J. Soil Groundwater Environ. Vol. 24(6), p. 1~8, 2019

< Research Paper >

F 7K FEME o|S¢et Bt Q2 SEA|

Hliy 9}55, ?Ely

https://doi.org/10.7857/JSGE.2019.24.6.001
ISSN 1598-6438 (Print), [SSN 2287-8831 (Online)

™

T
o] 82 SN B}

XY - Ol2E - HHH - YHS - BHI - YHT - UK - /8L - UK - LS - T
o

e e S AR | R i S
|

Elution Characteristics of Arsenic, Cadmium, Copper and Lead in Paddy Soil
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ABSTRACT

This study evaluated the relative extraction ratio (RER) of As and heavy metals (Cd, Cu and Pb) in paddy soils using the
two types extractant, 0.05 M EDTA and 0.43 M HNO;. The RER was calculated by dividing the concentrations of metals
obtained by 0.05 M EDTA or 0.43 M HNOj; extraction by those obtained by aqua regia extraction. The RER of 0.43 M
HNO; was larger than that of 0.05 M EDTA. Correlation analysis indicated there was statistically significant correlation
(p<0.001) between the concentration in aqua regia and 0.05 M EDTA or 0.43 M HNO;. Especially, Cd showed the higher
correlation than other metals. Stepwise multiple linear regression analyses indicated soil pH, CEC, organic matter content,
and soil texture all influenced the metal extraction rates and bioavailability of the metals.
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Table 1. Geology and site description of the study area (KMOE, 2004; KMOE, 2007)

Mine Type of ore deposits Major target elements Main geology Main pollution sources
. Au, Ag, Cu, Granite
E hydrothemal vein Pb, Zn Calcite waste
S hydrothemal vein Au, Ag, Cu, Pb Gneiss waste, tailings
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RDA(2010) WHoZ HAEE 33l om, B2 Gee
and Bauder(1986)7} AIQtst HH o= FA8int. mEsh

Gl A= HIA B 550 FasE Felsy] 9
& 212 Ho] Hrlo] AREE+E 0.05M EDTA(Quevau-
viller et al, 1997) =Y S&id= dHE F55
FE2 BHog IAAFOZE AAHFHS U= 043M
HNO;(ISO 17586, 2016) F=1H-S A-8313T} 0.05M
EDTA FEWHE A8 1gS Zozz3d((pp) 7]
40 mLoll ¥al 0.05M EDTA £ 20mL 37} & A&
Z1el AFe & 2z 1°coA 308 FEF F 9
1,000 ppm© 2 1587 94 E2leld A4S 545 =
A At AlP8H o= AM8S1 0™, 043 M HNO;
SHHE AR 10 g ZTZ=ZZ(PP) £7] 200 mLol
2al 7)ol 043 M ELHEH 100 mL FH7F - &7
A2e 3 20+2°Co A 4A 7 B FE3 SAS
1,000 rppme. 2 1587 A4 Rt & WHygl I
(0.45 um pore size)Z Zujr SAHE A|lFEAOZ ALE
sIth As B TS ARl tig e 7 i BT
FeAgZ 352 7)(Varian 730-ES, 35)2 A}
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S

Relative extraction ratio (%) =
concentration extracted by individual
extractant (mg/kg)
concentration extracted by aqua regia

(mg/kg)

x 100 (1)

