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Abstract

Stabilization of lead and arsenic contaminated soil

using pen shells(Atrina pectinata)

Han Gyeol Jeon
Advisor: Prof. Deok Hyun Moon
Department of Environmental Engineering,

Graduate School of Chosun University

Lead and arsenic contamination in soils are known pollutants that can
cause disease in people located within the vicinity of mines. Pen shells(PS)
is the third most consumed shellfish in South Korea and is one of the main
sources of calcareous wastes that is being dumped illegally along the coast.
In this study, the natural and calcined PS were evaluated as soil amendments
for evaluating the stabilizing the lead and arsenic contaminated soil. Three
single extraction methods(0.1 M HCI, EDTA-NH,OAc, SBET) were performed
to evaluate the applicability of the amendment for lead and arsenic
stabilization. The mechanism responsible for the stabilization of lead and
arsenic in the contaminated soil was evaluated by XRD and SEM-EDX
analyses. The results of the three single extraction methods showed that the
amendments were conditionally effective for lead and arsenic stabilization
owing to the calcareous nature of the PS. The mechanism for the
stabilization of those pollutants revealed that effective stabilization was
associated with pozzolanic reaction products such as CSH and Ettringite.
Moreover, in order to accurately evaluate the stabilization process, appropriate

evaluation methods should be selected and studied in future work.
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2(3CaO'Si02+6H20—>3Ca0~25i02+30a(0H)2 .......................................... (1)

Tricalcium silicate CSH Lime
2(20a0-5i02)+4H20—>3Ca0-25i02+ Ca(OH)2 .......................................... (2)
Bicalcium silicate CSH Lime

3Ca0-Al,Oy +10H,0 + CaSO,-2H,0—3Ca0-AlyOy- CaSO,-12Hy O oo (3)
Tricalcium aluminate Gypsum  Calcium monosulfate aluminate
3Ca0-Al, Oy + 30H,O + 3CaSO0,- HyO—>3Ca0-Aly0y-3CaSO0,-32Hy O -+ (4)
Tricalcium aluminate Gypsum Ettringite

3Ca0-AlyOy +12H,0 + Ca(OH)y —3Ca0- Aly Oy Ca(OH )y 12Hy O +eeeeeesess (5)
Tricalcium aluminate CAH

4Ca0-Aly Oy Fey Oy + 10H,0 +2Ca(OH), — 6 Ca0- Aly Oy Fey Oy-12H, O -+ (6)

Tetracalcium aluminofferite Calcium aluminoferrite hydrate

....... porosity
o G

CSH - short fiber

CSH - long fiber

©  CuAF)H,

monosulfdte

3 10 1 24 7 28
“minutés ' hours = days
dormant period -t setting o hardening

stages of hydration

Fig. 5. Hydration process of cement®”
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Table 1.

Studies on the stabilization

mechanism of metal(loid)s in contaminated soil with different industrial

byproducts
Waste Target o .
Amedments Stabilization mechanism Reference
resources elements
Cd, Cr, . . . .
cu. Ni 1) An increase of soil pH, caused increase negative charge on
Red mud F,’b ’ clays, organic matter and Fe, and Al oxides 54)
47 2) An amount of Fe and Al contents introduces new sorption site
an n,
Pb and 1) Reduce Pb and Cu mobility and bioavailability by Iron oxides
Fly ash ) , _ , 55)
Cu which have a high sorption capacity
i Cement
Industrial . . .
kiln As 1) Formation of insoluble Ca-As—0O and NaCaAsQ,:7.5H,0 56)
byproducts
dust
1) Formation of Pb, Cd and Zn phosphates
Phospho-— Pb, Zn ) .
2) Pb, Cd and Zn are bound lightly by Mg, Ca, Si, Al and Fe 57)
gypsum and Cd ) ) )
ions contained in phosphogypsum, that form strong, complex.
AMD 1) AMD sludge has a XRD pattern of goethite which cause
| As sorption of both arsenite and arsenate on the AMD surfaces 15)
sluuge

under various pH
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Table 2. Studies on the stabilization mechanism of metal(loid)s in contaminated soil with different calcareous wastes

Waste Target o .
Amendments Stabilization mechanism Reference
resources elements
Pb and 1) lon exchange and surface adsorption by CaCOs;
Oyster shell 17)

Cd ?2) Precipitation as metal hydroxide
1) Formation of pozzolanic reactant as CAH and CSH structures
incorporate Pb ions, 11)
2) Formation of Ca—As precipitation.
1) Formation of precipitates as Pb(OH), notably
Calcareous Pb and . .
Mussel shell 2) Sb could be desorbed by alkaline condition caused by a 49)
wastes Sb N . .
competition for negative sites.
1) Prediction of Ca-AS precipitation, however there was no

