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Substances (PFAS) in Soil Environments
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ABSTRACT

Per- and polyfluoroalkyl substances (PFAS) are representative persistent organic pollutants widely distributed in soil and
groundwater through sources such as aqueous film-forming foam (AFFF), industrial activities, sewage sludge, and landfill
leachate. High concentrations have been particularly observed in soils near fire sites, industrial areas, and military bases.
While countries such as the United States, Canada, Denmark, and the Netherlands have introduced strict regulatory
standards (often at the ng/g or ng/L level) for compounds like PFOA and PFOS, South Korea currently lacks legal
standards, with only limited monitoring being conducted. PFAS remediation technologies can be broadly categorized into
separation-based methods, such as soil washing, phytoremediation, and adsorption, and degradation-based methods,
including thermal, mechanochemical, hydrothermal, sonochemical and electrochemical methods. Integrated management
approaches that consider the reuse potential and ecological safety of remediated soil are increasingly necessary. This study
aims to provide scientific baseline data essential for developing PFAS management policies in South Korea and to support

the establishment of effective remediation strategies.

Key words : PFAS, Soil contamination, Regulatory trends, Remediation technologies

LM E

ﬂ%ﬂﬂ@%@eﬂ and Polyfluoroalkyl Substances, PFAS)
asie] 2 e o) Ao 7

A L

! (Persistent Organic Pollutants, POPs)& E-FEt}. 1940

th o]9-E PFASE A, A% A, &30, WA,

|, 245 =2 A S ookl 2] 2 2n)Ao)

o, ol e} 73 F 9 FAEsH HAT

Tl o MEor 10
H—I of¢
Sl

>

]_

op
¥

FA: R, T T 0T L B AT
oI, Sl e goiesla g, et

ZAA}: o|Hod  ZEFo Tajt) st 317 Eska) Al -l

AR ot ST S AT, o

E-mail: yson@kumoh.ac.kr

Received : 2025. 7. 5 Reviewed : 2025. 7. 17

Accepted : 2025. 8. 8 Discussion until : 2025. 8. 31

23

(Cousins et al., 2019; Prevedouros et al., 2006). PFAS=
WEA, 274, IFA 55 Sl 2he SASE Qs
& Al AGQA W g AR o]Fsi, aFelM =
Eo(}:;q_ ;(]~ 2= 10—5]_ __ZT;G =i 3;]./\]. ﬁﬁ B 2= oh;]_
(Brusseau et al., 2020).

PFASS] 8 QU5 749844314 (Aqueous Film
Forming Foam, AFFF)(D’Ambro et al., 2021; Prevedouros et
al,, 2006), sFFA el ] WA e= FelA] F WHRT
(Ahrens et al., 2016; Sinclair and Kannan, 2006), "]534]
=5 (Lang et al,, 2017; Gallen et al, 2016) 5°] 2t}
PFASE Zsrel A5A8-¢ Bol Tk §2, 9,
A8= 59 HEE AXM o587 FYAS FAlol 2t

EE3} /%S HOItK(Wang et al., 2022). PFASE
71Eolv HERE T3 A%t EY Wl s,
sk Bgol et R ThrFow o)Fst]
o =HE] 4 km Wojz] Aoje] AsirolN 1EH
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AH = o B35 1t (Loganathan and Wilson, 2022;
Zhang et al., 2016).

A2 =e B9, B Ask W PFASOl thgk w4
THARE o} vhdEo] UA] e AAoln, SR I
FUER AR Qe AAIAR] ZAPT FE535F A7goltt. vk
Holl, vl=a} f AF F7FES PFOASH PFOSE 54
o7 BEY g Aakr RUEY 7S APgste] Aldstar
Rom, v W 2z Fo} divl=, vttt 52 PFASY
R 74 55 71538 =98k JTHITRC, 2025).

& 9= PFASY] Hojo E4, EY 9 Aelr Wi o
A=, U9 A 8%, A= AR, 28a H21 As)
7leol| thel] TR o= nagto =M, ok 8 9l 47t
HoE 9%t BY s 2424 oS dg vl 712
AARE Algsiaat gt

2. PFASS| B9l 3 Y

PFASE C-F 2% sh o ¥dele =2= 49
3 (Schymanski et al., 2023). PFASE A2l ujehr 4=
gl Fo] SIRMEEo] XEEe A0=E Holn, 2024d%
EPA A Toxic Substances Control Actol]l w2} PFAS
13,054&2] ARS-S AISFSIATHEPA, 2024).

PFASE ¥ubz 0 2 HEZF Q2 47 A (perfluoroalkyl

O

chain) £l 7}12E2-22H-COOH)°|U &E4H-S0;H) 59
287171 Bolde FEE 7ML Ut EEEetE o
-9~ QP Ao, WA 2 Wiskehd 5745 7Ktk Bolan
et al, 2021). F7H 02 gk A4 THAe S 7
T dom, Zg7)o] Ao wmeba Hed AR
AT 7H 4 A7) vl TRk AR ekl A,
e FRA, B EA|, A8 E Bl FEA 2850
SkH(Prevedouros et al., 2006). AFAAINA A E-3 = A
%= 54 wltol 4 =29 o]F 11 ARE ZRSH,
“@L3] ARAA] 2= 318kE (Forever Chemicals) =
2237 ATHBrunn et al., 2023).

