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A Study on the Remediation of Lead Contaminated Soil in a Clay Shooting
Range with Soil Washing

In-Hwa Lee + Myung-Soo Seol*
Department of Environmental Engineering, Chosun University, Kwangju 501-759, Korea

ABSTRACT

For an efficient remediation of Pb-contaminated soil (S-1) in a clay shooting range, a soil washing test was performed with
mineral acid, organic acid, chelating agent, and chloride. The Pb extraction efficiency of extractant (0.1 M) used in the
washing test showed the order of HCI > Na,-EDTA > NTA > DTPA > citric acid > malic acid > succinic acid > acetic
acid > CaCl, > MgCl,, for S-1 soil. As compared to initial Pb concentration, extraction efficiency by the concentration of
extractant was 93.35%, 80.80%, 73.92%, and 24.57% in S-1 soil for HCI (0.5 M, pH 1.10), Na,-EDTA (0.01 M, pH 3.99),
citric acid (0.5 M, pH 1.27), and MgCl, (0.1 M, pH 8.82), respectively. S-1 soil had 56.83% of residue form and 43.17%
of non-residue form (18.04% of exchangeable form), respectively. Although the concentrations of these fractions sharply
decreased after HCI washing, since the exchangeable forms with relatively large mobility are still distributed as high as
18.78% (to Pb total content in residual soils) in S-1 soil, it is necessary to devise a proper management plan for residual

soils after soil washing application.

Key words : Clay shooting range, Lead contaminated soil, Soil washing, Sequential extraction
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2.1. XM=

2 A AREE EGS 30097 SRR
ARSEIRE FRoA] AFH e LAEY(S-1)} Pb(NO;) Al
ko7 91912 HAIFI(1 month, aging) EX(S-2)S 2mm

Table 1. Summary of sequential extraction procedures

Az AE 5 ARkt

2.2. E0|EEH 24

AAE Bl tigh E8)3te4] 4 pH, EC(soil :
H,0=1:5), 5718 (Tyurin's ¥), P,Os(Lancaster #), Total-N
(Kjeldahl &F4), CEC(IN-NH,0Ac I&W), YAEE
ARA) 5 Fasdct EF
contenty> &(aqua regia, HNO;: HCl=1:3)E5 ©]&3}
o] ki3] EalAIZ] F 0.45 membrane filters ©]-8-3}¢]
o438t & inductively coupled plasma-optical emission
spectrometry(ICP-OES, Varin, 720-ES, USA)E ©]-8-3}]
skt

2% Z3(Total

ZEH (sequential extraction)

EY 9 52 7 sk AR FEst]
T g Jdoen ol A&EFE olst Pt
B AP e FE2AT BEY T F55Y A9deE
ol 7] $J5] Table 19 2.2FE Tessier et al.(1979)2] W
of we} X]3hell(exchangeable), B4t Z EHEl (carbonates
bound), &/ AkslE A (Fe/Mn oxide bound),
71% A%l (organic bound), ¥ 7l (residual) 571¢]
HZ 23 & Gt dAE 2852 50 9AEH
o] &71 % 5,000rpm, 30 min < YAIEE] (Centrifuge,
Jouan, BR 4, France) T AEdE AL NEE AR
3}a, FFESFS deionized water 10 mlZ Al2sle] E
& Wl ‘E]'O]"EJ\‘C 5 AAT F oA FE5 4
R =
Aol AFE RE 7752 14% HNO; &0l 24
F o] A 3 deionized waterZ A|Z3}o] Ago ALE-
sieler 55 35 9 AT Al FA|H(reagent blank)t
HHEA] E (replicate sample)S HiX| 5l EA Az}l gk

FAReE SR,

r\l

0

Fractions Operational definition Chemical reagent and conditions
Ist Exchangeable Soil sample 5 g, 40 of 1 M MgCly(pH 7.0 with HNO;, KOH) with continuous agitation for
1 h at room temp.
2nd Bound .tO carbonates or 40 of 1 M NaOAc(pH 5.0 with HOAc) with continuous agitation for 5 h at room temp.

specially adsorbed

3rd |Bound to Fe or Mn oxides

100 of 0.04 M NH,OH-HCI in 25% HOAc with occasional agitation for 2 h at 96 + 3.

