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ABSTRACT

The objective of this study was to evaluate the efficiency of (NH,),HPO,, Na,HPQ, - 12H,0, CaHPO, - 2H,0, Ca
(H,POy), + H,O and H;PO, for the stabilization of soils contaminated with multi-metals containing Pb, Cd and As. The
application rate of stabilizers to soils was determined based on PO/Pby, molar ratio of 0.5, 1, 2, 4. The results of Korea
Standard Test and TCLP (EPA Method 1311) showed the reduction of metal leachabilities below the regulatory limits for
Pb and Cd when H;PO, and Ca(H,PO,),*H,0 were applied. However, stabilization efficiency for Cd was low and in case
of As leaching concentration increased rather. It is considered that PO, reacted effectively Pb** due to leaching Pb under
low pH condition created by adding H;PO,. Accordingly Pb was stabilized by dissolution and precipitation of
hydroxypyromorphite. From the change of metals fraction using sequential extraction procedure when H;PO, applied as a
stabilizer, we confirmed that residual fraction increased more than 60% and this result was accorded with XRD analysis
that detected only hydroxypyromorphite peak in H;PO,.
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Table 1. Physicochemical properties and concentration of heavy metal contaminated soil

- Organic CEC* Particle KST" [mg/ke] EPA 3050B [mg/kg]
P matter [%o] [meq/100g] density [g/cm’] Pb cd As Pb cd As
592 8.66 5.87 2.38 144.1 24 1.5 175.1 23.1 18.3

* Cation exchangeable capacity
® Korea standard test
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Table 2. Sequential extraction procedure

Step Extraction procedure

Fraction

1 125mL, 1 M NH,NO;, pH 7.0 (0.5 h)

Exchangeable (EX)

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

Carbonate-bound (CB)

3 125 mL, 0.04 M hydroxylamine hydrochloride in 25% acetic acid at 95°C in water bath (6 h) Fe/Mn oxides-bound (OX)

L.5mL of 0.01 M HNO; and 2.5 mL of 30% H,0,, at 85°C in water bath (5 h)

4 1mL of 30% H;O, at 85°C in water bath (1 h)

Organic matter-bound (OM)

7.5mL of 1M NH,NO; shaking at room temperature (10 min)

5 125mL, 4M HNO; at 80°C in water bath (16 h)

Residual (RS)

B (solubility) B YAZ7I7F HP3) wkgol FES m|
o= okYalEAul tidAge] FYE vkgo] o]Folx]
55 FR5 70mlol FREAS S3iA)A tPIAE
100 g E3sE H ALA 2477 B WRAIZAT
P9} PO S ukEel ofd] A= B84 IFE
pyromorphite?l] AT ]2 P/Pbyy, EHIE 0.6 ©)A]
T Ehl S50l vke, BEY &4 vE ol &
T O By, AESH 713l os) AaEe &
< T3 PPb BBIE 0.5, 1, 2, 42 HY3IE-He)
TS A8

2.3. ot8st &8 HI WY

23.1. 83118

2 FE50 diF gl Has € 5% 5%
(leachabilityys 71317] 93l A3} g8 vl E
Foll st ELLEFHAIGH WE 3N EH
TCLP(EPA Method 1311, USEPA)YE $-3¥5)5ic}.

TCLP Al®& 0.1M glacial acetic acid®} 0.0643 M
NaOHZ A|Z3F pH 4.939] §d3} E%S 20: 12 3l
30+£2 pm, 23+2°Ce] F7oE 18X3tF €538 TS
glass fiber filter(0.8 um)s AR} 3319}, ofw}ey
2 1N HNOsZ o|&3}9 pH 2 o)3l2 =dsly By
g+ ¥ ICP-OESZ #4513t} $849 TCLP §&55&
Eq. 15 °]83l H7IsiHct.

Leachability (%) =

(Conc.of heavy metal by TCLP,mg/L)(0.1L)
(Total conc.of heavy metal,mg/g)(0.5g)

x100 Eq. 1

FE%9 F¥TE TCLP A8 A EPA Method
3050BZ EA% S349] A ek

232 EHN FEH9 @55
PgEAE A - F B $EE A3 wals
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AEFEHE A8 2 (Ruigiang Liu et al, 2007)
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Fig. 1. KST-based leachabilities of Pb (1), Cd(2) and As (3).

B $3%57} Z71I90M, B3] HPOS A Hlde
£20] & 202 Fkigtt. olg A= APoyt
12 (As0,)9] SI3HA fAMd R <lsle] FgsiAeE] 7IkE
B A3} v} olemd Hy] REow Anfh
(Panagiotis Theodoratos et al., 2002).

FEskE] & TCLP AlEE B3l FgstEdel 4%
Lo e FE5 4EAEE A TEEEE Fig 2

o] e B AT 103

U]

1.5 -
1.0 -

0.5 -

Leachability of soil-bound Pb [%]

0.0

10

(2)

Leachability of soil-bound Cd [%]

0 0.5 1 2

PO4/Pb molar ratio
25

(3)

Leachability of soil-bound As [%]

PO4/Pb molar ratio
mmm CaHPO4ZH,0

A Ca(HzP04)2H20

BN (NHg)2HPO, - 3P0,

5 NagHPO 412H 50

Fig. 2. TCLP-based leachabilities of Pb (1), Cd (2) and As (3).
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Fig. 3. Change in Pb fraction in soils after stabilization

treatment.
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2002). %559 1~497 (exchangeable, carbonate, Fe/
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treatment.
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Table 3. Initial pH in stabilization solution

[PO,/Pb]

Stabilizer 0.5 ! 2 4
(NH,4),HPO, 7.56 7.78 8.00 7.98
Na,HPO, + 12H,0 7.82 8.42 8.69 8.90
CaHPO, - 2H,O 7.58 7.94 8.10 8.09
Ca(H,POy,), - H,0 6.13 5.87 549 4.82
H;PO, 1.72 141 097 0.75
14
—eo— (NH;)2HPO,
12+ ~O— NagHPO412H20
~ap- CaHPO42H,0
10+ —— Caf{HaPO4joH0
@ HgPO4
s -
R
~
4 e
2 -
0 i
0.5 1 2 4

PO4/Pb molar ratio

Fig. 5. Change in soil pH after stabilization treatment.
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Fig. 6. X-ray diffraction patterns of stabilizers at 4 as
[PO./Pb].
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H;PO, < H'+H,PO, (dominant species at pH 3.5~5.5)
Eq. 2

10Pb*" + 6H,PO,~+ 2H,0 — Pbo(PO,)s(OH), + 14H+
Eq. 3
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