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(F 2-5) WPl EY U MRUSX2 I 0ZRL BRsE

Element WSA (mg/kg)
Ag 0.13 53
As 0.67 4.8
Cd 0.41 0.09
Cr 59.5 92
Cu 38.9 28
Ga 15.2 17.5
He 0.07 0.05
Mn 488 438.59
Ni 29 47
Pb 27 17
Sn 2.5 2.1
7n 70 67

F 321 500

. WSA: World Soil Average.
Z}&: Rudnick and Gao(2003); Kabata-Pendias(2011)5 Et|2 X} ZHA].

o o
102 .Cr $ad
7]
Pa 'Ni//.

—_ y-{el
o =
B 957 g™
S 10t st
é .As ;
%) o
8 100 2

10-1 i Lol .Cd

o'

107t 10° 10! 102

WSA (mg/kg)

1 WSA: World Soil Average, UCC: Upper Continental Crust.
At&: Rudnick and Gao(2003); Kabata-Pendias(2011)& EtZ AAF 24,

(ad 2-4) MA EY H SRUSXZ W D2as Bdsk Hu
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(B 2-6) 237 ELSZY XS A &=
il FA 82
4 9 el 534 | Cd Cu, As, Hg Pb, Cr+6, Zn, Ni
ok, EF8A,
29, 494, Qi F= | CN, /1A, B, T, A%8A0] T
A58, sHERA,
stwgx), Fwgx | EFHE | PH

=25 Cd, Cu, As, Hg, Pb, Cr+6, Zn, Ni

PCBs, CN, Hi&&, WA, E3<, odud, 34, TPH,
E4, TCE, PCE, 1,2-tZ220jgK0]st 1,2-DCA),

H 2 (2) ] A

T2, (@),
FFEA], AELA, *TPH: Hi(®= A2

AEA *PCBs, HeR, WA, EF<, g4, 344 348X,
A& st

e,
4
2
ool
e

“TCE, PCE, 1,12-DCA: 48]0 &t
W2 (2) o]l FgX] 3
EQIE PH
A EGASIEAE AAE B2 AMY: 2024.5.15.
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National Soil Monitoring Network
(NSMN) in South Korea N

Log [Fluorine (mg/kg)]
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« Human Impacted (n=510) MR 60 km 2011 2012 2013 2014 2016 2018 2020
Monitoring Years

AR EFASAE ALY, EFSAYT, AL 2024.5.15.

(O3 2-6) EYEHY ZA XIF E ZA AP|(72)E 24 & HIA Sk JE

AR A= 2,000 EFSEY A-S R 201095 E EAQ} HIAE HIITH
TSt EFRAEEY 55 S99 54 9 AFEE sk vk HAE Sas 5
o2 HE AH(2,0007] Aol BAE, EAE 2, A, 3FEA] 5 < 45078
Ao ARE RARECE 20109 5E 201437 AR 2AF A-S vl E45190H,
20159 o] HE = AUAR ZARE AASII o2 I8l & 73]9] A} ATH201105F
202087H)E B & AL ARS S SRV se 2 Qs 9ol et HEstod
H 49} B4AS AAYE BASYTHIY 2-6 &%), B4 A, Ad 1067 A% 94 =4
EZo] wlet B4t vla skol f9juldt Ao|7t UehbA] ottt ol B4} HlA %7t
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N

