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ABSTRACT

This study was performed to provide fundamental data to establish the new soil pollution standards and the soil
contamination management plans in a rational manner. The distribution characteristics of new soil contaminants such as
barium (Ba) and chromium (Cr) in soils (n=140) were investigated in relation to land-use classification and geological
features. Also, the sequential extraction test was conducted to evaluate fate and mobility of new soil contaminants. The
soil samples taken from 140 sites were analyzed to survey distribution levels of selected new soil contaminants. The
average concentration and range for hazardous metals (Ba, Cr) were Ba 128.946 (26.757~489.587) mg/kg, Cr 30.121
(2.579~132.783) mg/kg. Based on land use classification, the highest Ba concentration was found in factory soils,
followed by dry field and park soils, while Cr concentration was highest in rice paddy soils, followed by dry field and
factory soils. Within 10 geological units investigated the highest Ba and Cr concentrations were observed in the soils from
Okcheon group and metamorphic rocks, respectively. The BCR (European Community Bureau of Reference) sequential
extraction was conducted to identify chemical distributional existence of 2 elements of soils from each geological unit. Ba
in soils is mainly assumed to exists as reducible form (such as BaSO,, BaCO;) and Cr in soils mainly is assumed to exist

as residual form (such as Cr,O; CriFe; (OH)s(x < 1)).
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AQHoRE JIG £79 I wFY Uk
(KIMG, 2000). Web] 5 EFedgds ot 3
# 350 Ui 129 5 B e EY F

x|
ek EXjol 85 Ex4H 2 EREEEY 55 A
o 3T 78S SIS 7IEAEE AlFslaat sk

b AR A7t T P R 400
mg/kg F=O1AL 250~584 mg/kg®] WeIoIth. HHE(Bay
s dgtat g Ao R S EaEe
50~1200 mg/kgo|Th. o]RbEo] AFK FAlSI A8t
4 7so] ZF K vzt vHE(Bay AkelEd o
2kslEe] oJal A FREAT B, 53] 2HdHEI0A
T AtHeR o)Fdo] H& Holth EE F HHE(Ba)
o] e ko] T} Ak 10~1500 mgkgO =
T}S1 ) (Kabata-Pendias and Pendias, 2011). ¥H5(Ba)y
2Kdel] kst 8= AREY, 2 HWE, B, fE
2 AlgpAze] AREE, 3 SAIdol ARSI
gttt sl gers FIRIE AxdHol ARRE7IE g
ok vHF(Ba)> Aol 25 A5S o7 1
X Al s VA HEHSE vHISEE
Ehditt. 15=e] AT AdHe ErRs AdRkss 7
7 B9, SHEES Yo)a AFEA] 2 4 ok

v (Ba)ell g A+

¢

i

)

