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Stabilization of Heavy Metal Contaminated Paddy Soils near Abandoned Mine
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ABSTRACT

Applicability of CaO and steel slag as stabilizers in the treatment of field and paddy soils near Pungjeong mine
contaminated with arsenic and cationic heavy metals was investigated from batch and column experiments.
Immobilization of heavy metals was evaluated by TCLP dissolution test. Immobility of heavy metal ions was less than
15% when steel slag alone was used. This result suggests that Fe,O; and SiO, known as the major component of steel
slag, have little effect for the immobilization of heavy metal ions due to acidity of TCLP solution. Immobilization of
cationic heavy metals was little affected by the ratio of CaO and steel slag while arsenic removal was increased as the ratio
of steel slag to CaO increased. In the column test, concentrations of both arsenic and cationic heavy metals in effluents
were below the water discharge guideline over the entire reaction period. This result can be explained by the
immobilization of cationic heavy metals from the increased pH in soil solution as well as by the formation of insoluble
Ca;(AsOy),. From this work, it is possible to suggest that arsenic and cationic heavy metals can be concurrently stabilized
by application of both CaO and steel slag.
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Table 2. Composition of the used stabilizers

- Particle size distribution =~ Composition
Stabilizer (Wt %) (Wt %) pH
Above 6.8 mM : 0.1 a0 17.2
FeZO3 1442
S| 68-30mM:12 S0 200
Sleae 5.0~335mM : 11.4 o 76 9.59
& 33520mM:67.5 M;O{' 0
Below 2.0 mM : 19.8 Others - 4.6
Above 6.8 mM: 1.9
Lime 6.8~5.0 mM : 22.1
(Ca0) 5.0~335mM: 26 .4 - 123

3.35~2.0mM : 24.5
Below 2.0 mM : 25.1

pH value Extraction fluid

H<50 Solution 1 Add 5.7 mL acetic acid to 500 mL of regent water. Add 64.3 mL of 1 N NaOH, and dilute to a volume of 1 liter.
p ' When correctly prepared, the pH of this fluid will be 4.93 +0.05
pH>50  Solution 2 Dilute 5.7 mL acetic acid with reagent water to a volume of 1 liter. When correctly prepared, the pH of this fluid

will be 2.88+0.05
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Fig. 2. pH variation in effluents from column packed with (a) field soil and (b) paddy soil.
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Table 3. Characteristics of the soil samples
Soil H EC CEC Organic  Bulk Density Metal (mgkg)
P (1) (meq/100g) (g/om’) Al Fe Mn
Field soil ~ 5.52+0.1 551+ 1.52 833+1944 123+034 130+0.02 16288+ 1262 25854+ 1603 2072+ 176
Paddy soil 5.87+0.04 590+12.85 1089+77.6 1.72+0.07 1.18£0.04 21197+356 22821+ 808 746 £ 37
Table 4. Concentration of heavy metal in the soil samples
Concentration of heavy metal in soil (mg/kg)
As Cd Pb Cu Zn
Concern criteria 15 4 300 125 700
Countermeasure criteria 6 1.5 100 50 300
Field soil 18.1+£42 0.08 +0.04 228.7+14.8 53+03 2342+5.0
Paddy soil 3.6+02 - 49+0.6 0.8+0.1 55.7+10.2
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Table 5. Sequential extraction of heavy metals from field soil

Fraction (%)

Step
Cu Pb As Cd Zn
I. exchangeable 4.9 1.4 20.6 25.7 9.8
II. Bound to carbonate or specially adsorbed 23.8 17.8 29.0 24.0 121
TI. Bound to Fe or Mn oxide 64.0 80.2 447 45.6 76.9
IV. Bound to organic and sulfide 1.6 0.2 0.8 0.9 0.4
V. Residual 5.7 0.4 49 3.7 0.8

Table 6. Sequential extraction of heavy metals from paddy soil

Fraction (%)

Step
Cu Pb As Cd Zn
I. exchangeable 27.7 6.0 26.6 25.0 6.7
II. Bound to carbonate or specially adsorbed 453 39.7 52.0 55.1 18.5
I1I. Bound to Fe or Mn oxide 12.5 50.4 0.0 0.0 74.7
IV. Bound to organic and sulfide 5.0 1.9 3.7 5.0 0.1
V. Residual 9.6 1.9 17.7 14.9 0.0

Table 7. Percent removal and dissolved concentration of heavy metal ions from TCLP test in field soil treated with different ratio of
CaO and steel slag

Ratio of stabilizer (CaO : steel slag) %

0:0 0:5 3:5 5:0 5:1 5:3 5:5

As Removal (%) 2 67 67 69 77 80
Conc. (mg/L) 0.273 0.266 0.089 0.088 0.083 0.063 0.055

cd Removal (%) - - - - - -
Conc. (mg/L) N.D N.D N.D N.D N.D N.D N.D

Cu Removal (%) 5 100 100 100 100 100
Conc. (mg/L) 0.074 0.07 N.D N.D N.D N.D N.D

7n Removal (%) 9 98 100 100 100 100
Conc. (mg/L) 0.885 0.800 0.016 N.D N.D N.D N.D

Removal (%) 12 95 98 98 98 98
Po Conc. (mg/L) 1.148 1.000 0.049 0.014 0.012 0.017 0.015

Table 8. Percent removal and dissolved concentration of heavy metal ions from TCLP test in paddy soil treated with different ratio of
CaO and steel slag