Tt 52t B4t H|AY] B H 0% 98 7|& 23 A9 ol foulet Sl figith
49| 9. 5~728mg/kg R BEHom, ZFAZS 185~221mg/kg® LrERITE
1 % 7~1770 Ao EA 557 1AY 29 98 7122 233 Z07 AR
HA0] A 0.15~228mg/kg O PEF| 9o, FUZES 4.12~5.13me/ke= LFEFITH
H|4 BE9] A9, 5~1570 AFoIA 2F 8 7S 2Rt 202 et o= &4
A oA A} H|AY Tt $8 7|ES P 7hedo] A ARtHoR= 9 4
o =EShA] ottt B
YUt EY Y B4 9 420 dE 5= T 13 2AH2020~20214)9] 24
A= AMEYon, dgchs AT ¥ SAEREE (R 2-7) R (O™ 2-7)3 £
49 BsEe 217.1mg/kg, T2 209.5mg/kgE Ve R, W5 A= 50%
neto 2 FE0] Mol AtA R A2 Holoh Baek 52 AlA EY BHWSA
321mg/kgEtH= IR, A9 10%(Q0HANEFD) Q] 5= 356.1mg/kg= LHF- | HojAf=
WSAE 29 = U= EoFAeh HHAg2 666mg/kg & FRHSFAZHUCOHY
500mg/kge 23l £ A QoA mif- =2 o FA7 TS EolEt) B4 B
FEE 5.40mg/kg, SV 4.4mg/kgE HEFE O M, HEATE 75%= B4k ¥E
go] Atk Hl& HE9] A9 10%= 9.44mg/kgoll o]2H, A= 50.08mg/kg= FA
k. HHG UCCHS! 53.00mg/kgoll 28 A2, IR A oA vl4k =7t
AAHoZ WL 5= = 52 20T 7ol U HolEth
2 15E0 g3t A4 AA 23K Shapiro-Wilk Test)o] =M, & LI ESCIE
A= 245 REE TEA 2oH(p<0.01), °ole £ 84 szou IFe U=
A9 E= FAAQ1 ME/dE Uehd 715/do] Atk SIAETIH Aog B4 2k s
d 29| J=F Ko, of= A2 &2 5% 237t SAlRKS 2Jnfeit
2l A9 FY JeE Holr, 32 FE7t SATS AlARIH
ZEXoE EGESAY B4 ZAijo] = H]A} €¢«1 H e A= =4 gom,
NHAIEY F &2 M MiEsEe 49 & otz 97 574 AH
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(B 2-7) ELSHY TAF A4=2(2020~20214) 24 LU H|A 529 SA
Statistics Fluorine (mg/kg) Arsenic (mg/kg)
Number 440 2000
Mean 2171 5.40
SD 101.0 4.06
Ccv 50% 75%
Minimum 10.0 1.22
P10 97.9 1.93
Median 209.5 4.44
P90 356.1 9.44
Maximum 666.0 50.08
WSA 321.0 0.13
UCC 500.0 53.00
Normality test p<0.01 p<0.01

Z+ SD: Standard Deviation, CV: Coefficient of Variation, P10: 10th Percentile, P90: 90th percentile,

WSA: World Soil Average (Kabata-Pendias, 2011), UCC: Upper Continental Crust (Rudnick and

Gao, 2003).

Az EFASAE AILE, "EFSATYT, AL 2024.5.15.

0.8
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= ! 047 2 Po0=9.4
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0.2
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—_—
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00 . T 0.0 | T T T T
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Az EFAREYE Al2E, ", A 2024.5.15.
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U AW B B4 9w BE BE

49} H&o] A Aok AdS mrefsty] s, 1090 231 7919 EFSAHT 2AF
A2t 1990958 202297141 9] S FFH7T EFHEIDE B o= ZASIIH. o8
Sl ESSHGOIA HE 12,5087 A&t D FFE I E 42,9947 AeE
7[Rk = PR B HEbER(n=55,574) & =01t AFH o2 B4 9l H|4T)
HEE Aot ST Mg HkghZ 2% HolHE Adste] B4 5%k HolH
21,2557119 H]4 5= HlolE 46,59970E SHHESIATHIE 2-8 ).

(B 2-8) EUQH HEKZ(ELSHY L SHAHSHYIt EQHE) 7|8to| EQF LY
24(21,255 X&) 2 H|A(46,5699 X|H) s SAH

Statistics Fluorine (mg/kg) Arsenic (mg/kg)
Number 21,255 46,599
Mean 157.5 3.20
SD 108.8 5.34
CcvV 69.1 166.75
Minimum 0.001 0.0002
P10 30.5 0.07
Median 141.0 1.62
P90 312.0 7.84
Maximum 728.0 228.63
Exceeding Number 449 233

Z+: SD: Standard Deviation, CV: Coefficient of Variation, P10: 10th Percentile, P90: 90th percentile,
Exceeding Number: 179 294 98 7|& =3 A& £
A7 FZHOIHEE(2021.1.20), “T=2H AT _SHIFE7 EFHET, AMY: 2024.5.1;, EFA5HE
R AA", CEGESEY, AN 20245158 EHE AR 24

