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Abstract ; Perfluoroalkyl and polyfluoroalkyl substances ( PFASs) are a group of emerging persistent organic pollutants. PFASs in soil can
affect water quality when they leach into groundwater, and threaten the ecosystem and human health through trophic transfer and
magnification along the terrestrial food chains, which make them one of the hot research topics in environmental chemistry. At present, the
content of less than 1% of the total fluorinated compounds in the soil can be accurately determined, and the content is at the ng/g level.
The research areas in China are concentrated in the east and the surrounding areas of fluorochemical plants. The main compounds of
PFASs in soil are PFOS and PFOA. The physicochemical properties of soil, species of PFASs and human activities are the main factors
influencing the occurrence of PFASs in different types of soil. In addition to the direct release and atmospheric transport during the
production and use of fluorinated chemicals, PFASs precursor conversion in soil is also an important source of PFASs. Adsorption-

desorption is the major process affecting the transport of PFASs in soil. Studies also demonstrate that the transport and accumulation of
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PFASs in soil are affected by various factors such as the chain-length and functional groups of PFASs, soil physicochemical properties and

microorganisms. In consideration of the research status, further development of extraction and analytical methods is needed to cover a wider

range of PFASs. Attention can be paid to the changing trend and mechanism of novel PFASs in soil. The bioaccessibility and bioavailability

study of PFASs in soil are also needed for ecological and human health risk assessment.
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( Fluorotelomer alcohols, FTOHs) . 4= 9 fiff Mk ik 2%
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Table 1 Full name, formula, application and CAS number of common traditional and novel PFASs*
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eS| TSR YL RFR W5 i N CAS %
=R Trifluoroacetic acid TFA CF;COOH BHLE RN 76-05-1
RN Perfluoropropanoic acid PFPrA CF;CF,COOH TS 422-64-0
EETR Perfluorobutanoic acid PFBA CF4(CF,),COOH HHLE W 375-22-4
IR b S P bR R MBS
s IR Perfl sntanoic acid PFPeA CF,(CF,);COOH AN 2706-90-3
FRIRE e cruoropenianole act ¢ S(CF2)s B T B AR R =
(PFCAs) SR Perfluorohexanoic acid PFHxA CF5(CF,),COOH AL aA 307-24-4
LR Perfluoroheptanoic acid PFHpA CF;(CF,) sCOOH o [a] {4 375-85-9
, e R RTE EA
LR Perfluorooctanoic acid PFOA CF5(CF,) (,COOH ARG SRR LR 335-67-1
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eS| TR P RFR 455 43 N CAS &
TR Perfluorononanoic acid PFNA CF4(CF,),COOH ARG A T TS 375-95-1
) B Wk S
PR Perfluorodecanoic acid PFDA CF,(CF,)¢COOH NS y 335-76-2
Eoe R erfluorodecanoic acic 4(CF,)s 5 B T
S —bEiR Perfluoroundecanoic acid PFUnDA CF5(CF,),COOH — 2058-94-8
P A TR Perfluorododecanoic acid PFDoDA CF5(CF,) ,,COOH — 307-55-1
VSIS
mEY AR T=ERR Perfluorotridecanoic acid PFTrDA CF4(CF,),,COOH — 72629-94-8
(PFCAs) Eor R U Perfluorotetradecanoic acid PFTeDA CF5(CF,) ;,COOH — 376-06-7
TR Perfluoropentadecanoic acid PFPeDA CF5(CF,) ;;COOH — 141074-63-7
L REEIR Perfluorohexadecanoic acid PFHxDA CF4(CF,) ,COOH — 67905-19-5
/o8 [ e ST 7Y Perfluoroheptadecanoic acid PFHpDA CF4(CF,) ;sCOOH — 57475-95-3
bR Perfluorooctadecanoic acid PFOcDA CF4(CF,) ,,COOH |22 24 v fa] {4 16517-11-6
IR TR Perfluoroethane sulfonic acid PFELS CF;CF,SO;H — 354-88-1
IR B R Perfluoropropane sulfonic acid PFP1S CF5(CF,),S0,H — 423-41-6
ST T behit i Perfluorobutane sulfonic acid PFBS CF;(CF,);SO;H Yea | 375-73-5
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(PFSAs) IR B R Perfluorooctane sulfonic acid PFOS CF5(CF,),S0;H W BHIR 258 1763-23-1
SR TR Perfluorononane sulfonic acid PFNS CF;(CF,)¢SO;H — 474511-07-4
TR e iR Perfluorodecane sulfonic acid PFDS CF;(CF,)4SO;H — 335-77-3
P+ —%ehifiiR  Perfluoroundecane sulfonic acid PFUnDS CF5(CF,) ,SOsH — 749786-16-1
F T SRR Perfluorododecane sulfonic acid PFDoDS CF,(CF,),;SO;H — 79780-39-5
6:281t% 6:2 Chlorinated polyfluorinated 6 :2 ClI-PFESA .
CI(CF,)c0(CF,),SOsH 4 -19-
SRR ether sulfonic acid (F-53B) (CF2)60(CF,),505 IR 73606-19-6
NEHEN Hexafluoropropylene HFPO-DA CF;(CF,),0CF N "
X | 2037-80-
] St R oxide dimer acid (GenX) (COOH) CF4 RR )L By 62037-80-3
PFASs e
NIEAEN Hexafluoropropylene CF;(CF,),0CF s
HFPO-TA SRR il 13252-14-
Jo = B oxide trimer acid 0 ( CF,0CFCOOHCF, ) CF, SRR G YN L 325 7
4,8-"HRHL 4,8-Dioxa-3H- CF;0(CF,); —
’ ADONA & T.Hh3 958445-44-8
XN pertluorononanoic acid
f-3H-4 9 TR il ic acid 0(CF,),CO0H AR T B

