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ABSTRACT

This study surveyed the environmental pollution impacts of a steel slag recycling site located in Dangjin, Korea.
Approximately 257,000 tons of steel slag were used, and public concerns were raised due to turbidity and high pH
leachate observed after rainfall events. To assess potential contamination, analyses and field surveys were conducted,
including leaching tests, up-flow leaching tests, and environmental monitoring of soil, groundwater, and surface water. The
steel slag samples met the national regulatory limits for all detected heavy metals, cyanides, and fluorides. However, the
pH of the slag was elevated, ranging from 8.1 to 10.4. Soil analysis results showed that the concentration of contaminants
was below the Korean soil contamination concern standard and no direct evidence of slag contamination was found.
Groundwater and surface water quality also met drinking water and environmental standards, although slightly higher pH
and fluoride levels were observed at some locations, which were more likely attributable to local geological conditions
rather than the slag. Overall, this study confirmed that the steel slag used in the field is environmentally recyclable.
However, high pH may pose a potential risk to the surrounding ecosystem. Therefore, long-term maturation, pH control,
and long-term environmental monitoring are necessary to ensure the safe and sustainable reuse of steel slag in land
reclamation and construction.
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Hird oz 7Fd 1 tons AAAKPA 312 A= (blast furnace—
basic oxygen furnace (BF-BOF))olA] <F 400 kg 12
S22} A7) Z (electric arc fumace (EAF)PIA F 200 kg2
AdE 7 A=, A AAIFSE wihd 49 ton o1
WIS (Worldsteel Association, 2025; Fig. 1). €21+
T A 33 DAl wet L2 &1 (blast furnace slag
BFS)y ¢} A7d&ell L (steelmaking slag (SS)y 2 T2,
T 2E T Yzl wet A& L (granulated slag),
A& I (air cooled slag)= F-FElTh T8t AFEE 1=
AzFA0) et A2 LBOF Slag)st A7)22e)1
(EAF Slag), 18]31 A7|2& 1 AFA wet
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Fig. 1. Main solid co-products per steelmaking route (average
outputs in kg/ton crude steel, Worldsteel Association, 2025).
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Fig. 2. Schematic diagram of steelmaking processes (KOSA,
2025).

ksl 1 (oxidizing slag) = $HE ] L(reducing slag;
ladle furmace slag(LFS))’} AJAJEITHPOSCO, 2019; Fig. 2).
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e} Mol oS W8-S EFsislon, o= AdE
A1) P9 shstr] AR B wiAelt v
ollMe wuie) el g A2 s
AuE

1.1. SLHe| HZ&a| a0l WMz} e 38

A AR Z 202430 12Ze 1] YRS 330
9k ~ 39095t ton, AFEHIE 1907 ~ 290899 ton
o= Fg3lal JTHUSGS, 2025).

HFE 20243 AL AL 2F 1697 ton
o7 FEY, n2ETL OF 54%E AHAEHH, =
ZAE FA|(FBA 12EY L)} o ~BE XA,
AeA, B2 71502 AMEE]AL QITHUSGS, 2024).

+H A (European Union (EU))2 20230 5,
Zeks S A BREE )T 9F 22,1991 (on(TLE
<1 13.695F ton, AFEH T 8.59TT ton)o] AL
owm S ¥3ksle] 22,699 ton(102.3%)°] AL
Hde}. o] ol 12EYaE 9F 108.1%2) HS AT
ES BHylon, 96.8%7f AIHE % E3E T3AE
A=A AFEUIE F 92.9%0] AFLES
B, 62.5%7F T2 7184802 ALEHAL, 1.1
tone 2 vHE ATH(Euroslag, 2024).

YE-S 202399 ST 3119 on(Al2 ST
17.69%} ton, A7dZ=e 2 11.68%F ton)o] AAFERNOH,
S F3ksle] 29490t t0n(96.7%)0] AHEE-E AT}
o]l 2L TE 100% LU, AHEZO Z
1,6165F ton(81.6%) M1, ALEH 1= E28,
AR A, EE-8 507 793.27F ton(68.0%)°] A&
| ATHNSA, 2024).

