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5- Zero Valente Iron Nanoparticle
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Table 1- Some physical and chemical properties of studied soils
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(parameter) (Unit) (Sandy soil) (Acidic soil) (Calcareous soil)
o (Clay) % 45 21 51
e (Silt) % 1.5 21 37
o (Sand) % 94 58 12
cél (Texture) - sand Sandy cley loam clay
& = (PH) - 8.1 4.42 7.39
SeSI glan e LB(EC) (dSm™) 1.01 0.81 1.64
o5 (CM) % 0.11 0.28 0.71
Do S wliz 57 (CaCOs) % 16.00 1.04 26.71
95 bl ed )i (CEC) (cmol” kg™) 478 16.95 22.17
(&? s b g pSolas) u» Jel% poeadls (mg k') 0 0.02 0.02
Cadmium is absorbed (extraction with DTPA)
(ko i b sSostar) IS poedtd (mgkg') 1.51 6.13 3.14

The total cadmium (extraction with aqua regia)
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Fig.1. the SEM images of A: AAS-ZVIN and B: non-stabilized ZVIN.
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sandy, (b) acidic and (c) calcareous
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Figure 4. The effects of AAS - ZVIN to absorb cadmium at a concentration of 45 mg/kg in the first week and four week of
pollution in (a): sandy, (b): acid and (c): calcareous soils
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Table 2- Analysis of variance of AAS - ZVIN and time on various forms of cadmium (mg kg™) in three soil types at a
concentration of 45 mg kg™ of soil

b SB (Sandy soil)

©lyets gl 33l 42> EX CB oX oM RS
Source of variations Degree of freedom
@l b cdale (AAS-ZVIN dosage) 1 *106.267 "112.915 *23.185 *28.397 *135.610
ob; (Time) 1 "12.221 *11.194 ™0.43 4915 **28.640
obej # ©lydgl clale (AAS-ZVIN dosage * Time) 2 "0.008 0.440 "1.378 "0.016 ™0.295
a3 (Error) 10 0.673 0.454 0.270 0.404 0.238
Slywss o o (Coefficient of variation) 9.470 7.730 4.520 7.390 5.890
&l S (Acidic soil)
Ol e 33l 42 EX CB oX oM RS
Source of variations Degree of freedom
@l g clale (AAS-ZVIN dosage) 1 ¥¥393.308 79.220 "4.725 ¥20.645 *161.921
olo; (Time) 1 *13.653 0.240 "1.833 *5.413 4,610
olej # l)34b clale (AAS-ZVIN dosage * Time) 2 *3.608 "0.005 0.044 *1.110 0.080
s (Error) 10 0.112 0.404 2.343 2.343 0.283
Ol yuss oy (Coefficient of variation) 2.780 15.920 14.45 14.45 4.930
Sal S (Calcareous soil)
Ol glhe 33l 42> EX CB oX oM RS
Source of variations Degree of freedom
alyd g clale (AAS-ZVIN dosage) 1 *6.077 *500.263 *15.778 *12.464 *¥358.832
ol (Time) 1 "1.840 33,668 *1.672 *3.010 *10.792
olej # @l cdale (AAS-ZVIN dosage * Time) 2 "0.710 "0.065 "0.252 "0.099 "0.071
s (Error) 10 0.340 0.021 0.370 0.054 0.444
Ol yuss oy (Coefficient of variation) 17.500 1.170 4.970 2.580 7.350

Wbl o 5 gime BMB] pis Ao )d B oyd V Jlein] prdaw )3 5 sixe BB 2429 ALl 55 44 DS g 3 e

sxilasdly JS5 RS 5 T slge &y Juate JS5 OM (jiSio 5 oyl aT &y o S5 :0X docsliy S 4y e IS5 :CB (ol 5 sl S5 EEX
** * and ns indicate that there are significant differences at 1%, 5% and the difference is significant.
EX: exchangeable, CB: carbonate-bound, OX: Fe/Mn oxides-bound, OM: organic matter-bound, RS: residual

CBIE )3 S5 £55 a3 (0,55 1 0,5 ko) @guo3l8 ko GBS 2 o 9 AAS - ZVIN Clilé Jlite 51 (iiln dunglio -V Joaz
P IS 31 255 o £0

Table 3- comparison interaction of AAS - ZVIN and time on various forms of cadmium (mg kg") in three soil types at a
concentration of 45 mg kg™ of soil

. wlyd gl cdals can) e las
Jl? AAS-ZVIN (w) ol EX CB (0).¢ oM RS
Soil dosage Time (week)

0 1 12.67 412.81 °10.41 9%6.46 93.53

s SB 4 °10.60 °10.75 °9.85 “7.67 °6.31
Sandy soil b 1 °6.66 6.55 413.31 ®9.46 °9.94
4 4.70 474 12.51 10.82 13.34

0 1 418.27 45.02 9.51 96.49 “7.64

Sl S 4 13.22 3470 10.41 ©7.23 °6.57
Acidic soil ) 1 ®7.90 ®3.23 10.89 b €13.75
4 °4.67 ®2.99 *11.55 10.46 *15.16

