 4 11 0.6~14.1 pg/kg 3.91 pg/kg [39]
R Ml A 2014 R K 17 n.d.~614 ng/L 89.4 ng/L [61]
Fh M T 2015 R K 11 4.8~525 ng/L 180 ng/L [39]

B ] 2014 + 4 17 0.64~0.97 pg/kg 0.78 pg/kg [61]
AT 2014 HiL R K 17 n.d.~4.20 ng/L 1.06 ng/L [61]

G 355 17 2014 + 4 17 0.9~1.59 pg/kg 1.15 pg/kg [61]

190 35§ T 2014 i K 17 n.d.~1.2 ng/L 0.32 ng/L [61]

bed il 2014 + 4 21 0.57~4.00 pg/kg 1.70 pg/kg [62]

3 T 2016 44 12 8.81~1 641 pg/kg 224.7 pg/kg [63]

B T 2014 + 45 21 0.30~4.89 pg/kg 1.09 pg/kg [62]

I 7R 185 Ml X 2008 + 3 22 n.d.~1.82 pg/kg 0.48 pg/kg [64]
T 2018 + 35 9 0.63~25.6 pug/kg 11.0 pg/kg [49]
PN 2014 + 4% 17 2.03~8.76 pg/kg 5.40 pg/kg [61]
KT 2021 R K 11 0.32~8.29 ng/L 2.02 ng/L [65]
KT 2014 R K 17 n.d.~0.5 ng/L 0.18 ng/L [61]
Ky 2013 bR K 11 0.32~8.3 ng/L 2.4 ng/L [16]
JeE T 2008 + 4 12 0.13~8.50 pg/kg 0.65 pg/kg [66]
N T 2019 44 21 0.026~3.64 pg/kg 1.60 pg/kg [67]

B T 45 2014 44 21 0.094~0.69 pg/kg 0.22 ug/kg [62]

i 35 2015 + 3 11 0.30~1.00 pg/kg 0.39 pg/kg [68]
A X 2019 1 4% 22 0.29~0.59 pg/kg 0.36 pg/kg [69]
TTEE X 2019 Rk 22 2~77 ng/L 24 ng/L [69]
HREIIE AR E 2014—2016 T K 10 0.07~1.92 ng/L 1.0 ng/L [70]
A6 1L 7 2016 + 3 11 0.29~19.0 pg/kg 5.72 pg/kg [71]
T 2016 + 4 11 0.44~5.52 pg/kg 2.35 pg/kg [71]
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T P B TRE T 205 P S 2 Wit [R]85 B it it FES 7k
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DL K& PFAS 76 + 3 b g it 53 7% i /2

3.5 A& #

FRAR— M B N 2806 3h 1 X 8k, 32 N 2B =
AR I BRSO E/N  BR AR 3 PRAS () =g
RF T X R XX, WANG 27 31 4 3%
[E 54 AN KR M L PFAS & 805 2 1k 0~
9.08 ng/kg. 7E A XA =t B § 4k + 5 oF L PFAS
N 263~707 ng/kg"™ , @ T KR FR AR A HE L R
J& T ng/kg Fl. AT KR AR, =AU ARl
REZ JHih ARG S M £ . PFAS (13 B 2 1% i
DL B KA TR AT AE 2 AR AR+ 8 v i e i 32 2ok
U BRI A9 3 T B Tk X AR PFAS #E A %8 <, B
HERWRMEREHRARESRGE. B FHFAHE
IR B KT S PEAS AR R K G I B8y, th &5 1
AR R TR IX B A PFAS w5y B IE 9 1L