2 TR PFASs B975 L k
IREEH PFASs (R I 28 Wiy i, — &2k A

T R S A AR P A BRI, Rk AT
FoRi R 285 KA B R TR RN AE 5 A A5
FHE"JIEUS%EEEE. 5T PFASs ZEAN ] X I AN R 2 280 £
B i A SRR AR A7 B T4 T b T A He I )

i PTRUKF AL

AEE XL

2.1 %UE? P
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IIIIJ

51 PFASs FP2RAT 00 A R, 3 1 #E 47 905 7 o
gé%% SYHT, AT DA R OR AR 2R e i =F

Fv BE AT A AT PFASs SRR 3R HIT R fins
FREEER AT R 4R AR B, R 41 mT 45 /W% B A5 L R
(EOF) 5 &% (TF) 1 b {i ( EOF/TF) DL K& &
PFASs 5 EOF [ HUAE ( PFASs/EOF ) ] DL 5 kE & o
PFASs AR & 12 1% 00, [A] It 2 547 K 1 PFASs
i Al AT, A 56 A 3 v J8UR T 5 a4 4B
FIBFFE D N EHGE B R B, © A1 PFASs 12
A7 T IREE A MLIRUE R I /NER A, RN SR AT o 8
K. B, o E LKW 1 b PFASs/EOF F
EOF/TF 4354 0. 77%H1 0. 02% """, 75 ] Vi dul 1 9
ASHAB SR 914 0. 30% F1 0. 02% "2 76 JE 1A R BHH]
TH Ak 0.39% F10.02%% . A KPR i
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VAR B O R L S 4 AT
K, BHOR B A PRASs (& B EME L. XS
PFASs MAEY) & e P A 6, 32 A $2 107 1 FR
il P, A Bk - 5 rh PFASs (1948 B,
SYRTT L DME TR A H o 22 R 0 s Ae i, ATk
e S AL G YA T AT BIAR.
2.2 HHEPRYFEL PFASs 45

