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Sangyoung Oh' - Jongchan Yoo’

- Kitae Baek® - Hanseung Kim* - Jaewoo Park'*

!Department of Civil and Environmental Engineering, Hanyang University
“Korea Institute of Geoscience and Mineral Resources (KIGAM)
’Department of Environmental Engineering, Chonbuk National University
*Department of Environmental Engineering, Konkuk University

ABSTRACT

In soil washing, there are many variables including types of reagent and contaminant, washing time, soil-liquid ratio,
washing cycles, washing agent concentrations, and etc. To identify the most influencing factors on soil washing process,
regression analysis was performed for eight single variables and five combined variables. A quantitative model that
employs W/H (molar ratio of washing agent to heavy metal) as a major variable was established based on the regression.
The validity of the model was demonstrated by conducting lab experiments with Cu, Pb, Zn, Ni and As-contaminated
soils, and various washing reagents including acetic acid, citric acid, malic acid, oxalic acid, ethylenediamine tetraacetic
acid (EDTA) and nitriloacetic acid (NTA). The washing efficiencies were compared with the EDTA washing data reported
in the literature. The correlation between W/H and removal efficiency was analyzed after dividing data into two groups
according to the heavy metal mobility.
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THAME T5E5 B A3E flot] EHIEHE
T2 Agsta ok =l AH8E EY H3 3 F
EFAHH] AR HITS 6.5%0 BISAT, T
& QAR Aslore] EFMAH HEES 76.7%]
23K Korea N.LER., 2015). 20099 EXQAFTHAIS
He) A W B U =545 =5 =4 "ol IN
AALS 0] 83 ZZHA] YFE 0] 83 F==HoT B
7480 weh, EFRRANN BEF U SES v
A 7o) Ao Z uHAATHKIm et al, 2012; Yang

et al, 2010). Wehr] EF Y} 1A Bk oplg} B
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=31 STt sARE G, AL SHAE 5o AHke] S
EQF] SARetE S7E 4 Q7] el SAR R
A Sl fr1relu ethylenediamine tetraacetic acid
(EDTA)S} 28 ZAYolEAE uicte g Aotslar ot
(Begum et al., 2012; Nascimento et al., 2006, Norvell,
1984; Peters, 1999; Tandy et al., 2004; Wuana et al.,
2010).
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EA%H R 089 57

55 AFAI TEEe BXE, AlE AR MF 3SR
A|okst vl ATk Ferraro et al., 2016). THEE-2] F& oA
£ 2ulge) ghol 1} 2 ) F3% AA £8o) 4
soh Besion, B w9 olE Bule
o] gro] S7FEE &80l ThRe FAIE Heldal B
39 H(Elliott and Brown, 1989; Kim et al., 2003;
Steele and Pichtel, 1998; Pichtel and Pichtel, 1997,
Pichtel et al., 2001). AAAL} FF<&2] EHlEo] AF
8ol 7= FFe] Felx Esial o] F3ellA
© EHES 7O 9% QAR AR ke, A
o] FHAAY EHE-S AFAH0E ALgal] AH &8
S EXN39t(Reed et al, 1996; Di Palma and
Medici, 2002; Papassiopi et al, 1999; Cline and
Reed, 1995). EY AlFe] th& Fa FTF <A1 Al1H
Al Al Slg= E1lge] Blste] vlad B2 3
Al Thgoliinh. 53] Al ARre] 79 B AlFel Qlo]
Al e or aalol & FERIEA] o] 7 bt
Ack. BHZF o AlH Agto] F715) whet 7] 10 —
60 BN TEEY AA &&o] F535H SUkIH, 1
olfoll= BFE el TEste] B89 Tl Foles
Aoz dHA JrK(Suanon et al., 2016; Wang et al,
2015; Wei et al., 2016; Yan et al., 2010). A& 314
35 T8% Y IYel= 8L, BEo wH|
FEE B At vl =R ol EY A
Fo| tkE Iyl nlste] w9 7] wiel] LHE

| &S A5 diFE 1] ES AHS

= nol’
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Ao = HlF 35 wE B U T35 SA
) Sl B Al Sl digh A9 9
Pl o}, T4 AA E8ol B3 B4 o
Al FHAA] FATH(Chen et al., 2015).

