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Table 1. Characteristics of used silicon compounds.
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Made in Purity Molecular weight Chemical formula Name Si compounds
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Table 2. Some physical and chemical characteristics of the studied soil.

s A1 AN
Value Unit Parameter
7.2 pH
0.72 (dSm™) EC
0.051 (%) oo
Total Nitrogen
1.64 (mg kg St
Available phosphorous
od LB L
80 (mg kg") 2w el
Available potassium
ol
46.5 (%) S Sl S
calcium carbonate equivalent
T .
0.42 (%) S s
Organic Carbon
s LG
305 (mg kg-l) o3 B
Available Pb
2500 (mg kg™ o
Total Pb
69 (%) o
Sand
s
25 (%) :
Silt
6 (%) o
Clay
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Table 3. Analysis of variance (mean square) of silicon compound and its concentration effects on available

concentrations of Pb.

s BB o 33T am s B W] @L'.a
Pb df Source of variation
38635.4 4 )
Concentration
*x LS 5
5423.5 3 ool LS
Silicon compounds
430.9 12 T
Concentration x Silicon compounds
Lo
25 40
Error
2.03 (4202) St 2

Coefficient of variation (%)

” Significantly at the 1% level
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Figure 1. The effects of silicon compound and its concentration on the available concentration of Pb.
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Figure 2. The Effects of type and concentration of silicon compound on the Pb immobilization percentage.
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Table 4. Analysis of variance (mean square) of silicon compound and its concentration on the various forms

of Pb (mg/kg).
331 s B e Cu
RS oM OX CB EX
df Source of variation
ok *k ok ok ok cble
558702 4.8420 53709.1 276702 224.348 4
Concentration
ok * ok ok ok wa«l.w« LS
104592 12.6586 72400.3 5037 11.238 3 e S
Silicon compounds
sk sk sk sk wa«l«w LS g X clle
7090 0.4482" 4653 756 0.806 12 e S
Concentration x Silicon compounds
o
119 0.084 83.6 34 0.087 40
Error
o L] JUOPS T
2.05 0.37 0.7 1.09 3.41 (hosd) St e b

CV (%)

(Mool a4 fate K2 OM & 5 ool LSt & Joate 2 OX dbole S 4 e JS2 CB (L5 5 Jslme IS5 EX
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Table 5. The effects of silicon compound and its concentration on various forms of Pb (mg/kg).

gy S
RS OM 0X CB EX ] SIS
Concentration (mg kg™) Silicon compounds
159! 69" 1405 ® 800 * 67° 0
710° 70" 12378 444" 39°¢f 50
‘ g
758 ¢ 71°¢ 1218 " 423 30! 100 S e
‘ ‘ CS
814 °¢ 72° 1184 403° 271 200
889 ° 73° 11457 3741 19k 400
159! 69" 1405 ® 800 * 67° 0
700 69 & 12458 446" 40 ¢ 50
S el
748 ¢ 69" 1221" 429 33 100 T e
‘ ‘ PS
798 70 % 1190 412° 30! 200
870° 72° 11457 390 & 23k 400
159! 69" 1405 ® 800 * 67° 0
544 % 69" 1381 % 465° 41° 50
. L W
610" 69 ¢ 1348 ¢ 437°¢ 36% 100 ke
SS
654" 69" 1325°¢ 420¢ 3 ¢h 200
681¢ 70 % 1302 f 416 ¢ 31t 400
159! 69" 1405 ® 800 * 67° 0
530 ¢ 69" 1390 ° 469 ° 42° 50
‘ b
584 K 69" 1370 438°¢ 39 100 oA e
‘ Si
617" 70 ¢ 13479 431 35 4t 200
657" 70 ¢ 1321° 419 ¢ 33" 400
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In each column, the means with similar letters do not differ significantly at the 5% probability level.
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Figure 3. The effects of silicon compound and its concentration on the percentage of various forms of Pb.
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Abstract

Background and Objectives: Soil contamination with heavy metals is one of the main
important environmental issues. Soils around mines have a high concentration of heavy
metals that can affect the health of humans and animals. A cheap method to remediate soils
contaminated with heavy metals is the, immobilization of heavy metals in soils. The use of
environmentally friendly compounds that have the ability to immobilize of heavy metals in
the soil environment has taken attention of many researchers. For this purpose, silicon
compounds were used in the study to immobilize lead (Pb) in the contaminated soil.

Materials and Methods: In this study, four types of compound such as calcium silicate,
potassium silicate, sodium silicate and pure silicon were used at five concentrations (0, 50, 100,
200 and 400 mg/kg soil) in terms of Si content. The Silicon compounds were added to the pots
containing 700 grams of Pb contaminated soil, and maintained for one month at ambient
temperature and soil water content equivalent to field capacity. The available Pb was
then extracted with DTPA and the Pb concentration was measured by atomic absorption.
The distribution of chemical forms of Pb was determined before and after of incubation time
with sequential extraction method. This experiment was carried out in a factorial arrangement
in a completely randomized design with three replications.

Results: The results showed that among the 4 silicon compounds, calcium silicate at a
concentration of 400 mg/kg soil had the highest rate (54%) of Pb stabilization. In general, all
of four silicon compounds, at the concentration of 400 mg/kg soil, had the most Pb
stabilization capability among the all of applied rates. The results of sequential extraction
showed that by using silicon compounds in Pb contaminated soil and increasing the
concentrations rates from 50 to 400 mg/kg the soluble and exchangeable form, the
form attached to carbonates and the iron and manganese oxides reduced but the forms of
Pb co-exist with organic matter and the residual form of Pb increased. The highest reduction
in the form of exchangeable, carbonate and bounded to iron and manganese oxide,
Conversely, the highest increase occurs in the form of residual and was belong to calcium
silicate treatment.

Conclusion: In fact, by the increase of silicon compound rates application, more amount of
these compounds are available for Pb immobilization. The Silicon can form a complex with
heavy metals and thereby reduce the available concentration of them. The Calcium silicate has a
higher specific surface area than potassium and sodium silicates, hence, it can initiate more
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complex with Pb ions. However, Potassium and sodium silicates had a greater ability to
stabilize Pb ions than pure silicon. Therefore, pure silicon had less ability to decrease the
available Pb concentration among the all treatments. In general, it can be concluded that silicon
compounds are able to reduce the mobility of Pb ions in soil environment and these compound
environmentally friendly compounds.

Keywords: Immobilization, Pb contaminated soil, Silicon compounds
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