ST A o Z73 Alarolu, ek HAdE 1o
A 9 ALEES IR 5 Ak ok, S =7}
A w2, 201649 Fare] 27 Ak oF 8’19yt
ton®] o™, A7 1= 1000997F tono] FRATE 150
ANELES oF 29.5%0) Eah vid 7089t ton o)
o] H7|dciaL gt} ARH o R FME < 39 ton?]
AREH 1t aRF o R ARERA] Al JTHGuo et at.,
2018; Yi et al., 2012).

Y A& S 20199 27.6W 7 tonol A
2024\ 249900} ton© 2 7HAENRE FAlolt) RS e
Wd 97% ol w2 ALEES AR Atk 1y
AFEH 1Y ASEELS 20219 ©1F 2.1 ~ 94.5% =
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Fig. 3. Steel slag production and recycling status in Korea. (a) Production and recycling of total steel slag, (b) Production and recycling of

blast furnace slag and steelmaking slag.

o2 gl 53] 20230l BHEH 1 AEE i
191 95%01 B HIXE 94.1%%2 7HA3I9tHFig. 3). 2024
e 1o AL n=2E 1] A AHNELS
(86.6%), =2 -EEL(10.6%) ¥ HIEE(2.3%) <o &
AZEE AT AL 1= =2 -EE-E(70.1%)°] 71
2ol A=A, 1 9ol AFUT(19.2%), AIMNELR
(52%) 2 HE-EAEQ24%) TOE 71Z EEG o]§
H3L JTHKOSA, 2025).

1.2. Z&ei0e| e Wy
AAF e A1 ABEL Ta3E olreolH,
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AL & M HA, BAF JAEEE T3l Al
B85S Holge =98 7leolal Utk AARAHEs=
ALY TE HAE (co-products)Z A H 7 & (waste) ) T

5 HER sk, ARE-S st & A
7]otehs B Alw 2 G vlES- Q5K JTt(Worldsteel
Association, 2025). 53] -FHAFEUV)S 20089 H7|= 7]
E-2]%)(Waste Framework Directive (WFD)) Al6ZE 7173
3l H71E FF(End-of-Waste)’2l= 7dS =¢8laL,
ALY T AP ALEEE fr=stal St
olo] we}, “fre H7HE ES(EWCEE 10 02 01y°x=
A& 2=dr)] a4 (Absolute Non-hazardous) ] 7 |22



) BAz)1e) AR
oA 743 Fads d-een, ol Fl
sdiolo] AFES FHstal Atk oke#, REACH
(Registration, Evaluation, Authorization and Restriction of
Chemical)?} HFIYSF 7404 IX, 55 B, B12009M= 2
&Y 2= v)53l(Absolute Non-hazardous)2 H-73al] &
H TAIE ¥38la Itk (Basel Convention Secretariat, 2025).

71 ofof] AE e FA o8 FXo BF WE(Act
on the Promotion of Effective Utilization of Resources, &
EH gh R HAOUESEICRT 3 257 5 S3EAY
(Circular Economy Act, Germany, Kreislaufwirtschaftsgesetz)>
H71E & JEA FAsHaE L e A
714 AR (Alternative Construction Materials; Ersatz-
baustoff)’= QVgslar, A5 oFskAY Askar 9l
THAPEUR, 2018; KrWG, 2023). $-gUzlllX= T#H7]
S8, 2 TRe] dokn A5zl B HE
X BRENIE “ARFAETR PPk, &850
AAT AR FdEd 1 B AR wESAIAR]
ALE AR S T8l AL PH 2 HIEE95%)S
T8kl vk B o] Aol wet e =E Y8
SAMHE, AE 5) 3 SAGEIYE, =2 5)0E 1
Tz, 16782 %ﬁ A& E2 813 UTHMOE, 2021).