PFAST &3] ¥ (Polymer)9} +=Z2] ™ (Non-polymer)Z

T g o, ARdANA 7P £33 HEEe 24
58 =Zdv T/ T B4 F49 EE FAv) &3]
E4astEo] e HEFL 2 E A (Perfluoroalkyl
substances)?t FAEH 02 Sht o Fe] B Alge] IF
FaUAE BAUAE giAE EYEFeEddEd
(Polyfluoroalkyl substances)® Y= 4= Ith(Fig. 1). HZE
Fo=dAdEAd = HAE31Y A2 (Perfluoroalkyl acids,
PFAAs)e] EFHW olF HEsidd =25
(Perfluoroalkyl carboxylic acids, PFCAs)¥} a3} A
E4H(Perfluoroalkyl sulfonic acids, PFSAs)°] &It} o]
9] tEAQ] B2 A ARl war, A 2 2}
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Fig. 1. PFAS concentrations and number of data in worldwide soil (dots represent concentration of PFAS, and bars indicate the number of
data points; Gan et al., 2022; Johnson et al., 2022; Ma et al., 2022; Mattias et al., 2022; Liu et al., 2021; Pepper et al., 2021; Brusseau et
al., 2020; Nickerson et al., 2020; Shigei et al., 2020; Bréunig et al., 2019; Anderson et al., 2016; Navarro et al., 2016; Xiao et al., 2015;

Garcia-Valcarcel et al., 2012; Strynar et al., 2012; Wang et al., 2010).
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Table 1. Classification of Per- and Polyfluoroalkyl Substances (ITRC, 2023)

Family Class Subclass

Group

Per-fluoroalkyl Substances

Non-polymer

Perfluoroalkyl acids (PFAAs)

Perfluoroalkyl ether acids (PFEAs)
Perfluoroalkane sulfonyl fluorides (PASFs)
Perfluoroalkane sulfonamides (FASAs)
Perfluoroalkanoyl fluorides (PFAs or PACFs)
Perfluoroalkyl iodides (PFAIs)

Perfluoroalkyl aldehydes (PFALs)

PFAS

Poly-fluoroalkyl Substances

Fluorotelomer substances

Polyfluoroalkane sufonamido substances
Chloropolyfluoroalkylether acids
Chloropolyfluoroalkyl acids

Polyfluoroalkyl carboxylic acids (PolyFCAs)

Fluoropolymers
Polymer
Side-chain fluorinated polymers

Polymeric Perfluoropolyethers (PEPE) -

A A AE NIEr) Eoha 48 eSS e
(Perfluorooctanoic acid, PFOA) ¥ IE3}-SE&EE
(Perfluorooctanesulfonic acid, PFOS)®]th(Botelho et al.,
2025).

PFAAsE PFAS £4F FolX 7P B3t 720 =2
2 GTA Jon, PFASES AIANA Eall= AU W
Fx]o] diFte] PFAAs7} 57 wiitoll, “terminal PFAS”
¥+ “terminal transformation product”@ E#]7]% g},
=97 AESA S Wbk PFAASE AlE ZHo|= i
31 74l PFAS(long-chain PFAS)?} ©4) PFAS(short-chain
PFASE 3} THOECD, 2013). PFAAs % PFCAs=
&l opdel &g 3ok TS, PFAAs T PFSAse
o7l olde] BAE 7L e HEs 4 PFASCE
ettt &3l PFASES AESH 9 nlAEsHe W
o oJsli @ PFAS FElZ X3 4= Qth

PFOAS} PFOSE Z AlAIZ o2 Tkt 87004 A=

= T2 LA=EEA 2 9 QA el e A
T7F 13 v) ok F 2 2F AR F5E F g9
2 Tl atA Agkehes S 7L oA wi=
57} ullg- 2ot Alghe] dfellA] PFOAS] W7I=
ok 2-4d, PFOS= ¢F 5% d©|H(USEPA, 2017), A&2A<1
=% Al Aol A= WS fast 4 ok =A &
ATAJARCPIA 20231 PFOAS: A7ol|A] ¥l Q=
& (carcinogenic to humans, Group 1) 2 X3} 0,
PFOS= RIZbolAl & 7ol = =2 (possibly
carcinogenic to humans, Group 2)& A"g3}+ v} JItH(WHO,

R

2023). USEPAIME F &2 i3t -85 A7 Ax
7S A “REAE o IlEidey, B

PFOAE 0.004 ppt, PFOSE 0.02 ppt= A staoH
(USEPA, 2022), 2024 3% <8 U 5 Hdd
£74 ¥% (Final Maximum Contaminant Levels (enforceable
levels)oll st F E29] 714l 555 4 ppt= H3IA
THUSEPA, 2025). E% 37 HopllA= T gkt
=7}l PFASS] E& 7Eo] AL QLo EY 23
o gt FAE e 3 2P| BlEiA =4 @ d
ojct.