Bound to organic matter and

15 0f 0.02 M HNO;s and 25 of 30% H,O,(pH2) with occasional agitation for 2 h at 85 +2. A
second 15 of 30% H,O,(pH2 with HNO;) added and again heated to 85 £2 for 3 h with

4th sulfide intermittent agitation. After cooling, 15 of 3.2 M NH,;OAc in 20% HNO; with continuous
agitation for 0.5h at room temp.
Sth Residual Aqua regia digestion content - (+++)
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24.1. F=NH

30097 SEoIAA FRJolA] 2|21 FF4(Ph)
HEY 2 Pb(NO;) AlokS o]&3F 2l

ESAHAEe 714 HC, 714k citric acid, malic
acid, succinic acid, acetic acid, Z#°]EA|?] Na,-EDTA,
DTPA, NTA, T4 ¥<l CaCl,, MgCl, 105
0.1 M< o]&ste] Faatdrt. B3k HCL citric acid,
MgChLe 7<% 0.1, 0.5, 1.0M, Na,-EDTAE
0.1 MZ 243l FE99] Fo| e FZ288S v
HZ 1:55g:25mL)E al] 12hr
& AAEZ (5,000 rpm, 30 min)
= ICP-OESE A #slo] Al

I} Na,-EDTA(0.01 MYE ZqH]E
sto] kAl 5, 10, 20, 40, 60, 1204 wlth of9S
A Fsle] DAEE (5,000 rpm, 30 min) ¥ AEAF] F

=Aste] A7 F2EES BoIekAc

i

LA =1
1= i o =

B oI FeloP 2 i LGEe] Yol uk AT 2

ol
;

g-go] Erhal 7k FEA HCI0.5M)
1:5(20g: 100 mL)=

3. 23 3 nE

3.1, AEEYe| S22 5Y

Aol AME Ee] T8 olsiety AR ARE

%9

0.01, 0.05,

Table 29} 30 JERHATE S-1 EUe] A$ FdrE
(loamy sand)Z pH 5.59] °FHAd, 1.13%(F71E43H=F
0.66%)2] 2 F71ETE, 28 megkg'e] W #3

29 cmolkg'e] W& FHFAEATS HoliL glom, S-
2 EO] 79 SFFAE(loamy sand)E pH 3.92] AR,
1.00%(F7 1848 0.58%)2] W& #71E3E, 59 mgke'!
o] yre {57014k, 6.5 cmolkg'e] W EAFAHF5S

Bola Uit

P

REAS A

Ao AR Eoke] Fo 0HEH IS Table 4
o JERiSITE dol EFLA7IE(2AY, 400 mgke' )<
ZH39Ed -1 Bl 79 2,5382 mgkg ' 2 LFEREZ,
S-2 E9ke] 79 1,187.9 mgkg' & VERE

QARG ) FEES AFE] wet AR 85
Qo] Aol7} Wk, F, AVEE BAYA wHlo] F3
So] Bed RV AF W olewd AVsd 5
oz F38 o= 1 ARl oksjel giRe] metol}
wslol] ojs) 470 @3, o5 4 gl FRolth &

k]
jun

Table 2. Physico-chemical properties of the soil used in this experiment

Particle size distribution (%)
Soil H (1:5) EC*(dsm OM (%) PO ke') TN (%
o pH (1+3) (dsmm) ¢6) - P05 (meke') O s mm 0.15-0.02mm <0.02mm
S-1 0.12 1.13 0.05 82.0 11.0 7.0
S-2 1.13 1.00 0.02 44.7 45.1 10.2
"EC; Electrical Conductivity, OM; Ogranic Matter, T-N; Total Nitrogen
Table 3. Exchangeable cations of the soil used in this experiment
Soil Exchangeable cation(cmolkg™) CEC’ degree of base
Ca K Na (cmolkg™) saturation(%)
S-1 0.97 0.12 0.02 2.9 50.3
S-2 0.38 0.17 0.04 6.5 18.2