PFASs WUEERK MZE M T BN R E L
AAE T AN UE B O SV A B T e BE PRASs, K B
PFASs 787K H ) it B AN sh A1, T 25 ) W i1
T HEP A YL L, K AE PRASs 78 £ 38 i it
FETE g5 0 Horh PFOS il PROA S22 Y5 4
Y1 B A TR b X+ 3 Fh PFASs 18 B AR 21 iR A7 7
ZE5%. B, JEIARBH- U A PR R v 1)
J& PFOA Al PFBS'™; i [5 4 b + 5 ]+ PFHpA 1
PFDA WA H R 5, HkCh PFOASY 3R E Ak +
v PFOS, PFOA | PFDA 45 447 & i, {H K A%
PFHxS Fll PFBS"*%) 7 — S [X f 5% PFASs FIRi1A
Yyt A K (AR . HR e TR E £
e PFASs WAL AIF 5T 32 BLAE vh 78 2RS0T T
DFIAAL AR = B SR RO h R R A 4, A X
BB AR D, 2020 A 24T AR TR [E 4
G T BT PFASs (40 F-53B  HFPO-DA %), Hiovp
F-53BAE A PFOS 18 A i B 4 254 A, LA i %
(98.9%) HZ BT PFOS(85. 4% ) , 15 HoAh [ 58 Al b,
DX PN iy i DL i3

tF PFOS tb PFOA HATE S K, (B BLRED)
8, 5 3% PFOS I PFOA TH %% 5 W [ 76 50 4 4
PTGt E R PROS Y M AR AR F PROA B .
SR, SEPR H3E R PROS MW IEAS B R T PFOA,
e i AN B SR ) R TR K
B PG A 2 0 A S [ T 4 - R Y PROA YR 34 1
F PFOS WRJE 3% 7] B8 5 B K 152 A OC. A il &
B, P [ A 3l X R 7K LAY PRASs J& PFOA™
DRLHG A 0 [ 7K 25485 PFOA HF A 08 | i 75 S+ 3
o PFOA B9V EE L PFOS B 5.
2.3 +3EP PFASs B & KOF B Hk IR

#2 5T E 1 PFOS , PFOA 1 PFASs
B B AR, S & B, B [ 2 Bl L T A
M X -4 PFASs 9 & HE7E pe/g & nglg /K-, 55
H7 Y R A A E Yk A R
Fb XA Y | H AT £ 38 B B RS R $i
S T E B P PFASs B R IR K E S Bl
(PFOS,6 mg/kg; PFOA 16 mg/kg) . FEHAL T &

e — S fift FH 5 U A AR R A X, B Y PFASs
7B 15 T 38 b DX Y G KO N AR LT R R
T FAh4E b + 3 PFBS %€ EE (42. 10 ngl/g) W5
FHAHX 2 RO, JEE | H A ISP AT
Ml DX R 57K BT iE -3r PRAS B d s T
M X, F5e i 2 40 B 129 35,5 A1 10. 80 ng/g' .
2 [ e 23 ZE 3 M 9 7 5 I 2R X - 4 rp PFOS YR B
EAFE]T 5.20x10° ng/g (EHIME K 21 nglg) , PFOA
BV FEJE N 11 ~2. 0x10* ng/g (F-XI{E N 2. 4x10°
ng/g) , WLAMNAKE H T v B 1) PRASs Hii (&4, AT
D, B A Sl i A 7 s v i P 2 T BT AL IX
b PFASs 175 9%, R R 5 B C 1 85 4 + 31
BAE.

M2 2 BT LB ), 73R [ — SR Ak T X 4
I PFASs & i 2 | TRUE TIX, L. O]
AEJE N ol 22 S AL, /% PFASs BURT IR 28 K5 %
WG4 BUIREA I8 e SRR &
BE A PRASs , T FE — 8T8 14575 Y YR HE R 1) 3
DX (A B DX e b (X565 ) e . RTREE Ay
AN IR HERL. bR T 1548 PFASs, Hi% PFASs
FIH WA SE . L R E 31 M (AE
X EAETT) 19 89 MMEEAHT & BE,6:2 CI-PF ESA ¥
FE(FE{E M (0. 16+0.20) ng/g, F{E M 0. 08 ng/g]) .
8:2 CI-PFESARY FE (“F-#4{E 4 (0. 61 0. 19) ng/g,
A h 0.02 ng/lg) E &5 PFOS [ F N
(0. 19+0. 50) ng/g, F{H M 0. 09 ng/g) 124, Al WL7EF,
EH7T8 PFASs A ik i 2.