EFod WEE EA Anl B4 H|A9 Hist: Z47F 157.5mg/kg(EA3E
141.0mg/kg)7 3.20mg/kg(ZHgh 1.62mg/kg) 02, EFSHT thEH(E 2-7 FF)
ok WA depdth Jeu WEASTE 247 69.1%9F 166.75%2 &0t SErF Bk Y
Aol BEAH 9hgS HolEth HAE AR F oF 4497122.1%)9) B4 AR} 244704
11) 4GP R AN AR EIASH ) 28 RGP E A 52 Bz duslgaT ol 738 A=

24 FFEolHEE (Data.go. k)M AT(FZHIEEE, U=edd+4e] SFIFF7H EFHE,
AML: 2024.5.1).
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3 0w ek}, % AodoA9

0
b
¢

0.5%)9] Bl& AF7F 1X9 oF 98 7]
EFOgg HolFa glrk

a0t vlA] Wk AR AE5P] 98] 149 o9 98] 71EE4A: 400mg/ke,
H]4 25mg/kg)¥} OHAIERD 715(FE 4 312mg/kg, Hl4: 7.8mg/kg)S FEFOE 44
slof Al FZROR Liro] FURES EARSIIHIY 2-8 FR). B4 F3h SEA U

£4] Aeolq Wiswe] Bae} ul47t BEEIY ol ABAIo] o] FAEE SrY
Aol PGS 97 BT} AEH o AN Az sagc olo] wet
a0 ulh SE0| F7H WEAL vt AL olsiely] 15 AT AE @t

B3 FA4o] Fasitt

Fluorine Arsenic

b5 b F(mg/kg) - As (mg/kg)
e <400 . <25
° 312~400 . 78~25
e <78

A& FEEOIEE£E(2021.1.20), “F=EAATY_TAIFET EFYET, AN 2024.5.1;
EFAIGAHR A2E, EFSAY, AN 2024.5.155 EUE AR A

0
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Number Exceeding WL 93 55
J 48 113
84 1 6 8 g 20
|

400 mg/kg

_
ks
|
-
|
-

Log [Fluorine (mg/kg)]
o o —ili

e — | — (S
——
s e ——m—
= —
v enesmmmem——— | —
o ——
Warning Level

T T T T T T T
PVSCS NPV C MS CG CS A JG GC

'—(*_H/ZS—_ZJWS
5 6 10

= rol
B Cretaceous Granitoids (CG)

a 1 | |
[[] Jurassic Granitoids (JG) . Pl .
O [[] Clastic Sedimentary (CS)
[Z] Carbonates (C)

M Metasedimentary (MS) AT T T T T T T T T
I Gneiss Complex (GC) PV SCSCG NPV C MS A JG GC CS

Ete. Geologic Units

25 mg/kg

o

[] Alluvium (A)
8 @ [C] Porous Volcanic (PV)

] Semi-Consol. Sed. (SCS)
] Non-Porous Volcanic (NPV)

Log [Arsenic (mg/kg)]

pAiLe)
AR

248 FEoolE 28 (2021.1.20), “SHeHA A
el

J 1730‘5%&1147} EQHE", AN 2024.5.1;
EOWE FAHE AAE, BEYSAY 2024.5.

158 Edlz AAF 24,

(33 2-9) EYRH HEIKIZ(ER Fé Y ¥ HFIYYt ELER)Y
XA ciod EQF Lff 24 2 HA ST H|W

Edod MEEs elele) Bel A Tepde Fisle] B4 BAL Susigon,

A SE B 9 149 09 93 7% 23} UES HusErk

A7 B9 9 o YH B (E 2-9)0] FEHHO, Ba 9 v]
2-10)3F (& 2-1D0 AL,

A4 G o BT B4 Az m 2pol A9 Has =} The Ao uls) ol
wokout, UmA) 214 gl Ziols Saig olrh UehtA] elgle. et 99 S 71
23 WlEolE A4 BelEa e i}om P BORH(1267) A 23t Fep]
S4RH(1137) A1 23D, 345037 A4 23o] 09 2] 7152 g wol 2hyom,
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v 13 SPIRHI AW Z2h3h SESEA) A 2Fpolie £} st @A
sioich 2EH oz, Wk wel] W 2] 3% T2ln 3H30IH B4 299 7
$40] A0 8 A0R WA}, o B4 09 AR HuE AR 1E FH)
Aht GASKe Ak, A/IR0R Qs BATt FAA 0FS oPIT S S A
g,

