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Effects of HCI and EDTA on Soil Washing to Remediate
Lead-contaminated Soil in a Firing Range

Hyo-Sik Kim * Sang-Il Choi*

Department of Environmental Engineering, Kwangwoon University

ABSTRACT

Laboratory soil washing experiments with HC1 or EDTA were conducted to remediate lead-contaminated soil in a firing
range. After lead bullets were removed by standard sieve #18 (1.0 mM), Pb concentrations were measured by EPA
Method 3050B (9,443 mg/kg) and Korea Standard Test (4,803.5 mg/kg). The results of the batch test showed that the
removal efficiency curve was logarithmic and approximately 90% of lead in soil was removed, when HCI was used. In
case of EDTA, the removal efficiency increased proportionally to the concentration of EDTA, up to 98% lead removal
with 0.1 M EDTA. High mixing strength resulted in increase of removal efficiency and kinetics showed that the most lead
was extracted in 10 min.
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$ 2 pH 245N S8hd, vk, b 59
HAAEE FAs] wiZolth@s-, 2003). B 7
H T4 AiFor RaEA] okal o# 7|7 Fok

O

sl HH, A=ely AskrR olFste] AeA 9
oplEE el WtelA FHo= AL ¢ 7] WE

o HAP AepRS 4esel oAYAS HAL Ba
7} Aok

Fa5 egEdl A8 Fs¥ PlEE H9A
2}2] (Chemical treatment), 8-v5Z(Solvent extraction),
EFAHZ 9 A (Soil washing / flushing), &7 7]H
(Electrokinetic method), 21273} (Phytoremediation) 5
o] Jth(Mulligan et al., 2001). ©]& dj¥t-2 pH W3}
o} AMES- 5ol FHx0] Wdlel wet LAEH] &
29 PSP ] ] ER0ALS AL 5
ANE 7P A5 e BEogRE Ko7 oA
248 2o - AASE Zolek. olele oA Hel)
S @EAd wet &, AMEAA, f71 TR 971,
25| 59 A-g AHAE Addste] EGAxter A
Hoj e F8l LAEEEAS o R HIAA ESYAL
2HE Eelshe EFAHTHE 55 LEEY HkE
g -3 7ie= QPgRkar o

2 Apolrle 7IE olFoldd a5 85 549 ¥
EGAH7H B3k A5 viRe R A AR F
LAEYS IR sl LA5HS BAskaL, HCRE
EDTAS AHAR ALl 8554 2 EAH7IHe]
A8Ae Hrkslaat st

2.1. LA |2 & 7|28 24

£ A7E fsled el 9§ AHAE FHESS O
AERE AT Alse AR L9 Ade] =
& ) AFHe FE0~20 cm)S AF ST gL =
ARELS AAS] Yol F2= Al #18(1.0 mM)yS S35
Eds wdsH s ARAES 38517 A Al
To] &9 - 3)8H 75T 279 EEE A

EAMZA] HCIH EDTAS] 8k A+t 61

o pHE EYQATHAITHEE, 20020 wet B
I FFH5Y vlgo] 1:5(wwyt EEE E§ste] 1417
SR JRAZ $ FEHe] pHE S50, e
Fo 27 33 (direct ashing method)S ©]-&-3lH 1L
CECE IN 22t AEHo=z 4319 dvdrsy ¢
9] T EYHETAEHS Wt 100 mL AHHEE}
230 EY¥ 10g#% 0.1N HCI 50 mLE go] 33
Z87IA 1ARE EF XSl 5B HAAA|E oHg &
o]3}o-8- ICP-OES(Perkin Elmer Optima 2000 DV,
USAYE ol&3sld E4alalal, EH T35 A
EPA Method 3050BZ x2jale] EA3819it).

2.2, YEFEH| 28 Heol EMSY 24

tPAEY Tl SAEE 2 299" 55 A5
3l Tessier et al.(1979)2] WS 43 AEFEHS
AL8-5199 3 (Ruigiang Liu et al, 2007), Table 1o 1<
F=o] @AM E3HS UeEIth. AEFES Slst
o] 15mL Teflon centrifige tubedl]l 71Z EF 0.5 g7}
Table 19] 7} @AM FE24S St GAME whg-
200 WA & EFES 3,000 pmellA] 1037
F % 0.45 um membrane filter2 33| T
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2.3. 5|24 EYME AE

TES LYEY ERNFHIHE H83h] HEiMe
EY 9 0dAEde] £ - 35k A mel A &
o] FRe} w5, Bulel Eqke] 3], vheARE T A
A A Z7do] AA=|ofor st MEHA|Z= it Z
HIo]E A|eK(chelating agent)} 22 FE80|E ALESH
Hedl, $a5 T2 7P Bol ARSEA 3= HC
citric acid, tartaric acid 5 T2 71kl vls] & A|A
A&0] 2 EDTAS AlHEAog st i E
A ARES Fheor Alx EYY AR H sEe