3. EQF- X5 LH PFAS 2=

PFASE Ao z= 2 Ral=A] v QT 35h=
A=, 1940900 7E TRt 2k 2 AH|Aol] AME-E] 3L
Ao, B g 4 5 TRt AFAgEelA FH I8t
A WA= Qi) o] T EY Ul PFASE AYE ¥ A
srEe] AT 7FsAdo) wig- Eom, mAl d4 B X
3] B8 To& Qlet 4] vlE oA FES
71 &= ek &3 PFASE Alslr $HdolA] 43 PFAS
HT} £ o544 Ko, f=do=2NE F A2vH
Gozl A= HEHE v} ATh(Zhang et al., 2016).
Guelfo and Higgins(2013)0]] w2 E&Fe] dA=7],
715 T, ol_A= Foll wEhA EYlA] PFASS] §3F
SO A gEAH, ol wet A5k W olF HE 9
&= g7} WAt 3t} BEslE Sashas o

=
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& 2 g ukgo] dojual tigrsel E2g o]
= A d SRt 2R Qo] Agkre] 29l 2
43S v XITKBrusseau et al., 2020). & AFM= A
W8 &, sl Al 9 R, WEAl s
PFAS 29 EFll 23 Al 24, t7] ol 2l
&S E9F U] PFAS] 8 294 =E Arslara) s19ict.
PFAS 2¢19] 7P thit 2]l e & shie 488 &
% 3421 AFFFO|tHD’Ambro et al., 2021; Prevedouros et
al,, 2006). AFFF= F2 TA7IA], 3, 2 Fd7go
Al AH&E%1e™ PFOS, PFOA, PFHxS 5 34l PFAS7}
T8 Adolth A%, F, AR, 0 FE T2 Ao
A EYF B ABEE FYEY, diite L9s sk
(Cousins et al., 2019; Houtz and Sedlak, 2012). ZFol|A]
= <F 9070, mI=rell A= 26,0007 ©]4d2] PFAS 29 A
Aol R E S W (Darlington et al., 2018), AWAES
BHH53 AR Q1o fXIgE A HellM 5-8 A|sko]
PFAS F57} 71EXE 233t AlZE RIskA] B
THCousins et al., 2019; Darlington et al., 2018). 7] <&
ghifels=e] gk ARllM= A 2 XSk W PFOA &
=7} Ao 11,000 ng/Loll €3 v} 91 S H(Lindstrom et
al., 2011), o}= AR 27 FFES 2 e el
sk EPdels] sk £9A B WRge EY Y
PFAS 249 4 2 5 shtolrh. 78 ¢ A&
7ol AR PFASO| sl frdHH, skl i s
AA Ao 59 v=elA &9ske skl
&Rl A9] PFOS7} 3t 403 ng/g, PFOATE 34 ng/g
FEO 2 ZEH v} 10 (Venkatesan and Halden, 2013),
2920 & PFOS7} 15-600 ng/g BMYE HiH
vl ITHSun et al., 2010). PFASE AERRS-Zol|x] ATt
A7F E = F=7F 57FE 4 919 (Houtz and Sedlak,
2012), Z~¢lRlol= Aal4= Ul 265 PFASY] B =7}
49 ng/L, V=7 7859 sl g WRolMe PFOA7L
o 1,050 ng/L FAZZ=ATH Ahrens et al., 2016; Sinclair
and Kannan, 2006). PFOST && Aol 733lA &2t=] o]
W W s WA Uehe S34ES BRItk (Yu et al,
2009; Becker et al., 2008; Schultz et al., 2006). 3}=*2]
oA A SRS HlE ToF FAA 0 &88
73%-, PFASO] F3 EoFo| FU=E 4 ATH(Venkatesan
and Halden, 2013). Sepulvado et al.(2011)}2 PFAS®] ]
3FolM 120 em QoA T2 F eS Hargk bt 9l
©1, Washington et al.(2010)%] Folre EHAPT &
45 Bl PFOS 2 PFOA”} ZHzh A] 408 ng/g,
312 ng/g AEHAT E81A]9] vlg &8 Tl 9t A

o
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§2 PFASS] AEFS B A& 355 T3l AuAlst
Aol YRS wF 4 Stk

PFASE #7|= wigAelA sk IST= wiE2
= YJtH(Lang et al., 2017; Gallen et al., 2016). H7]& W
PFASE 2157} B9 iAol M Eqk} Alekr=
5o, A7} ofele T PEASE 4718 BA0Y ¥
A oF7|A1Z1tH(Knutsen et al.,, 2019). T=rolX= &+
W PFAS7} i 292,000 ng/LE B ¥ v} JTh(Yan et
al., 2015).

PFASE U715 &3l A2] oF&(Long-Range Atmospheric
Transport, LRAT)EH, 79U 744 55 53 54 FF
I MRl T B9 14 JAFeE Bl #UE T
$JTH(Shimizu et al., 2021; Chen et al., 2019; Gewurtz et
al,, 2019). 5=, F=, HlH Y Aol M= PFAS7} =S
e, ol t] 3 7Y 4] A 2 5 ol
(Wong et al., 2018; Xie et al., 2015; Del Vento et al.,
2012). PFAS & FTOHE t7] & OH gtz ¥h-g-51]
PFCAsZ F$=H, o]F B9 Moz Qs 29S o
©71 5= It (Webster and Ellis, 2010; Young et al., 2007;
Gauthier and Mabury, 2005).

