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ABSTRACT

To choose a organic acid and in-organic acid composite which is the most effective in soil-flushing process cleaning lead-

contaminated sites, lead removal rates were investigated in the experiments with some organic acids; 0.01M of EDTA
showed the highest lead-extraction rate (69.4%) compared to the other organic acids. Furthermore, the lead removal rates
were measured with 0.01M of EDTA and 0.1M of in-organic acid ; a EDTA and boric acid composite showed the highest
lead-extraction rate (68.8%) at pH5 compared to the other composites. As the concentration of boric acid was increased
from 0.1M to 0.4M in a 0.01M of EDTA and boric acid composite, lead removal rate was decreased from 68% to 45%.
But as the concentration of EDTA was increased from 0.01M to 0.04M in a EDTA and 0.1M of boric acid composite,
permeability was decreased from 6.98x10 *cmy/sec (0.01M of EDTA) to 5.99x10*cm/sec (0.04M of EDTA). However,
permeability was increased from 4.41x10 %cmy/sec (0.03M of EDTA) to 6.26x10™*cm/sec (0.03M of EDTA and 0.1M of
boric acid composite). indicating EDTA could increase lead dissolution/extraction rate and decrease permeability. In this
system, lead remediation rate is the function of lead dissolution rate from soils and permeability of the composite into
soils, and the optimized [EDTA]/[Boric acid] ratio is [0.01M]/[0.1M].

Key words : Lead, EDTA, Boric acid, Soil flushing, Extraction reagent

e o =2
oz ooy Eoke AlEls wiHel BEoAZ Y R 5839 8EAE XA A oF 7R {714k
o & 1117% g8 é 4% 22 0.01M9] EDTA Y Al g AALES 69.4%F @8 T O {71k vl
A 7P B8 588 BTk &3 0.01M9 EDTAY 0.1M2] o3 71/ F71ke 381 & ¢ AlAES-S vingt

23} EDTA 9Jr z/}} EEEA7} pHOIA 68.8%Z 7V =UTh EDTA < wé} EEEAS] A5 001 M
EDTAY g4t FUTEE 0.1MNA 04ME Z7HAE 739 g @HAIASE 68%04 45%= a8t 1
Zi} 0.1Me] B4k EDTAY FUEEE 0.0IMAlA 0.4ME E7HZ Z9 F48-8 6.98x10 % em/secoll A
5.99x10™cm/secs. A3 ©1X% EDTAT g BRAAE-S S7P7Ie v B85 Zarl7ls ©ido] Atk
Z# 0.03M EDTAC] 0.1M B4+& #7185 739 EDTATHS: U3 7399 vlusr] F80] 4.41x10cm/seco]

*Corresponding author : shkong@hanyang.ac.kr
A7ALYd 12004.2. 11 ASAY :2004. 12. 10
Ze] Wl E9] :2005.2.28 7}



2 olFd - 8T - UYE - THT - vIY - oFF - AEE

A 6.26x107%cm/secE. 2F 30% Z71EATE AA FFE QEEGIA Je] AAEELS W 2RAALT oFE
& &A1) Brge] E A F e, HA9] [EDTAVEAH Bl [0.01IM]/[0.IM]Z ZARE AL}

FHl0o] : ', EDTA, 54t BERpAI71Y, 884
1. M 2

2hde] 343 Bl Wl vkt AEAEAE)
HIEET glon, A 443 egdes e
sha glok. S9s) xAsky F3lRkE, A 2 AlEEE,
AFEE Bt opE} FalRt B, B, HY 5
o 93t T 2g0] AFHQ BAE i ok
olHd FFEEL AiH R HIER] ok Wt o
2} B &0l A Aot A2ohd X3E Fa 9
Ao} T8 AFHo] BAL Uekd & ok webA
19963 72, & T 1V 5SS ELLFELE Ag
“BEGRAR AN ) AREN o T34 vjE 2 M)
=) A1), =3 FalEie) B s A4
gt 7189 ATAGAITRY @EE, AEY 1995)0,
AR AFA 19967, HEFHAYE, Had
1993), FIg2HEERS | 1995)0 Jahd FAkA <]
FH EYodde # BF S Azd Fjoln, o
E BuERE FFEo| vlol sy EEHAY, vl
ofsf 4k Hol FRie] A9} Eoe] 2 AHI Tt o]
e APols S F35 LPEDe] HBFL o}
B33 A2jadFe] HuEx] ¢kx 9lomn, o XEe
EY a1y}, 23 3 o, BE 5o ued &
it wR)7)zo] giREo|ct. oj2g MHES 7
Adepnt ohjal BEhE AR s &% Axlg Fe
Aol 7] wiol], ZAIHoln EHQl QHEY B