EPA Method 3050BE Ax|g]ale] 23519}

23.1 AHAE F9Emdd e G

A7 FEdslol] WE AFasS dolnr] 98| A
HAe] ¥EE 0.01, 0.05, 0.1, 0.2, 0.5M HCIZ} 0.01,
0.05, 0.1, 0.2 M EDTAZ Z}7} AH43l9ith. gl &
FHe &8 2 AAALES 1Eske 1:3 [soil(g):
solution(mL)]2-2 AS}FIL, 300 rppmOE A7 B9
A A,
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Table 1. Scheme of sequential extraction procedure for extractable lead fractions

Step Method

Designated Pb species

1 Soil 0.5g+12.5mL, 1 M NH,;NOs, pH 7.0, 0.5 h shaking

2 12.5mL, 1 M Na-acetate, pH 5.0, 6 h shaking

Exchangable (EX)
Carbonate-bound (CB)

3 12.5mL, 0.04 M hydroxylamine hydrochloride in 25% acetic acid, , 6 h at 95°C water bath Fe/Mn Oxides-bound (OX)

1.5 mL of 0.01 M HNO; and 2.5 mL of 30% H,O, 5h at 85°C in water bath, followed by an
4 additional 1 mL of H,O,, 1h at 85°C in water bath, then 7.5 mL of 1 M NH4NOs;, 10 min shaking at Organic matter-bound (OM)

room temperature
5 125mL, 4M HNOs;, 16 h at 80°C in water bath

Residual (RS)

232 wmw} A2l T 3

& 2.3.194 é}é
319 100, 200, 300rpm91 A
5, 10, 20, 30, 60, 120, 180%-cllxje]
SIar, AFAIE 6ol Edel tiste] A&FES
AAEte] AlF & Bkl wol EAjFHHSIE B4k
t} ®3 0.1 M EDTA A|H-&H 0= 300 rppm Z71oA
AReE B0l tisle] B Ge7dAIEHT} EPA Method
3050BE B3¢ 8E549< Hlwsolt.

=
=

3.1. EQo| B2 - 35ty M U Ho| EXISM 24
gPrEe] £ - 3l 549 5‘571 QAT BNA
5 Table 2, 30 YERASITE =24 A7 (Table 2),
AlHo] oJ#f$- silt, clay?} 22 #200 010}(0.075 mM ©]
3h9] fine fraction H-E©0] 17.5%%Z H|nL% Zo| EHA|
HFAE ol8e 8554 WPt 8ol oz wdty]
At EFY & - 318 54 *‘@éﬂ(Table 3), pH
= oF 552 RIS 349351 FRIERS. 143%2 UHk
2_101 EOLf.irsPat HL(10~18%)9] 25 BT 7]
E3HRS 7.1%8 YHHEko) %71%@%‘%494(0 5~5%)5.
o Tha =01, ol WSS 6.6 meq/100 g0-F
EP)*‘:]' Uk oz EQke] ‘rr7]€ SFgo] BETE I
ol-2] §2Fso] Sul==tl(Tapan and Singh, 2003),

O]‘— o) ]E ;(]—Z-“_% 0]:0]_?_ j_ﬂ_pj,_.f:'ﬂo] Eo]: ]/ﬂv‘i_.f—'é_
o] ool wiFHHCTE 7 Be ko] =F& o]l
#Hor] mgelnt Est 'ﬂ’ﬂn 2 Foll carboxyl7]b}

phenol7]9]r 2 533 W 7IEdEe] HskeE ¢
Z& o3} Ar|FoE Astsi EFst - 1EEEs)
E(organic matter- metal complex)S Al FTFS5
F3| S vIX]A Fck(Sparks, 1995).
EQ AT S o] 83 X715 E(Table 3= EY
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Table 2. Particle size distribution of lead contaminated soils

Sieves Mass fractions
No. Opening size [mM] [%0]
18~20 0.85~1.0 3.73
20~40 0.425~0.85 21.2
40~60 0.25~0.425 19.7
60~100 0.15~0.25 20.9
100~140 0.106~0.15 7.8
140~200 0.075~0.106 9.2
200~ 0.075~ 17.5