2.4 AR[FEIZER I PFASs B & 5450

R TR) A A 39 R LA o R O X S i 2R
BE R ZSIE o (22 57 44 25 B2 ) PFASs A4 A S HE
K. Lee 250" FEA3 Myl [ AN [A] 2628 £ 3Erp PFASs
o & B, AR bR 3 PFASs BHE B (X 1{E R 2. 79
ng/g) B THEH (CEY{E R 1. 18 ng/g) , FEH T4
A MR (OC) FIAHLE (OM) & B9 N, PFASs &
AN, JEIA R AR AR e PFASs 197 vk
(0. 96 ng/g) i = T FPAE £ K | B 2 F1K A 1 4 B
+3(0. 44 ng/g) 0 DR A b - A L S
FE AR H R 32 20 B R AU RN A0/ AT fg 25 mak
HHGR AL, HIEP AU E RS, V5 Y AR ) it
WRAVEF UE AL K. A RFFE e T3 76
W32 TRER, &I PFASs 17552 IX BT e i
=, BT AR CEME 35 nglg) > T E (CF
{8 5. 4 ng/g) >FEE/NX (CEEIE 2. 3 ng/g) >\ (F
HIE 0. 98 ng/g) I 5 (FIIMH 0. 49 ng/g) BIFFAL;
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Table 2 Concentration range of PFOS, PFOA and total PFASs in soil in China
5 IX S5k SRAE b A5 BERNEL SREERIA]  PFOS &ft/(nglg)  PFOA &t/(nglg)  PFAS MG HR/(nglg)  BREAKIR
T8 14 2008 4E nd~0. 42 nd~0.32 nd~1.82 SCHR[ 21]
ARAeHIX. LTH 39 2013 4f 1.36 3.71 6.43 SCHR[43]
T8 22 2015 4E nd~0. 26 nd~0.21 0.12~1.1 SCHk[ 44 ]
R X R 11 2013 4E nd~3.56(0.96) nd~2.9(0.64) 1.15~5.89(2.69)  3CHK[34]
j;_iifﬁz/ HRIT Ik 19 2013 4F 0.70~1.30 0.20~0.70 2.15~5.49 SCHk[45]
=i 8 2007 4F 8.58~10. 40 3.28~47.50 141~225(184.75)  SCHR[ 16]
Jes 7 2008 4 nd~0. 86 nd~2. 80 0.13~8.50 SCHK[46]
it 31 2008 4F nd~0.70 nd~0.47 nd~1.72 SCHR[ 47]
K 8 2008 4F nd~9.40(1.88) nd~0.90(0.41) 1.30~11(3.55) SCHR 48]
T 18 2008 4F: nd~0. 21 nd~0. 20 nd~1.22 SCHR[49]
JoM T 11 2009 4F 0.05~0.83(0.29) 0.02~0.09(0.06) 0.09~1.02(0.30)  3CHk[38]
AREET 12 2009 4 0.12~1.48(0.69)  0.05~0.48(0.17) 0.19~1.96(0.52)  3CHK[38]
I 10 2009 4F 0.07~2.41(0.69)  0.03~0.53(0. 18) 0.11~2.58(0.81)  3CHK[38]
iégj BRifETl 12 2009 4F: 0.05~1.21(0.33)  0.03~1.24(0.17) 0.09~2.45(0.64)  3CHR[38]
B {EIAe) 24 2013 4F 1.10 4.14 6.17 SCHR[43]
ARFHB X PNE o) 7 2013 4F 1.10 4.28 7.07 SCHR[43]
INAAE 55 2013 4F 1.77 3.79 7.13 SCHK[43]
LA 28 2013 4F 1.40 4.35 7.27 SCHR[43]
WHES AT 76 2014—20154F  nd~1.56(0.26) 0. 16~62.45(2.36) 0.34~65.8 SCHR[33]
ey 9 2015 4F: nd nd~0. 09 0.04~0.3 SCHR[43]
PNE il 8 2015 4F 1.88 0.41 3.55 SCHR[44]
RE 40 2015 4F 0.10~0.17 0.06~2.32 0.31~2.60 SCHR[44]
IARA 9 2017 4E nd~0. 09 0.48~22.99 4.23~48.72 SCHR[50]
K 17 2017 4 nd~0.25(0. 08) 0.07~2.70(0.39) 0.62~5.09(1.55)  SCHK[9]
KT 86 2008 4F 0.12~2.36 nd~0. 51 0.02~2.36 SRS
BONA 8 il 31 2015 4 0.02~0.08 0.34~14.50 - SCHR[ 52]
PR HL X “HA 42 2015 4E 0.04~0.65(0.12) 0.09~0.19(0.12) 0.30~1.00(0.39)  3C#k[32]
ST /'\Eﬁéré;{f‘[z 89 2018 4F nd~4.26(0.19) nd~2.16(0.35) 0.24~13.56(2.01)  SCHk[17]
ZRAbIX 74 5 2017 4F nd~1.40 1.20~6.30 1.5~59 SCHK[ 53]
Wdks 23 2010 4E 0.90~26.7(7.06) nd~1.82(0.79) — k[ 36]
s HEX =) 32 2010 4F 0. 68~189(22. 60) nd~34.20(2.53) — SCHR[36]
JAFH X B e 32 20154E  0.06~458(23.10) 0.32~21.90 1.30~914(65) SCHR 54]
VLI H AT 28 2012 4E 0.04~0. 45 0.62~5.92 — SCHR[55]
AREHIX
IWRAHE G T 44 2014 4F nd~35.50(0. 82) 1.29~623(61.95) 1. 86~641(66) SCHR[56]