kel WaAdo] 87E itk o9t e WA
o3l A A2 H(Pump and Treatment)S -3-8-3}
EY ZF glo] At MAAE AME, T84S AA
s ESFAZIHS A4 HES e 2 A BAEA
iAol AHAHE TR DA TRE ATollA
AHeE SEAZE F7KE 8EA, fUIN 84, S0l
ARGAA So) dod, F71Ee HE3 ERFA7HES
AFe R Fad AAEEC] 2 Aoz d#A o)
T F7RRS AA GE) 283 A9 BT
ukslo)) we} F349] AAESE0) ZAsleE Ao By
Hi it mEpA B Al frRkE 2R 2%
BEAIE 283l BT Uy e g3 axt
sior, A SEE5) LIED F8goEn HF
9] $AZAE AgsluAt sk

—_—

N{)’ o é o

£ L

Journal of KoSSGE Vol. 9, No. 4, pp. 1~7, 2004

Eck &zl F24), "ulil, o4t a3 f
7115 22 EAL FEsT Al Aeka, Add
ZZ-(Complex)e] &l gt 83l=7} vl 7] wjEol
El A7 10F A9, Ak FH Q@deE &
ABHAl Ert. WA ol HEAL, A EYAL, SARE G A
EA5F f7)5kelv} EDTA (Ethylenediamine Tetraacetic
Acidyg®] I 2 f7NRe 83lert 7] diie] &
Wl ke FE5% 28 & 44 AAE § 90
5383%] EDTATE W& f7Rk} sy Sa4 83
Ho| ZpshH, AdE eS| 83lrt 7] Wil T3
%9 AAEEC] 71 2 ASE geiA U 0HE
ol EDTATY Al Fa50] AAHEE 42 3R,
EDTAH,L)$t S55M™)e] ZEMH, LHYS FA3=
o2 HAiE o Yot

S-M+A* o S-A+M? (D)
M*+H,L &MH, | L*(ag}+H* ¥))
(S: EYEY, M: 77} 555, A: 8] EXfghe &%)

AR FEE0 55 FRES A s AuE
o 3ot

S-MOH+H,L & S-MH, ,L+H,0
& S-OH+MH, ,L(aq)+H* (3)

2(1)~2(3)9) whgA [Ho| & EYEH] J5ker}
E1, A7) EX0) HElE 7] ujEo] 3L A
Adgol B IFS = 5 g =3 A1) 29
FES M F71HHLRN-S] 2 933} 9= K=
[MH, L*I[HVIM*|[HLPIH, Log K&l & 713l
2 3% AAESC] B2 & e VT g
T QEEY U 54 AAELS Bol7] EiMe
FTESH] Ao & FI=E47(R-COOH), 4171
(R-OH), B2F|(R-COYZ Fidhe R7ike] Melo] a7
g9, 8249 H™s pHRAo| QFHh

A A3 frke] FE4 BEkgo] Wi Rl
2] QPEW TS FUHE FrolEwr) Z)
ol we} Rjsleeel EIAle] AHdA ox] E9xk7}
A =Y, wER S22 a5 g4 Askde
2 g3 "o g3 FE52 Asladel EAEke
7V} RS gAEk Fk. ol2A AAE SRk T}




EDTAS} 34t EFEEAE o83 Fa80=2

FE% AL Askre] st BLI] Wby A7)
A EFsER] A SO EFBT 0y B3
Ao AGT 5 Yor, PN B AT EF
g0 Y o) e §EAY T Mw FE%
o) AATEe] P2 F YL AHSD P, B 9
Folpte 7ies] frRIRE Zgsie EGGATTEY 7
g 2 w9 E%EFY BRRYe WgoEA F
F4 eduge] MRS 4A1717] P8 f7Ie
21 BN AZE Pele §EAE el @
4H89S 2AEd 1 B 9ok,