ToME BEY AHY] 583 J3F Q1x} Aol
AL, TSt AEAE] AIAEES H]
| 913k s ARSIt & Aella= 1L
1, A1 3, AlF AIZE, AlEA BX, pH, 2%, %
I ALE- 7, T T7HEA WSl tiete] AlE APRE
1oL ZF Wl thsie] A1F &85 #48KtH Zou et
al,, 2009). 71 A¥Z pHE A3 Zt ARfe] 7t u}
g AlH §8&0] T7Rle A7 2945 43 F Ao,
7} QApl| st AReA b AL BA HEE 3
weo] o] W] ot 23 tig BAS A
T 8t A B AlA Felle 24 A9eit BA,
TS R, Tus AV T dAEe] tekst ks
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Ko7 wje] 9o} 2L AL AAA, AR ARTE
e & 4= Ut} T3k tE AFellA= pHY TE52)
AV, AFAL] TFRE I A=Z HE3t ES Al
2 A%S A3PsIATH Polettini et al., 2007). pHS} 5
0] AP wet 71 MHAY] B8-S Hlasl o,

A A o|EAZ}F f71kkeeh [l §&o] Erh

et MFE FollA, 71 JEFHo] F JIAES Felsl]
3l A e ES AY FEAEE kL 39
48 Ao ol EUIEZ W/H(molar ratio of
Washing agent to Heavy metal) WSS FA3I9TE
At WH W5 A ESF A1H 433 E3dolgol
Agate], AHAe B8-S ANFeRE B4 9 g5 -
e BdS AAsiaLat stk

ol M
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2.1. A

oeket AEAlY] T4 8 AlH 288 vlush] 23]
A AR TR EF AIF APS &tk AEA
25 oFHEXHacetic acid), X K(citric acid), T}
(malic acid), <42 Hoxalic acid) & 471X19] 714 Al
A2} ethylenediamine tetraacetic acid(EDTA), nitriloacetic
acid(NTA) & 271X)2] Zgo|E AFA7} AHeE9lom,
E%E Cu, Pb, Zn, Ni, As ¥ A SPEd=E 9
T Bito g o Edo] AT A3 A8
Ege] 7BF Ul LEEERAofA AT EGo] AR
HAoH, §e 7R 544 A8 AFH Al et &
He| ol ksl UelsTh 22 AR E¢e &
d FTEEOE 2 HojoH, tE Ao E¢
5 s FE5H A FTAFAIEE T (otal
petroleum hydrocarbons, TPHs)Z B3+ oI,

FTEs5 LAES AF AFS ndH], A 9 F=
& 5, AIE ARE AIF 3, & A 9 RS
oAl 2-8ate] AAEAT EF A1H APS 1efn
15— 1:1, AlEA F5 5-400mM, A1F Az 0.5-24
ARRE, AIF 3G 1-133]9] Z38telA =t EYF
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16 3G - AT -

W 559 749 Cu 154.0-292.0 mgkg, Pb 269.2 -
3045 mg/kg, Zn 733.7-2691 mg/kg, Ni 182.5 mg/kg, As
220.0 mg/kgE Tl Fold B AlH AEe a3}
Aot

2.2. 24

(o]

EG AR oM T8 43 AAE 8] flEiA,
=tk B Al A
o83l Al
EAEIAT. ERAIF A 7}
7 de] ARSEE 7 ARAIR]D ALk delolE A
24121 EDTAZ W% AIFAR AFsle] FAxEE &=
s

AFE] B 157HA] EM AlH AR ARE 58I
t 55 LEEEEE U S5 EYAY
o HES AAEE Cuet Pb, Zno] AHEATHKorea
MoE, 2016). &8 FAllX+= Google Scholars A&}
Aom, IY=Z= “soil washing™} TRS9] do] %3-S
ARSI “citric acid”, “EDTA”, “sequential extraction”,
“BCR extraction”, “Tessier extraction”, ‘variable”, “influence
factor”, “Cu”, “Pb”, “Zn”, “metal mobility”.