Egg shell As o , o 50)
significance, accordingly author suggest calcination of eggshell

Calcinated Pb and
oyster shell As

Calcined b 7n 1) Formation of CSH matrix and Pb and Zn were linkaged at the 58)
starfish ' silicate chains via Si—-O-Pb, Si—0O-Zn, respectively
- ’|7 -
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Fig. 6. Images of stabilization amendments (a: PS, b: PS-10, c: PS-20,
d: CPS)
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Table 3. Soil physicochemical property analysis methods
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Table 4. Single extraction methods for evaluating stabilization

. , . Soil:liquid
Extraction solution Extraction method i Reference
ratio
30CEA0AM 100rpme
0.1 N-HCI _ 1:5 60)
Z 1Al S0t ME ST
EDTA-NH4OAC
(0.5 M NH4OAc, A20M 30+2rpmle =2
B 1:10 61, 62)
0.02 M EDTA, TAIZtS o JIE st
pH 4.65)
0.4 M glycine B7CXZAH0A  20rom2  1(40mesh) 63)
(SBET, pH 1.5) Z 1AI2tS0oF MEEHTE 100
- 25 -
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Table 5. Sequential extraction methods for classifying lead fractionation®®

Step Extraction .
, Extraction method
(phase) solution
1) 100mesh(150 ym)2 MZ&ES& £ 0.5g1 1
M MgCl,, % 10 mLE ZUZEEEN Z=
step 1 1 M MgCly, Ct.
(exchangeable) pH 7 2) 25CEAHOA 1AIZESQH RESHT}
3) AN F ASHS st
(6000rpm, 152)
step 2 M 1) Step 10l =cIst E20 1 M NaOAcEH
(Associated 10 mLE Z=0.
NaOAc, _
with e 2) 25 CEZAHU M 5AI2tS o XESHTE.
p _ _
carbonates) 3) MR & ASHES st
step 3 0.04 M 1) Step  20Ad =228t E20 0.04 M
(Associated NH>OH-HCI NH,OH-HCI % 10 mLE E=Ct
with Fe, and in 256% v/v 2) 20CXZAHOIA 4AI2tS Q0 RIEEHTH
Mn Oxides) HOAcC 3) MR F ASHS st
1) Step 30A =22I8t E20 0.02 M HNOz2t
30% H,0, M2 22k 1.5 mL, 2.6mLE <
0.02 M
HNO 1 85COHA 2AI2ES0F BESAIZICY.
step 4 *0) H,0, 2% 1.5 mLE CHAl 27 3AI2tS 0 B
, 30% H:0»,
(Associated 30 M SAI2IC.
with organic ' 3) A2 Ywd = 32 M NH.OAc 29
NH4OAC B
matter) , 2.6mLet EF= 1.6mLE 20 E&2 10mL
in 20% v/v ~
&tCt
HNO3 _
1) 20CZ20AM 302 SO g & JAMZe
F MESMES ST
1) Step 40lM =2cist EA0 222 5mE E2
S 70T EHOA 1AIZESQCH BrSAI21C
step 5 Agua _
2) B2 & 5 mL 2 S84+ €1 F3Ys &2
(residual) regia o
AEHH M E201 AHECH
3) AAaEe & ASHE UsHT
- 26 -
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Table 6. Sequential extraction methods for classifying arsenic fractionation®®

Step Extraction )
) ) Extraction method
(fraction) solution
1) 100mesh(150 um)2 M2&s &£ 0.5g1
0.05 M (NH4),S0, % 125 mLE 2LIZE
Step 1
- 0.05 M Bl €=C
(nonspecifically B
(NH4),SO4  2) 20CZ2HUIAl 4AI2ES O EIESHTE
sorbed) _ _
3) A2 & ASHS ofUSHCH
(6000rpm, 15&)
1) Step 10lA 2eI8t E20 0.05 M
Step 2
N 0.05 M (NHa)HPO, N 125 mE €=t
(specifically B
(NHz)H:POs  2) 20CEAUA 16AI12-S 0 RIEHSHCE
sorbed) _ _
3) AMZEe & ASHS O ST
Step 3 _
0.2 M NH4 1) Step 20M 2cIst E20 02 M
(amorphous
—-oxalate NH4-oxalate ¢ 12.5 mE E=0C
and hydrous _
butter, pH 2) 20CxZZH0 M 4AI2tS 0t &ESHCH
oxides of _ _
3.25 3) AMEC & ASHS s
Fe and Al)
0.2 M
NH4- ~
1) Step  30A 2l EZH 02 M
Step 4 oxalate . .
. NH4-oxalate butter + 0.1M ascrobic acid
(crystallized butter +
2M 125 mLE E=C.
hydrous oxides 0.1M
2) 96+3C ZHOA 302 SO tESAI2IC
of Fe and Al) ascorbic B ~
3) AMZEC & ASHS s
acid, pH
3.25
1) Step 40lAl 22ist EL0 24 5 mLE €=
Ct.
Step 5 ~2) 70T =M TAIZESE BESAIZITH
) Agua regia _
(residual) 3) I8 = 65 mL o EF/R+E €1 FAYS =2
AEHUHM S201 AHESCH
4) AMEe T HSHE O ST
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1. LEES A OHESIH 4