A e Hli s 24 23, Bidske %ﬁm%*(é%mg/kg)ﬂ B i‘rﬁo‘

7P A UrE‘r”’E} HEd SHolA 44 =Y Eﬂ%ﬁl—r(cv)% 191.99%= 7W
H, oA SRR 83.70% =2 7FY wol Ao 2
oPgE B 98] 7172 2 A £ Avud 94 BEe
570 A1 23hat EuFAG87H A1 23he] 7Mg w2 23 WIS 7|53 v, b
CREC S wj | gigic. olefat Avke EeRoq Heitralold A4 BHet

il
o
8
£
z
| —

Hrjoto] Hlao o @xﬂﬂ o] g ARl
QiAo A FHER B Yol ThEAT, PRI 0.05~0.14% thE S

(0.01~0.05%) ¥ ﬂx Rt dA5| A YEPATHPertti and Backman, 2000, p.128).
SPIUFY w2 B4 AFS vlant BE oA Z1QIRith mhamk i B4 o] &(F-11.2
3~1.26A)0] @&, Z4A, w44, 7|4 F ol2¥o] fARE $417]1(OH-11.37~1.40
A) 3 FEY 72 Y=E A3k o] 23E7] wjEolthLi et al., 2003). t2] AFtol|A]
St 59 AR Wl S0 B4 o] 22 AQtelal tKSeraphim, 1951; Kani
sawa, 1979; Li et al., 2003). IE E°] Seraphim(1951)2 A& o2 SHY ¥ LFE=S
HlWStR o Bt S 710 St 9 FEdollA, 1AL QIS W SRR e
T A & A 55 TSI FUlolA= Chae et al.(2000)°] S8 33 W
St Aol & EAY 8 IFUYS AEAT ESE A5k B4 IS 530 SF
%}-ﬁn sPgHmet B o]59] Eite] sl EEYET B2 48 kL A2 BRI
FoHE, 2001; Chae et al., 2007; Kim et al., 2014). E&U2 A2 E4 o]
ot QY 52 Eoke A2 Bl w2 aES YEHH, HAYS] 3% 71999
ol

I
Sx0] et 1 Fgol 2D & Uek
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A B A HoA Hl& 29 7Fsg0] w2 Aike AAPIEARIS) HlA 2
ARSI SHE Uk EtAlolA 2 B4 23Rgo] AR Aol tisiMe Fr%ii Ha7}
Qlth. WAL B de FAolA e va Tkt AR s 7= ¥l A
o dlE S0 Aol Feliet YA F9E EFS Bl 7 JA, AdoA
et WY Hla B2t H w2 5 Atk 94 W Bl ske O FF0 o
A A, HAo] dRkE oz SHIUE T &2 Hl4 $=E UEHH ole H
o] A et o= trofet B0 FAGE AL ElH BPolM =5 F=ol SHEY] FE%t

20& 751 9)7] fiZo|tiTanaka, 1988). <& 501 e 404 HA == AUt
s

_

A HHoke 299 Haguct vavt o] SEEE Aol gk
% U B4 SE AT TR 1 719 Qhlo] whet 2 Xjol g Helth H]4)

ApAul g kol tieh Aol mE AR X HS Alefstal ARl B W B4
10mg/kg T|Rto 2 H1E 3 QItiAdriano, 2013). Bhattacharya et al.(2002)°] w2
M 7Y BEFS Hla w7t AdiF R 2on, EFAILelY oY) 7Y B
O £ B4 555 Yeills Zo=® BEusial Qi T3t Ho] F7et EYolAs Blavt
A Al F2kE o] BSolA |4 w7 £3] oAl APl A Ciuro Juncosa,
2008). wHepA] A|FLeFel] wAoflA Fa4o] Alelehe] vhgof whE A 2 -gsfof whet
H|49] E327F 224 4= Qi

EF9 A s Ak S48 ozt I EoE IA FFE =t SV

M= ARALE(FE AlA E JAD, sAHAS Xt 59), W& APAE 9 33
A SollA] BlA9] @¢fo] ERIH -7t RIHSHHERES} 9], 1996). A& =01 ()
Azl o3 Bt 37.8mg/kgoll siFoh= HlAS] EFePo] TAsIoH, A4 L <t
Jels S A-8olo] HIHE ARSIGTHYT @, 2014). TR A} EFO] HlA Thee
AAsHA WA} EoF 4 IHHL Bto g whddt 4= 9lon X H EAT} QI71Es0

we} 5 BE7b gerd 5 olnk

0.