2 EFYel o v =22 AY
A ek vAAL FE S 8ol BEgk vk
A0 FY =F2 baritosistt EElv P FHSS ¢

o
©7 4= ITHORNL, 2002).
AF(Crye A7t FAALAE A7t F i 2
100 mgkg AEo|th. AE(Cr)S 128 A3} SH(mafic
igneous rocks) 2 HEZEHE F2 @o| A== 7
o] o}, @A (ultramafic rocks)elA RS 3000
mg/kgs Z2I37]= SHA|TE AHd S (acid igneous
rocks)PIX= 50 mg/kg ©lt= SR 1= Sl (Kabata-
Pendias, 2010). £ 9o Z2(Cr)& 1182 K (mafic
rocks) 2 3F}(volcanic rocks)lA] FEligh EA H]
A=A Yeph 53] ARE-%(serpentines) B
2000~4000 mg/kg®] FE-S 3L U= A= dHA
At} A E(sandy soils)2} F-HE (histosolsy= LHH S
2 AF(Cr) FEFol 2om AZb Hirgkol 47 mgke,
12 mgkg® Z YERGTE IE(Cre T2 oFg, WAl 2
sk elr] BWol ARSEARE =S Yi7]efsh MAs
T2 Wo| AREHAT. ZF(Cno] R ZHIQlE =
2g¥ s F2 Bo] ARET B3 7159 7t
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F(tanning) B FolAE Tolx @Wol] AREEHI Yot
(Kabata-Pendias and Pendias, 2011). Z&(Cr)= A4
X AR UERIA] o, o 45t A &
oM F=2 +3719} +e7t HElE EAgT I IS =
= A=} TARle] A9 FFEA| AN 671 AE-2 Hl
WA L&A it EYTAES oA edEd
o] FYA g ¢ = vt AFe] FEHE EAEH,
pH7F RolA|31(< 4.5), fF7IE0] BETE olsHe} 718
gle] 3hgo] Tk AoE ¢eA UtkKim et al,
2010). & AFolAe Aol tig SAFEH 2 flo]
% A& BXAEE AR A7 =< Aol
79 AF(Cne 3 A, o, v, 7L 55 3 A
ol JFHoF BxsHA Bk AF(Crye 7R
FoR AT = Al s AF 2 3 E4s dod
T AoH, 3F7Iet RS B FEEW V= A=H
9] A, FRe] A 9hg 5 ZITHORNL, 1994).
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FoE ZARH(N=140ys st ESRARARS
Table 13 2Tt EQAEE 19 EXolgx 2 (0] F
8 AAGEE skl 14070 Aol REAIERES A
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0l ool ¢#7} gl ARIEUN=14)S oz A

221 E¥ T 95 R

EY F vEBa) B IF(Cr)e] ARS8l Al
AUPHS IAFZTFA(ISO 11466)] F5FZHE o8
slo] AlRS AxYsislen, feddEeizrhdgge
Table 1. Sampling points by land use (N=140)

Region 1 (N=52)

Region 2 (N=49) Region 3 (N=39)

Upland (5) Forest (19) Road (14)
Rice paddy (6) Stream (5) Industrial (8)
Residence (14) Park (11) Rail road (7)

Orchard (6) Recreation (6)  Miscellaneous (10)

School (18) Sports (8)

Pasture (3)
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‘ sample[3 g, dried] ‘

+0.15 mm sieving(100 mesh), 250 mL reaction vessel
+ moisten with 0.5 ~ 1.0 mL DW

+HCl 21 mL + HNO: 7 mL

+0.5M HNO: 15 mL in absomption vessel

‘ Stand[2 ~ 16 hr] ‘

« room temperature for slow oxidation of the OM

‘ Heating digestion[2 hr]

« reflux condifion : lower than 1/3 of the height
of the condenser

‘ Cooling

« Add the contents of the absorption vessel
to the reaction vessel
+ washing absorption and condenser with 0.5 M HNO: 10 mL

‘ Filtering and mass up by HNO; ‘

+ Whatman No.40 Filter
+ washing filter paper with 0.5 M HNO: 10 mL
« final volume 100 mL

‘ Analysis[ICP-0ES] ‘

Fig. 1. Analytical scheme for Ba and Cr.

H(ICP-OES)S o83t A8kt 49 582 Fig.
19} A

222. B4y EEslely B4 4

EJo] o|gshy EAd mE LHRE 548 AR
7] gl Elver 8 AEE9E e ) A B
FAFY ol5dtd EAS ZARIGY. EYSA T pHe
EXRATHAR7IE(MOE, 2009b0) Fate S7g313e
), 715 S Walkley-Black (SSSA, 1996)0.& &
25199tk EAIS Pipette (SSSA, 2002)S AR&Ele] B9k
dAre] 2715 B8 varE R eE ERSH