2. & El
2.1 AMjef U 2 EQk| Mx
I HEh A9 2 FHAG A ol HEEE W

(Yakuri pure chemicals 98.5%)% W 5408 AA3]

dom, #7202 E EDTA(Aldich 99%), A E g4}

(Showa chemicals 98%), BEAF (Aldrich 99%), E}ZEL=

2H(Yakuri pure chemicals 98.5%)yS AH&3ldct 12z

Frike e ik @8let 35%), Z4t(Junsei 60~61%),

BAKYakuri pure chemicals 99.5%)2 AFE3ISTE A gl

ARSE BE 275 Milli-Q A4 (3] <18Q)ERE

Aol AL ARSI F QAEDR] AlZ= 0.0198M

o] @ 8 2LE 3keo] B 42 F, FAlA] oF 2

7F 313 AxNA AxE E%S No. 8~No. 27 %

RS T & ZEloldal ol Hol AR

o} AEE 9uEeke] & 9¢Eke ICPUJobin Yvon 138

ULTRACE, JV Industrial Corporation)2 £43-2- 3133t}

e,

Ay

2.2, HiX[&H

200 mt&-F] AFamekase] ARl 50 migh AFLH
B 10gS &318 & g-2-u4l7] (G24 Environmental
Incubator Shaker, New Brunswick Scientific Cor. Inc.)
E o}&3) 25°ColA 250rpmOE 24A7FESH wekElIT)
EEA9 pHE 0.INY] FASREF 848 o]8sid
pHSZ ZHsigom, vhgo] JdEe= Ft A& e
pHE Z7g3ict. amle] B & 455 30 mtE FHalA
AAEE]71(HA-1000-3 FHIFRPIAHE <1831 4,000rpm
o= 308 B 4R Al F 045 um PRI H
B2 o33 & ICPE ATt

2.3, AgARD ZHHAMEH

ERFAZIES) S FUAZRE BABP] s

L2HE Bdel Ao B3 A0 3

W7 S4cm, ¥} 25cm9] of=2E HPS ARSI
sitilolls QEESS] F4S =] ffsiA Es AA
siom, Y sMFe] 58-S AdsiA 1] SJaiM B
Aell A% 2 mm~4 mm 719 FEX FFALE 5cmZ
o|=Z AXEAL. 50 g2 LUEWS Ao X3 & AF
o= Al Y8g U8 A 2 mm~4 mm =
719] FER ZEFALE 5 cmZolE ARSI sl
A FEEE 2545 10 Pore Volume 99 E 233}
045 um R I g § [CPEAMS A6

24, HAXHES 25t ANRYPEA| HEATE LAY

ErA7HY s1eR FYPAIZES BB ffEiA
W7 30cm, %°] 100 cm 2EQlE|E 28 o] 53
AP S AR SPaolls LEEYe] FaS #Y] ¢
A Ae dxstHen, Y shie] 58S g
3l7] s A Sl A7 2 mm~4 mm =719 FER
EFARE 10emZlol2 AX3ITE L@@ olx AHTH
GO 2 0¥H EY 20keS Aol FXIg T dioll=
AR} Aggt FUE A 2 mm~4 mm =719} FF
7 EFALE 10 cmZio|2 X1 sPdiollr F25
= SEA= 40ml D2 AFH3le] 045 um PEAQJ I
HE o33t 3 [CPEAS AN,

3.8y ¥ nE

3.1. Egko| SMZA}

AR[ESS] EAS AL Hete] BEds 68 1
ZA)Z1 & No. 8~No. 27 ZZUAE AM3l] A A
715 B3k 2 A% 74.9% 22 mm~0.05 mm)e}
251% AE 3 HAER PEoYle TREYSE ZAE
At ol Table 12> Aol AREE Ee] 27 - 3384
1 4Ee vepiar ot

T3, Ede] FE5 aldas Lok i B W
S559 5 =8 BMsY 24 Ti=FE
(<0.02 mg/kg), T (2.60 mg/kg), Hl& (0.24 mg/kg), T~
(<0.005 mg/kg), & (5.18 mgkg), 67} L& (<0.1 mg/kg),
ol (534 mgkg), Y (0.90 mgkg), B4 (6.05 mgkg),
A2t (<0.1 mg/kg), BIEF (<0.1 mg/kg), TCE (<0.1 mg/
kg), PCE (<0.1 mg/kg), pH (5.8)2] 23} kS I} 52
3] o] HTEE 518 mgkglE v wekon, B 4o
S PR kS AoE AP

