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Abstract

Background and Objective: The continuous accumulation of toxic materials such as heavy metals in
soil due to interaction with industrial and domestic wastes has contributed to an extensive health
hazards. Therefore, the aims of this study are to evaluate the ability of cement (as a chemical
adsorbent) in remediation of contaminated soil and to compre the obtained results by the physical
adsorption method through the addition of active smectite clay mineral.

Method: To achieve the mentioned objectives, kaolinite soil in the laboratory conditions was
contaminated with solutions containing 0 to 1 M concentration of Pb (NOs). in 1:10 ratio. Adding
different percentages of cement and smectite to each sample, and after equilibrating, changes in pH
and concentrations were determined. Tests of hydraulic conductivity (permeability), unconfined
compression strength (UCS), toxicity characteristic leaching procedure (TCLP) and SEM were also
performed to evaluate the impact of adsorbent type on reduction of the of pollution transportation
potential.

Findings: The results indicate that at low concentrations of contaminants (up to 50 cmol/kg.soil), the
type of absorbent does not have much influence on the heavy metals removal from contaminated soils.
It was found that with the increase of the pollutant concentration and due to the buffering capacity
reduction and the restructed clay mineral, the possibility of soil remediation through the physical
absorption method is greatly decreased. Unlike the smectite limitation encountering with contaminated
soil containing the heavy metals, the cement has a high adsorption capacity to adsorbe heavy metals.
In the same content of adsorbent and with the increase of the Pb concentration, the amount of its
reduction in the presence of cement is 15 times more than what observed in the presence of smectite.
In addition, it can be seen that the particles solidification in the samples containing cement improves
the engineering properties of materials, causes to trap the pollutants within the soil mass and
consequently reduces the leaching and emission capability of pollutants as compared to the physical
attraction method.

Conclusion: According to the results, using the physical adsorption to remove the heavy metals from
contaminated soils (particularly at high concentrations of contaminant) is not recommended. Unlike
the smectite limitation encountering with contaminated soil, application of cement is very effective to
remove contaminants from the soil due to the combination of two mechanisms of stabilization and
solidification. In appropriate remediation condition and with respect to EPA criteria, application of
0.1% of cement per 1 cmol/kg.soil contamination leads to safe remediation of the heavy metals from
in contaminated soils.

Keywords: Lead, Remediation of Contaminated Soil, Smectite, Cement, Engineering Parameters.
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Table 1- Physical and engineering properties of the kaolinite soil sample.
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Table 2- Physical and chemical characteristics of studied additives.
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1-Toxicity Characteristic Leaching Procedure
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Figure 1- pH values of contaminated soil samples with the different percentages of amendments
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Figure 2- Variations of Pb sorption with the addition of different amounts of smectite to soil sample
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Figure 3-Variations of Pb sorption with the addition of different amounts of cement to soil sample.
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Figure 4-Impact of cement and smectite on the soil permeability for added various level of Pb.

e oS SFopdl | iy JUim ISl Shae (5 by dai ials
A oV s b)) wibs oo (BL S 0 ouis Qi O g0
TEPA 4oy olwlp o) auu ) aalys o Sao JBlo>
Jetil e 31 bl s Vo VS 51 2S5 0350
ode .(VY (F) 0l vl Allas (5,0 51 SU ks oa Y1 olge
dame ablaz Sl ( Sy e Colas g Soslail
ol 0331 S5 sladiges 5| oy S 318 (25l
Glle 55 TCLP (olesT 3oy 51 losms 5 CeiSiosl L o
Ol @S 5 g pSeslail dahs g dlse (s 50 eud 4l g,

A ooy ylzd () S o

4- Environmental Protection Agency

S5 & plomm o3l A3 g o3 () U %5 55m 5
D9 s S pdudel Gl o CoiSand 5l 2 Sl 4
eiSanl 3 Shoe WS badiges 5l 6 pm (! 15 &S5 9k
= (§Ogxe r:-’l—’ Sogdlcchale goly 8l 55 o ssalive
b Gl 1) )l8, ol cul ede o jls (Sdgyane colas
("CASH 5 'CSH 'CAH u_iile) Sleww SloS 5 o) 5l
o) 3,5 sie Slarw L odds 55lecSly (gladigas o
)50 SEM poglas bl 2 oaiS places SlaS 5 (65 SIS0
S ez el LS 3l 0l (Sl 4SS )
Ll o cpl )0 a8 oo So0cSs @ s olge g S l,3

1- Calcium aluminate hydrates
2- Calcium silicate hydrates
3- Calcium aluminum silicate hydrates



10

a0 CaiSoul g yloww 0 ySlos du Lo

OlostCana iS5
=~ 50 Cmo/kg Pb
%

7}
o
=
©
£
e
3. —&— After 1 day curing
—{ —&— After 3 days curing
) —8— After 7 days curing
—>— After 28 days curing
] i
0 5 10 15 20 25
(1) logs 9oy
80
70 Obosrt ol gilS
~ 100 Cmo/kg Pb
8 60
o
=<
S 50
=
<
% 40
_g 30 —&— After 1 day curing
2 20 —&— After 3 days curing
} —&— After 7 days curing
10 —>— After 28 days curing
0
0 5 10 15 20 25

