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Figure 1- SEM image of magnetite nanoparticles (Fe304), b- image of Ferrosilicon and c- image of ferrosilicon magnesium
(FeSiMg)
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Table 1- Selected chemical properties of soil used
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Parameter EC of saturation Paste Silt Sand Clay Saturation moisture
Joly 1
m - % % % 0

Unit ds (] (] (] %

i

- 35 72 304 525 171 40
Value
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Table 2- Analysis of variance results of simple and interactions effects of adsorbent type and amount on soil As and Mn
concentration

©lapo (a0ke
MS
) JUVES 3 P19 &35l a4 yn w0 $9) ol S ]
Source of variation df Cu Zn Fe As
< gyl 5 0.041"ms 0.676" 2.021** 52.014**
Adsorbent type
23k ol 3 0.074 0.036™ 66.593** 222.55%*
Adsorbent amount
230 jpolie x L3k gl 15 0.048"™ 0.049" 0.700* 6.587**
Type x amount
ol sl 48 0.045 0.532 0.306 0.055
Error
(2) s e - 22.14 31 10.9 14.9
CV (%)

Wbl oo Y3 gxe pENS g jId gime do)d iy o> S Jlosis ] e jd (a5 4y g s
ns, ** and *: indicate no significant, significant at 1% and 5% level of probability, respectively.
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Figure 2- The effect of types and amounts of adsorbents on soil arsenic concentration
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Figure 3- The effect of types and amounts of adsorbents on soil iron concentration
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Table 3- Comparison of the average interaction of type and amount of adsorbent on soil arsenic and iron concentrations

(mg.kg?)
ol go T ol Sy
Adsorbant Level Fe As
% (MG KY D) cererrrrrrrrsneressnsressesens
Control 0 6.00i 14.17 a
Fe304 0.1 7.16 gh 511j
0.2 8.18 efg 2111
0.3 9.60 cd 1.915m
Fe2So4 0.1 6.20 hi 8.15¢g
0.2 7.52 fg 6.48 i
0.3 10.16 bc 3.69k
Magnesium Ferrosill 0.1 6.101i 9.05f
0.2 8.10 efg 7.54h
0.3 10.45 abc 511j
Ferro sillis 0.1 7399 9.737 de
0.2 9.87 bc 8.19¢g
0.3 10.77 ab 6.13i
Sfordi 0.1 7369 11.52b
0.2 8.47 ef 10.13d
0.3 10.67 ab 9.90 de
0.1 7.16 gh 9.56 e
Golgohar 0.2 8.70 de 8.54¢g
0.3 11.09a 7.35h
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Means with the same letter are not significantly different from each other.
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Introduction: High concentrations of As in contaminated soils represent a potential risk for groundwater
sources and threat the food chain. It has been found that the iron-containing compounds used in remediation of
As contaminated soils have distinct effects on the solubility of As and can be used as adsorbents for As removal
from aqueous and soil solutions. The objectives of this study were to determine As stabilization in soil, with
iron-containing compounds and also to compare the fixation of magnetite nanoparticles, ferrous sulfate,
ferrosilicon, magnesium ferrosilicon and iron oxide in fixation of arsenic in contaminated soils.

Materials and Methods: A factorial experiment was conducted using a completely randomized design with
three replications. The experimental factors were the amendment types and levels. The modifiers used were
magnetite nanoparticles, ferrous sulfate, ferrosilicon, magnesium ferrosilicon, Sfordi, and Golgohar iron soil
containing 0, 0.1, 0.2 and 0.3% iron. The soil was artificially contaminated with As (20 mg/kg) using
Na;HAsO4.7H,0 salt and incubated for 1 month. At the end of incubation time, the modifiers were added to the
As contaminated soils and after 3 months, the available fractions of arsenic, iron, zinc and copper were extracted
using 0.1 M HCI and measured with ICP.

Results: The results showed that the type and the amount of the modifiers had a significant effect on the
available fraction of arsenic and iron in soil (extractable fraction with 0.1 M hydrochloric acid). The available
fraction was reduced due to the addition of all modifiers: Magnetite nanoparticles > iron sulfate > magnesium
ferrosilicon > ferrosilicon > Esfordi iron soil and Golgohar iron soil, respectively. The highest decrease in the
concentration of available arsenic occurred in the soils treated with 0.3% of modifier. Application of 0.3% levels
of magnetite nanoparticles, iron sulfate, ferrosilicon, ferrosilicon magnesium, Golgohar iron soil and Esfordi iron
soil stabilized 91, 63, 57, 32 and 48% of arsenic extractable with 0.1 M HCI, respectively. Application of 0.3%
of magnetite nanoparticles reduced available arsenic more than other adsorbents. Among the studied modifiers,
magnetite nanoparticles showed more efficiency in chemical stabilization of arsenic in soil. The application of
magnetite nanoparticles increased the Fe available fraction in soil. Golgohar iron soil, ferrosilicon, Esfordi iron
soil, magnesium ferrosilicon, ferrous sulfate and Magnetite nanoparticles, increased the iron extractable with 0.1
M HCI of the soil, respectively. The highest Fe concentrations were observed in 0.3% of Gol Gohar soil,
ferrosilicon, Esfordi soil and ferrosilicon. Increasing the modifiers decreased soil copper extractable with 0.1 M
hydrochloric acid concentration and increased soil zinc extractable with 0.1 M hydrochloric acid concentration,
which was not statistically significant.

Conclusion: Application of magnetite nanoparticles reduced arsenic concentration more than other
adsorbents and showed more efficiency in chemical stabilization of soil arsenic. Other modifiers have also been
able to stabilize the arsenic in the soil, suggesting the possibility of using iron-containing modifiers in arsenic-
contaminated soils. The use of modifiers increased the iron concentration in the soil. Due to their reasonable
price and availability, iron sulfate and magnesium ferrosilicon are recommended for soil arsenic stabilization. At
0.3% soil level, Gol Gohar and Esfordi iron soil were able to reduce 32% and 48% the arsenic concentration,
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respectively and are recommended for arsenic stabilization in contaminated soil. Golgohar, ferrosilicon, Esfordi
and magnesium iron soils caused the highest increase in soil iron concentration. Due to the concentration of
other soil elements and the price of modifiers, the level of 0.2% of iron sulfate, Gol Gohar and Esfordi iron soil,
ferrosilicon and magnesium ferrosilicon is recommended for stabilization of arsenic in contaminated soil.

Keywords: Chemical fixation, Iron sulfate, Heavy metals, Golghohar, Esfordi