Table 2. Physico-chemical properties of soils
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ATVIA S FHA EY pH, CEC, f71E34 2
B4 SAZETNE Table 200 A3} pHe EY F
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et al,, 2010). 2] F4-2 1M 2sleEoA ols
7} F31, G2 S ol st AlgkE o] B
5 U2 AAEAY o5 ABRES 495
Y58 (bioavaliability)’} 7348FA] ETh(Schreiber et
al,, 1999). ZAKY pHE RIS 2 it 62 =2
Rl FhE YERYeH, 20159% FER EYSA
g Bt 6.60 HIE| thAh W S Holal 9l
(KMOE, 2016). =3t $-2jue} EYe] 8 JEFE
FIEUolET Y] 534 (Isoelectric point)©] F pH 431
e 123 B JEZES] 3 WA pH o9&
Asks 43P B4 Ho 5458 X9 ol
Al FAZ 2AY Ao wad EYe] CECE
HES ) 257, 7153 183 Fe, Al @ Mn 2+
340l FA| o)FEs, AukH o7 CEC) =& EYolA
© B o3t F55] §3 TY0] moHEE ge
&l w5 EAlRIYE ArfEEe vAe dF
njelsl Ao g dEA ot £3] CECE HESY FHol
ue} gro] dEfAed fEvEt EYe] HES s
TH BEL 712 UOIEF(CEC 3~15 cmol/kg)OZ &
Fx|gho] Uojupx] Yobx] CECZ} Yuto s tgE HE
FE Ho vt} 523 CECe W5 HskpH =338}
o] 719do] HE §71E(CEC 300~600 cmol/kg) &l
s GRS W v A Ed fU1ES
Fo] 25% AR T4 7] WiEe] FEFEY F71E
ghego] E29o] wide fEluEl EY] Wt CECE 10

)

Size fraction (%)

: — 0
Mine N=35 pH CEC (cmol/kg) OM (%) Sand St Clay
E range 53~7.7 13.0~28.7 1.0~5.0 38.6~86.4 44~43.4 7.24~34.1
(N=14) mean + std® 6.5+0.6 17.8+42 34+1.1 62.7+17.0 21.1+112 16.1+9.1
S range 52~7.6 3.6~12.8 0.2~3.1 70~89.4 1.8~14.0 2.6~16.1
(N=21) mean + std 6.0+0.7 10.0+£2.6 0.9+0.8 802+54 9.1+3.6 10.7+2.8
Total range 52~7.7 3.6~28.7 0.2~5.0 38.6~89.4 13.9~43.4 2.6~34.1
(N=35) mean + std 62+0.7 13.1+5.0 19+1.5 732+ 142 13.9+96 129+6.6

N : number of samples, CEC : cation exchange capacity, OM : organic matter content (%)

a

. arithmetic mean + standard deviation
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3P s (aqua regia extraction)2] 7-¢- 942
SHF diHl 70~90% A% HEETA A Aok E
TATREA A AFT A(1)E o-&st] ARk A
FZH|= Table 40l A2]sFAT

H2 9 FE49] RER #& 94z ERIsH A7,
0.05M EDTAE ©l-&3t = WHe| 7% As 0.5%, Cd
4.2%, Cu 8.4%, Pb 16.9%=Z YERITE ©]5 Kwon et
al.(2013)°] FLg F=HS AF8St] AAIgE RER #4
vl B, Aset Pbe fARSE <0lem Cde} Cu
o A Z4zF oF 1odl, oF 3w e kS YERATH
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Table 3. As and heavy metal concentrations in soils extracted by various extractant (unit : mg/kg)
N=35 As Cd Cu Pb
. range 1.19~90.00 0.12~4.94 6.5~105.0 19.4~77.8
Aqua regia
mean =+ std* 21.30+£20.10 0.96 + 1.05 42.0+20.7 394+15.0
range ND~1.16 ND~0.51 ND~23.0 1.4~18.9
0.05M EDTA
mean + std 0.14+0.25 0.07+0.11 42+5.1 75452
range N.D~0.83 N.D~0.35 0.4~25.7 2.3~25.1
0.43 M HNO;
mean + std 0.12+0.21 0.05+0.08 5.6+5.7 10.3+6.4
N : number of samples, N.D : Not determined, * : arithmetic mean + standard deviation
Table 4. Calculated relative extraction ratio(RER) for arsenic and heavy metals in soils (unit : %)
Relative extraction ratio (RER) As Cd Cu Pb
0.05M EDTA (mean = std) 0.5+0.63 42+3.69 84+741 16.9 + 8.60
0.43M HNO; (mean =+ std) 0.4+0.53 4.0+£3.26 11.9+7.53 23.5+9.09
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& 5 A YEl7E 21 (phosphorusy# frAFsH EF’ok
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Ht}h, 8ZSAEE RER 32 vlws] 23 Asel ¢d
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42, YHEH BUT SHET 20| HBY 24