1.3. FZs0e] HHEE Al 42X

e, ShA AEs Al 2ol EU, 98, d 5 7
veke] A ol AdEd 1] AEEES 68 ~
94.5% AEE NZLEHTL(97.5 ~ 108.1%)°] HI| e 4=
Z=o]CH(Euroslag, 2024; NSA, 2024; KOSA, 2025). o]#&+
olfr= A& 1ol FrE]AS](free CaO) B frefwk1u]
“(free MgO)S 3tz 7] wjEo]th(Hong et al.,
2019). A& 2= BESHE O Z Belite(Ca,Si04), Calcium
Ferrite(Ca,Fe,0s), Westite((Fe,.,MgMn,)0,), L&l
2]43] (free CaO)2} 22 FEZ T4%0] JITHEUROSLAG,
2025). ol¢} o] AFEU 1= H sIFEY TS ot
4 ARG U} =01 e} vhi Zjgido] gt
ANLE 77 w9 Ak AR AldEd e Y 3
el FAHE= AA3)(Ca0)= el vHkSE #2432
(free Ca0)YE 0.1%14 Hd] 20%71A] EE3E 5= 9t} ©]
fFElAslE EM00 WSt 4] ShER] S4tks)
ZH5(Ca(OH),y2 AAdsH, 3% vh3-& doXitt. o]zt
WS ZAYE dES WA F Aol APdEE Y
8-S o7 Fh= T2 ¥UQo] Har JTHMOE, 2011;
Kim et al., 2014; Kim et al., 2023). &3k, AdEd 1S
g Q7gellA] Wl g ey dAskaL, e

FAe tek $EQ H AFEAL 87
PHE 115 ~ 12.5 =] 313 Uehfie] 87494

2HE do7|3 Af(Park et al., 2012). HZoll= B,
oA, Atk oA S8 AE=E A F3) Ak7E
HusEa glom, £ A4 gPdA gl
FARANRAIRIER] (2- 137 )% 20224 WIZIEHAA AE 7}
A" AEH TN FEE
IR FUEY A st 7] A=Y
sttt Ad SElae AEEA QIS AFSE 5]
ol Qo 59 pH7E 12,5 o) =of Higle] Ay
= ATHHwang, 2021; Na, 2021; Park, 2022; Im, 2022;
Kim, 2023).

14. SLe| HAE
SelH s WdEe1e] Wer s 2
B BAS A Sfet] selag U9 &
(Aging) 8"g Sl = A 7w L7<H Q1 %
4g 29 BAHoR dUY TRE FEIATS o1
St olel w2} BE: BAEATE 14D, e 1
2 9 ARENIE 1N, £F, FANS, W] 2
dgRmE 2k 1214 o1 Ssk, felds B
4.5% oA FFEEE 1AL UTH(Lee et al., 2021).
oﬂ/ﬂ‘— ZJ7]——EHJ__§_ 5E1H = E:n_,\]__g
%lvﬁ‘r g2 SAleA, 88 2 SAeA, 71238
l—%ﬂ% A5, () BEAA3] T &=l wE
WSk, WAAE A et =&
| Toll =FAIA EH1E 54 (aging) 5 <t
ol A= rAskaL ). olHE <49
71748 100 mmE 7|02 FHsta, a1 YA
100 mm ©]3}d A$oll= 7€ o4, 100 mm g
Brole VhY olds sASESE PgstaL o ey
S} S7RIE AU, 21 olde] 7IRTe] Auke
A3 (free CaO) &) 8EFo] BLELYR HEF=E
gk 3 S LAl MgE sk EAIE
Yo 7|31 th(Park et al., 2012).

Q=M= 7'“7‘¢€Hl°4 ANL-§ Aol thaf Exe
R 7S rhdskaL o) dEox= “i47o‘<£—ﬂ11
A% Flol B 7lol=eRle| wet HATEAIE S35t
& pHOll tigk #e] VIS A8sia O‘E} ;l =
1 QB WHJJ o] WAIE ¥l (pH 5.8 ~ 8.6, 39S
5.0 ~ 9.0 294 3¢ S FHskaL o]Pst
= grAskaL it o] tiFell=s S35 A AL Al T R
a —‘?01] AR} 7o) EFE o] glow, EA7) sl A

]
| = A5 AE BUNE RASIEE W)L ArkNippon
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Slag Association, 2025). FHI3HEU)> CINDERELA X
ZAEE F3) 27 IAA (Secondary Raw Materials