BRG] EFLATAE TPALE o av) &

J

23 4803.5 mg/kgS 2 =4 YERITE o= AR At
ARk g gdo] Aol =] - 3ok T3S o= <
a galHol BEdem e F EA B #7lEl
FHE gelE EAR R4 ¢ o] nlgiA
(phase)o 2 EA5l7| WEo g2 AT, A&EFES 9
|5k 27] dPA s de] SAYE = Carbonate-
bound fraction(CB), 56% >Fe/Mn Oxides-bound fraction
(OX), 26% > Organic matter-bound fraction(OM), 10% >
Residual fraction(RS), 5% > Exchangable fraction(EX),
1%2] =02 YERYT CB fraction?] Hl&o] Aol s
AR 207 Kol ofabAe] ZHoA o] o)FAlo]
2 AR A=, 2PdEjolxe] o573 (Mobility)
I} 2] E-0]-87} 54 (Phytoavailability)©] -2 OM, RS
fraction HI&0] & A2 do] EYRIAIY] FESF 7
oll EAfsh= Ao] obd optell e Ads HefF
= Aol

3.2 MEAE FsTol e A

HCE} EDTA %50 BE AlHESS B35 43
(Fig. 1), AFAZ HCKE A83F 749 Moutsatsou et
al.(2006)2] AT AT} FARH F5rt S8k wet
Fo] AAGEEL 234 (logarithmic)o. 2 UEFEOH,
0.1 M ool 7ol A3 oF 90% olde] AAES
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Table 3. Physicochemical properties and concentration of lead contaminated soils

pH  Water Content [%] Organic Content [%]

Bulk Density [g/em’]

CEC* [meq/100g] KST® [mg/kg] Total Con.* [mg/kg]

5.49 14.3 71 1.7

6.6 4803.5 9443.5

# Cation Exchange Capacity,

10000

—e— EDTA

<— Initial Concentration : 9403 mg/kg o hol

9000

4000

3000

2000 T,

1000

Lead Conc. in washed soil [mg/kg]

0.2
Mole Conc. [M]

0.5

Fig. 1. Total lead concentration in washed soils as function of
washing agent concentration.

Z0ols]

HeRH. o] Effl F71ke FYskl =1 H
FETF IR wet EIARe] AelA oluA] &9
27} s Hol 23 FE45e A4 238 He
dle1EE 2, 2004), ©] W Cro] HJoz EXJsHA =

oF 9z} FHol| HEHRS A3l ] o]Ate] 83
oJAlekaL, Pb* 7t ClIrotk W8] G=rh v
PbCl, FHES FAJ3l7] w&o|cH(Moutsatsou et al.,
2006; Wei et al., 2005).
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® Korea Standard Test, © EPA Method 3050B

2 Egel =] A9 FE40] EDTASL WhHEslo]
EDTAUS] H7} MAUL T UHA] 7= 882y}

1sl= Fefjo|t}t. o)== coordination number’} 622 &

#A7 do] o789 B7t=(ligand)E A|FEh= EDTAS 2
e shetded Rhgo= e HHE ASRES ¥
AJal7] wEIE (EA, 1999; Kim, 2003), & A¢A}
M= AHEHS] FE7F STIGE AAEY 7P

i

HCwel vI3] S35 Uelstor 53] HCHET v F
PEEdME 3t a9 Bk

3.3 MENE FUsTo e A

9] ARAHE vEe® AHAE 58] 71 £
Falll
g AZME §E5A4S golry] 9 AF4A%
Elovich modelell €3l YERHITH(Fig. 2). 552 &t
Aslt gakdS =43= Elovich modele kinetic =2
7PE =2 ZAAAIG(Coefficient of determination)2}

RT2E 7HAR QoM (Min jang., et al),
Elovich equation2 TR} 2o] 12} Aoz e

rlo

te 2 PN

gy

0.lM HCIH} 0.1 M EDTAZ Z-&3l] wybis=

N

S
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o
T

F

q=A+B In(») Eq. 1

o] Hollx q= SAARE PIX9 Fx(mgkg), = WHA]
7v, A9} BE ARg Zh7t Ay 7127)12 ek A
HAZ HCH} EDTAE AMESE 749 B5F aHbg=e] &

10000
Hﬂf —=— 0.1 MEDTA, 100 rpm
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Fig. 2. Kinetics of lead extraction for HCI and EDTA with the different mixing strength along with curves obtained from Elovich model.
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Fig. 3. Fractionation-specific percentages of lead in soils as a function of mixing strength after washing for 60 min.