'CEC; Cation Exchange Capacity

Table 4. Heavy metal contents of the soil used in this experiment

Soil

Aqua regia digestion contents (mgkg™")

As Cd Cu Pb Zn
S-1 12.628 £2.754 ND' 7.119 + 1.502 2,538.214 + 54.781 41.852 +5.222
S-2 1.082 +0.097 0.321 £0.034 ND 1,187.858 +25.645 32.528 £0.960

*ND; not detected
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A At pH stel] wigsle] $50lA pHY}F Yol
A GA &EE Felth d e U1k AskE A%
He 4 AslEy 339 502 7188 2
o] sksl/gel Z7lo] ME wf §Fo] dojd 7tee] =
th 718 A E R8N &3
B Baol o8l f3EE EAshe sEEeR U8 A
oA 7159 £l Al §F0] dofd 7FeAel At
AFHE FEo AYTES EAsks S350 A
] B E Ao §F0] HA ot F3t 2 3 T
o oJsjr 852 7FsAde] JrHKim and McBride, 2006).

Ao ALgH B TE5 AFFHE dhEe o
EFEHE S8l Rl AHE Table 50 VERAICH,
a5 319 AFFEE I (non-residual)} zt
7/ (residual) FE] 2 H]AZA/d (non-detrital)+ A% /d
(detrital) FE| F 7HAZ EFe A3E Table 60 Y}
otk vARe B Agrete] Aol ofd vd
A (non-latticeJE| = EA|3= Ao T WA, ehAtd, b
s FelE xgeh, 29488 A AR Jes
Xstsl= Ao E 7] (lithogenic) ZHOoZ EYEA
Tzl AFES wak= Zo|th(Elliott, H. A. and
Brown, G., 1989).

S-1 Eoke] 739 x13kE] FE7t 18.04%, Tt FEi7t
12.74%, $+44 FEl7F 10.39%, AFsd Fei7) 2.00%,
g3 R4 FElE 56.83%F UEREOH, S22 Bl 7
< XSkl Fert 422.8%, T FEi7) 5.16%, U4
FE7F 7.70%, AFSHd FEl7E 0.48%, 22l AR @
Ele 44.38%= UERgth ofgl, s9Al e e
G FF TN 1DANE 49 EXAFE SRR A
93 Aog A AFEE Aol o8 v 2o 3

o] F#=4 7ol Utk

=14 = O
)=y e = ‘IT7]

of

Br

PN
Skl

Table 6. Non-residual and non-detrital distribution for Pb in
contaminated soil used in this experiment

o Pb contents (%)
Distribution
S-1 S-2
Non-residual 43.17 55.62
Residual 56.83 44.38
Non-detrital 32.23 47.92
detrital 67.77 52.08
She FEEe AXFEY AR Fuis o] AP

A= Bo] EA3TH(Tuin and Tels, 1990b). ]9} 70|
29717k0] B S-2 B A9 4438%2] A SE
Hro} 55.62%°] v FE7F o A JEReH b
254 FE oM T XSE7T 42.28%F WS- =2
¥E Yeplz dolth 29717ke] 71 S-1 B
56.83%2] 7+ e} 43.17%2] BIZEA Hejwoh
A Uetgon ¥R JEH FeM= X 3
18.04%% =2 EXE Ho|A e AL HA] 54
Bk U EA1E1 e gEe] A&He fego <
Ao 7 AlZET

ol

o X % o A

}

ol

34. FEHH FEGE

0.1 M| T}t FE2MH F55 AALES Fig 19 Y
Epfjglon] FZHE pHE Table 73 ) FE2dE 5
& AAES S-1 B 7 HCI>Nay-EDTA >NTA
>DTPA > citric acid > malic acid > succinic acid > acetic
acid > CaCl,>MgClL9] o2 YEetorn, S22 EY
73-%- HCl>Nay-EDTA >DTPA >NTA > acetic acid > succinic
acid > malic acid > citric acid > MgCl,> CaCL,2] 2.
Yelth S-1 B 2 S22 EY 5 HCl 93 =
agol 2+ 73.97%, 89.03%= 7FF $58 Zlo= U