TR FAt ES MH EPS Table 13 2o, 7}
39 43 A AE+= Cu, Pb, Zn Z}7ke] T54:9]
AR EEH ABVAS B Sl8) HFEA] A
T Chen et al, 2015; Chen et al, 2016; Di
Palma and Mecozzi, 2007, Gao et al., 2003; Neale
et al, 1997; Perez-Esteban et al., 2013; Suanon et al,
2016; Wang et al., 2015; Wuana et al., 2010). 7-4F
EF AH 2348 W "] Hels 299 0.005 -
0.5, A1FA == 0.0001 - 0.1 M, L9EE F% 7938 —
30350 mg/kg, A& AIZE 2 - 144417, A1 AE 315 1 - 53]
2 We wslel We 32 24590 EDTAS) 29
£ I7H18] BRI AR FREYOR, Tt 7
S5} BRIZIAZ Cu, Pb, Zn Z7te] FE& A ST
o w9 % 0F ARAe] A HACHTable 1)
(Barona et al, 2001; Begum et al, 2012; Chen et
al., 2015; Chen et al., 2016; Di Palma and Mecozzi,
2007; Kim et al., 2016; Lim et al., 2004; Steele and
Pitchel, 1998; Neale et al.,
1999; Qiao et al., 2017; Qiu et al, 2010; Sun et al,
2001; Wang et al., 2015; Wuana et al, 2010). =&
k= W HlolE] #E2] Hele aLdHl 0.04-0.5, A1H

1997; Papassiopi et al.,
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Table 1. Cited literatures to apply the regression analysis

Washing agent Reference Data points

Cu-2

Citric acid / EDTA  Wuana et al., 2010 Pb -2
Zn — 2

Cu-1

EDTA Begum et al., 2012 Pb -1
Zn — 1

EDTA Steele and Pichtel, 1998 Pb — 18
.. Pb — 10

EDTA Papassiopi et al., 1999 Zn - 10
Citric acid / EDTA  Wang et al,, 2015 Pb -2
Zn — 2

Citric acid Suanon et al.,, 2016 Cu-1l
Zn — 1

Citric acid / EDTA  Yan et al., 2010 Pb —10
Zn — 10

Citric acid Prez-Esteban et al., 2013 Cu —4
Zn — 4

Citric acid Gao et al., 2003 Cu - 21
Citric acid / EDTA  Neale et al., 1997 Pb - 36
Cu -7

Citric acid / EDTA  Di Palma and Mecozzi, 2007 Pb — 6
Zn — 7

Citric acid / EDTA  Chen et al., 2016 Pb -4
Cu -4

EDTA Sun et al.,, 2001 Pb -4
Zn — 4

Cu -1

EDTA Qiu et al., 2010 Pb -1
Zn — 1

EDTA Barona et al., 2001 Pb—1
Zn — 1

EDTA Lim et al., 2004 Pb -1
EDTA Qiao et al., 2017 Pb -5
Cu -2

EDTA Kim et al., 2016 Pb -2
Zn -2

A FZ 0.001-025M, LEEZ FE 355-65200
mg/kg, A& AZF 0.5 - 14477, AlH 3= 1-53]2 o
oFet W 23HS 53 EDTA AlZAlol gl o gk
A Ak} SFdt.