Ratio of stabilizer (CaO : steel slag) %

0:0 0:5 3:5 5:0 5:1 5:3 5:5

As Removal (%) 2 2 29 32 31 20
Conc. (mg/L) 0.079 0.055 0.055 0.056 0.053 0.054 0.056

cd Removal (%) - - - - - -
Conc. (mg/L) N.D N.D N.D N.D N.D N.D N.D

Cu Removal (%) 100 100 100 100 100 100
Conc. (mg/L) 0.002 N.D N.D N.D N.D N.D N.D

n Removal (%) 5 99 100 100 100 100
Conc. (mg/L) 0.158 0.150 0.001 N.D N.D N.D N.D

Removal (%) 14 78 87 85 90 78
Pb Conc. (mg/L) 0.036 0.031 0.008 0.005 0.005 0.004 0.008
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Fig. 2. pH variation in effluents from column packed with (a)
field soil and (b) paddy soil.
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Fig. 3. Variation of arsenic concentration in effluents from
column packed with (a) field soil and (b) paddy soil.
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Fig. 4. Variation of lead concentration in effluents from column
packed with (a) field soil and (b) paddy soil.

55¢°

49 7% pH7} =713} nr}g]. thjﬁxﬂoﬂ o3 A3}
7t o7 whiEd LUES} QAEEHERY <3t
9 8=y} FAFAIR] olslE UERD AL o] ¢
3k A2 EoF UlolA] 1AsE 7/-1011 7]el8} /\_QE 5
T}

;(éi]—EQ}— E‘E]HE,—__.— /\]—%—6‘]— Z_é]_x‘%]ﬂaﬂ %—ig% Oz/\lH 7]_
=F 9 olde BE H2AIZF B0t AE3HA olsE U
Eter Fele B HEEEE Bl

J. Soil & Groundwater Env. Vol. 14(6), p. 78~86, 2009



(1) EFTEAEY 447 A3 T8 EYlA

QAIxE YERt=H =ERIA 9]
HaE 71 olsle] XI5 el Wil e
H 29} i BF $H7ES Zashs A8 YeERiio

) 83 A A BEGAF oIt Ak Ae=A
o] 8EAIAR TCLP &&A17 2, =EYxe 2e
TEEE] FANE SeVES 28 ¥,
Eolre vlae} go] FAuE S8V es 298k
Aoz YeRitt.

(3) Wb FHBAZ CaOS} AFEU1E A ALE
g ZA9olls FUuIEe] Aololl W TFE AAEL] 2}
ol 4 A FEHY EEFEEE BF FAE
58 7 olslkE yERdTh AN APdEel et ARgSE
7890 :5), BE TEEEIA S22 AAEL "ol
=8 o]’ A AL} 7R = ARsEe <
& Fa% AAERT TCLP &5 Al e EY
pH7} Solgel] mE HAagato) ofs) e 2ol 719
g Ao=w AR

(4) LE} =EY ¥F Ca0%t AFESHIE 5: 19
TREE QPR 3] ARSI A
BE FE5EY &= A=t Bt FAuEs S
ZVEolslE Ushst] o)A di e Yol TIE
o] 7% pH7b STl whet EYuiAel ofdk iAsi=
7} FolA AL A9 ALE Ca0dlA fEE Cca¥'ot
AsO, 7} whgol] SJaiA] A3ElE d8439] Cay(AsO.),
7} A=l Aol 71R1st Anelar dhdkEth

c

AAL
B 7 g moalRane] 84716
HAA Q] AL ke AU

J. Soil & Groundwater Env. Vol. 14(6), p. 78~86, 2009

%aoe

rar

N,
\

A 3, 2003, 54 7] L GX RS} 71, e A A
1

to g
o
©
~

(o)

o

,2005, H332F B 2 99 Egke] B4 1
71=238}3)A], 22(4), 363-371.

BEGA A 9] Fr|o} FHEYG] F
7}, gk aEsl3)A], 27(6), 626-634.
olEE, H54, B4, 24, 2002, #F
o] v A3 FA), Sh-3-8-A 8)el ] ],

I‘

N
rlo
o
o
10
hine)
| o
T
O

K od
ot

&
o
r U
i

o™
ol
o2 o
s
5
N
k1
=

2
o
&
f

o2
ki

i

-

f

IR, A 1R
[e]

2
ro
M
i
s
}3:
¥
i

45(11), 152-156.

G, 3593, 2006, H1A-8-20l Sk EGC] EE)3leHA 54,
oekehg-get 5], 28(7), 731-737.

AT, R, o5, 2005, TEE AAE A=A H
AL AL g3 AF8EE]A), 27(11), 1180-1185.

ofRl &, ¢, ol A, oL, uHAl-, 2006, EFAISTEHS,
3k, A& p. 294,

A, 1994, EFT] S5 ST A AR A g
AHASZA LSS A, 27(5), 469-477.

A, TR, H%, 2004, 5 FrHd 5458 T T
w4 B A H7F, oA A kS A, 37(1), 21-23.
Federal Remediation Technology Roundtable (FRTR), 2002,

Remediation Technologies Screenin Matrix and Reference
Guide, Version 4.0. USA.

Jurate, K., Anders, L., and Christian, M., 2008, Stabilization of
As, Cr, Cu, Pb and Zn in soil using amemdments-A review,
Waste Management., 28, 215-225.

Tessier, A., Campbell, P.G.C., and Bisson, M., 1979, Sequential
extraction procedure for the speciation of particulate trace met-
als, Anal. Chem., 51, 884-851.

US EPA Method 9081, Cation Exchange Capacity of Soils, US
EPA Method 1311, Toxicity Characteristic Leaching Procedure,
US EPA Method 1312, Synthetic Precipitation Leaching Proce-
dure (1998).