_c\)_lt‘

Q.

p

rir
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B 2-9) QL2 X2 XY HRISH HE Uy

= Tl T OO

X1 el

KZAIL A S

unz 444

E23(A)

A4 H4%

4 A47] BESHIE, 447 7S AR, XHARQL, QAR
SHARKPVY) shalet XHY, Ao, 33Y
A& - Jo} _ Q)=
A A S 111471 HHe - A3, _
E)1oKSCS) oldSE, BESE VST 2 1A /894 84 EEY
oE W EE HAY - AAES
AA7] SHARY - 58 ShAle
Bl WSS St Wet] St - o tiok ohalek FIoh g3ot
SHIQHNPY) | AAREET9] 9A27 Akt ) T e T oTE

uop] #)

shael, Shga=e, A=Y

SHERHCO) UL, W
ol e SPASL SPPASL 4SS, Wi,
e w el B - i B Zge 2ug AN,
o3 \::UG) 2 97148Y
wop] S} - AeEe] N5EE -
B4 | BT Seololas] - Al HAY | 4 94 HEL Y L 24
A CWEET UESE MR- | 494 HH9GET 2 Bes 34)
Eefolol47] HA - BT
o Tz - omwHLs] BUEY - | o4 SUNUENY, Bed, A9
=AY n(C) a1 RSk [e) B A
RO - 1A A -
Qe SAvET s
WA | TRAFE R WHRAE Tud | B A AR 34
ST JUBE AREE HUS,
Aol ZRolt - 7] sowmnlel S wel,
ey | ST AN welse, | sauele 2add el o
RN NA} mnjolE sl Wl &) st B I
s A HORRIR YA, A WS B, VAR, SPPHE,

BUQRESHA|, A4S E, AgHeloi
Ariot

Rl S L A o S K

Y, EdetolEA Hukel, Y

A& $4E(2023), p.18.
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A 7Ie e HalA12o] w2 20234 7| 22 39 A= F71= AolA
5710 St B4 X QLUEYT A0 A8E A § EFAA Blee

A 7RI JeH, @A EFAIA 31 A8 7] 50%S AAFTHE 2-12 =),

(E 2-12) 22 397t BZ7|2 EYHE Al 5 EYMH bIS

LHE 25 Lizb ol
e EAst EUAMIA Hlg EANs} EUAMIA Hlg
20229 564 314 55% 58991 ¥ 45991 ¥ 78%
20214 7874 2574 32% 1,401 €4 71491 ¥ 51%
2020 774 324 42% 9859 ¥ 4679 ¥ 47%

AR AEEARTIEY, A 7198 B2 QA S a1t EPEE 7IeE, MY 2024.4.15.

Rt 2T 519 TIZGA FAND A 2 HE A 7| 247 29| d]lo]

e Ae 3 eEE ARo] giFES AAIeHH, ol HiFE EYAIAE oléste Aoz
ZS

rl

H 2-13) 22 57 UZIAHA SXPHL Alel ELFEs}

N2E (AU oE | 9K | owsd | =4 @ | wid | msmig
4495 QUGBC | 20204 | AdT 445 | Ba | A9 | @dad | 20094
AzAEA BA | 20199 | 42T AZ2E | B2 98 | AQ 9| = | 45009
2t} AlololalE
BEE TSNS d0o1d | ad7 AwE | 24 $% | A9 19| Ad2E | 10099

%A1
A% FASA | 20209 |57 A4% | Bk | AA 9| 4894 | sl d
_ _ LH, .
WHE GAARA | 0199 | BUF BUE | Bh, 8T | A | 0| 10000

Head 0109 | 297 gz | 5 | ga g LH 109 &

gng_“'X]?— il R [elE=ke) oe—jf’]} a0 =

Az A7 e, AR 7194 B4 AX Y 5L At B Ve, MY 2024.4.15.