Tad AA B2 AF AR AR S, 9], B
W F55 5, XA w5, AEA I, 55
AA| T4 7Fe=(metal bioavailability, MB), 5% %
A 5% (metal potential mobility, MP) & 87} 33k
Al diste] 3]ARAe] AA] =]t 53] HEA
%, MB, MP 37} 9% xk= EAY dHE JF
IAEA TPAF O FAE W] FE 5



SATA B2 0|83 T

MB¢} MP= 22 A7500M EY a5 AV 1
&3 FAAHo=E ATt Tl Mo|th(Ma and
Rao, 1997; Wei et al., 2016). MB A= BN 55
%90 BE EAVY T 7P 23] skt A BlES

ekl Ao, vy (DA 413 o] dHTh:

n
MB=[F1/ZFin 100% (1

i=1

(BCR & FEH, n=4; Tessier 994 F=9, n=95),
Fe WA Al 28 T840 WEeS gt
ol FE59 WAA f5ds WESH] A meal
potential mobility(MPY} ARE-=™ (2 4=211} o] #
et

n—1 n
MP(ZF/ZFJXIOO% )

i=1 i=1

o] 50NN EE T ke BEH SE5
o EAFE shte] FARCE HofFe= AFEEX AR
=it

222 549

EG AR 588 A8 A A AN E
st /s TEHoE ] fg AlEE A
Ageial, AR e A3 A8E A8l A= ¢
2Fe] 87Vl tiste] ddstaal sttt 9x 2.2.1
olxle] BFEA AAE nEe R e T8 I At
£ o]&sl] WHEkL WHE AEE QAR 2S 4
Stact. o8] Aol A MAA - T4 BXlEo] A
SEOoU AlF AR Al Sl o] OE HeEs o
Hof| WHIE]R] ate], ZH2he) QIxje] tigh S W=
A orst= TAI7F A A THAbumaizar and  Smith,
1999; Udovic and Lestan, 2009). W2tA AFA — &
w5 EHIE AlF ARE AlA Sl leE st Al
ZE HFE ThEojd ), o]& EY AlFA9] tixt <
F AAEA ARSI TES AARES BAskaA} 8t
Aok, WH ¥ 84 == 3L 52 (3) - 8%
2t

n
Molar ratio = Z—W 3)
h

& AlH o] &5 B0l Bk A7 17

n
W/H = ;Z‘-” x Nxlog(1+1) )
h
n,=V, xC, (5)
Ch
ny= Ms X MWh (6)
MS
R=-= (7
w
1
77w
W/H = x Nxlog(1+¢) ®)
h
MW,

W/H ¥ 3k ARkl flsia A4 = A3 =
£ 3ol 2213 ARES AT St ne 2t
7z AFAIe a4 B8 el ¢, M2t Cymgy/
kgre ZH2F AlFAIYL $2459) FEE YR, 1 md)
B ARAL] 29E e, ME FE59 29 4
Elllal(kg); RS HB)(kg/m’); NS A1 g A9
AF BFE oueh; A= A1 AIZRS UERITH

£ d7ollXe WH BI5E 283t AFAle] T34
AA B&E vasla o Yot 288 58 5 Qe
W/H & AAEkaL ool gt 2=de A3t <lsl,
A FEE A AP ARt 3 A8E WH 2
A&ttt A dAlME AEA 7= Ao A%
7} ARSI 672] AF AlFAel tigh sle] AF A
A= gi9dsl] WH 3ke Alkeion a8ae] et
A Bajo] AT Aol ALEE Alge] A 2.100
A MeE nlel o] g Hx R |l Bl 0
H A5 ARSI, AIFA T, 3198, AlE AR
59 A3 AAELS tsH A83ted WH ] 3
& 7VAd TS o) AEgith A9AyE WH W
o] thdstar, Zzte] FE<% 29EHo) el WH -
528 J=E gEIeH ol EUE a4 1 M
A5 &84S Vst &8 vl dvk= 7E B
& AH A3 FAEFY Bl WHE o83 AlHA

[e)
[e]
A Age W B3 A5l wlsle] W gEe

< HSshke gl AV EXlgit. e B A8E
W/H R 83l AFske o] asidlth. ES
AF 4 T 257 7P B EDTAE Uit AlEAI=
AR FFE LAEZLS Cu, Pb, ZnE A3}
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AL ANSAT. 104e] BRAM 7549 AF ARE
Fsgon, o2 B3l A B8 WiH Alole] gk

12 2Aeka Silch WH Rele) A4S o &
o7 SA3te} Mpel Welel me} AR PAL F AFO
2 WPrelon], Z121e) gl thle] gmaA 1Al A4
A=t