223. BEY T 55 SAFH 4

EgorRy Ak B AEA T eiAR] ofs 7t
A 55 HAE] 8l 44552 (Sequential extrac-
tion methodys ©l83le] EY T 55 EAFEE
BAslglon, BEAlEE Seuel AAEALS 133t 5
N ARE tPde= At EY T vHEBa) 2 A
E(Cne EAFHE HES] A3 AEF=0H
BCR(European Community Bureau of Reference)?ds
AR o, AEF2He] 82 Fig 20149 &

EY T T35 ofsA, AEREA, 54, S8k
< EAFH wEt @ERAE olHs EY T T4
&0 EAFHE 8] gk shuke] e R e
B A& (Tessier, et al., 1979)3 A8l $ko

, BEFIILS BEFeZRE HEo] ks &
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= Step 1 : Exchangeable ions and Carbonates
- sample 1.000g + 0.1 M CH:COOH 40 mL in
centrifuge tube
- Shaking 135rpm, 25°C, 16h and centrifuge

« Step 2 ! Fe and Mn Oxides
- 40l 0.5M HOMHz/HCIpH2)
- Bhaking 13brpm, 25°C, 16h and centrifuge

[ [ ICP-CES, Ads |

« Step 3 : Organic matter
- 10mL 8.8 M HzOz(pH2) then 10 mL of 8.8 M
H:0:(pH2) cool, add 50mL 1 M NH.Qac(pH2)
- Shaking 135rpm, 25°C, 16h and centrifuge

« Step 4 : Residual
- 21 ml HCl + 7 mL HNO:
- Heating on hot plate, 4h

Fig. 2. Analytical scheme for sequential extraction method.

59 S dSsIAY TES dAEe] EYelA A
3l & TEAIR olsHe ARE FHslaL A71Fd &
AL Ao 783 ARE & & U= o=z ¢
4 YTH(Herreweghe et al., 2003., MOE, 2006). ©]&]
gt o2 EY T TE5Y EAIFE - tigk d77 *
o] 231 glom 53] A&FZH(Sequential
Extraction method)E ©|-83lY EY & 559 =A9
B 548 wotele A9t AR Sl 53
Ha o A&F= WH S 53] BCR(European Com-
munity Bureau of Reference) WH-2 A|59] E43}
o oFE Haslslar At 4] S s,
o] aQkd v Wi Hu}h 22} S o a3by
<l Aol Ut HE LAEY B HIQAESS e
2 3= BCR A&F= W digh #ilo] AXle FA
o]ck(Senol, et al., 2006, Silveria, et al., 2006). A&F
SRS 7 IR §EX0S Y2A A ES U
TEE SAFHE Hetalr] 9l &8sk HAHS
2, 72 EY U vEdAe] SAFEE etslet] o
|3t 19491 exchangeable and carbonates fraction
18 BE= AF 8242 oFsHl St AU e
a7 2= Jde AEE ovlsh, 294191 Fe and
Mn oxides fraction@EgAd )y d &2 W1 AkslEa} A
=] e A=E ekt 183l 39AIQ] organic
matter fraction(AFeHd )y SsHEolu frlEd AfE o
A= A=E vy, vpRX|Y 43AQ] residual fraction
FH Y 2A 2 Yol T agE Jde As
2|k} (Usero et al., 1998).
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Table 2. Statistics of analytical results for Ba and Cr
(Unit : mg/kg)

Statistics (n=138) Ba Cr
Minimum 26.757 2.579
Median 110.061 22.338
95th Percentile 294.763 71.369
Maximum 489.587 132.783
Mean 128.946 30.121
St. Dev 78.422 22.085

2.3. 2MZae| M=22|(QA/QC)

vHF(Ba) 2 IF(Cr)o] EA0]8E B 8 Ado]
EE 5 14089 ErE B2 Ui A=wels
3l 30MA EFAERTE A F 77 23] B
EAS AAsle] EAE7 ] MRS sl