12) F=ERRQ7IEY, A 7198 BA9A Y BAE 1T EFES 7Y, AU 2024.4.15.
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EPgSRAel XS] F EoREs} AR The (& 2-14)9) Ptk B4 BEOR
oolEl Eoke SR Ak T EatEo] glom, B Wk BEoqTt 24 Holr}
oS ol 4= qurh
(B 2-14) AMQ| B2 24 QXEQ} X3t AR

i °d =7 :. | 23 P

ARzt At QIx| = Qumx| eI 9

2021.9~ )

e x =% ZEl—é-T_, \:Ii ?]_H ,

2022.10 = Az 94,887 | $u% = ooz 89,000

2022.10~ _ ooHEn=

710k § B
2023.2 21 Fs 5,606 = PEV 76,800
WA Ae ase 4535 | 2a 9% | o0oFwAd | 150,000
2022.6~ _ 00714
o i = 1:1_/_]\‘ = é_'\— i ,
2023.12 1= A 554357 | B FEE | agpnana | 95450
2022.6~ S
12 N
2023.12 I = 137,824 = 000 87,000
2022.8~ - 0024+
J10F It Hi o= i
2023.12 e 25682 | FEATF | oz 72,000
A7l A \:li )
20243 ° ] Old— 20'000 = $Q1H7H‘?E.}}—EL 73,000
2023.11~ -
e x % 1:1_/3: H] A o ({ﬂlﬁ ,
2027.9 12 A 66,530 | ExA, H QO°]9lX 84.500

4] B Wl OQRG A/, AR, RBA 58 AN 5 R G )

A w3 ARe] B2 EH e
ERF EHRRIA BA A= (E 2-15)= FHA ARt vles FUT
= SUTh. 201949 oF A|&H 0= 20% ko] HER E4 EPHBAIQI0] £l

2 202289= 371t AL #AT = -



H2E R71H EYRY o8 | 35

(E 2-15) EYEalY o HE g
(2] W e
FR| Erst BN TREA/)
g EYNEt | AR Ax | 2A [ AR ax | mEy [ A3t

e 244 o5 ik 71E 71E
20184 118,618 209 29,394 18 25% 9%
20199 169,631 | 164 47586 | 25 28% 15%
20204 155,479 192 62,538 30 40% 16%
20214 207,179 230 73,258 33 35% 14%
20224 260,985 206 111,536 58 43% 28%

Az v g Amol BE 24 At

13 L
Y 9J(2023)= B4 2 SE% LUEYS Aolehs 1ol dis] thaat 2ol AH=IRh

4 9 545 2 EGS AHoote W2 34 E9-38H] 9 e Ay
o8 F2T 4 Atk =93 o2 EYAMIAM(soil washing), 53717 3HH
(electrokinetic method), 2183} 9 Y5 (solidification/stabilization) 5°] 12H,
BE Yo RE nBES o83 A= A2 ¥ (bioremeditation), A& HHH
(phytoremediation) 5°] Ath. ohgt, BESHA A2 AoAzto] Ads] AQFH

QFEH wet A8 7HsT BEo] AL Tt w2 AAY B BEo] 440l
Adfel= 2AE 7P B3 F-HGE A A9 S F2 19 9 st FHo]
AEE T AT, FEE ol AR TR Rl wet A8EE ¢ U= A
g 7HAL Qiok webA], o] A8 ?JE*El(thsmal separation)?} 3}oH4] 8%
(chemical extraction)S E3] H]A 9 Z2&2 AAsk= EYAHHS 28 2 8s}o] A5t

Ade St Sl

o]—u:‘l 20171}1 7]_,__§ g-q]oﬂ x—LQ.Q K M}i‘ _f__g_ ] 9}7] Eok/\ﬂx%lﬂ(EObq 7(4 iol
2,294,032%), EFEAH(595,166%), 3ot AFH(269,702€), E22H(206,968E)
5502 o]8HI Qoj(oJAS- 9, 2020), EFAIAHo] 7P wo] H8EE= Aot
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Sjo] 19719 Eoreq B 4, Uelo] YSH A, B |
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o A7 EFAZ U] ft A H B7F W SOl Rt FAIARL g0l
BAsict AlgEoA ZrAZQl gelog gt BEFe RS Y5l At W 37t