PFASE %355 B Aslrote] Fo8-5 F3l A53
o wHHM, B Aekrele) §92 48, 490 o
A%, 71200 29 2 HEgEe F2 5 v
Z-8-& 3| PFAS T&o YES v th(Wang et al.,
2022). TS, Askro] SR8 54 we} PRASE A
tSollA] s tlgo ' o sshAu W= A=EE7]%
s, o= A71HQ S 2 4 EAE 23
(Loganathan and Wilson, 2022; Zhang et al., 2016). PFAS
L8e SR sid=7] ofel B3R EAZ, BEXt
Aekre] #HE T8 A7l A te HEs
i gk g =

4. EQF/X|5F: L PFAS 7N 3igt

ro

EFASr W PFASe] tigh 7iAl7F vk = o] 1A &
AAoln, thiEe] ARE Vs VIleM B F g3
(ITRC, Interstate Technology and Regulatory Council)®llA]
Algsh= PFASY] iAol thek Hw) B #3e] A A%
< 3P| AASIATHITRC, 2025).

vlEelME SR A W= fler, v 873
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Table 2. Regional screening levels for PFAS in soil and groundwater
(USEPA, 2024)

Compunds Soil Groundwater
(ng/g) (ng/L)
PFPrA 39,000 9,800
PFBA 78,000 18,000
PFHxA 32,000 9,900
PFOA 0.019 0.0027
PFCAs PFNA 190 59
PFUnDA 19,000 6,000
PFDoDA 3,200 1,000
PFTeDA 63,000 20,000
PFODA 2,500 800,000
PFBS 19,000 6,000
PFBS-K 19,000 6,000
PFSAs PFHxS 1,300 390
PFOS 6.3 2
PFOS-K 6.3 2
Gen-X 230 15
Others  Bis(trifluoromethylsulfo- 23,000 5.900

nyl)amine (TFSI)

Table 3. Regulations of PFAS in soil (unit: ng/g; ITRC, 2025)

73 Wl =315}t (PFAS)] 24

A%, 74 2 43} 1% 53 27
B3 (USEPANIA 2024 A%0] PFAS 2 165 tis}
of X9 238 7]5(Regional Screening Levels, RSLs)
< AXEFATHTable 2). V5 Wi 67] FollA B Asts
fUg £ 02 AjkE RIS vhdste] A8 Folxlom, Il
vtk & givl=, vgds FollA # s rhste]
A8 F-o|tKTable 3) vl M Feig g A4
PFAS B2 A3} 7|52 vlads]e] Alaislar 1.2 (Cleanup
level(&22~7}), Provisional soil cleanup target levelE=
2]}, Environmental action level(@}2}]), Final proposed
soil remediation standard(7F34324]), Interim soil remediation
standard(77414]), Preliminary soil remediation goal(=2~7l]
Egloluy), IUH(Soil quality guideline), @k (Soil and
GW used as water supply), /& ek
land application(Industry))= £ 274 W PFAS 55
TAIBIL k. Al o] shoRE]] m2vlEetoluet
NS A2l A ellxe FF4 2= PFOAS} PFOSE
A FEoz xFFen, olgd Al e 4%
0.4~1,300 ng/g & 0.5~1,300 ng/gl& S W= Y&}
stk Hlad 21 20243500 AlgE sheto] B Y

= (Maximum values for

USA
Location ) . New New North Canada Denmark  Netherlands
Alaska Florida  Hawaii Hampshire Jersey  Carolina
Year 2017 2020 2024 2024 2022 2018 2021 2021 2019
PFPrA 5,000
PFBA 48,000
PFPeA 5,100 400
PFHxXA 6,300 400
PFHpA 250 400
PFOA 1,300 1,300 38 0.4 130 400 1,100
PECAS  ppNa 38 1.3 47 400
PFDA 25 400
PFUnDA 63 400
PFDoDA 85 400
PFTrDA 85 400
PFTeDA 850
PFBS 3,800 250,000 400
PFHxS 25 0.4 400
PFSAs PFHpS 130 400
PFOS 1,300 1,300 25 0.5 110 10 400 110
PFDS 130 400
PFOSA 150 400
62 FTS 4,900 400
Others ¢ FTs 400
Gen-X 47 230 960

J. Soil Groundwater Environ. Vol. 30(4), p. 23~36, 2025
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Table 4. Regulations of PFAS in groundwater (unit: ng/L; ITRC, 2025)

USA

Canada

New
Hamp-
shire

Location Michi-

gan

Mon-
tana

Massa-

Alaska Colorado Ilowa
chusetts

New
Jersey

Ger-
many

Nether-

North lands

Carolina

Rhode
Island

Texas Vermont Watsélrllng- Alberta  Mark

Year 2016 2018 2016 2019 2021 2019 2019

2022

2024 2023 2023 2020 2022 2022 2021 2018 2020

PFBA
PFPeA
PFHxA
PFHpA
PFOA
PFNA
PFDA
PFUnDA
PFDoDA
PFTrDA
PFTeDA
PFBS
PFHxS
PFHpS
PFOS
PFDS
PFOSA
6:2 FTS
Gen-X
CIPFPECA