4 TESHTKA PFAS B4 41T

4.1 a5 A A

A CHGE IR E 1+ 55 MRk PFAS 43
A1 B 15 G W AR 2 B E R U e G S 38 9
B, BB IO AR R L IX > AR b H X > AR R X >
A M X > PG g M X > P X UL 2) L AR 2R il
X+ HE B PFAS &% RAK 4T 2 E &AL, Bl
Wi R4S VL7048 25 PEAS B9 M 56 8 & B A
57 AR AU HL X AR M X A2 b i DX, P R XL P
HuIX - PFAS & BB HiEIL. BR EM5%
At H XA A TR ) Tl 28 4 b T L A7 A 68 R 7Y
T AR R Y IRT 5 7Y g RV U b X 4 9 R K
PFAS & B 8A% . 5% 1 X Tk & J& A0 X e A L
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Fig.2 The distribution of PFAS in soil in China
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T L5 T oK R 1 2 Fl PFAS 347, R
AP 251 PFAS N 3 5t DA R 38/ 3 T K E B i
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Y or A o3 BERRAETS G W TR AR KT PFAS 43 Aii 19 00
WA TH,

I [E - HE 5 R K PFAS 348 A PFOA 5
PFOS Jy =100 Tk X R X 3 3 8 Ak
M 45 il 37 vh PFOA 5 PFOS BY K 3% 7] & ik
100% , it S64E 3k, PFBA, HFPO-DA, ADONA #i
6 : 2 CI-PFESA %37 84k & W) A Wi Hh 4 F & 5 1
JH.H T &4t PFOA.PFOS 2515 4 4 4 H Ak &
Yy, S EOXLEH A PEAS AW BLE + 38 53Rk
SRR S b N SE I

AR S5 PFAS A 75 22 5% . Kb B9
i FH ) 3 5 54 S8t A I XA, B 5% 4l 0k PFAS
V5 YR BE R 2 DL K By 4 A A T B AT TS
YU VE JE 1 )RR TS Y K BE PFCAs 78 Tl X +
b R e B B L 4N K B PFCAs T REJE Tl IX
FORFAE TS Je 00 s K 50 4 BT Ikl PROS 2
G FLBEAT O B RRAE TS G W 9B RS R BT M 1 R AE
THYYJE PFOS.PFOA DL K 4 19 4 flbe 1k &
s B WM 3 B RF AR TS U W) RT fE R
PFCAs™ ", i HFPO-DA .6 : 2 CI-PFESA 16 : 2
FTS 58 8 PFAS W] figth & B 3 B 3 JH i1 PFAS
FROES Y m R IX B LS5 LL PFOA 5 PFOS
gy FE A PFAS, [ 4% PFSAs £ R 801K ; 4 1+
Herh PEAS (AR 5 Y% 4y W] I b 25 255 ] A5 6 55 K
HWF5EN R PFOA L PFOS &4 W + 3 v i) 32 2 i
4% CHEN %510 F1 WANG 25179 20 #73A 5 PFUn-
DA JEIL 5 75 F1 A< 3B 4% 1 1 38 PFAS B9 55 AE 75 Yt
Y, oKk HE ok M+ 3 th PFAS ) LA PFDA A 4%
U FRM R A L PFOA %545 48 4 il be 34k
R/

4.3 PFASH 55 £ BEHGX A

— T, PEAS Wk B2 B & 515 G U5 Y IR 2 4
KEFEEER BT B, a4l , Tl X3 4
HERE T PFAS W B LU 77 e R AR R B i 2~3 4>
ok &, T5 e UR R ma B AT DL ik 25 km DU
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AR TREY, M A W eE KR, B ik A
TR 2 sk T K L PR B 5 05 Y DR R B, +
HerpJ s PEAS WREE A 5 FEAIKN™ , PFAS £+
5 R K R A B BE B A 2 T KU L MR K
] LA B IR TR A5 25 T e i, 7675 G IR 1 R KL
] Ab K Ml K B T U 7 T 35 Y W) R
4.4 PFAS & 13 53 TR b6y & A 5 H L