(SRM)) AH Aol A|BEAGe] T oo mpe} w2
T 170 e A& 7S AIjSlaL 1thJuez, 2021).
orERlsl KAe AP 5 AlEe AFgol

ik *PQ e i Twotal, 3 o, Rk Wl
st AggA| Aol g ST E Skt
°1D}(LAGA 2003; ACMRA 2007). FHelME TH7|=
e ol we Hrles Ag8she A B Al
sk, AT 5 X}Oﬂﬂﬁ el 25 @iﬂﬂ @S
Elgeiy 7]._«/&-10] D= AL /\]-z%o]] 37l J§7].o}oq ;(H
ZE 58 o= A AgE 5&73*3 B7PE AE
skl et olo w Eolu i Foll AEARE
Z7|SAFEA =275 A A AR Adsee 12E
#19} AFEWLR-7-1, R-7-25-2 )0l thal] oA 8=d
ANEE 2738 7P E Adskar otk ol2gt Bk Eal
<29 frelEd 3 2 &5 S (pH W3 5y
EAste] A FFoA HE - e BHLY
APdel HESIAL ITHMOE, 2017; MOE, 2025b).
2Eet S RS B4 ATe S A,
Agg A, ag)a A Az EA
B3 AREE Pl JEH stk AL %Oi %71”
1] AL TIEelv A WAl tig EAHS
tFe A7 YL AR, g gl 3ok
HNEFE QIS EY, Ak, AT 5 79 4%
ek AR} AT o8] HE53E Aol ol
5 34209 9E=E olold 1Y ALEES
SEs ddo] Har glom, ol e &#j1o] A
A} TR, HA7Fe] S Aol AeE 3
ngd 5 A ABAH HEA BAE A Tk
meta B de YR GRA <Srhguiide=]»
Well Fsd2E L83 FA19 B4 d vsiE 3
3] meter] flal 7 A He] R EY, sk, A%
T TS AFHeE 2AbATS s A
&85 G o = 7Nk rhdsiaat sl

o= = T M«

mlo ru

o\l
ol Od'
I’E g oX [0 ﬂl ﬂJO

]

2. g & iy

2.1. 947 X|of

AT AG@F YR EA 2-13)e] WA of
3,240,000 m*2 HAEA7} oF 257,000 tond] A& 1S
A-gsle] HEZF Aolnt. Tk, 202213 7€0) H’Mgrﬂ
R QI8 g wekE 9 3 (pH > 12) =

iy
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L2 - A - B

=)

T} HiRE e} AT (ET Pl 5] B wile]
A71gel w2t 20229 88 108744 HEE AE
g A% sreln, WisREe) B 24 9 R
9R)% ol PRI WS §E4F S8 A,

FAUE A $DRIRRAE Aalele] e
ok Aol FA5je] Ao ST B He
WG olFaL 9Tk, A7 A4E FAoE FHol A
AT A&l GHAAMEI )] B4 Weke g S A
TR FHEM, 95 shrellre ML AL ol
HAE A 555 Ay M= Frd=aL o

AT A e] AEL AR ejolr] WAdSte] B st
Farshe 7RISH x| Hel] wietr1e] 4459 (Quartz diorite)
o] #dall A= Felelth. sk s TR A4 F
ZZ-(Quaternary Alluvium)©] WAl =0 2, 2z
HE 502 E¥E 250 =] JTHKIGAM, 2025).

22, SET0] =M B2
HAE 2ol A Ake S8 Aol A3 A
o] HEe FollA AA 1x3 ol F717F F8HA]
= Z8)= 2 (Polypropylene (PP)) A&} Hof| ¥
SR oH, Al o] wi} A|AESt ARSI

&10 o
NFA

rLr
ﬁd

22.1. 82A1%
%7]’\—31]1-2— 0.5 ~ 5 mm °Jsl2 AASS A8 =7
3t H7 = HAIR7IE Sl ES 06150.62)
“/\I'E—LA )0 wle) 85498 AJRISIITHNIER, 2022¢).
Mg A3 100 g& AL, FE8= =Tl
0.1 M hydrochloric acid(HCI, Daejung, Extra Pure grade)S
ARE3l] pH 5.8 ~ 6302 ZAale] ARg3ISITh A5}
o] HlE L10W/V)e] HEE 3je] 2 Lo Zejxzaga
o] Akzt Zej=1e]) YWar 200 mpm, A8 Z 4 ~ 5 cm?)
G5 74 6AIZE B "Lt 2I”o] £ &
o= GF/B(1.0 pum, whatman)S AR8-3le] ojz}sl o
BNg AR ALg3lgc
F40] 2 F = (pH)= pH meter(Thermo Scientific, Orion
StarTM A215), A]HCN) B E-4(F)= UV-VIS Spectropho-
tometer(Thermo Scientific, Orion AquaMate 8000), 7=+
(Cd) S 552 ICP-OES(Agilent Technologies, 5800DV)