QAEAS EH2 LEEZA 2L 22, OIAH & &S0l 242 41.6%, 31.6%,
26.8%2! 2E(loam soil)Z &I ACE, pHt ECS B 7.03%2 0.53dS/m= Lt
EtLt 2 sAXIQ B8t XI(pH: 7.22, EC: 1dS/m 0I8HE 2 RACHSS K|
2520 FAX TZXI(13g/ka)0ll HISH IR %2 0.24g/kg22 UEIHCL® &
ek Lk HlAS MEHS2 22 2,997mg/kgdt 743mg/kgl 2 1KY ELdY
=0 E=S =WotRULH

HIZSH PS(-10,-20)2t CPS= Z2&H S4U RIMSIE HEH ZAE <IE
XRD2 XRFE4E AAIGIACHFIg. 7, Table 8). XRDE4 Z 1, PS= EHAZS
(CaCOz)E JIBtezZ &t calcite?t aragonitel E&&EH, CPS= calcium
oxide(CaO) HEHLES EHOIGIA2M, XRFE 0|88t RINKISGE 242 PSet
CPS= CaO"EHZA 2 95,90%, 95.05%=2 =&HZRUL, 0l JIE =8E
(oyster shell), Z2ZZ & (eggshell shel)S2 A& HAFS SHE KAGHA
E|'.16'17)
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Table 7. Physicochemical properties of the contaminated soil

Sand 41.6
Silt % 31.6
Clay 26.8
Texture - loam soil
pH - 7.03+0.03
EC dsS/m 0.53+0.06
Organic matter content a/kg 0.24
Ca 7.03+0.12
K cmole/kg 0.28+0.03
Mg 4.03+0.21
Na 0.43+0.02
Total Pb 2997 +51
Total As ma/kg 743413

Table 8. Major chemical composition of PS and CPS

PS CPS

CaO 95.90 95.05
SOs 1.64 1.70
Na>O 0.93 0.93
MgO 0.62 0.59
WOs 0.38 1.15
SrO 0.15 0.10
Fe203 0.10 0.04
C0304 0.06 0.08
Cr203 0.05 0.03
P20Os 0.03 0.03
SiO2 0.02 0.03
MoQOg 0.02 0.02
Cl 0.02 0.02
Al203 - 0.01
MnO - 0.01

- 29 -
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A PDEF 00—005—0586, calcite
A BPDF O00—048—-1467, calcium oxide

CPS C PDF 00—041—1475, aragonite
= B
2z
] BB 3
: 3
- L L B
=
o
= PS
o
15 5 1o i
I T T T T T T T T T T T T T T T T T T T T T T T T | T T T T T T T T T 1
0 10 20 60 70
2 theta

Fig. 7. XRD patterns for PS and CPS
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Fig. 8. Extracted Pb concentration and pH of leachate after 0.1 M HCI

extraction
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Fig. 9. Extracted As concentration and pH of leachate after 0.1 M HCI
extraction
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Table 9. Correlations between HE-extractable metal concentrations
and HE-extraction pH

Pb As

PS-10 0.8819™ 0.9281™
PS-20 0.8612" 0.7909™
CPS 0.9301™ 0.9013™

*p <0.05, **p <0.01, ***p <0.001.

PS10 HEPS20 OECPS

12

Soil pH

1% 3%

Fig. 10. pH variation by dosage of PS-10, PS-20 and CPS
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Fig. 13. Extracted Pb concentration and pH of leachate after SBET
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Fig. 14. Extracted As concentration and pH of leachate after SBET
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Fig. 15. Lead fractionation in soils amended with PS-20 and CPS
(F1: exchangeable, F2: Carbonate bound, F3: Fe/Mn bound, F4: Organic

bound, F5: residual
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Fig. 16. Arsenic fractionation in soils amended with PS-20 and CPS
(F1: non specifically sorbed phase, F2: specifically sorbed phase F3:
amorphous and hydrous oixdes of Fe and Al phase F4: well crystallized

hydrous oxides of Fe and Al phase F5: residual)
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Fig. 17. XRD patterns of the untreated soil and amended soils with

PS-20(10%) and CPS(10%)
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Fig. 18. SEM—-EDX results of CPS(10%) treated soil
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