3.2, HiX|ABE S8 03 7K RIS 0188 Hel H|

Journal of KoSSGE Vol. 9, No. 4, pp. 1~7, 2004



&8 "ot

dog 299 ENS ETAIS Aesl Az
Al 7P 2849 $EAE AAs SsiA A8 7
VRS o183t Heol AAEES S35 9A 2
HEY U P 2rlsxss E3317) Y84 Triple acid
(HE, HCl, HNO»)E ©]&3ldq d& F&3 4% o
959 mg/kge] Z7IgHS AU} EFF FTHTE o183
o] AAEES SA 29 1.7 mghke=E T 22 F
o] o] AARULE. ok Table 2= 38 71A A7t
S o83 A Ee AAEES JET U

Table 29] #4275 T34 EDTAY} & o8 #7]
2B vlaElA ge] AAESe] AlHoR =58 4 &

Table 1. Physical and chemical property of lead contamination soil

4 olEd - 8 - AYE - AT - UG - o)W -

o,
i

3

At 0.1M9] AlEERE, U2t ElZEIEARS U e
o) AABE L 499%, 143%, 343%5 & whd,
EDTAE 0.0IMS FU3IHE Ho] AALELS 69.4%=
o =0T olEg AFade AA 298| EDTA
& FYE A9 o ArRiEG i) ¥ a2 Y
SIE Fad AAEEC] 7] Wi A gE
8747 Jlepiold Aol Hoh A83Y = U2
Uehfle Aot} webA ge] AlARE] 7 =
EDTAS AAsifor, LAEY W 8&A9 Fa13
423l I8 EDTAS] 5 0.0IME A8t

v EDTAS A4 LA 488 B¢ EYdE
ol wiglo|| ule} FE5] AARE] FASHA A4St

o

F

il

Analysis item Result Analysis item Result
K+ 0.20
Sand(%) 749 . .
Exchangble cation Mg 0.30
Silty, Clay (%) 551 (cmol+/kg) Ca* 20.11
e ' Na* 0.10
. . Cr 0.08
Organic material (%) 0.9 .
Soluble anion NO 0.03
Cation exch le/kg) 65 (emol+/kg) PO4* 0.01
n ex 1y .
ation exchange (cmole/kg SO 0.50
. K* 0.05
Bicarbonate carbon (%) 0.2 .
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— (mg/kg) 102 (cmol+/kg) Ca* 1.04
Ammonia nitrogen (m .
£ £ Na?* 0.08

Table 2. Lead recovery(%) with various organic acids

Organic acids

Organic acid concentration

Lead concentration

in effluent (me/ke) Lead recovery(%)

0.IM 929.8mg/kg 91.9%
EDTA 0.01M 702.3mg/kg 69.4%
0.001M 240.7mg/kg 23.8%
Citric Acid 0.IM 504.8mg/kg 49.9%
Malonic Acid 0.01M 144.5mg/kg 14.3%
Tartaric Acid 0.001M 347 3mg/kg 34.3%

Table 3. Lead removal(%) with a EDTA and in-organic acid composite

. . . EDTA] : Lead concentration
EDTA inorganic acid [incErganic]aci dl in effluent (mg/ke) Lead removal (%)
EDTA : HNO; 0.0IM : 0.1IM 585.8mg/kg 57.9%
EDTA : H;BO; 0.0IM : 0.1M 696.1mg/kg 68.8%
EDTA : H,PO, 0.0IM : 0.1M <585.8mg/kg <57.9%
EDTA : HCl 0.0IM : 0.1M <585.8mg/kg <57.9%
EDTA 0.01M 702.3mg/kg 69.4%
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Table 4. Permeability of lead contaminated soils at different
molecular ratio of [EDTA] to [boric acid]

[EDTAY/[boric acid] Permeability (cm/sec)

0.00M / 0.1IM 8.82x10*cm/sec
0.0IM / 0.IM 6.98x10 *cmy/sec
0.02M / 0.1IM 6.51x10*cm/sec
0.03M / 0.1M 6.26x10*cm/sec
0.04M / 0.1IM 5.99x10 *cm/sec
0.03M / 0.0M 4.41x10™*cm/sec
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