)
70.27%, 76.33%% UEPgT 28] RE FE9dM S-
1 B B} S22 B FEg8o] =& Aoz el
T ole 81 Egur AuHos s2 BYe FFE

Table 5. Pb contents(percentage) by sequential extraction tests performed before the experiment

Fractions Operational definition Pb contents (meke')
S-1 S-2
Ist Exchangeable 457.899 (18.04) 502.272 (42.28)
2nd Bound to carbonates or specially adsorbed 323.435 (12.74) 61.293 (5.16)
3rd Bound to Fe or Mn oxides 263.692 (10.39) 91.430 (7.70)
4th Bound to organic matter and sulfide 50.753 (2.00) 5.676 (0.48)
5th Residual 1442.435 (56.83) 527.188 (44.38)

* . . .
% of each fraction in parenthesis
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Na-EDTA 3&70l o #2882 FZ94d pH7t 7H
v HCl 0.5M(pH 1.10), citric acid 0.5 M(pH 1.27),
Na,-EDTA 0.01 M(pH 3.99) =olr 714 & =
Fgo] Vet vha MgClLell 93 2882 39
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7P =2 FERE0] YEikth
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Table 7. pH of 0.1 M extractants used before extraction
Extractants HCI Citric acid Malic acid Succinic acid Acetic acid
pH 1.60 2.30 245 2.59 3.32
Extractants Na,-EDTA DTPA NTA CaCl, MgCl,
pH 4.54 4.70 9.70 6.32 8.82
Table 8. pH of extractant of various concentrations used before extraction
HCl Citric acid
Extractants
0.1 M 05 M 1.0M 0.1 M 05 M 1.0 M
pH 1.60 1.10 2.30 1.27 1.41
Naz-EDTA Mgch
Extractants
001 M 0.05 M 0.1 M 0.1 M 05 M 1.0 M
pH 3.99 4.47 8.82 8.48 8.23
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Fig. 3. Kinetics of extraction of Pb from soil with (a) HCI (0.5 M)
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Table 9. Pb contents(percentage) of each fraction by sequential extraction tests performed after extraction from soil with various

extractant
Pb contents (mgkg™)
Extractants Soil N Fractions
Total
Ist 2nd 3rd 4th 5th
HCT (0.5 M) S-1 | 168.864 | 31.719 (18.78) | 4.548 (2.69) 19.618 (11.62) 5.435 (3.22) |107.544 (63.69)
' S-2 | 44736 | 12.198 (27.27) | 0.829 (1.85) 13.269 (29.66) 0.237 (0.53) 18.203 (40.69)
.. . S-1 | 661974 | 95.104 (1437) | 14.015 (2.12) | 49.999 (7.55) 18.525 (2.80) |484.331 (73.16)
Citric acid (0.5 M)
S-2 | 331.048 | 40.907 (12.36) 1.454 (0.44) 17.779 (5.37) 1.305 (0.39) [269.603 (81.44)
S-1 | 487436 | 10.781 (221) | 14.563 (2.99) | 60.144 (12.34) - 401.948 (82.46)
Na,-EDTA (0.01
& ( M) S-2 | 141.486 5.523 (3.90) 2.207 (1.56) | 28.697 (20.28) - 105.059 (74.25)
MeCl (0.1 M S-1 [1,914.575| 80.029 (4.18) | 118.895 (6.21) | 149911 (7.83) | 25.081 (1.31) (1,540.659 (80.47)
gt OIM) S-2 | 524.559 8.603 (1.64) 14.793 (2.82) | 31.369 (5.98) 0.052 (0.01) [469.690 (89.54)

* Total; Aqua regia digestion contents,

J. Soil & Groundwater Env. Vol. 15(5), p. 23~31, 2010
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Fig. 5. Pb distribution(each fraction contents/total contents) by sequential extraction tests performed before and after extraction from soil
with (a) HCI (0.5 M), (b) citric acid (0.5 M), (c) Na,-EDTA (0.01 M), (d) MgCl, (0.1 M).
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