K5 PEAS 76 358 5 Hb T /K b i ok B 43 i
0 B VR R 14 1 i B AIGET L SR PFCASs A iR Ak &
WIAE = 18 v B 43 A D) AT il 4 kb T K R B Y 4
TR . KR T PFAS 78 8 p (i i B 5 R AL, B
WAL Wb n] BB AL & 5 4 A i — CH. — JE L, 78 3%
JZ - HE RS Bl Ak B AR W B A R TR LA
SCH R K B R PR R T BUAE P 2 B A
LB A T WG e & &8 &Y, K BE PFAS
PRI B K M5, 5 8% B8 7E R 2 808 )2 Rt
JEEE PFAS 0k o Fe 1 R 2 + R, M b Tk
PR T I, A Bk PFAS BLHEHE AL T KU, )
W, DL HE PEAS BAUESE 1) PFOA ) PFOS, 1 fig
1 B R 7K PFAS V5 4% KUK T Ho A 25 KU AR 25
20

5 & iF

PFAS AR E i) iz, & E - 5 HF K
e K 28 PFAS, i e B W5, 2B ER
i X > 7R b b X > A8 R X > AR b X > PG R
DX = PG b b X, 55 D3 3k T Ak K 7 B Tk & e %
PIMEOG, K E KM -8 5 T /Kb PFAS 4 F
pg/kg B ong/L ), AR Tk X BT 4 48 53R
K PFAS ¥k B %, U Ho2 FMF M. H i
PFOA 5 PFOS /& & B 3 5 1 T oKk i = 22
PFAS, ¥ % PFAS FEXR 55 P (1 K %6 & & & BT,
PFAS 78 ¥R 855 b i) A5 25 KBS T8 11 25 8 1) Pk 5

B F B Ay AR 0 AR £ X 3 5 R K PFAS
() FH AR HE » BIF 5T H 43 BT 1) PEAS F 2 48 B 43
Wi s fEfE— 22 5. B Bl 253 L 6L
Y55 AE PRAS 75 Y 3 3 b 15 e Wy 43 A 17 DL AT 4R
WFFEAN L . i o 5 S AT R i S R K
PFAS iyl 7 58— L &9 Ko B 5 vk 4 F
WA T 3 E PFAS 53 iR 00 L 8 37 S 3% PFAS
ARG EZEWE X,

e 914 -

SE WK
[1] TAKAGI S, ADACHI F, MIYANO K. et al. Fate of perfluo-

(2]

(3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

rooctanesulfonate and perfluorooctanoate in drinking water
treatment processes|[ ] |. Water Research,2011,45(13);3925-
3932.
LESCORD G L,KIDD K A,DE SILVA A O,et al.Perfluori-
nated and polyfluorinated compounds in lake food webs from
the Canadian High Arctic[]J].Environmental Science and Tech-
nology,2015,49(5) :2694-2702.
LIU S, LU Y. XIE S, et al. Exploring the fate, transport and
risk of perfluorooctane sulfonate (PFOS) in a coastal region of
China using a multimedia model[ J]. Environment Internation-
al,2015,85:15-26.
POST G B,LOUIS J B,LIPPINCOTT R L,et al.Occurrence of
perfluorinated compounds in raw water from New Jersey pub-
lic drinking water systems [ ] ]. Environmental Science and
Technology.2013,47(23):13266-13275.
SHARMA B M,BHARAT G K, TAYAL S,et al.Perfluoroal-
kyl substances (PFAS) in river and ground/drinking water of
the Ganges River basin: emissions and implications for human
exposure[ ] |.Environmental Pollution,2016,208:704-713.
WANG T,WANG P,MENG J,et al. A review of sources,mul-
timedia distribution and health risks of perfluoroalkyl acids
(PFAAs) in Chinal J].Chemosphere,2015,129:87-99.
LIL,ZHAI Z,LIU J,et al. Estimating industrial and domestic
environmental releases of perfluorooctanoic acid and its salts in
China from 2004 to 2012[J].Chemosphere,2015,129:100-109.
LI F,ZHANG C,QU Y,et al.Quantitative characterization of
short- and long-chain perfluorinated acids in solid matrices in
Shanghai, China[ ] ]. Science of the Total Environment, 2010,
408(3):617-623.
ZHU Q. QIAN ], HUANG S, et al. Occurrence, distribution,
and input pathways of per- and polyfluoroalkyl substances in
soils near different sources in Shanghail J ]. Environmental Pol-
lution,2022,308.
LI J.PENG G,XU X,et al.Per- and polyfluooalkyl substances
(PFASs) in groundwater from a contaminated site in the
North China Plain: occurrence, source apportionment, and
health assessment[ ] ].Chemosphere,2022,302:134873.
ZHOU J,LI S, LTIANG X, et al.First report on the sources,
vertical distribution and human health risks of legacy and no-
vel per- and polyfluoroalkyl substances in groundwater from
the Loess Plateau,Chinal ] ].Journal of Hazardous Materials,
2021,404:124134.
AN 2 SCHE L AT AR L R A s X R K P A R AL A
1495 YAk PRI L) ] A A5 2 B2 42 2016, 11(2) £ 355-363.
CHEN H, YAO Y,ZHAO Z, et al. Multimedia distribution
and transfer of per- and polyfluoroalkyl substances (PFASs)
surrounding two fluorochemical manufacturing facilities in
Fuxin, China [ ] ]. Environmental Science and Technology,
2018,52(15) :8263-8271.
MENG J,WANG T,WANG P,et al. Are levels of perfluoro-
alkyl substances in soil related to urbanization in rapidly de-
veloping coastal areas in North China? [ J]. Environmental
Pollution,2015,199:102-109.
A S S50 R, A R 32 B A L 2 A A
ZE [ 2 A1 SRR B WU VA [T 3R B 27, 2021,42.(8) : 3682-