ol§8}e] B35k,

2.2.2. % 59 FEA1E
YA H7|EFAAH7)FE ES 06151.19)
R T fEAd el Wt 16 mm olekE A



S 2] A FAjel hEk &

¢ Fo AxTF 2 9eS %%6}

AHESFAEHNIER, 2022¢). AlEZ

44 empell S8k, 355 AR Sl ‘?4_7561
O =

YR FYsl] TR 7 7F G52 Wﬂm*oﬂ

223, 3HF A1

A& 10 e B BEYAE AH 2 B4 A
=3} vwsly] 9Jete] 2 ATEe] Eoko A
713 Zo ES 07130.c0] “Al2e] AH 2 2A]%] we}
A g]st B = A|FPS F8-35le] BEAEch
(NIER, 2002a). &= B2 82A13} FU3 4

L

@ Soil sampling site [

=

® Groundwaler observalion wells
- L

oA FEF=AL 89
=R e S R e e

23. 2% HHYS T}

Bs)as XH%% SRR 21T 2 T
577, 22 ARE 5 BAeo] dgEe XL o
oz BRAY EAF AT (Fig. 4). A=A A7)
B, A5l D AESE 22t el 290l T o
& Sl slotaly) 918l A4 A71E Tefslel 2t 28
27 24189,

23.1. E%Qd A}

EaE AU Qug A18sle] B350 =
AAZzAR] MRl T3t 74 Wt AlRE AFHSA
THMOE, 2020). A 8213 Y= $A2K0GA] 2-1572

. Groundwater observation wells
m Utilization wells
7 ie

Fig. 4. Soil, groundwater, and surface water survey sites. (a) Soil sampling site (n = 9), (b) Surface water sampling site (n = 2),
(c) Groundwater observation wells (n = 4), (d) Groundwater sampling site (observation and utilization wells, n = 9).
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TR gl RS Ao, FEREH E 0~1 m)
S AEREE 2 1 ~2 mE W] 242 AFskck )
A (12D AlEE 20239 49 27990 AQFHS AL, -
Al@22byE 20239 99 229000 ZARBIST. 23F AL A7)
ol 29(9¥ 209) Mol TR IY 5ol
62.5 mm= 7|E3F3th

ANHS AEE FAolEEE, TEE E EA AFE Al
e ZEdgd 2%, AR 2 f7EE A1EE A
Freell ¥ol 4°co] Wi JeiE AR exlsle
ol wlel AA2E ¢ Fofl EMac 35
9ol B2 LT B4 S ARgSte] £

2.3.2. A3l BEH X 2 Al FARA}

Agkr 2F AR} Aalr SEHEE vetslr] fls)
AT Aol Ak #SAS 4 AAEHAH. B
P57 A IS o83l 13T Foll ASHE-
Y 2T (screen)t Gl (casing)E XAt Bl=
HIEUo|ER TJe}eRst ¢ B Y T ol=Zo]
FlEs As =itk

A AR A B5H o) AT} FRIA|H
ol g:Y i AH T T I AHES AT AL
A71E 2023 62 304 (1xHF 9Y 224 (23}l 23]
AV O, 12} ZAF Aol 19(6€ 299) Hofl €Y

—_—

4

BN

&0l 340 mm, 23 ZA} Al 2299 209) el
dY 7o) 62.5 mmzE 1=}

2.33. ARF FEARA}
A5 A A U A9 5 002 (SW-1)

AN R AT AEE FY FE(SW-2)0lA4 1] AR
5 % 2} Al ojs) 28] 2A zALsET 24}
A7 A ZAlsh 2e gol AR AR,

Azt Aol Alae FEALATANA7EH H
LRGN 283 AN Fol B3
THNIER, 2022a; NIER, 2022d). A# 3 A|§8= 4°CE B3
g fksle] AP BN, &, FaolesE
(pH), A7]A =% (Electrical Conductivity (EC)), 844
(Dissolved Oxygen (DO)), 2F3]8H1%19](Oxidation-Reduction
Potential (ORP)) & @455 I 5254
71(YSI, EXO)E |83l S7g313itt. 7E=5(Cd), 'F(Pb),
T-2](Cu), ZLF(Cr), UANI), oFA(Zn), HI&(As), T
(Hg) 5 TH%2 8% ICP-MS(Perkin Elmer, ELAN
6000), =4~(F)= lon Chromatography(Dionex, ICS-2000),
AQHCNYS AF5E-A17](BLTEC QuAAtro39)E ©]-&3}e]
A48T

