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Table 1. Selected physico-chemical properties of the soil used in the experiment.

Value s Unit a1 Parameter S 5
38 (%) Saturation moisture ¢l.il s
16.2 (%) Clay .,
55 (%) Sand .5
28.8 (%) Silt <l
7.3 - pH
0.49 (dS/m) EC of saturation paste gLl | s,las EC
0.33 (%) Organic Carbon Ji ., S
0.063 (%) Total Nitrogen s o354 53
13.45 (%) Calsium Carbonate podS S
15 (mg/kg soil) Concentration of available phosphorus .l LU jis chle
232.5 (mg/kg soil) Concentration of available potassium . ;5 ety s
7.5 (mg/kg soil) Concentration of available iron —Je LG sl cLlils
0.95 (mg/kg soil) Concentration of available zinc —Jo LG 5, chle
6 (mg/kg soil) Concentration of available manganese e G 5K clale
n.d (mg/kg soil) Concentration of available As .o L6 o T clals
n.d (mg/kg soil) Concentration of total As S S 1

n.d. not detectable
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Figure 1. XRD pattern of hematite nanoparticles.
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24.39° (012), 33.45° (104), 36.02° (110),
41.15° (113), 49.80° (024), 54.36° (116),
57.33° (122), 62.70° (214), 64.37° (300).
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Figure 3. TEM image of hematite nanoparticles.
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Figure 2. SEM image of hematite nanoparticles.
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Table 2. Effects of hematite nanoparticles application rates, levels of soil total As and interactive effects of
these factors on mean height and dry weights of root and aerial parts of the corn plant.
Do (1 Sle
Mean of squares

sl i S 05 Wby, Si O Ajﬁtw).kﬂﬂ &l3T am s

. . . Sl e
Dry weight of Dry weight Mean height Degree of Sources of variation
aerial parts ofroot of plant freedom
“olen ly3 60
538.55%x 119.12%* 771.72% 3 ler LA ke
Hematite nanoparticles application rates
Sk IS Syl
5846.27+* 1944.02%* 4565.63%* 5 S5 il e
Levels of soil total As
Sk IS Sl polaw # Clen 3L sl
96.26** 46.22%+ 237.36** 15 Hematite nanoparticles application rates *
levels of soil total As
et
11.56 2.04 12.45 48
Error
s .
7.61 6.02 5.70 - TR
CV(%)
**P < (.01

100 -+
80 -

a
b
¢ d
e
60 -
f
40 -
20 _ l
0 -1 T T T
0 6 12 24 48 96

Levels of soil total As (mg/kg) S5 )l zobaw

li.ls.l &Lm)| la.d,ue
Mean helght of plant{cm)

D55 Wy il ey S S Sty gl S -8 IS
Figure 4. Effects of levels of soil total As on mean height of corn plant.
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Figure 5. Effects of hematite nanoparticles application rates on mean height of corn plant.
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Figure 6. Effects of levels of soil total As on dry weight of the root.
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Figure 7. Effects of levels of soil total As on dry weight of the aerial parts.
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Figure 8. Effects of hematite nanoparticles application rates on dry weight of the root.
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Figure 9. Effects of hematite nanoparticles application rates on dry weight of the aerial parts.
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Table 3. Interactive effects of hematite nanoparticles application rates and levels of soil total As on mean
height and dry weights of root and aerial parts of the corn plant.

il i S 035 gy S22 05 3 gL | o 0 Sl S Syl sl Colen D3 gL o s
Dry weight of aerial parts ~ Dry weight of root Mean height of plant ~ Levels of soil total As Application rates of
(g/pot) (g/pot) (cm) (mg/ kg) hematite nanoparticles
65.432° 37.037° 81.967 0
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Dry weight of aerial Dry weight of root Mean height of plant  Levels of soil total As Application rates of
parts (g/pot) (g/pot) (cm) (mg/ kg) hematite nanoparticles
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Table 4. Effects of hematite nanoparticles application rates, levels of soil total As and the interactive effects of these
factors on concentration of soil available As and concentrations of As in root and aerial parts of the corn plant.
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Mean of squares
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Concentration of Concentration of C Degree of Sources of variation
As in aerial parts As in root Concentration of freedom
soil available As
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Hematite nanoparticles application rates
Sl |8 Syl
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Levels of soil total As
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Figure 10. Effects of levels of soil total As on the concentration of soil available As.
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Figure 11. Effects of hematite nanoparticles application rates on the concentration of soil available As.
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1- Extended x-ray absorption fine structure
2- Fourier transform infrared spectroscopy
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Table 5. The interactive effects of hematite nanoparticles application rates and levels of soil total As on the
concentration of soil available As and concentrations of As in the root and aerial parts of the corn plant.
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Figure 12. Effects of levels of soil total As on the concentrations of As in the root.
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Figure 13. Effects of levels of soil total As on the concentration of As in the aerial parts.
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Figure 14. Effects of hematite nanoparticles application rates on the concentration of As in the root.
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Figure 15. Effects of hematite nanoparticles application rates on the concentration of As in the aerial parts.
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Figure 16. Effects of levels of soil total As on the concentrations of P in the root.
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Figure 18. Effects of hematite nanoparticles application rates on the concentration of P in the root.
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Figure 19. Effects of hematite nanoparticles application rates on the concentration of P in the aerial parts.
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Figure 20. Effects of levels of soil total As on the concentration of Fe in the root.
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Figure 21. Effects of levels of soil total As on the concentration of Fe in the aerial parts.