KERE

RETESMTkHEEMSERELEDS AR

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

3694.

QI Y J,HUO S L,HU S B,et al.Identification, characteriza-
tion, and human health risk assessment of perfluorinated
compounds in groundwater from a suburb of Tianjin, China
[J].Environmental Earth Sciences,2016,75:432.

T FEL B AR oK 4 L S RV = AU R e e sk A TS e
FRAEWFFE LT ). o [ PR RL 2, 2013, 33 (3 i) 1) :37-42.

LIB B,HU L X, YANG Y Y,et al. Contamination profiles
and health risks of PFASs in groundwater of the Maozhou
River basin[ J].Environmental Pollution,2020,260;113996.
TR TR WRWIVE AR 453, 45 35 35 JRUAR JL i b X 3R 2 3 p
LA W B 43 A R E ROk AR BT L) ] BB AL 24, 2022, 43
(6):3253-3261.

ZHOU J,ZHAO G Q. LI M, et al. Three-dimensional spatial
distribution of legacy and novel poly/perfluoroalkyl sub-
stances in the Tibetan Plateau soil:implications for transport
and sources[ ] |.Environment International,2022,158.:107007.
WEI C, WANG Q,SONG X, et al.Distribution, source identi-
fication and health risk assessment of PFASs and two PFOS
alternatives in groundwater from non-industrial areas[ ] ].Eco-
toxicology and Environmental Safety,2018,152:141-150.
WANG Q,SONG X,WEI C,et al.Distribution, source identi-
fication and health risk assessment of PFASs in groundwater
from Jiangxi Province, China[ J]. Chemosphere, 2022, 291
132946.

LI Y,LIU Y,SHI G,et al.Occurrence and risk assessment of
perfluorooctanoate ( PFOA) and perfluorooctane sulfonate
(PFOS) in surface water, groundwater and sediments of the
Jin River Basin, Southeastern China[ ] |.Bulletin of Environ-
mental Contamination and Toxicology,2022,108:1026-1032.
d i TRTE TR L 45 T TT 3 0K - 4 b 4 Ak A 1 2 1) 4%
A B SRR AE LT 3R B2, 2013, 34(8) :3188-3194.

BRI RS T SRR TR L b 2R Ay
25 ) G A5 BRI AR AT L) ). 3R B2 . 2017, 38(1) : 327-332.
ZHANG G.PAN Z,WU Y,et al.Distribution of perfluorinat-
ed compounds in surface water and soil in partial areas of
Shandong Province, China[ ] J.Soil and Sediment Contamina-
tion,2019,28(5) :502-512.