Rl

3. 7 & nFE

3.1 EYRESL

3.1.1. EXol 8= B¥EA

EY F vHEBayt ZE(Cnel XA B AHEA
RS ZAE S8 feuRke] 107] FeAdw
oF BEAolSEE aesle] AgE = 14070 3] =
T A Be FEl B

FE(Cr)e] BEAEERAN] gk FARAEATE e
Aok 14070 AR F VN AL oPIHE AEe] AL
Al A ALttt TEEE W Bk 1 He
= 27 vFF(Ba)yS 128.946(26.757~489.587) mg/kg, =
E2(Cr)y& 30.121(2.579~132.783) mg/kg & ERAT.

g, vHr(Bayt ZF(Cr)d] EXAEE 157) EXolE
THE BY EAS 1 29E Fig 39 YeERIAH
Fig. 304 B ule}l o] ulF(Ba)S 5788 (Industrial)
N BEFEE7l 162231 mgkegl E 7FY =94, 53-8
A (pasture)’} 49.391 mg/kgl Z 7P k& Ao g Vehyt
o} WP, FAF(Cry =E%(rice paddy)ollA] 44.755 mg/
kg2 71 =9kom, slw-8X](school)’} 16.895 mg/kg
o=z 7P A v

Table 3ol EUSEEAY wWe A9d 722 1,
2, 3X¥ o= v Bapt ZF(Cr)e] XS VR
o} HHE(Ba)y] 74 A9 Hs=rt X9 124.444
mg/kg, 2A19S 126.607 mgkg, 3X9E 134.749 mg/kg
o7 IAQoA FHoR AFE Tt TN B
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Fig. 3. Distribution of Ba and Cr contents by land use.

Table 3. Ba and Cr mean concentrations in three different
regions of land use(n=138)(mean + S.D.)
(Unit : mg/kg)

Ba Cr
Region 1 124.444 +87.56 29.607 +£22.57
Region 2 126.607 £ 83.47 27367 +17.31
Region 3 134.749 £ 55.62 31.588 £20.96

< YeRdo] QI9AQ1 o¢ddl] o3 FErE 5499 /A
o] Y= Aog FetE
R FE(Cne] A4S A9 Biske 1490
29.607 mg/kg, 2A] 9L 27.367 mgkg, 3492 31.588
mgkgl 2 1A% Kt} 2A]99] Hiwrr) ot Wkal,
AL 1, 24 B} ot w8 AHES UEho] vkE
(Bayzh= tf2 EXEAS Yehliich

ox,

e}

XA 2AMERE 4o Hits=st Hlaslo] Fig.
4ol PRI WHE(Ba)?] 78~ Fig. 4ollA] H= wiot
o] I BEY T Hue: Boe & 129-838 mg/
kgo 2 B7F|opt 71 =i d=3 vt solflen,
Ukl 739 oF 129 mgkel & 7PY B FFoE
Rttt Z2E(Cnel AF 7P BEY T Hde=e] ¥
= oF 7-150 mgkgo 2 Tl 7P =L ojgEol,
Pl=r 5 woller, iyl B4 30 mgkgO 2 B
FEoZ YeRgtt.
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5 SRHEAE RS HE T7)S e s AR A
Aug=1e] HHFgkl v (Ba) 1,072.6 mg/kg, Z=(Cr)
65.6 mg/keoll BISH B ZAL] Bl AEFE HEkS vHE
(Ba)2] 7% °oF 12%, F2(Cnel A$ F 46% FEO=E
ok, ol Ao S EREE B S
9] zlelo]l 7I¥lsk= Fo=® AlREH. Il B¢ o
2] A8t e Follx F2 3719} w7t BElE EASE
Zog A o, B A= sl e EA%

Cr Conc.(mg/kg)

Q& 2 &
\’bQ’b *9@ N 3

I SN
& &
& o 00@7’ & N

Fig. 4. Comparison of background concentration for Ba and Cr
by countries.