400,000
20
20 8 70
20 6 11
20

400 70 70

420
20 51

400 70 70 20 16 70 15

370

13

20

7,000 24,000
12,000
12,000
560
290
290
370
290
290
290
290
34,000
93

100
100
100
100
100
100
100
100
100
100

10,000
4,000 6,000
20
20
20
20

20
20 0 20,000
20 9

0.001
10

100
60

170,000

2,000 345

65

100
100
100
100
100
100
100

6,000

20 20 100

0.7 20 560
290

290

20 15 60,000 100 56,000

24 140,000

ZAL] SHAE AFEY, setole] A= PFAS B
#H oFE T 20 FE(PFPrA, PFBA, PFPeA, PFHxA,
PFHpA, PFOA, PFNA, PFDA, PFUnDA, PFDoDA, PFTIDA,
PFTeDA, PFBS, PFHxS, PFHpS, PFOS, PFDS, PFOSA,
6:2 FTS, HFPO-DA (Gen-X))y= X331 o, 730
A}&= PFOA, PFNA, PFHxS, PFOSZ Z}2} 04, 1.3, 04,
0.5 ng/g® 2 THAIBIA. o= EY W PFASO tigh 1A
= 9w 7Eo] AelEAl IS onldal B 4= ltk

vl=r W 137] el Al 2 AIE Al SolH,
Huch@Her) 2 divnt=, 59, vdds Solx=
A HE vhdste] A8 Folth(Table 4). PFAS =32
% 35 9% PFOA ¥ PFOSE Ak 9oH, PFOA
2 PFOSO] F% M= 77} 0.001~170,000 ng/L B
0.7~60,000 ng/LZ R el w3Eo] Ut} o] F
Ho AlE 202495 =2 EEto)ue] A Hu)
&]-8-7] (interim maximum allowable standard)ol| A=
8%2] PFASS THAI3kaL PFOA % PFOSY] &2 W
315921 (0.001 ng/L 2 0.7 ng/L), 202395 &ARAF
ol|x] Al3§¥ Tier 1 PCL(Protective Concentration Level)
o)X= PFAS 165 1A Aol E3elqnt. dvfae=
2021950 A8t FA7IE FECl 1789 PFAS7H
Z 3Tt
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B A5k W PRASO th3 A= Sv)et fHe
AR w=A] GHEaL glom, 1A E TIE T
w3t M A3tEe FAolth. £3] PFOAS PFOSE

FE S 2 Ao FHo R AL o, HT
o= o2 PFAS % thA SItE7FA] 1A tidel E3sk=
78S Bk, vl=re] oy F, v, gk, vigi=
2 EY 9 Akl gt % VS vREska o,
DF AGL 1 nglg 5= ngll of8le] s A4 7IES
Z-83faL Aok ¥hA, =] B oprjo} I7E2 o}F] HElgh
HZ 7|50 BAR Ao 35 3 2 1Y HEE

At et 2A 7|8k A wlEo] Al Aot
5. IFLH2| E2F L PFAS HE &g

51. X2 38 ¥ Y

16919] =19] =FollX EY Y PFAS 7= AHI7F B
H A8ES F£H¥8t9.01, v(Johnson et al., 2022;
Pepper et al., 2021; Brusseau et al., 2020; Nickerson et
al., 2020; Xiao et al., 2015; Anderson et al., 2016; Strynar et
al.,, 2012), ZHUThH(Liu et al., 2021), &(Briunig et al.,
2019), 5= (Gan et al., 2022; Ma et al., 2022; Wang et al.,
2010), 299l (Mattias et al., 2022), 2~5|2](Navarro et al.,
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Table 5. Land use—specific PFAS concentrations in worldwide soil (Gan et al., 2022; Johnson et al., 2022; Ma et al., 2022; Mattias et al.,
2022; Liu et al., 2021; Pepper et al., 2021; Brusseau et al., 2020; Nickerson et al., 2020; Shigei et al., 2020; Briunig et al., 2019;
Anderson et al., 2016; Navarro et al., 2016; Xiao et al., 2015; Garcia-Valcarcel et al., 2012; Strynar et al., 2012; Wang et al., 2010)

Firefighting Site Industrial Area Landfill Residential Land
Compounds PFOS PFOA PFOS PFOA PFOS PFOA PFOS PFOA
Number of data (EA) 52 52 3 3 16 16 32 34
Maximum Conc. (ng/g) 13,400 25.7 2,583 16.9 55.0 10.3 6.1 0.1
Minimum Conc. (ng/g) 2.1 287 0 50.1 0 136 0.5 0.5
Average Conc. (ng/g) 801.4 0.1 861.0 0.3 7.9 0.1 1.2 0.1

2016; Garcia-Valcarcel et al., 2012), 2 2% (Shigei et al.,
2020), BAIE 2 LE(Strynar et al., 2012) *|H<] 3}
A%, FAAY, A 84, WA SolX PFASE A=
@ AnE +9 el

W B W PFASS FAHo=E tE Serlse A
o, tal FFulole EE (https:/www.data.go.kr/yS
Fotd B AR E P =g sl A= 2008
WRE] bt 3 24dl EAlske A fY1edE

T pul
A BUHYsAL glor, & =wellMe A 10d 2
FE7Ied=d S99 =9 A7H2014~20239%)9] A}
FE st el B 54 AL 6o,
=74 AR 8= Sh(10R), TR (137L), 54

72, A E71L), PokR17iA), SgA| ()2 T
25tk PFOSE 201495 RE 287} AFEHAeH,
PFOAT 201595 3783 A7t Al Stk E
F ) FE33IHEY] FEE ng/g 9YE 5 T logE
Fgh ghs ezl YRt vk S5 (box plot) o= E
A Tefzollx= ol e Haigh AR, TUEL,
ABARE9I, Hdizks UeR ™, 22z 5o Hlole=
oI B S ofmgitt