(1) logw uoyd

O Jolei cdaké (cmol/kg.soil)

O Jolei edalé (cmol/kg.soil)

35
CanicSomn |+ e 9315
30 50 Cmo/kg Pb
25 A
20 A
15 4
10 { —— After 1 day curing
—&— After 3 days curing
5 | —H8— After 7 days curing
—— After 28 days curing
0 T T T
0 5 10 15 20 25 30
(1) CaiSomsl s yd
80
CanitSomn I+ Caniand 515
701 100 Cmo/kg Pb
60 A
50 A
40 1
30 1 —&— After 1 day curing
20 1 —&— After 3 days curing
—&— After 7 days curing
10 —>— After 28 days curing
0

0 5 10 15 20 25 30
() capiSoml Suoy3

@ §9> Sl 1S s digei (399 51 (FgIT ol Cealils 2 (yloums 3 ConiSiomsl 53T dun o —0 S
Figure 5- Effect of cement and smectite on the metal leachate concentrations from the soil sample.

b o Jiame 4 Sy L )3 @85 6l K0 o le
YA 5l 9 Oloy <obdS L ogls oo oamline .cowl ool Jyaus
A Bigai 5l (gm0 cnl 55 0an¥T Cle 5ee (559 es 39,
5 il bl el Bio Sy Lalys (ol 4 g Sao
il e S o555 (5,0 5l (Sl Lel

Laigos (5 Lid Cwglio b3, -F

sl 50 me sbajlire aloxjlonis jpame (5,Lid Cuaglie
OV F) sl oK 18 4 00g)] S Mol 018
s o0 ol 0351 S (g ,Lid Canglin Bl (yrizop
(EPA) LSy ol cy bapome o blis lajls apogs ol
(8) US54 oo 4yl gl (YF) wsl s +/Y0 Mpa i,
Ladiges 5,id Cnglio loww jpa> 0 a5 ;‘MJIJ Qe
13 01 Sl g 31 il il 3l slaliodle M5 jobo
aibios 52l Sl coiSanl gl slaaiges

Ssb> ladiged sl oud gliinl o cdile Slpss b))
sladisges 1o a5 canlyl wse oy Ve + cMol/Kg.SOIl § 0+
5155 eysTdmas s 51 yiicd po CoiSal b o Lo
Kigas jl losoma (o5 alé o i) (Sooll 5l iy 9]
15 ooVl e lile 58 Ly 4 s jsbasy s anlss o 5
Sl oo i gl o S5d ils osls slaaiged
el G jla e s (ST /YO 5l s saze iS5l
slaple; jo 5 Gloww ol sladigas sl 098 oo cunliv
Sopdl I (s caSib (LSl 55 Gy, V) s gldes oS
ol 30 o oany VT olge LAl et amiiy g 4Ll Sy
gz (539381 b o Bl 1 e il I 590 Waaigad 5l (g s
Cble o S8 1 e o o ol 4 plase oo <)
Jodome 53 oy SBle (5y5las 59, V5l Gy 5 S0
4y g o0 yueS EPA ot !l Jo8 LB o 5l 2l 5l




SR 9 (555085

IYAF aoli 0519 s ) buxo (55919550 g pole

5
Ologart Sl gl

= 9l Jes 59 3l an

4 A —
% —&— Kaolinite + 0 Pb cmol/kg
5 —8— Kaolinite + 50 Pb cmol/kg
i‘ 3 4| —*—Kaolinite + 100 Pb cmol/kg
Zi
-
Xy
,.3 1

0+

0 5 10 15 20 25 30
(1) oylowaw 9oy
5
Oloasrt S 15
31 Jas 53,TA 5lan

& 41 [ —e—Kaolinite +0 Pb cmol/kg
é —8— Kaolinite + 50 Pb cmol/kg
4 3 { [ =%*—Kaolinite+100 Pb cmolikg
3
3o
;3 11
3

0

0 5 10 15 20 25 30
(1) olowww 2oy

suili Sgize (5 Likd ceoglio (MPa)

ouuind dgaze (gyLind cuoglie (MPA)

5

CugiSomsl+ Cnd 15

629 Jos 395 S 3l an
4

—e— Kaolinite + 0 Pb cmol/kg
—8— Kaolinite + 50 Pb cmol/kg

3 —x— Kaolinite + 100 Pb cmol/kg
2
1
o E — & W

5 10 15 20 25 30

[(ARS¥ W RWIS

5

CuniSounl+ Caped 3l
. agldas 555 YA jlan

—o— Kaolinite + 0 Pb cmol/kg
—&— Kaolinite + 50 Pb cmol/kg

3 —>— Kaolinite + 100 Pb cmol/kg
2
1
. e — & . T

5 10 15 20 25 30
(1) CaiSomsl Sy

i (s 30 &g 03901 Ll SIS gladigas (6 )LES Cangliio p1 (Lo 9 CopiSomsl a3l Ay o -5 S

Figure 6- Impact of cement and smectite on the compressive strength of Pb-contaminated kaolinite.
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