3.1. BHEME 0|88 F2 d& 2

ESF AlH gl IS T 78 9T e
sl7] S8l MH ARE AIH S, 55 2 AIEAY]
=, AR S, o], MBR MPRll tie ©d
2 o5 39 B4o] FRHAN. SFAEAAlE A
3 EDTAZ} AREEe™, 852 T Wge} 57EA]¢]
A 28] el & B o 39 E4s AXIE
oh A5 FFolA A uke} 2o] B AT HE
A9 3o AR vigl FE5e AlH 5] ¢
B QIS 71A7) Wi, BEA T HEAS] ks
FaF AR} Aol =3k }‘E\E}(Sungur et al,, 2014; Sungur
Aol A W ©]9]9]
& WF s 57—34’5}1] AUt
P‘J:H*Er*qﬁl’}—— Table 20 UFISI= wle} o], 3|7
o83l pat ke TSI, Y FAIE ©]
%:GH HEE] a&3e] JAAE ATt 1 A,
@ gl Wit FARAY A vE B gl o
FHl EAst EEe] FAIAT FEHAA YERt

mlo

Table 2. r — values between washing efficiency and influence factors

& A agolle
RS YPSeit

7&?%94 2], g A3 x50l 4gsiA
‘Feoll A T wgrol] tiste] MlH G837 A
AL frofujgt ds =&sfui7els
O] Ak wEbA AlF A QAL T E 7EA
2 Z3ele] e #iils AAlstaon, tekst
AR} FollA T8 FF AE A E 5 AT
HA 23k 71 AEA - TES BHE W A
off Xgul= 1], AHA F5, Fud = AV |
T2 TAEAK Table 2). B 37 E2J0]] Hlsle]
4k, EDTA 7 AIRA] EFox Hudog g8wo] 4
A =& FHo=Z YePdT) Cu-—citric acid®} Cu-—
EDTAS] 7% ZH2}F k0] 0.061, 0.0212 F&#A7} H]
WA e Aoz UERom, o= $19] AI7EA] QIA} o]
Qo] ¥ QAT cud] AIF &&dl FA FFES v
T IS HAFETE T A 23exe 3 HAl 23t
AREE Wl AlF ARE WSS S8 1 A9 o)

Fat Alozoll A AT kel SRR, AlF
T HEgE o) 53] FAke R AlHEIS T
= a5 di#l el 05 oldeE w2 AHIAE
HAFAT. o= EDTAY AlFL Hlwd g2 A7t
o] WSl == vhd, FAAke] 739 EDTARGH
8 Al ARREe] 7] wjiZel] ARtk AdEArE o
=S Aoz HAHTh

Al A 23 AlF AR AlE S

U A0l RU1H0R 9

N

o o
T
Hr
T

oo i r|
Me
1
of
ﬂF

mlm rl

ru> (RS rL

PO C T s 1S/
wa
W)

l~1:1

5.:

JLoHH], AH A

Cu - Citric acid Pb - Citric acid Zn - Citric acid Cu - EDTA Pb - EDTA Zn - EDTA
Reagent con. (Cy) 0.026 0.015 0.149 0.099 0.058* 0.000
Metal con. (Cp) 0.145* 0.151* 0.086 0.073 0.034 0.079
S/L ratio (R) 0.002 0.327%** 0.124 0.064 0.036 0.166*
Washing time (t) 0.143* 0.042 0.174 0.126 0.053* 0.176*
Washing cycle (N) 0.021 0.110 0.066 0.013 0.022 0.064
Clay content 0.000 0.013 0.002 0.026 0.031 0.088
MB 0.371 A 0.082 0.062 0.005 0.100
MP 0.097 0.358 0.632%** 0.587** 0.075 0.427%*
C+ C. R 0.061 0.551%** 0.783%** 0.021 0.104* 0.173*
Cw Cp. Rt 0.5]15%** 0.579%** 0.760%** 0.129 0.196%** 0.211*
Cy C. RN 0.496%** 0.570%%** 0.771%* 0.088 0.239%** 0.181
Cw Cp. R.t.N. MB 0.738 -8 0.828 0.316 0.460%** 0.835*
Cw Cp. R.t. N MP 0.838 0.330 0.779** 0.381 0.335%* 0.857***