R o
A2 FA43kT glont, ofF a9iFAlont Ao] glong AUskael YR $7

313 BASHE WS 1 Bask ek ol 9F IelA AWSHe ol
B ARG BBk 2o AL Aush] i) Boolw, U U B
AE AESHE BN ABA A B SIEIAE Fastc

o Aeixel Yeloz ISt oo et Wk Fole} Bt 7)%o0] mIgsi
BPHLL TERPIRA o EFOAS AITEOIL 1 W] Ao 5o
ofste] Eqfo] QFuE A0z Holska Slo], B 2¢o] olo] sy &
% gigo] Wujs| HIcky BasE stk

o B HRPA ARHoltk. AW/ Bk 0FOR BN el WS A
QHFY LAY R0 Bl BAY AT Slehdrtel 2x aoF Ao Bt
S, A/ 1A QEe e, Btk A So] Uk ARE Zd%h:k HEE RS

37l Aol et ths -84 SHolAE Sa5HH, thfdt olsiEARelA A
golHE HE e 3 g2 7Rl & 4= k. dlE & 39}11 A= B
HEE o AL Aot & AAE #A B2 g SEHE = S Aot

e e E b 1°Jfﬂ EYLAY #-S grlst] flsiAe A9A F3Fe] gl
ARY AAE v szl Wit 712A R RS olof thEARl AV EY
HEA=R A}EHL H) 49} B40] tis] EY=HTH2011~2021, n=12,508)

2 A AFE7F EFHH(1990~20224 n=42,994)% 7|5to g zZA 0l S

Aotgint. B4 At B4 H|AY Bk 2 157.5me/kg(EYEk: 141.0

me/kg)¥} 3.20mg/kg(FFEL: 1.62meg/kg) 2= AIA| Hatate SHTH WA ek
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I Executive Summary

I. Research Background and Objectives

QO Research background and necessity

o Recent soil remediation costs for fluorine-related contamination in the
Seoul metropolitan area reached 585.3 billion won, highlighting the issues
associated with soil pollution cleanup costs.

- The Office for Government Policy Coordination has pointed out that
current soil fluorine standards place a significant burden on businesses
and citizens, requiring rational improvement.

- It was recommended that the Ministry of Environment establish new soil
contamination standards in line with international levels, ensuring that
they remain within a range that does not harm human health or the
environment.

- This study proposes promoting the transition toward a risk-assessment
-based remediation system tailored to site-specific conditions over the

mid- to long-term.

o The scope of remediation for naturally occurring soil contamination can
be determined through risk assessment according to the Soil Environment

Conservation Act; however, this rarely occurs in practice.

O Research objectives and overview

o To develop institutional improvement measures for the proper

management of contaminated sites resulting from natural causes
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o To analyze domestic contamination status, remediation status, and related
legal framework; to investigate foreign management systems for geogenic

soil contamination in order to derive implications

II. Current Status of Geogenic Soil Contamination

1. Distribution of geogenic soil contaminants in Korea

O Analysis results of the soil monitoring network and soil information in
environmental impact assessments for fluorine and arsenic
- Average concentrations are lower than global averages, with fluorine
at 157.5mg/kg and arsenic at 3.20mg/kg.

- 2.1% of sites exceeded Zone 1 soil contamination concern levels for

fluorine, while 0.5% exceeded those levels for arsenic.

- High concentrations of fluorine and arsenic were mainly found in

metropolitan and urban areas.

QO Analysis results by geological unit

- Fluorine: Many sites exceeding concern levels were found in gneiss,
Jurassic granite, and alluvial layers.
- Arsenic: Many sites exceeding concern levels were found in clastic

sedimentary rocks and gneiss.

- Few exceedances of both fluorine and arsenic were observed in porous

volcanic rocks and carbonate rock areas.

QO Correlation between geological characteristics and contamination

distribution
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- High fluorine concentrations were confirmed in granite and granite-

derived gneiss.

- A high frequency of arsenic exceedances was observed in sedimentary

rocks.

- While most wide-area regions are generally not at risk levels, there is
potential for exceedances of concern levels at specific points due to

geogenic sources.

2. Soil remediation status

O Remediation performance for fluorine-contaminated soil

- Fluorine soil remediation accounted for 43% of total soil remediation

sales in 2022.
- It represented 28% in terms of the number of contracts awarded.