S FESHA] 2 & I2S gle s A3 dajold),
ok 2 AFANE FF(Cr)e] Akl mE EA43H)
W REEAS AR detebrle ofeleu 2013d B
A LG AIHMOE, 2014)9} vlws] B Ax £
B 7} 22 57} 0.065 mghkglE B A7 F =
£ 7 =
Sl

|

BaEES] 30.121 mgke®] °F 02% <ol &

P AFE A SRIS|ES] TEEEE 54 AN

EG ARl st Cr(viell digh EAelx=

EE AFAA #AEIHA o8l Yehd Bez B u B

Y IAF(Crye T2 7} FHE EAlsR: slo= At
THAhn et al., 2006).

)

3.12. AREE B 54

VR 107l 8 AATE vE(Bayt F5(Cr)
o] = FFREIEE Fig. 5ol UYERITE Fig. 5014
HiE vkl Zo] HEULY vEBa FEHAT
52.101~157.629 mg/kg® & L3Fro] 7P =il {3l
o, o7 |sIRt, WA molRlom, kel T uE
& FFOIALE. AB(Cr)e] FEHAE 7.037-56.057 mg/
kgo 2 WASe] 7Y Ea1 ST, AT, Us S
T, FRET ol v Bat TRPIAIR RS
o] 7P W G0l

T8 AAERE AF ERAEE ES 38kt
T8k Al sk, MY, EAY 5 BEoMEE viE
(Bay} FE(Cr)e] EXEEARS A8 235 Fig 69
UeRHQITE Fig. 6914 ®E ule} o] vbF(Ba)] 5%
= WY > B > 3390 o= yeht WAt
110.731 mg/kgl & 73 =& o)} Z=(Cr)e] 7
= vHFBayd VRPIAZ WA > B9 > sdete]

Cr H Ba

& o 60

120 180 240

& Concentration(mg/kg)

Fig. 5. Distribution of Ba and Cr contents by geologic unit.
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Fig. 6. Distribution of Ba and Cr contents by country rock.
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Fig. 7. Box-plot for analytical QA/QC.

o2 F=F A vER wAde] 56.057 mgkgS 2
7V e sl
SEuvet EY] BAle st B sdnidte] H =
EAA 2/38 AAslaL Qlo] BA| 5% EYS] AE
Shke Uubr o wkS Aow FAYY AFE TR
1

A9, A% A%, L, T AR 9 AN 7 297
S.I
o

ol

o ARl AR AG AETH) T A
2 Ha%3 JTHAhn et al, 2006; Min et al, 1998;
1999). HHE(Ba)?] 739 AMdshdslt B F= =
Hshe 545 vhee] feluet Baje] S4o= Qs |
AE BARS BN Sk B et Jloz F
A Bt Aget EXEAS Hrlslr] sixie £ o
B A7 54& Ad EAEC] tFt Jrpt ek
2o geter)

N
1o 18

3.2. 24Z3of cist =2 (QA/QC)

FRATRINIEE ESLAAUERALE g AlEEAE
o] e 9 AeS SHsly] 93 Jede] 29s
Fig. 791 Box Plot®= YERNRIT}. Fig. 704 Be v}
o} o] ArE 93t 23] WEAIR] 4 2y} vhE
(Ba)o} ZLE(Cr) B WolAF7F £20% olle] k&
ERAIT
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Table 4. Correlation coefficients of Ba and Cr concentration and
soil physico-chemical characteristics (n=14)

Ba Cr
Clay (%) -0.19 0.002
OM. (%) -0.29 -0.32
pH 0.06 -0.24

33. EY 3 HSEHM "It

3.3.1. AIFEYS] olsletHEA] ZAMAT

vHFBay FE(CnY EY T =9 EY olgsH
E47e] I T £XE54 H1E S8 1] ERAE
o] & i3t pH, F71EEH, EXY 5 o354
< A% 23, pHY G- Bt He7E 5.21(4.60~
6.20)2 $-2lye} FAR ()] Hit pHl 5.7 Hlwsie
U vk Holglom, f7|1Eg e Hugd ¥t
6.29%(0.53~13.08)2 U} F4A ()] Hd 715
e 2%HT =2 Zo® Yehdt) Ela B4 A
T AE, AR, TAEAYE, A-ASE, ARASE, A
AASE, PAGE, FIAE Fo2 Tl Yelsith