JIA X,LI X T,ZHOU L F,et al. Variations of the level, pro-
file,and distribution of PFAS around POSF manufacturing fa-
cilities in China:an overlooked source of PFCA[]]. Environ-
mental Science and Technology,2023,57(13) :5264-5274.
GAO Y,LIANG Y.GAO K,et al.Levels, spatial distribution
and isomer profiles of perfluoroalkyl acids in soil, groundwa-
ter and tap water around a manufactory in China[ J ].Chemo-
sphere,2019,227.305-314.

WANG Y, FU J, WANG T, et al. Distribution of perfluo-
rooctane sulfonate and other perfluorochemicals in the ambi-
ent environment around a manufacturing facility in China[ J].
Environmental Science and Technology, 2010,44(21):8062-
8067.

XIE L N,WANG X C,DONG X J,et al.Concentration, spatial
distribution,and health risk assessment of PFASs in serum of
teenagers, tap water and soil near a Chinese fluorochemical
industrial plant [ J]. Environment International, 2021, 146
106166.

LIUZY.LU Y L,SHI Y J,et al.Crop bioaccumulation and
human exposure of perfluoroalkyl acids through multi-media

transport from a mega fluorochemical industrial park, China

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[J].Environment International,2017,106:37-47.

LIU ZY,LU Y L,SONG X,et al.Multiple crop bioaccumula-
tion and human exposure of perfluoroalkyl substances around
a mega fluorochemical industrial park, China:implication for
planting optimization and food safety[]]. Environment Inter-
national,2019,127:671-684.

FENG X M.YI S J.SHAN G Q.et al.Occurrence of perflu-
oroalkyl substances in the environment compartments near a
mega fluorochemical industry: implication of specific behav-
iors and emission estimation[ J].Journal of Hazardous Materi-
als,2023,445.130473.

LIU Z,LU Y, WANG T, et al.Risk assessment and source
identification of perfluoroalkyl acids in surface and ground
water: spatial distribution around a mega-fluorochemical in-
dustrial park,China[ J].Environment International,2016,91:
69-77.

LIU Z,XU C,JOHNSON A C,et al.Source apportionment
and crop bioaccumulation of perfluoroalkyl acids and novel al-
ternatives in an industrial-intensive region with fluorochemi-
cal production,China: health implications for human exposure
[J1.Journal of Hazardous Materials,2022,423:127019.

JIN H,ZHANG Y.ZHU L,et al.Isomer profiles of perfluoro-
alkyl substances in water and soil surrounding a Chinese fluo-
rochemical manufacturing park[]J].Environmental Science and
Technology,2015,49(8) :4946-4954,

SHAN G, WEI M, ZHU L, et al. Concentration profiles and
spatial distribution of perfluoroalkyl substances in an indus-
trial center with condensed fluorochemical facilities[ J]. Sci-
ence of the Total Environment,2014,490:351-359.

LIU Z,XU C,JOHNSON A C,et al. Exploring the source,
migration and environmental risk of perfluoroalkyl acids and
novel alternatives in groundwater beneath fluorochemical in-
dustries along the Yangtze River, Chinal ] ].Science of the To-
tal Environment,2022,827:154413.

LU G H,JIAO X C,PIAO H T,et al. The Extent of the im-
pact of a fluorochemical industrial park in eastern China on
adjacent rural areas[ ] ]. Archives of Environmental Contami-
nation and Toxicology,2018,74(3) :484-491.

TANG J,ZHU Y L, LI Y.et al. Occurrence characteristics
and health risk assessment of per- and polyfluoroalkyl sub-
stances {rom water in residential areas around fluorine chemi-
cal industrial areas,Chinal J].Environmental Science and Pol-
lution Research,2022,29:60733-60743.

BAO J,YU W J,LIU Y, et al.Perfluoroalkyl substances in
groundwater and home-produced vegetables and eggs around
a fluorochemical industrial park in China[ J]. Ecotoxicology
and Environmental Safety,2019,171:199-205.