Table 4. Lead distributions of washed soils as function of mixing strength

Reagent Mixing strength EX CB (0).¢ OM RS Total conc.
[rpm] [mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg]
Initial - 72.5 2404.1 1102.3 460.6 240.6 4280.1
100 311.2 391.1 182.8 85.2 79.4 1050
OI;C]\I/[ 200 194.7 152.1 94 36.3 43.5 520.7
300 2329 182.8 122.8 36.1 38.7 613.1
01M 100 21.6 199.1 103.8 38.9 36.2 399.7
EDTA 200 339 349 70.5 46.1 339 219.5
300 32.5 27.6 77.6 27.0 26.1 190.9
10000
7}'9’]’ H] eﬂ 0]’04 A=) ]:LH Xﬂ 7%‘&‘0] *‘7}"3]’9\?\ ° ]’]' 200 rpml—]— 2000 | EZZA EPA 30508
[ KSP

300 rpmellAe] AAEL fFARRE AoR eton, Bke
Z7] 10% ool tiFte] 8F0] o|FAT 60 H
o= AAS SVPF E3=YE HCl®] - 100 rpm
ZA0 %71 108 B 75%7F AAERNSH 200 rpm
Z 300 rpmell A 242} 89, 90%<4 dol AA=] HF
180°FNX= 90~95%°] AHES Eh EDTAE 100
rpm 71004 108 F<t 90%7]' AAER ™ 200 rpm}
300 rpmol|A] 24z} 95, 97%2] Fo] A Ao HF 180
o= 98-99%7} AAE Ak Fig. 2).

AAE ol Bt AsEe EFAH $ 602e] 73
5t Bl tisle] FE40] BXFy WHals B3]

flsle] AEFES T AEFELY EHHFig. 3,
Table 4), HCIZ} EDTAE ©]83F A% W% 2, 3, 4 &
A%l CB, OX, OM fraction®] 7+43}e] CB= <F
83~93%, OX= °F 83~91%, OM2 °F 81~94%7} A|A
a1, E3] CB fraction®] o] & Zo g 7143t AS

& 4= At ol9) A HCl®] 79 EX fraction®] 4}
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Time [min]

Fig. 4. Comparisons of lead concentration in washed soils by
KST and EPA Method 3050B.
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AR i QAES BS 913k EGAIAA HCIZ EDTAS] B3 9+ 65

T 7P AAEEC] 7P E%UE 0.1 M EDTA, 300
pm ZZA A7) wWE B AR 3 v=E BEY
L AFTAANEHI EPA Method 3050BE #23+ ZAx}

(Fig. 4), NZHEHE 538317 A dPdAlFEe] EPA Method
3050B ZA¥gto] B Fe g gwel Axgk Ho} oF 2

v A mekont ARte] A HAAY = 2ot

A T RSP FEAE 7hAdle] 308 o3 RElE

¢

ke 49 A Fert T oleugh
Helz] FRoE Ellx] ddoz @

FEZY FEI o)5S SR AN Al L9E
&l e LdEAHe] AT A3 vt TR
&5 F(speciationye ESIAL glo] gujele] HAGH
Fszkgo] o|HAA k. wepA] 2 AFellxie A 7
g 2A9 A EYl sl EGAIEIHE A8
3171918k lab-scale A3-S F-4319oH v} 22 2
25 48 F Sk

(1) FELS AASIRSNE 271557} 4803.5 mg/kg
ESLIGTANTH)OZ =& AL ¢ 2 B - 315}
A FIAE To= Qa EYIA 2 frlEdl £33
R SABEAY F21E F gdo] IRl Ad(phase)
2 EABP] e T CB(56%) > 0X(26%) >
OM(10%) > RS(5%) > EX(1%)9] =08 Yehd d&E
A= oM 2104 Fe o 5/do] FHE ZoE o
2= PERel o3l L.9E AYS KT Aot

(2) HCI# EDTA F¢%&o] wE AH&8-2 HCle
FUs=7F 715l wel AALE 2713 (logarithmic)
o2 JeRdor, 0.1 M oPdellr] A2l LAl °F 90%
Ao AAE-S UeRIth EDTAE AAS0] FH559}
Hlglste] S718lAaL, AAE2] zfol7k HCel| HIs) F2
A VRO ™ HCIET 22 ] Yo% 52 A
ALS B

() W= WE ARPE MHEES A% Ay,
HCB} EDTAE ARSSH 739 B wHPEe] F71e} H
gale] Ehy AAEo] Z7FFo 200 pmdt 300
rpmolAe] AALEL FARE AoE Yeptom, kg %
7] 10% ool tiFe] 8=o] o|HAL 60F A F
o= AAE SV E8kEo] AIFARE 180%lA HCIS
7% 90~95%, EDTAE 98-99%7} A A= ATt

@) d&EF=4F 23, HCIFH EDTA Z-EA] CB,

OX, OM fraction®] 7FA38le] CBE oF 83-93%, OX&
ok 83-91%, OME °F 81~94%7} AALAL}. o]} wh
HE HCIY 739 EX fraction®] %} v]g0] 715111,
EDTAE 2% complexations Yo7 FH=o] 2Juf&<d
HlEE SISO T il
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FaAARE” 3 «2007d% B2kl v skEd
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-

=

&

o
rar

U\I

738 HA | 2005, B4 L AES] AIE 95} field 7= A
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