A6 5 R P , nd FORAM I SR TG R

Horp T R e RUNX A B 3R )= 2 PRASs LU
HRBE N 1T 1 W P R B PRASs 02, 1%
JE T AR R, R R S R
SFIEAR IS ARSI SE R R R Y PROA B3 A 14

W AR s G
3 PFASs £ IERWIFEITH

PFASs 7£ - SR % oA A AL s I e T
YR A B S FRA M B A W R AN S
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] 3 A2 R AE 5 SON A B BFSE PRASs 76+
B IR TN IR T i AT R L AR ML, I A
SRR ANE &, X T B 4% 13 b PFASs B9 PR XU 2
HEEE L.
3.1 PFASs £ 3P YT 0 A

R —Fh BH B SR T 16 P57, PFASs 4> T-45 14
HRR SRR I (IR L R R 6 45 ) R K 3 (B % ) 1
ORI A SRR PR R R B R
SRR 2R R S5, PFASs 76 33 BAT R X R 4
R B - A it . IS R B, A b PFSAs Wk JE L
PFCAs @&, X T 5REMA YA L, B R 5L &
WK PR B AR , LR B A, W BRE VS .
Higgins 45 #5218 FlH K88 PFASs 72 LR P Y
W RNAT R, R BB R N 1 A CF, 57T, K, (L
e 2 5 K50) (L BIEAm 0. 3~ 0. 6 AN B A ; Bl 1<
BEAATR B B R 2 Lb R R 25 AE DU B b W ffF 1 &2
(#4122 0.2 4 %t B0 B {1 ). Enevoldsen %5 % 1
Freundlich 2875 i 26 %} 6 Ff' PFASs 7E 1 38 o it % Fff
FRENAT R AT LA, 15 30 W BRI AR 1 K, (R 53
Jicl 22 2550) 1830 Bl 2091 49 0. 1~33 10, 3~65 Likg, 54
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