RS KW R IE A5 TR T R AT L 42 AL G W AR TS G 4R
ST RIN K 2 4. 2014,31(5) :537-543.

TR S AR S SR SRR X AR 2 b 2 Ak A s YR
SR HR UML) ] FREERL 24 . 2014.35(7) 1 2698-2704,

NA S T.,HAI R T, WANG X H,et al. Trends and levels of
perfluorinated compounds in soil and sediment surrounding a
cluster of metal plating industries[ J].Soil and Sediment Con-
tamination,2021,30(4) :423-435.

MENG Y,YAO Y,CHEN H,et al.Legacy and emerging per-
and polyfluoroalkyl substances (PFASs) in Dagang Oilfield:
multimedia distribution and contributions of unknown precur-

sors[ ] ].Journal of Hazardous Materials,2021,412:125177.
« 915 -



WETEEHE

$£46%5 HFo6H 2024 F6A2

[46]

[47]

[48]

[49]

[50]

[54]

[55]

[58]

[59]

[60]

[61]

WANG T,LU Y,CHEN C,et al.Perfluorinated compounds in
a coastal industrial area of Tianjin, China[]].Environmental
Geochemistry and Health,2012,34(3) :301-311.

TIR R, 0 PR L A A T X 3 A e £ G R 2%
TRAL S W B R AF AR AR SO TR IR T ). 08,2021, 53(4).
GAN C D,PENG M Y, LIU H B,et al.Concentration and dis-
tribution of metals, total fluorine, per- and poly-fluoroalkyl
substances (PFAS) in vertical soil profiles in industrialized
areas[ ] ].Chemosphere,2022,302:134855.

TANG L,LIU X,YANG G,et al.Spatial distribution,sources
and risk assessment of perfluoroalkyl substances in surface
soils of a representative densely urbanized and industrialized
city of China[J].Catena,2021,198.

A S e BT B, S I T AR KR X TR K St R 4 g
A By A BR R AR S R L] 8 B L 2022, 41(3)
499-510.

YAN H,COUSINS I T,ZHANG C,et al.Perfluoroalkyl acids
in municipal landfill leachates from China: occurrence, fate
during leachate treatment and potential impact on groundwa-
ter[ J].Science of the Total Environment,2015,524/525.
ZHANG C H,PENG Y, NIU X M, et al. Determination of
perfluoroalkyl substances in municipal landfill leachates from
Beijing, China[ ] ]. Asian Journal of Chemistry,2014,26(13).
XU C,LIU Z,SONG X,et al.Legacy and emerging per- and
polyfluoroalkyl substances (PFASs) in multi-media around a
landfill in China:implications for the usage of PFASs alterna-
tives[ ] ].Science of the Total Environment,2021,751.

XU C,SONG X, LIU Z, et al.Occurrence, source apportion-
ment, plant bioaccumulation and human exposure of legacy
and emerging per- and polyfluoroalkyl substances in soil and
plant leaves near a landfill in China[ J].Science of the Total
Environment,2021,776:145731.

LI J,.HE J.NIU Z,et al.Legacy per- and polyfluoroalkyl sub-
stances (PFASs) and alternatives (short-chain analogues,
F-53B.GenX and FC-98) in residential soils of China:present
implications of replacing legacy PFASs[ J]. Environment In-
ternational ,2020,135.

RANKIN K, MABURY S A,JENKINS T M,et al. A North
American and global survey of perfluoroalkyl substances in
surface soils:distribution patterns and mode of occurrence[ ]].
Chemosphere,2016.,161:333-341.

MENG J, WANG T, SONG S. et al. Tracing perfluoroalkyl
substances (PFASs) in soils along the urbanizing coastal area
of Bohai and Yellow Seas,Chinal J].Environmental Pollution,
2018,238:404-412.

MA D, ZHONG H, LV ], et al. Level, distributions, and
sources of legacy and novel per- and perfluoroalkyl substances
(PFAS) in the topsoil of Tianjin, China[ J].Journal of Envi-
ronmental Sciences,2022,112.71-81.

