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Background and Objectives: Seil contamination with heavy metals,
mainly due to human activities,. has been considered a severe
environmental problem in recent decades. Nickel (Ni) is one of the heavy
metals whose concentration=iincreased through industrial development.
Recently, the use of nanoparticles for the immobilization of heavy metals
such as nickel in soil has gained attention due to their unique sorption
properties and cost-effectiveness. Therefore, this research aimed to study
the effect of different nanoparticles on the distribution of chemical forms of
nickel in soil contaminated with nickel.

Materials and Methods: A composite soil sample was taken from the
surface ' layer (0-30 cm depth) of a calcareous soil from the agricultural
farms of the College of Agriculture, Shahid Chamran University of Ahvaz,
Ahvaz, Iran and then it was contaminated with a concentration of 200
mg/kg of nickel from the source of nickel nitrate (Ni(NO;),.6H,0). A
factorial experiment with a completely randomized design was conducted
with two factors including nanoparticle types (nano-clay montmorillonite,
common reed nano-biochar, and zero-valent iron nanoparticle), and levels
of their application (0, 0.5, and 1% w/w) for 90 days in three replications
under incubation conditions in the laboratory of the Soil Science
Department at Shahid Chamran University of Ahvaz. The different
chemical forms of nickel were also determined utilizing a sequential
extraction procedure (26).

Results: The results showed that using nanosorbents at both application
amounts of 0.5% and 1% caused a significant decrease in available nickel
(DTPA-extractable). Applying nano adsorbents, especially nano biochar,
significantly reduced the concentration of exchangeable and carbonate
fractions of nickel in the soil and increased the concentration of organic,
exchangeable and residual forms of nickel. The concentration of
exchangeable fraction of nickel in zero-valent iron nanoparticle, nano clay,
and nano biochar treatments decreased by 45.86, 50.50 and 54.39%,
respectively, compared to the control treatment at the 1% application level.
The concentration of nickel bonded with carbonates and residual nickel in
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reed nanobiochar at the level of 1% decreased and increased by 60.61 and
25.64%, respectively, compared to the control treatment. The value of
nickel stability index (Ir) in the soil increased significantly (P>0.05) with
the application of nanosorbents compared to the control, which indicates an
increase in the amount of nickel in the stable fractions (organic matter and
Fe & Mn oxides fractions). Also, the nickel mobility factor in the control
soil was significantly higher than the soil treated with the zero-valent iron
nanoparticle, nanoclay and nano biochar, which indicates the decrease in
the amount of mobile nickel with the use of nanosorbents in the soil.

Conclusion: The application of nanosorbents in nickel-contaminated soil
caused a decrease in nickel in exchangeable and carbonate forms and
increased forms of bonded Ni with organic matter and iron and manganese
oxides compared to the control soil. In general, the results of this research
showed that the use of nanosorbents, especially nano biochar, :can
immobilize nickel in contaminated soil. The use of nano biochar in
contaminated soil, due to its high pH, high organic carbon, and high
specific surface area, leads to a decrease in the mobility of nickel in
contaminated soil.
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Table 1. Some physical and chemical characteristics of the studied soil.
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Figure 1. Field emission scanning electron microscopy (FESEM) images of zero-valent iron nanoparticle (a),
nanoclay (b) and nanobiochar (c).
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Figure 2. The Fourier-transform infrared (FTIR):spectra nanoadsorbents (NFe= zero-valent iron
nanoparticle, NC='nanoclay, NB= nanobiochar).
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Table 3. Analysis of the variance of the distribution of the chemical forms of Ni in the soil.
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Typexlevel of sorbent
Lo
0.0001 0.99 5.07 1.63 6.81 421 0.098 1.26 18
Error
Ol s 5
1.14 456 3.52 467 699 626 13.68 652 s
CV (%)

S OM 58 5 ol gladnS| L o3, 5 ioe OX ¢ Slu S i Car s Jsls” jise "Exch ¢ o zs LG |SG :DTPA

UK ol L i IR ¢S S o e le MF tls 3L s Res ¢ T osle Loz 5250 50
DTPA, Ni availability (DTPA-extractable); Exch, exchangeable; Car, bound to carbonates; Fe-MnOx, bound to
iron—-manganese oxides; OM, bound to organic matter; Res, residual; ME; Ni mobility factor; Iz, Ni stability index
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Figure 3. Mean comparison of the effect of nanosorbent level on available Ni in the soil.
Means with similar letter(s) are not significantly different based on Duncan's multiple range test (P<0.05).
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Table 4. The effect of the type and amount of nanosorbents on the chemical forms of Ni in soil.
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Figure4: Proportion of Ni fractions in nanosorbent treatments.
Exch, exchangeable; Car, bound to carbonates; Fe-MnOx, bound to iron—manganese oxides;
OM, bound to organic matter; Res, residua
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Figure 5. Mean comparison of the effect of nanosorbent type and level on Ni stability index (IR) in soil.

Means with similar letter(s) are not significantly different based on Duncan's multiple range test (P<0.05).
C= control, NFe= zero-valent iron nanoparticle, NC=nanoclay, NB= nanobiochar.

"1

IS MF) S v jasls Lot 5t
Ao S jerls ol s N K S s
33 ks e OLES 1 il 5L s 5 55 Jlas!
5 B e S DIl sla S5 Ol
Sl e amacn s Rt S Sl S
ShS s BB S Sl SLil G
2 Sk SlaenSENSl ey 4 Al
awslie (EY) 558 oslaal jole (g3lulS e,
oL MF 3l 56 o 5 ¢ 5 A6 S
53 anllae 3 50 Glacslr 5L o 151G S sl
A e osba 5 G S 8 e S
S MF L sl S s (V JS2) il
o3 Ve ME L o pn ) w3 s 5 J5 50
oS S hoge S o Aoy gl Co 5w
2 IS ety ol Sk Sl oS Loy
(K8 s pes dEsL L oets Jleg S
b dald Skt s S Latls IS, b

Ao B L sddsles St 1 S ke s s



OSed g (B2 Ao [ v 0,3950 5 (I (e JUE 59U ¢ w9l 5l

30 1~
~ & 251

% 5 h
e s
= i

: -

5 |

. .

C NFe-0.5  NFe-1 NC-0.5 NC-B-1 NB-0.5 NB-1
[EPW,
Treatments

SE s K5 MF) S 5 5586 5 O3l g a5 g5 lite 31 80ke amplin =1 IS5
I (P</00) (5,05 gnn BN SSls (glaislsiom & ga3] wlusl p S e g = (51l b eKilee
w3 JB5 56 =NB ) 56 =NC (2 b jiwo ool 5L =NFe caalis =C
Figure 6. Mean comparison of the effect of nanosorbent type and level on the mobility factor (MF) of Ni in soil.

Means with similar letter(s) are not significantly different based on Duncan's multiple range test (P<0.05).
C= control, NFe= zero-valent iron nanoparticle, NC= nanoclay, NB= nanobiochar.
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Table 5. Pearson's correlation coefficient (r) between chemical fractions of Ni in soil (n=27).
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1 DTPA
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S kEE k% and * are not significant, significant at the probability level of 0.1, 1 and 5%, respectively
DTPA, Ni availability (DTPA-extractable); Exch, exchangeable; Car, bound to carbonates; Fe-MnOx, bound to
iron—manganese oxides; OM, bound to organic matter; Res, residua
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