Levels of significance at * p<0.05, ** p<0.01, ***p<0.001

? Due to a small number of data, the regression analysis cannot be conducted.
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EA% B o188 TS

o Fa%e] &, ¥ A9 WiE TR £ 9
A 23] 79t Hlaste, AT i pak Bl
Al 2 Ws7E dofubA] 9kom, EDTAS ARS8 Cu
of ZnE AIHE Agole Q31 4lE S A
o] gro] "ojxl= o] YERdTH: Cu-citric acid(r=
0.496, p<0.001), Pb-citric acid(r=0.570, p<0.001), Zn-
citric acid(r=0.771, p<0.01), Cu—EDTA(r=0.088, p>
0.05), Pb-EDTA(r=0.239, p<0.001) and Zn- EDTA
(r=0.181, p>0.05). A& 3ol WE G o]
TALET EDTACNA O wWEA A7) w,
EDTAXE WS W9l Al 314 a7} 23]y
7 BAe] Qehale dojed 2= it} dA|vt Bk A
o] WiE Slee §8) FET IS 7= °§5J°J?<}
P B EolA o] wiEel WH ¥5E 73
& wo]] 23S St vl WA, ol WA 23S

EF A 58

M

o] T3k A 19

Al AR 23l MBS MPaES 27 S8t tss)
AR A3}, Aubg o2 MBE EESE U] A 234
R} MPE Z33F T WA 2gdollx] & AlE <=
I FEATRS UERTE MBY] 7% a5 A &
A 5 7P AAE7] $12 exchangeable fraction®] H]
£ T3] wi o, AA7FsAde]l & T2 fraction
S 135 F o}t WA residual fraction ©]€]e] e
FEAde] vlE-S el MPRY G834 ASiAr}
A Y= ZeE sdE
Slo] B4 AVE B, WH Wers
B RoE Al WAl £50) NS E UGS T
HAcH l 1A, ol WA 23S =& ATE B
ARk, 212 F5Eo] Yo} WH 2lel= MBY MPE
2R eh= 3lo] Efdsitkar dsiaint. AR MPe] 73

3 FFEe TS BUY 5 Yt T AE 2

7P =2 Al

Removed fraction

@
L

Removed fraction

o <
o o
L

—a— Aceticd acid
—e— Citric acid
—+— EDTA

—v— Malic acid
—e— NTA

—a«— Oxalic acid

a
B
8
5
3
3

Fig. 1. W/H modeling analysis of experimental data (a) with Cu; (b) with Pb; (c) with Zn; (d) with Ni and (e) with As.
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20 A - §=3) . lﬂ,l

o © o

oz BAEgon Weld B3 Aes A8 WH ¥
T 7AZol MPEES 83kt

3.2. dEd 2 A8 AEe WH 2El HE
EG AlFe] F2 FF AE el aeslr] flsiM

i)
o,

7 WG 8=, ol wel T JIAES
2SS WH ¥gE eItk WH
&3 WH 2dl2 AlZAe] 888 ¥, 4
= ZANMe] E88 =T &
QA BET A WA AR Bl GAE HE3H
st Al AP R EY AH A8S sk
S AAsEI9IgE 6714 AFAl A
Aalal B AlH A3S st A8 20E2 W/
H #t& AEsiet] ARSESIoH, WH 3 B8] 4
ABAS A3 Yol Fig. 13 o] =l =AIEt
Aot
Fig. 1(aj= Cu2 299 Eoke] WH gholl w2 AA
FES RAFT) A agfa BE AFAeA WH ko]
7Vl wt AlA &do] Friehe Addo] UERTH
Cu A7Ao= NTAZ}F 7V E80] && Aoz Yehto
), EDTA > $2%F = WiF > FALE > oA EAE ¢9]
AA &8-S BT 53] 74 Al1E Alge] A
Y| tE EYE o835 A% AsE l—%}%’ioﬂr W/
H # Alx &8 k] A7) vlad HestA v
ERsdT) ol& F3 Cu EY AlFdd 3l E*tl Qo]
e G A=l viste ofehe s & 4 Atk
Fig. 1(b) © PbZ 239 E& A3 23 XH:L—% ARE-St
WH - €& Jgzo|ty, & W/H oA EDTAS}
NTAZ} Pb A|Aol] 8291 Aoz Yepgdon, 74k >
AE > Q/\LA]. > o]_/q]E)\]. __E a8 o] Zo 7)_1% o}
T Ak Pb EESE A AE ARelA Theks Bk
xfe] HoE AES st 1 A} WHSF B8 AR
o] A AT EAEIKI s, WH grol S7Hkr