5.2. 32| E2F L PFAS A& Sig

970 =7Fke] 105709 HiolH AMEA F 13F9
PFAS(PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA,
PFDA, PFUJA, PFDoA, PFBS, PFHxS, PFOS, PFDS)7}
=A% om, 1 B¥ = Fig 13 2tk 21 F9] g
PFOA(1057) 2 PFOS(10371)E E&Hd dlolE] HES
B3tk g2 EAEL 70% v|vke] doly AES}
el = ATHPFHxA(727)), PFHxS(597Y), Y A= 3471
(324%) ©13}). PFCAs 54 ZFollx] ©l| PFASe] slidsh=
PFBA, PFPeA, PFHxA, PFHpAY] His=(E9)e 2
7} 2.5 ng/g(0.1~11.0 ng/g), 44 ng/g(0~16.8 ng/g), 4.8 ng/g
(0.1~68.4 ng/g), 1.6 ng/g(0~11.0 ng/g)C-& Zto] A=H

lom, A PFAS 22<] PFOA, PFNA, PFDA, PFUdA,
PFDoA EZE2 172 ng/g(0.1~287.0 ng/g), 1.9 ng/g
(0~12.0 ng/g), 2.1 ng/g(0~26.0 ng/g), 0.7 ng/g(0~3.0 ng/g),
1.2 ng/g(0~6.2 ng/g) F=EIATt. PFSAs &4 5 T4l PFAS
o dg3s= PFBS, PFHxSS] Hi-s=(H 9= 39 ngg
(0~39.0 ng/g), 16.7 ng/g(0~450 ng/g)CZ AZT|N o™, 2
PFAS?] PFOS, PFDS9] “F&=+ 498.6 ng/g(0~13,400 ng/g),
39.8 ng/g(0.2~329.6 ng/g)° =2 =31}, PFOAS} PFOS
o] T&rt vke =43 Hlaslo] diF o R A AEEIC

PFOS % PFOAE &= EH @4, 4 &4, vid
A, FAAGRE FEste] HlolEE A8ITHTable 5).
PFOS= [ @A (5270 HlolE)), 2kd &3 Hlole),
PR (1670 HolE]), FAAH BN vlolE ellAe] PFOS
= ) 13,400 ng/g, PFOAE Ht 287 ng/g F57HA
HuEglon, 53] shA) d47 2] XA nEEs
AZ= A

5.3. ILH EQF L PFAS HE 318

=) B2 RUE™ AH 61704 = PFOS ¥ PFOAE
Az Ho 1714 2 1elAdA AEEgen, A
75.8 ng/lg ¥ 3.2 ng/lg 5O E ZH2t B uEAckFig. 2).
FA| SEHEE AP A9 ASEA asker, 34,
A, ok, stu-gA| R} FFEA AN 7Y =& =t
1| CK Table 6). ZUEH Avh= FHH 2 S ngg
oJ3l o7 tokdt EXloM 12 HEFHINSH,
PFAS 2.%°] 9il=e s a4, o5 FH 55 =
ARl T B 29§29 ZRlo] 7Fed AR APt

TjejollA] EF U] PFASS] 20 Tt 8= A9
oA FHLASHA WAl o, 53] A |, 4k
|4, @A SolH E& FEUt viEHow BuET
AT} 9] Aol A= PFOSSE PFOAZ} 713 BIHEHA
AEHY, dF AFoM= 53 ng/gell e 1F=

¥ EYE FRlEar Qi) vhd, sfje] o= o

2
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Fig. 2. Annual PFAS concentrations in South Korea soil (Korea Environment Corporatlon, 2014~2023).

Table 6. Land use—specific PFAS concentrations in South Korea soil (Korea Environment Corporation, 2014~2023)

Industrial Area Agricultural Land Residential Land ~ Forest Land  Educational Land

Park
Compounds
Number of data (EA) 18 20 47 22
Maximum Conc. (ng/g) 2.0 3.1 75.8 32
Minimum Conc. (ng/g) 0.5 0.5 0.5 0.6
Average Conc. (ng/g) 0.8 0.9 1.5 0.9

PFOS PFOA PFOS PFOA PFOS PFOA PFOS PFOA PFOS PFOA PFOS PFOA

- 1 4 9 36 4 2
- 0.5 1.1 1.3 2.5 19.0 0.8
- 0.5 0.5 0.5 0.5 0.6 0.5
- 0.5 0.7 0.8 0.9 1.6 0.6

d A7k 253 Ao, 3T vlolel Tl 8
=3) A3+ L]0 ATt PFAS #-3E

QI 5 Ik 53] T ABANE FFEA, S

2], Qlof S kst Eool|A] PFASY} HEE AL 9o,
&5 Bk AARR] 2AF A Fje} 11917 Aodel] tfEh
Y ZUEo] st o)y AREL FF Il
PFAS ¥2] 2 74 7% FHS 93 712A5E 284
F dom, AR 09 x| 27 Wy} G9ERl
| 83 9 & Aotk

g3} Ad=F ol

m{m

6. PFAS 2% EQo| M3l 7|&

PFASS] A3lr|&e EFo2RE Eis= 7
PFASE ®3ll5l= 712 U0l & 4 3or, 8 A+
ZAT= Table 73 2t}