Griafo] wE sk 0.05M EDTA 2 043 M

HlZ, VSR, 7o, Rl 65 549 W7 5

St F2o| ME HA 2 FEEY] T AL
ole] AAAAIZ Table 534 Fig. 191 YERAATE 0.05M
EDTA €=y} <5838 w2 As, Cd, Cu, Pb 5%
o] AAIGE 242 0.72, 0.98, 0.78, 0.83E SAHoE
st JAIAIE HERNITH(p<0.001). TR @2~ H]
stod CdellA] AT =71 Ueld=T] o= pH7E 5 ©]
& 73‘% 0E ﬂﬁ:(Cu Pb, Zn, Nipll HI3] Cdo] &
=7 w2 Ao Uehdths I Rauske FetE 4

Iz B F 9}\‘;]'(Alma Kabata-Pendias, 2004). 0.43 M
HNO; 83} rEaliigel olgh sx9] eAlTe
As, Cd, Cu, Pbe] Z}Z} 0.82, 0.88, 0.83, 0.2 °]&
AA] FAF SR wig FolF AEds eSS
(p<0.001). Cde] 7% 0.05M EDTA % 043 M HNO;

HNO:= 283

T 7K 8= FollA vy FBATE HERIA
T HAE TR dad Bl B ]’o w2 AaATE

Table 5. Correlation matrix of As and heavy metal concentrations between aqua regia and other extraction methods

Metal content in soil Aqua regia
(N=35) As cd Cu Pb
0.05M EDTA 0.72"™ 0.98" 0.78"" 0.83™"
0.43 M HNO; 0.82"" 0.88"" 0.83™ 0.92"
N : Number of samples, ***Statistically significant at p<0.001
16 10 08 05
ARSENIC CADMIUM
5 . 08 58 - 04
’ 043MENDs © ! 00SMEDTA A
A (r=0.82, p<0.001) A 06 (=098, p<0.00 0] 03
08 A 0 0.43M HNO:

OSMEDTA 04
(r=0.72, p<0,001)
Q 02

04

Extracted by 0.05M EDTA(mg/kg)
Extracted by 0.43M HNOsz:(mg/kg)

0.0
0 20 40 60 80 100

Arsenic extracted by aqua regia(mg/kg)

30 30

COPPER

A
043MHNOs O

20 (=0.83, p<0.001 20

0.05M EDTA
(rt%78, p<0.001) - 10

Extracted by 0.05M EDTA(mg/kg)
Extracted by 0.43M HNOs(mg/kg)

0
0 20 40 60 80 100 120

Copper extracted by aqua regia(mg/kg)

(r=0.88,p<0.001) - 02

0.1

Extracted by 0.05M EDTA(mg/kg)
Extracted by 0.43M HNOz(mg/kg)

00

Cadmium extracted by aqua regia(mg/kg)

LEAD 043M HNOs

0.05M EDTA

A
2 (r=0.83, p<0.001)

20

10

Extracted by 0.05M EDTA(mg/kg)
Extracted by 0.43M HNOsz(mg/kg)

0 20 40 60 80 100
Lead extracted by aqua regia(mg/kg)

Fig. 1. Linear regression of As and heavy metal concentrations in soils extracted by aqua regia versus various extraction methods (O :

0.05 M EDTA, A : 0.43 M HNO3).
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Table 6. Results of stepwise linear multiple regression analysis (N=35)