[

RI- =1 |

3.1 @F=e 2H=H 88 54

A& 1= A AXRZoNA BAskE FAkEe
Table 22} o] FA3EE)19 sp8hy 4L 2 Lbskd
£ (Ca0), A(Fe), A3FE (Fe0), o484 (SI0,), A3}
T4 (MgO), AFFEHMnO) 58 F3slar ok 2
<25 CaO RS 38.62 ~ 47.71%, SiO, TS 11.0
~ 33.80%= SHralar Atk o] Foll A& L= Fe
o] 17.40 ~ 24.36%S 3t A8 AES S Fo
e wiEsa ot FE1e] P RelE Ca0, MgO,

Table 1. Regulations for the recycling of slag in different countries (Lee et al., 2021)

Country Slag Type

Regulation and Guideline About Slag Aging

Republic of Korea Steel slag

Air-cooled slag or
blast furnace slag

- Size £ 100 mm, stockpiled for at least 1 month

- Size 2 100 mm, stockpiled for at least 3 months
Stockpiled for a minimum of 1 month

- Must pass the test of leachate determination (bucket test)

USA
(DOT) - Stockpiled for 6 months to allow hydration and expansion
Steelmaking slag - ASTM D4792 [00(2006) Standard Test Method for Potential Expansion of Aggre-
gates from Hydration Reactions]

. . - Stockpiled for a minimum of 12 months

Belgium Steelmaking slag -~ Free CaO: < 4.5%
. - Stockpiled for a minimum of 12 months

Netherlands Steelmaking slag -~ Free CaO: < 4.5%
Australia Steelmaking slag - Stockpiled for 1~3 months
New Zealand Steelmaking slag - Stockpiled for 1~3 months
Brazil Steelmaking slag - Stockpiled for a minimum of 6 months
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Table 2. Chemical contents of steel slag in Korea and different countries (wt.%, Guo et al., 2018; KOSA, 2025)
CaO SiO, AlLO; MgO MnO P,05 Fet S
K BF slag 41.81 33.80 11.80 6.90 - - 0.50 0.50
orea Steel slag 4430 13.80 150 5.30 - - 2120 ;
Turkey 38.62 19.28 2.71 8.05 7.52 - 22.61 0.28
Japan 45.80 11.00 1.90 6.50 5.30 1.70 17.40 0.06
Countri Brazil 4520 12.20 0.80 5.50 7.10 - 18.80 0.07
ountries Sweden 4500  11.10 1.90 9.60 3.10 0.23 23.90 -
France 47.71 12.25 3.04 6.37 2.64 1.47 24.36 -
China 42.92 11.51 1.40 436 4.04 0.83 23.74 0.07
Table 3. Results of analysis of the pollutant dissolution characteristics of steel slag
Soil test method Waste test method
Content Test Soil Dissolution Up-flow Waste Environmental
Result Standards? Test Result Test Result Standards® Mark Standards
(mg/kg) (mg/kg) (mg/L) (mg/L) (mg/L) (mg/L)
pH 10.4 - - 8.1 - -
Cr*(or Cr) 0.6 40 N.D. N.D. 1.5 0.10
F 287 800 - N.D. - -
CN N.D." 2 N.D. N.D. 1 0.20
Cd N.D. 60 N.D. N.D. 0.3 0.10
Cu 35.8 2,000 N.D. N.D. 3 1
As 2.23 200 N.D. N.D. 1.5 0.50
Hg N.D. 20 N.D. N.D. 0.005 0.0030
Pb 9.0 700 N.D. N.D. 3 1
Zn 408.5 2,000 - 0.064 - 5
Ni 27.1 500 - N.D. - 1

1) N.D.: Not Detected.

2) Annex 3: Soil Contamination Concern Standards (3 area) in Annex Enforcement Rule of Soil Environment Conservation Act.
3) Annex 1: Hazardous substances contained in designated waste in Enforcement Rule of Waste Control Act.