Ev/N0 s YV 8 ANTYY (o ja Colens Ol 50
YAV 5 YW AUW s e s s dos
chle cobes O3t 3,05 L s Aoy
(Ve JS2) anl zals S ol L6 S
5 e GOl ) i (g3luslil Ol cpl b
5 M Jslee ol b 0T 03508 sy 5 S

AL e Sl ol gl ol BB el s

Yy

aigy ool clle  cgles L3 SE #lan

MJJQJL»\CEMﬁQ,sakS&\ﬁJ,@)
Coilens O30 5 )8 LV Jadr) 25 Ll pme
S s ady oal B e (R
e OF 5,8 mla (5I1L 5 ds ol e
L 5ot alph Gio 5wy el Sl 515
25 ol el i (Y 5 YY ls IK3)

M)b /Y E) ATy c\a.u JJ{)[S L: 4.:.;__)



1YY (1) o5lons (¥0) s S18 o ol clilin glb gy 41 puis

70

MJ L)’d clale
Fe concentrationin theroot
{meg/ ke)

60 -
50 -
40
30 -
20 -
10
0.‘

0.05%

0.10% 0.20%

Appllcatlon rates of hematite nanoparticles cwlea &l)350 zslaw

D55 adyy pal Chle  clen 1,550 £ sk ST oYY IS
Figure 22. Effects of hematite nanoparticles application rates on the concentration of Fe in the root.
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Figure 23. Effects of hematite nanoparticles application rates on the concentration of Fe in the aerial parts.
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Figure 24. Effects of levels of soil total As on the concentration of Zn in the root.
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Figure 25. Effects of levels of soil total As on the concentration of Zn in the aerial parts.
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Figure 26. Effects of hematite nanoparticles application rates on the concentration of Zn in the root.
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Figure 27. Effects of hematite nanoparticles application rates on the concentration of Zn in the aerial parts.
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Figure 28. Effects of levels of soil total As on the concentration of Mn in the root.
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Figure 29. Effects of levels of soil total As on the concentration of Mn in the aerial parts.
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Figure 30. Effects of hematite nanoparticles application rates on the concentration of Mn in the root.
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Figure 31. Effects of hematite nanoparticles application rates on the concentration of Mn in the aerial parts.
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Abstract

Background and Objectives: Arsenic is one of the metalloid that recently attracted much
attentions because of its chronic effects on human health. Long-term exposure to As can cause
skin, bladder, lung and prostate cancers. The presence of As in soil and water leads its transfer
to the different parts of plants. So far the effect of hematite nanoparticles (0-Fe,O;) on the
concentration of As in plants grown in contaminated soils has not been evaluated. Therefore this
study was conducted to evaluate the effects of hematite nanoparticles on the concentrations of
As, P, Fe, Zn and Mn of corn plant grown in contaminated soils.

Materials and Methods: A factorial experiment was conducted using a completely randomized
design and three replications. The experimental factors were hematite nanoparticles (0, 0.05, 0.1
and 0.2%) and soil As (0, 6, 12, 24, 48 and 96 mg/kg) levels. The soil was artificially
contaminated with different levels of As using Na,HAsO,.7H,O salt and incubated for 5 month.
Hematite nanoparticles were synthesized from iron nitrate and their properties were investigated
by XRD, SEM and TEM techniques. At the end of incubation time, the hematite nanoparticles
were added to the As contaminated and control soils and after 1 month the concentrations of
available As was measured. Then, the corn plant was used as bioindicator. After 75 days, the
plants were harvested and the dry weights as well as concentrations of As, P, Fe, Zn and Mn of
aerial parts and roots were measured.

Results: The spherical morphology of the hematite nanoparticles was diagnosed by SEM and
TEM images and the mean diameter of the particles were predominantly less than 30 nm. The
results showed that the concentration of soil available arsenic and arsenic concentrations of root
and aerial parts increased as the concentration of soil total arsenic increased. The accumulation
of arsenic in the root was higher than the corn aerial parts. Contamination of soil by As
increased the concentrations of P and Mn and decreased Fe and Zn in corn root. The
concentrations of P, Fe and Zn in the aerial parts of corn decreased while Mn increased as a
result of As application. As also reduced P translocation from the roots to the aerial parts of
corn plants. The application of hematite nanoparticles significantly decreased the concentrations
of arsenic in soil and in root and aerial parts of corn. The application of hematite nanoparticles
increased the dry weight of root by increasing Fe and Zn concentrations in root and decreasing
the accumulation of As, P and Mn in the plant root. The nanoparticles utilization also increased
the dry weight of aerial parts as a result of increased concentrations of P, Fe and Zn and reduced
accumulation of As and Mn. However, in case of uncontaminated soils, nanoparticles decreased
the concentrations of P, Fe, Zn, Mn and dry weight of root and aerial parts of plants. The most
effective level of application of hematite nanoparticles was 0.2% in which the decrease of As
concentration in root and arial parts of plant were 54.64 and 40.20 percent, respectively for the
soils with total As of 96 mg As/kg.
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Conclusions: As at the concentrations of less than 12 mg/kg increased root and aerial parts
growth and dry weights but at the concentrations higher than 12 mg/kg, by producing toxic
effects and disrupting the balance of nutrients, reduced the growth and dry weights of root and
aerial parts of corn plant. Hematite nanoparticles have been effective in reducing the
concentration of arsenic that is absorbed by the soil, which reduces the concentration of arsenic
in the plant and increases its growth. In general, these results suggested that hematite
nanoparticles can be used for remediation of arsenic contaminated soils, if further research is
carried out on their environmental effects.
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