332. EJolsiety E4¢0 e X 54

ERNRS HEFE, 71Ed% 9 pH T
S vk Bayt F&(Cr)e] =3t WS HESH
Table 49} Fig. 8ol 22 YERARICE. Table 3
ule} Zo] B F ulF(Ba) Tt EYEA frold
Ve A (p <0.05)S ERIAIE FUARE 8AS7t
HEE —0.19, 715 029, pHE 0.0602 LERIT)
&3, BHE(Bayt "RVHAIZ EY & IE(Cn) =9 B
FEATN ol Je AR (p <0.05)S YERIAE &
FAE, ABATTE AEE 0,002, 77182 -0.32, pHE=
-0.242 vhghe O A JERSICH

Az o EF] pH, F7I1EFE 5 ETsA 54
& B EAlBRE $5% T Ut 2] Al o
S = T o] EY B 547 o5 2479

Wi B F FF5E ASEY 52 A58 5 e
1=

=
Agnieszka(2013)°] W= PodzolEYlA ESFEAIH}
TessierHS 483 EAFENE vlF(Ba)e] AIS ZAISH
27 F1o] A EY 54 F pH &9 =
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Fig. 8. Correlation of concentration of heavy metal and soil physico-chemical characteristics.

-0.53), F7IES e 4] A4 (=0.66)°]

A= Ao

2 Yepgdt) UFH, Massas(2013) 52 28]2~ Thriassio
plan £ S5 328 EUE/AT] 2AFAT oA v}
FBa} FAE(Crnd =7t pH 5 EYSETL 194
JE AHIAV) Sl AoZ Budk vl Qo) B oAE
M= Lutd oz AAIAE e ASE 314 (Rea
and Parker, 2005)=)= 331G 0201491 797} 2l
Fisher transformation® & EHYIF ATl tsh 2}o]

A% AY B9 235
FeIaA ke Aoz et A}

G271 JRARe) Aot
A

W% fojy]

g 2pol7k oL B7] ofgl® Ao yeist) olgt

Aolze] felrlsiA @l B ol F shizk AR
F(n=14y7} AL WFo 2 Hekac), Heh gie] =
o] olsfEHE R} BodEATe) fol4
q o¥E HA) e EFSYS
Sein 5 O v} Bag gow

A}

BTE

3.3.3. &) W 3187
EY T FEBaH A7 (0o AsS5As 758 +
ke ZAIFEIE Loky] 918 BCR(European Community
VEFETAE it vHEBayt

HiTE
BEXEA

Bureau of Reference) 4<5 =
F&(Cre] EAFHE F=247¢} BCRIAGT= o
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Table 5. Fractionation results of Ba and Cr in soil

Content rate (%)

Fraction Target extractable fraction
Ba Cr
1 Exchangeable ions and Carbonates 28.26 (14.77~39.91) 0.39 (0~2.05)
2 Fe and Mn oxides 27.54 (12.24~69.66) 1.41 (0.49~3.59)
3 Organic matter 15.80 (0.72~26.96) 20.25 (8.30~32.49)
4 Residual 28.40 (5.75~53.60) 77.95 (65.18~90.86)
Table 6. Comparison of sequential extraction and aqua regia extraction (unit : mg/kg)
Sum of BCR steps Aqua regia Recovery(%)
Ba 93.949 104.911 89.6
Cr 34.675 38.158 90.9
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H(Ba)2 F1(Exchangeable fraction)+ F2(bound to car-
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