MnO 3Hgo] o} 434, WA, Wzt Fale] tiAlA=
So= Ao 2 I Atk(Shen et al., 2003).
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29| GZAGNA pH7t 812 ZAHE AT FuolrE
A3 1) pHol| thet 3747158 glou), Hlma 92w
WS vepa gick

AL o] 234 = 9 BXA A RE
FEo] EYLATHIEGA )T dA3] e S
ES&E} it 72 (Cro)e 0.6 mg/kg_i A HAEEAY

2 (F)= 287 mghkgl 2 AZHJoU 3713

]ﬁ) 800 mg/kgR Ul he S=o)30tk. 1 2jol] YA(Ni)-

R T O

27.1 mg/kg, 72](Cu)y= 35.8 mg/kg, HIA(Asy= 2.23 mg/kg,
H(Pbr 9.0 mg/kgl Z wilg- B2 o2 AN
o}, o}d(Zn) GA] 408.5 mg/kg_i EYQA97E(3
Z]99) 2,000 mg/kgH Tt Wkow E3] AlQHCN), 71=HF
(Cd), s==(Hg)y 55F %743& 1A

_4]7 1 A ‘641:11—11:510]] qu_A 2 P = _I.,,HLN 9]

FE=AE 2, 7F2E(Cr), AIRHCN), 7H=E(Cd),

72](Cu), Hl2x(As), 5~2(Hg), ‘a‘(Pb)~ SN AH FF
T 5] fF Al BT 2EEe] THVE
e Al o 8ol AXE 7SS BT F
Z3IAct. v, ek T4 REAIR A 01a(Zn)
°] 0.064 mg/LE A% AZE oL}, SR “SARA
I571F” 5 mg/Loll BIsl @A) E T FFol AT
(MOE, 2022).

1=
s 1

J. Soil Groundwater Environ. Vol. 30(5), p. 84~97, 2025



92 AR - AL - vlE

ARHOT ALY 1= TESSEEAY,, THVE
Y, 9 SAEA ATVl ANE BE GES
FZ315nt. olol| wet TE7 ey AldE o <E%
5913>0] wE EYely FHH Boll AEA BEA =2
7NEA - AeA To=2 ATEsE “RT FFY AL
71%S WE3IITE o, pHOl tidE RS ¢RI
A7 19 pH 57} 20239 ELEA Sl ATolA
UeRt AHu) A% 521 6.0 £0.91(3.7~8.7)KT} =4 =3
A} web A& 1E AL HS, FH EY
J3ke = 7PsAdo] glormz Hr) WYsl AEst Bas)
THMOE, 2025).

32. EYQ XA At

EYdedd Ak AT Aol ol AHS TEO ~ 1 m)
o HE(1 ~ 2 mE -3l 28Jol] A4 F 307l9] A8
At EAE A

EF] pHE 17} ZAMNA RET} 84 ~ 9.6, A ET}
79 ~ 9.9 WIS Hom, 23} ZAIME EET} 64 ~ 94,

Topsoil{pH) subsoil{pH)
« zgs5 f
e BE-0.0

® 0.1-95

1st su
T

Tl e :_
SubsoillF, me/kg) K

2200
® 201 - 300
® 301 - 400
@ ai=

50

e 201 -300
@ 301 - 400

L2871 - AR - R

HEZL 6.6 ~ 8.9 WSS BT 3] sEEEE
AL A7) B AR wet A Ak HolA] edgtont,
AR 12} ZARTE 22} ZAMIA pHF B RS
HTHFig. 5(a)).

AIRKCNY 12} B 22} AN B BASEHAAL,
TE(He)= 12} AN 25 BEASEIIT. 7F=H(Cd)
= g AlFoM BXE B 23 mgkg OBIE W
52 Btk 19dl 67} 2E(Cre ND. ~ 1.2 mgkg,
T2 (Cuye 134 ~ 187.0 mgkg, HIZ(As)= 1.0 ~ 843 mg/
kg, ‘H(Pby 4.8 ~ 478.3 mg/kg, O} (Zn) 8.7 ~ 765.4 mg/
kg, YA NIy N.D. ~ 260.6 mgkg 5O HE 2 A&
EdoM HEHAOY BF EGLAH7IEGAY)
Ko} ke pFolQlt)