0 1 448 420.37 ®10.58 97.62 92.71

Sal Sk 4 °3.41 °17.17 °11.62 °8.44 °4.46
Calcareous soil ) 1 ®2.77 °7.61 13.17 °9.48 °13.5
4 °2.47 °4.11 *13.62 *10.66 15.55

b o LSD (9051 bl 0030 prdaw )3 (6 sime 9lis piie osimdylis aisly aplite By> o JBlus (gl 48 ol lo (ygiw p y
osilasdly USRS 5 S slgo 4y Juate S5 :OM (550 g 0] a2y Juato JS5 20X a5 a4y Juazo JS5 :CB ¢ Jols ¢ Joloms S EX
In each column are the same treatments that contain at least one letter indicates no significant difference in the level of 5 percent is
based on the LSD test.
EX: exchangeable, CB: carbonate-bound, OX: Fe/Mn oxides-bound, OM: organic matter-bound, RS: residual
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Introduction: Increases in pollution of water resources due to the contaminants have made researchers to
develop the various methods in the remediation and the reuses of polluted resources contamination of soils with
heavy metals is one of great environmental concerns for the human beings. Cadmium (Cd) as a toxic heavy
metal is of significant environmental and occupational concern. Contamination of soils with heavy metals is one
of great environmental concerns for the human beings. The numbers of sorbents that have been used for Cd (II)
reductive removal are biopolymers, fly ash, activated carbon, metal oxides, clays, zeolites, dried plant parts,
microorganisms, and sewage sludge. However, most of the mentioned sorbents had limitations of cost and
durability that call a needed approach by cost effective remediation technique with high efficiency. Application
of zero valent iron nanoparticles (ZVINs) as a promising technique for remediation of heavy metals are being
increasingly considered by researchers. This study was conducted to synthesis and characterize the ZVINs
stabilized with ascorbic acid (AAS - ZVIN) in aerobic conditions and to assess their ability for removal
efficiency of cadmium (Cd) from the soils and changes in different fraction of Cd in three spiked soils including
sandy, acidity and calcareous soils were also studied.

Materials and Methods: The stabilized ZVINs were prepared in cold distilled water by reducing Fe (III) to
Fe” using sodium borohydride in the presence of ascorbic acid as stabilizer and reducing agent. The freshly
synthesized AAS-ZVIN washed three times and then used for the subsequent analysis. Characterization of the
synthesized AAS-ZVIN was carried out by scanning electron microscope (SEM). X-ray diffraction (XRD) was
performed using a Philips D500 diffract meter with Ni-filtered Cu ka radiation. To determine the availability of
Cd, the DTPA-extractable amounts of Cd in the spiked soils so sandy, acid and calcareous soils with three
replications was studied were studied in an experiment of randomized completely design with a factorial
arrangement of treatments consisting of AAS-ZVIN dosage (0, 0.5, 1 and 2 w/w %), Cd contamination levels (15
and 45 mg kg™) in two time periods of 1 and 4 weeks in the three spiked soils. Moreover, the distribution of the
chemical forms of Cd was determined using the sequential extraction method.

Results and Discussion: The results of this study show that zero valent iron nanoparticles can be sustained
in the future by ascorbic acid under aerobic conditions in a laboratory that is to reduce the cadmium as a useful
method, simple, fast and high performance in the decontamination of soils contaminated with lead that require
further research to investigate other heavy elements. The results from the obtained SEM and XRD analyses
indicated that AAS-ZVINs had the mean size of less than 50 nm, the maximum 20 peak at 44.8°. Therefore, the
particle size of ZVINs produced in this study, measured by SEM images, are less than 100 nm. Chain structure
formations have been attributed to the magnetic interactions between the adjacent metal particles. Furthermore,
there was an apparent separation between these ZVIN with a little aggregation. Results also showed that the
DTPA-extractable Cd in three sandy, acid and calcareous spiked soils decreased with increasing of AAS-ZVIN
dosages at both level of contaminations. The availability of Cd in sandy, acid and calcareous spiked soils at 15
and 45 mg kg of contamination were 71 and 49.5 % and 47.52 and 49.47; and 36.05 and 61.3 percentages,
respectively. Availability of Cd after four weeks application at two contamination level was also decreased
significantly. The results of sequential extraction of sandy, acid and calcareous soils showed that with increasing
the level of AAS-ZVIN application from 0 to 2 %, the soluble, exchangeable and carbonate-bound of Cd
decreased but organic matter-bound, Fe/Mn oxides bound and residual Cd were increased. Over four weeks after
application of AAS-ZVIN in three spiked soils the soluble, exchangeable and carbonate-bound were decreased
but organic matter-bound, Fe/Mn oxides bound and residual Cd increased.

Conclusions: The results of this study show zero valent iron nanoparticles can be sustained in the future by
ascorbic acid under aerobic conditions in a laboratory that is, To reduce the cadmium as a useful method, simple,
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fast and high performance in the decontamination of soils contaminated with lead that require further research to
investigate other heavy elements. Moreover, the high resolution transmission electronmicroscopy, energy
dispersive X-ray analysis, x-ray diffraction spectrophotometer measurements are potentially needed to reveal the
accurate morphology, composition, crystal structure, functionality and stability of the prepared stabilized-ZVINs.
Moreover, these synthesized ZVINs can also possibly applicable for remediation of soils and wastewater.

Keywords: Extracted with DTPA, Contamination of soil, Sequential extraction