6.1. PFAS —'?'—EI sl 7=

22| 71&S EY W) EABH= PFASE o o)F

J. Soil Groundwater Environ. Vol. 30(4), p. 23~36, 2025

AFIAY 2= B FERAR ol FAIAN EY U PFASE
Zo)E H ZZo] 9lon ERNHH, AEA3Y, 232
5ol A oltt. EAI A (Soil washingy 71
‘Q“UH‘/} 2 o|EA 55 AFAZ 283l PFASE EY
PAEFE SN §F, AHAS 353t A2ste
Ao A8E= 7|wolth. PFASY] AkE o]} 7(*3}
ol wet AlHA) o] Fasim, el AW
e FHEE v EYF 23St PFASY Q-E—
ZX1& 4 UtH(Tang et al., 2017). Munoz et al.(2018)<]
AT Aol w2, wgkdo] opHEAF FEH-S 400 mM
A7ret 8AS AN o= AMEE 79 8652] PFASs7}
i e S SR18KCH, Tang et al.(2017)
S o] 25 o] &g AT MHS Fate] oF 80%2
PFOS7} 2|5 = A& Harsoirt
215745 (Phytoremediation)> 21E-2 o831 {3
T LEEES AE Y, 27 % @UHE FTAIAA
Aglsl= "ol Krippner et al.(2015)x S5
o83l EF Wl PFAS| oS A A7E 343 vt
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Table 7. PFAS remediation technologies in soil environment

o A% 31

S
ye
o
ot
N
ey
offt
oB

Pollutant
Processes Experimental conditions Initial Soil  Liquid Time Re@oval References
Target Concentration (&) (mL) efficiency
(ng/g)
Separation
15.5 min ..
Normailized
Methanol + (0.5 min (voltaxing) +
| y CH,COONH, 400 mM 86 PFAS  106-8,200 1 4 10 min (sonication) + ;essi)flngf/s Munoz et al., 2018

Soil washing 5 min (5000 rpm)) 0

I;I;écé?; 100 mM PFOS 200 1 10 18 hrs 78%  Tang et al, 2017

. ke 1 (<19 .

Phytoremediation Zea mays 10 PFAAs 100,000 12,000 - 24 d e‘:estr(aw@ Krippner et al, 2015

Activated carbon 3% PFOS 04 9 900 10+d2(z ‘ESSSZ]‘))“) 99%  Hale et al, 2017
Adsorption

Biochar 5% 22 PFAS 1,200 a0 400 16 ‘1(;3 ?S(eltgg);pm) >90%  Sormo et al, 2021
Degradation

2.2-79 . .

Thermal treatment 500°C 13 PFAS (nmol/g) - - 30 min > 99% Alinezhad et al., 2022
X:;lla;‘“hem'ca] gg hr';dl;'cal burundum 988 g priyg 580 786 196 3 hrs 81%,  Battye et al, 2022
Hydrothermal 350°C o
method NaOH 5M 148 PFAS 1,270-65,800 0.5 3 1.5 hrs > 95% Hao et al., 2022
Sonochemical 20 KHz+43 kHz 14 PFAS 87 20 1,000 6 hrs 71%  Lei et al, 2020
method NaS,05 5 g
Electrochemical ~ Anode/Cathode: Ti/Ir,Os PFOA: 52%,
method 24y PFOA 10,000 500 364 10 d PFOS: 33% Hou et al., 2022

Ao, &3 PFAS 40| 4| PFAS E4RTH 7] ¢
S5 o wol o] sdlitkal Barskyit.

S2H (Adsorptiony> PFASE S2HAlol| AgsIM A&
7Fs/3S AAIRFOEZH o]} ks vhE 4 QU i
2l FaA| == EAdeH(Activated Carbon)®] o™, T

Zo} vl=A ¥HS 71A|3 Itk Hale et al.(2017)
o] W2, B 3% HlE9] SPES A83te] FARE &
25 A8l 99%2] F25S Bl FHTolle nlolL
ZHBiochar)g S2AIZ &85 A7}t A& o= W
=31 k. vle|exks 71 BV ES AT AbdE =
AoA 1125 TFete] AxE 4 lom, okt 28]
(-OH, -COOH )¢} T}t 3= el 2zt o
Sermo et al.2021)%] A7 A W= ESF thH] 5%9]
HIO| QS 14U7F BRSAIA 22F9] PFASE 90% o) hS

43 & gk

6.2. PFAS 23l Hs} 7|=
PFASE F71818t 4= Q= tfofst 83l 7I&o] /s
o, I35 tEFQl Vlee IR, 7IAIsIEH, &
|

A, 25k, 718k 5ol vtk SR

(Thermal treatmenty> 1129 G5 ©|83l C-F A
Hjsla $7)122 Asshs WAloZ PRASS] F718e
FrelatAIRE, Aol xe] A2 A] CF,, HF 5 54 727t
¥ 5= It} Alinezhad et al.(2022)2] 7 Aol
w2, 500°CY] G 30:7F 713 W) 99% ool AAE
=S 7 dokar Bagk vl Qi