E2FrE 173 22l 187} 62 ~ 727 mgkg, AEZ}
168 ~ 771 mgkg, 2x} ZAPIXE FE7}F 208 ~ 546 mg/kg,
AEZL 117 ~ 674 mgkg HHE BYOoU, BF EYS
727 1EGAH, 800 mgkg)R T SSITHFig. 5(b)). B4
ST EY AES #AQle] dAg SR wet

2nd survey |
17—

l‘
|| E ' -
i - | 2
‘ | | | i
= | |1 g
e -

[ TCRAT
Subsoil{pH)
+ 285

® B.6-9.0
® 51-95

T el
TopsoillpH) &
= 285 |
o 86-9.0

] Subsoil(F, n&-‘ks}
« =200 1 | . =z 200
« 201 -300 [ ® 201 - 300
® 301 - 400 ® 301 - 400
@ 401 = @ 401 =
950 950

500 - 500
= = -

Fig. 5. Soil contamination survey results. (a) pH concentration of topsoil and subsoil in the first and second surveys, (b) fluoride

concentration of topsoil and subsoil in the first and second surveys.
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Fig. 6. Distribution of groundwater level in the study area. (a) 1st time (June 28, 2023), (b) 2nd time (July 20, 2023), (c) 3rd time

(September 22, 2023).
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Table 4. Groundwater and surface water quality analysis results
i F As Cd Cr Cu Pb Zn Hg Ni CN
P (mg/L) (mg/L) (mg/L) (mg/L) (mgL) (mgL) (mgL) (mg/L) (mg/L) (mg/L)
W-01 7.9 0.19 N.D.” ND. ND. ND. ND. 0008 ND. ND. ND.
Minitering ~ W-02 7.1 1.05 ND. ND. 0012 ND. ND. 0008 ND. ND. ND.
Wells W-03 74 027 ND. ND. ND. ND. ND. ND. ND. ND. ND.
W-04 72 040 ND. ND. ND. ND. ND. 0010 ND. ND. ND.
Ist GW-1 59 ND. ND. ND. ND. ND. ND. 0018 ND. ND. ND.
o T11 58 ND. ND. ND. ND. 0006 ND. 0040 ND. ND. ND.
Ut&‘]?i‘lts“’“ T-12 59 ND. ND. ND. ND. 0005 ND. 0059 ND. ND. ND.
T-15 59 ND. 0010 ND. ND. ND. ND. 0011 ND. ND. ND.
Ground T-16 60 017 ND. ND. ND. 0022 ND. 0084 ND. ND. ND.
water W-01 65 069 ND. ND. ND. ND. ND. ND. ND. ND. ND.
Minitering ~ W-02 83 141 ND. ND. ND. ND. ND. ND. ND. ND. ND.
Wells W-03 76 030 ND. ND. ND. ND. ND. ND. ND. ND. ND.
W-04 60 ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
2nd GW-1 70 ND. ND. ND. ND. ND. ND. 0015 ND. 0010 ND.
o T11 72 ND. ND. ND. ND. ND. ND. 009 ND. ND. ND.
U‘g;ﬁ‘g"“ T12 60 ND. ND. ND. ND. ND. ND. 0037 ND. ND. ND.
T15 61 ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
T-16 70 ND. ND. ND. ND. 0010 ND. 0055 ND. ND. ND.
I SW-1 8.1 074 ND. ND. ND. 0006 ND. ND. ND. ND. ND.
S
Surface SW-2 75 078 ND. ND. ND. ND. ND. ND. ND. ND. ND.
Water od SW-1 113 069 ND. ND. ND. ND. ND. ND. ND. ND. ND.
n SW-2 84 074 ND. ND. ND. ND. ND. ND. ND. ND. ND.
Drinking water standards® 58-85 150 0050 0.005 0050 1.00 0.5 3.000 0001 - 001
Groundwater standards” (Living water)  5.8~8.5 - 0.05 0.01 0.050 - 0.100 - 0.001 - 0.01
. . »
Permitted discharge standards 5886 300 005 002 0500 1.000 0100 1000 0001 01 02

(Clean area)

1) N.D.: Not Detected.

2) Annex 1: Drinking Water Quality Standards, in the Rules on Drinking Water Quality Standards and Inspection etc.
3) Annex 9: Groundwater Quality Standards in Enforcement Rules of the Groundwater Act.
4) Annex 13: Water Pollutant Discharge Standards in Enforcement Rules of the Water Environment Conservation Act.
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