- Most remediation projects were conducted without verifying the

geogenic origin.

3. Major limitations in managing geogenic soil contamination

- There is a lack of regulations on specific investigation and evaluation

methods to prove geogenic soil contamination.

- Definitions and judgment criteria regarding “soil contamination due to

natural causes’ are not clearly established.

- There is a lack of fundamental data on background concentrations by

geological feature, along with limited disclosure of related information.

- Areas or projects with a high potential for geogenic soil contamination

are not managed separately.

- When there is a need for shipping out of contaminated soil for its
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remediation, it is excluded from risk assessment, leading to inefficiencies

in the management system.

. Risk-based Management of Contaminated Sites

1. Japan

Q Japan's soil contamination management system
o Objectives of the Soil Contamination Countermeasures Act
- Identify soil contamination status by specific harmful substance

- Stipulate preventive measures to mitigate health damage from

contamination
- Protect public health
o Assessment of potential health damage
- Considers groundwater consumption and public access

- Issuance of an order to investigate contamination status when health

risks are suspected
o Designation and management of areas

- Classified into areas requiring action and areas requiring notification

of changes in land form

- Area designation based on contamination status and potential health

risks
- Changes in land form principally prohibited in areas requiring action
o Management of naturally occurring soil contamination

- The law amendment in 2017 permitting the movement of naturally

contaminated soil

- Relaxed regulations to allow changes with only a notification



Executive Summary | 133

- Regulations regarding specific conditions for soil movement between

special areas of naturally occurring contamination

2. Germany

O Germany's soil contamination management system

o Risk assessment under the Federal Soil Protection Act

- Considers types of contaminants, concentrations, potential for spread,

etc.
- Determines remediation levels based on risk assessment results
o Operation of the soil condition monitoring program
- Long-term soil monitoring areas (BDF) in operation since 1985
- Continuous observation of general soil conditions and trends in changes
- Evaluate the effectiveness of soil protection policies and provide a
scientific basis
o Soil evaluation (Bodenschitzung) system
- Mapping and evaluation of agricultural land
- Multi-purpose utilization including taxation, agricultural planning, and
soil protection
o Management of statistics related to contaminated sites
- Compilation of statistics related to contaminated sites by the
Federal/State Working Group on Soil Protection (LABO)
- Identify suspected contaminated areas, confirmed contaminated sites,

remediation status, etc.
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3. Implications

o Need for a separate management system for naturally occurring
contamination

o Need to introduce a risk-based soil contamination management system

o Need to establish a long-term systematic soil monitoring system

o Need for a comprehensive management approach that takes into account
various functions and values of soil

o Need to establish a systematic management and sharing system for soil

contamination-related information

IV. Appropriate Management Measures for Geogenic Soil Contamination

QO Specify methods to prove naturally occurring soil contamination
o Establishment of the Detailed Methods for the Investigation and Evaluation
of Naturally Occurring Soil Contamination (Draft)”
- Specify criteria for selecting investigation areas, sampling methods,
analysis items, etc.

- Present methods for analysis to compare with surrounding areas and

methods to evaluate geological/geochemical characteristics

- Include review items to exclude the possibility of artificial contamination

QO Rationalize the management of geogenic soil contamination

o Need to establish the legal definition of naturally occurring soil
contamination
- Resolve inconsistencies with the current legal definition of soil

contamination
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- Specify that contamination has resulted from geological causes and

designate the area as subject to risk management
o Develop differentiated management measures for geogenic soil
contamination

- Stipulate investigation methods, risk reduction measures, conditions for

removal/movement, etc.

QO Establish an integrated information system

o Build a long-term systematic soil monitoring system

- Include various soil condition indicators, including physical, chemical,

and biological characteristics
- Utilize and integrate existing data from various fields
o Construct a comprehensive soil contamination information system

- Include information on contamination sources, contaminated sites,

remediation status, risk assessments, etc.

4 Introduce a risk-based site management system
o Need to transition from the current system under the Soil Environment
Conservation Act to a risk-based management system

- Improve the legal framework, establish a risk assessment system, train

professional personnel, etc.

- Strengthen the risk communication system and expand institutional

support

Keywords: Geogenic, Soil Contamination, Risk Assessment, Information System
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