71413} (Mechanochemical method)S & &3}
22 TS gEsl] 7AA T4 9 sk aouA]
£ 283l LFEES E3licke Wlolt). Battye et al.(2022)
o] AT Axe] wp=d, 4FF FsES A =
A7 A831 80 rppmoZ 37t HESAIA PFOSE 81%
aNF o, SR 6:2 FTS, AFFFE 2 ¢A)17]
27} 97%, 91% AZAIZTH

H
25 71l LEEAY FElE f=ske Wieltt. Hao
et al.(2022)9] AFollME FEAEY A8 2HE Hx=
283tk 78 A7 A= sMY IBREF &
29 ES W1 350°C A 9087 WESAIAA 95%
olde] PFAS7} &ol& Zelot.
Z2-9)3}8F4 W (Sonochemical method)yS- Z2-3F A} A]
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Sk 7HH1F41 18 875 o183l QAEAS Fole
m—b;]o]u:] E EH}B 3} o:]:rL ﬁJ,],_ o}z] uL;q o)
I:} Lei et al. 2020y 20 kHzS} 43 kHzo] Z53F ZH|E

2-8ate] AehdS SASART Tl a1

ey

Al Y= FjulEe)d @438 2-838le] 14 2] PFAS
& 2ofshe A7 A st 6ARE AL Al PFAS
7} oF 71%2] AZFEATE S o83 FH3ara s}
71eS 283 49, PFOSE A9 7HadhA gt
B b 9 u%(Park et al,, 2016), PFAS H312 93t
2539 71Ee] A8-S fiMe 5 A7t Fasit

A7138}sH2] *2]% (Electrochemical methody 559 E
Foll A= Aot AFE 527 oM AH e
A 02 PFASE #3llsh= 71&¢]th. Hou et al.(2022)
< Tiln0s A5S o83t EYF Wl PFOA 3 PFOSE

097t 52% 2 33% A  dthe A7 ARE R

a& ul glom, =¥ ) PRAS A8} 71&2Ae] A8 Tl

e 159
e 0 e

=< o= S o]gsh= WhHiETo] ofue} B A
A % FAAG ALSAY A Slee] Ae F
T:rqule olgst EFsh= WAlEo] ATEHA UoH
(Bolan et al., 2021), #|2] & E%k] AAME 743 A
B} S/l thigh 7tel] gk F8/30] AR Ut A7
PFAS A7 71&e B 724 et e &<
e = Jerw A3l & Bk AE88s 1
FA2] 3] A7 2 E Alg Fol Wez]ojop & Ao|ct.

o

rok

<
[N
rhu

I=31813HE (PFAS)yS C-F A3te] =2 ekgioz 3
AR o2 Aol BFA] = UF SEHR, EYH
Akl 717 2HRsh B QA 1173l Azt
S AL Fo fdoEE Ak Z sk d
<A 2 RS, vigA i‘%’ﬁ 7] 32k Fol len,
Es‘] 4] PFASE E9o) §3w31 ] PFASE A8l-2
B3] Tl 549 7}7%} ool A= wl=t, AUt
k=, JEes 58 F40F PFOAS} PFOSS ¥3+
E‘r%kq} PFASY] T3l ng/g B ng/L 552 443
F& 7S vibskar ok vhE Jule ofF] BEY E A
3l Ul PFASe] tigh 3 A7 FAlsh, 35 Hole

7|9re] RUEERre] 5 FEa ok B3} Ulee
PFASE EA EEstAY wslishe W2los s
), BEqF AlA, 2548t 82 59 28 Ve @88,

71A18F8}, a8, 259, [718st 5o 13 7ol

o]

r?ﬂ r-_h._,
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He) - £
QATHIL o). 7 3 67, B ALE AV B,
WH 54 A 5 neS FYA Aol Basi, §
F 5 A4l e Al 71 R 9Y BUHY, &
1) J8} 71 o] At

Ab A

E ATe 20259% AAEE A9HLF4] tE l
iﬂﬁﬂ(RISE)-O}OMﬂ Adizle] A9 9 HerjeAn.

Sl ee] 2 (RS-2024-00350023)S 1o} &=
63% ARYu et

o of
PFPrA = perfluoropropanoic acid (C3)
PFBA = perfluorobutyric acid (C4)
PFBS = perfluorobutane sulfonic acid (C4)
PFPeA = perfluoropentanoic acid (C5)
PFHxS = perfluorohexane sulfonic acid (C6)
PFHxA = perfluorohexanoic acid (C6)
PFHpA = perrfluoroheptanoic acid (C7)
PFHpS = perfluoroheptane sulfonic acid (C7)
PFOA = perfluorooctanoic acid (C8)
PFOS = perfluorooctane sulfonic acid (C8)
PFNA = perfluorononanoic acid (C9)
PFDA = perfluorodecanoic acid (C10)
PFDS = perfluorodecane sulfonic acid (10)
PFUnDA = perfluoroundecanoic acid (C11)
PFDoDA = perfluorododecanoic acid (C12)
PFTrDA = perfluorotridecanoic acid (C13)
PFTeDA = perfluorotetradecanoic acid (C14)
PFOSA = perfluorooctane sulfonamide (C8)
6:2 FTS = 6:2 Fluorotelomer sulfonate
82 FTS = 8:2 Fluorotelomer sulfonate
Gen-X = ammonium salt of hexafluoropropylene

oxide dimer acid (HFPO-DA)
CIPFPECAs= chloroperfluoropolyether carboxylates
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