LIU B,ZHANG H, YU Y, et al. Perfluorinated compounds
(PFCs) in soil of the Pearl River Delta, China: spatial distri-
bution, sources,and ecological risk assessment[ J]. Archives of
Environmental Contamination and Toxicology, 2020, 78 (2) :
182-189.

LAN Z,YAO Y,.XU J,et al.Novel and legacy per- and poly-
fluoroalkyl substances (PFASs) in a farmland environment:
soil distribution and biomonitoring with plant leaves and lo-
custs[ J].Environmental Pollution,2020,263:114487.

CHEN S,JTAO X C,GAI N.et al.Perfluorinated compounds

916 -

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

73]

[74]

[75]

[76]

in soil, surface water, and groundwater from rural areas in
eastern China[ J]. Environmental Pollution, 2016, 211 124-
131.

ZHANG Y W, TAN D F,GENG Y,et al.Perfluorinated com-
pounds in greenhouse and open agricultural producing areas of
three provinces of China: levels, sources and risk assessment
[J]. International Journal of Environmental Research and
Public Health,2016,13(12) :1224.

B 05 AL 1R XA 1A 4 Ak A i 3 S A2 LD
K PSR 2, 2018,

WANG P, WANG T,GIESY ] P, et al.Perfluorinated com-
pounds in soils from Liaodong Bay with concentrated fluorine
industry parks in China[ J].Chemosphere, 2013,91(6):751-
757.

WANG X W,ZHANG H W,HE X S, et al.Contamination of
per- and polyfluoroalkyl substances in the water source from
a typical agricultural area in North China[]].Frontiers in En-
vironmental Science,2023,10:1071134.

WANG T,CHEN C,NAILE ] E, et al. Perfluorinated com-
pounds in water,sediment and soil from Guanting Reservoir,
China[ ] ].Bulletin of Environmental Contamination and Toxi-
cology,2011,87(1) .74-79.

BEVGE L H 4 e 0% X R H R sk E Y m
ARG P R AE W 5T L) ] B B2 95 B 55 B, 2021, 43 (9)
1177-1182.

BRI, LR, EANG L F DA R T T 4 b
BT PRI )] A S E AR . 2017,12(6) 1 233-241.
MAO R Y,LU Y L,ZHANG M, et al.Distribution of legacy
and novel per- and polyfluoroalkyl substances in surface and
groundwater affected by irrigation in an arid region[ ] ]. Sci-
ence of the Total Environment,2023,858:159693.

QIAO X C,JIAO L X,ZHANG X X, et al. Contamination
profiles and risk assessment of per- and polyfluoroalkyl sub-
stances in groundwater in China[ J]. Environmental Monito-
ring and Assessment,2020,192:76.

PN LT M LD Ml X i R S h A AR A s
YR AELD ] M g R, 2017,

WANG Q,ZHAO Z,RUAN Y,et al.Occurrence and distribu-
tion of perfluorooctanoic acid (PFOA) and perfluorooctane-
sulfonic acid (PFOS) in natural forest soils: a nationwide
study in China[ J ]. Science of the Total Environment, 2018,
645:596-602.

WANG Q.RUAN Y.ZHAO Z.et al.Per- and polyfluoroalkyl
substances (PFAS) in the Three-North Shelter Forest in
northern China: first survey on the effects of forests on the
behavior of PFAS[J].Journal of Hazardous Materials, 2022,
427 .128157.

WANG T,LU Y,CHEN C,et al.Perfluorinated compounds in
estuarine and coastal areas of north Bohai Sea,China[ J].Ma-
rine Pollution Bulletin,2011,62(8):1905-1914.

BRUSSEAU M L,ANDERSON R H,GUO B.PFAS concen-
trations in soils: background levels versus contaminated sites
[J1.Science of the Total Environment,2020,740:140017.

=2 A, R Bk SN S5 A GG TR S TE - S iy O R A T
Btk AT MW FE [T ] Al FR BT R 2 22 4L 2018, 37 (9) « 1884-
1894.

Yo 8% ARAEAE OO H 99:2023-06-17)