RO
¥ oot
ol
f

uj
o

&
4
o o
(rt
g2
it
ok
r\ru

Table 3. Efficiency order of washing reagents

et o= PbY %H"— W/H Wl 2185
A} ool T RSl WA WA RS B
T Aok

Fig. 1(c, d, ePIX= ZZ Zn, As, Nioll tigk E%F

A A¥gA87= WH - 88 =2 Jepdoh Zn,
As, Ni E5o|4] EDTA B+ NTAQ aso] 7 =4
UERom ofMEARY] FEgo] 7P v Zlog T
Aok AV FEE EFolA AFAIY] FRet Adaglol
W/HGEe] S7Fel whe} AlF &&o] F7ishe 7adol
YUeRIT. o= Zn, As, Ni¢] 7-F Cu, Pbell Hls} ot
2 I A A FEFE v gv Aoz dAddt
T Uk

o] Tz B4 A A E G892 5AE Table
30 Qokeilon, ago] nisEl age] eAE wdst
7] olEe- AlFHAlE W2 FABIATE JHE 02 NTA,
EDTAS} 22 3 ZHo|E AHA} 745k, i &
i oPELRY & {7 AlEAR) Hlst] B&0] =
< Aog Yyt o9} Ze Adile tE EY AH
A3 A ?i% gk uke} o] AolE AXATE 771
A ARA B 52 888 Hole ZE Wissle A9
& 4 JtH(Quartacci et al., 2005; Ruley et al., 2006).
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Target heavy metal

Order
Cu Pb Zn Ni As
1 NTA EDTA NTA NTA EDTA
2 EDTA NTA Malic acid EDTA Malic acid
3 Malic acid Citric acid EDTA Malic acid /Citric acid*
4 Oxalic acid Malic acid /Citric acid* /Citric acid* NTA
5 Citric acid Oxalic acid Oxalic aicd Oxalic acid Oxalic aicd
6 Acetic acid Acetic acid Acetic acid Acetic acid Acetic acid

* Washing reagents having no order.
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Table 4. Results of data fitting
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Metals MP Significance Fitting equation R? n
Level (y=a * log(b * x+1))*
C MP > 0.6 p<0.001 a=0.015; b=2.886 - 10"36 0.015 10
u
MP <0.6 p=0.142 a=0.093; b=0.016 0.939 3
b MP > 0.6 p <0.001 a=0.233; b=283.8 0.280 22
MP <0.6 p <0.001 a=0.374; b=0.048 0.869 7
7 MP > 0.6 p<0.01 a=0.118; b=6614 0.354 6
n
MP < 0.6 P <0.001 a=0.225; b=10.565 0.963 11
* x and y mean W/H value and removed fraction, respectively.
1.0
o7-mm A MP>06
~ 09 m MP<06
06 _ 0.8 Fitted line (MP > 0.6)
c I .
% 05 2 MP>06 £ 07 Fitted line (MP < 0.6)
g, A MP<06 Z
2" - —— Fitted line (MP > 0.6) g 06 A
g 05 —— Fitted line (MP < 0.6) 05
§ g
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Fig. 2. W/H modeling analysis of literature data (EDTA) (a) with
Cu.
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