Extraction Multiple regression equation R?
ASextraction = =0.007AR+0. 02pH+0 02CEC+0010M-002clay-024 62%
Cdextracuon 0.1AR+0. OlpH -0.09 98%
0.05M EDTA
Clextraction = 0.16AR+0.52pH+0.24CEC+1.00M-0.09clay-9.9 81%
Pbextraction = 0.26 AR+1.12pH+0.2CEC+0.130M+0.08clay-13.7 82%
ASexiraction = 0.01AR-0.01pH+0.01CEC+0.030M-0.01clay+0.02 78%
Cdextraclion =0.06AR+0.01 77%
0.43M HNO;
Clexiraction = 0.2AR+0.7pH+0.28 CEC+0.760M-0.12clay-11.0 81%
Pbextraction = 0.36 AR+0.68pH-0.1CEC+0.350M+0.01clay-10.3 88%

L. 94

A3} 7ol ZHEZ 9}1

GEic), el AERES A9 Telske Aeole

90 o ol AT 55 AU 1S A1
21584 F4AIS=BAC : Biological Accumulation Coeffi-

cienty} =] VFER} 85 WiRo] Ko} Aglgt 2o g U

Z ltH(Alina Kabata-Pendias, 2001; Kim et al., 2012).

4.3. CI535[HEN

EY $559] 828 453l 5 2 B okt
EX(pH, CEC, OM, EA 5)5° 93] 9 tomg
19 8458 SHUTE AMESl ts3|AEY st
FTaHd 8= FEE 53k I ARIEC] Bay
JHMeer et al., 2007; Kwon et al, 2014). FE3F
o]t WPHE A& FE& TEE dS3h] Hs WHe
2 3wo] AMgE th(Papadopoulos et al., 2007;
Jung, 2008; Zeng et al., 2011; Kwon et al., 2015).
£ Aol o]d] HES F83l] EYe] 8 v&
of FIFS PAE= AR IRl s Yiel T
2 B9k 9 EX(pH, CEC, OM, Clay)S W= 3}
o] O3] EAS TH3ATH(Table 6). El—?ﬁﬂ‘“*&
212)0] FPAS ARSI oH 3]4do] Al BSA
o= A= diFsle] 1 AFPES HoF=A] AJRE 2
AGE JeERAATE. Table 60l AA|E 2E 28 fo
ZF 5%AIZTE 95%) oY At %7)ETt RE

LaollA 70% oPde] =& 27674]T(R2 eI
0.05M EDTAZ 3Z31= A$E= Cd 98%>Pb 82% >
Cu 81%>As 62% =O& Z:S‘?éﬁlﬂ} = vehda
043 M HNO= F=3= 9= Pb 88%>Cu 81%>
As 78%>Cd 77%Z ZAAAGT7} A Jepdt) &g
0.05M EDTART} 043 M HNO©IA o =& ARAS
£ YeERii

O

o

¥ oZi m{m
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Yextractlon a AR +ﬁ pH + y CEC+J6OM+¢ Clay +0 (2)

Yextraction = €xtracted As, Cd, Cu and Pb
AR = Aqua regia (mg/kg)

pH =soil pH

CEC =soil cation exchange capacity (cmol/kg)
a, B, y, 9, & 0= constants

5.4 £
SEA e vla 9 TEEY] 85 548 IR
A3 B TR FEA ES deE o 28l
7} 0.05M EDTA, 043M HNO,= ©]&3F 8= W
7t & G288 vnElal ols Y4 £57 T
EY 547 s ] s teslAE 4%

it a4 dbl 82 = A =
HIS SRISH A7}, pho] 71 =2 Al =915 E
5 As7t 7P ‘%fi Ai 7k Ak Ase] F Hl7}
7P 2 olfis B FollA Akska-o](oxy-anion) &
Bl = EA51H Jiﬂr AL Tl pH Tkl A,
SFulE, 23 g 2 vAEE A9t B A
oA 7|Q1g o= FekETh TS AW O=E 043 M
HNO7} 0.05M EDTA Rt} ®& FEHE Jelith
o5 Bl wPHa 824)(0.05M EDTA, 0.43 M HNO;)
o W HHdzte] AuAds nlwd 2y, BE i
A BARCE ot 43S Holal oM (p<0.001),
Q4E HE Cd>Pb>Cu>Ase o2 AAdo] =4
el EY 857 A& ot %é%%—rdl FFE ﬂl
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