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Abstract

Avrsenic is a toxic and dangerous pollution in groundwaters. A
new, efficient and low-cost method for in-situ removal of the
arsenic from aquifers is by using zero-valent iron nanoparticles
which has been investigated in this research by three types of
laboratory experiments including batch, homogenies soil
column, and heterogeneous soil column tests. Batch tests have
been mainly performed to investigate the effects of
temperature and pH on the reaction process between the iron
nanoparticles and arsenic. Then, the effect of soil grain sizes
and flow velocity in the arsenic remediation by iron
nanoparticles have been investigated in homogeneous and
heterogeneous soil columns. Based on the experimental results
useful graphs are presented to estimate the arsenic
concentration for different time and different locations on the
soil columns. The results showed the high capability of the
zero-valent iron nanoparticles as a useful tool for removing the
arsenic pollution from the groundwater. Injected nanoparticles
in the soil column, especially in the lower flow velocities and
fine-grained soils have been reduced hydraulic conductivity.
Also, the results showed that as the flow velocity increases the
remediation rate of arsenic pollution with iron nano particles
decreases.

Keywords: Zero-Valent Iron Nanoparticles, Remediation
Avrsenite Pollution, Batch Test, Heterogeneous Soil Column,
Homogenous Soil Column.
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Table 1- The studies in arsenic removal by iron nanoparticles
u.bi Oly3eil bwgs M)‘ Sl Ol - Jous

Reference Nanoparticles Arsenic Species  Test Environment
Katsoyiannis and Zouboulis Iron oxide-coated polvmeric Inorganic arsenic Water
(2002) poly anions
Chowdhury and Yanful, .
(2010) Iron oxide As (111)- As(V) Water
Iron oxide -impregnated granular Avrsenic and
Cooper et al. (2010) activated carbon (Fe-GAC) trichloroethylene Water
Basu and Ghosh (2011) Fe (11D-AI (1) mixed As (I11) Groundwater samples
Lin et al. (2012) Magnetic y-Fe203 As (111)- As(V) Water
Mosaferi et al. (2012) zero-valent iron As (I11)- As(V) Water
Nieto-Delgado and Rangel- . .
Mendez (2012) Iron oxide onto activated carbon As(V) Wastewater
Feng et al. (2012) Fe304 As (I11)- As(V) Wastewater
Akin et al. (2012) Fe304 As(V) underground water samples
Byungryul and Zhao (2012) Fe-Mn oxide As (I11) mgeﬁ and immobilization
Basu and Ghosh (2013) Iron (I11)—cerium (1V) oxide As (111)- As(V) ground water samples
Li et al. (2014) Fe203 As(V) Water
Lunge et al. (2014) Fe304 As (111)- As(V) Wastewater
Bhowmick et al. (2014) Zero-valent iron As (I11)- As(V) Water
Hasani et al. (2020) Magnetite As (I11)- As(V) Soil
Lou et al. (2022) Iron oxide As (I11)- As(V) Water
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Table 3- Specifications of iron nanoparticles
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Purity Specific surface Color Moroholo Bulk density Actual density Size
(%) (Cm2/gr) phology (gr/iCm3) (gr/Cm3) (nm)
99.9 8-6 Black Nearly 0.25-0.1 7.9 50-70

Spherical
Table 4- Specifications of batch experiments (Janbaz Fotamy et al., 2013)
(Janbaz Fotamy et al., 2013) gldilon (s yiulo ;] Colasuive -F Jgu>
Parameter Arsenic initial Iron nanoparticle Time
concentration (ppm) concentration (gr/lit) (min)
Time 0.5 1 2,5,10,15,30,60,90,120

§  '"onnanoparticles 0.5 05,2 30,60,90,120

1= concentration

£ Arsenic |n|_t|al 05,5 1,2 30,60,90,120

5 concentration

53 Long time 0.5, 2 0.5 15 day

w Temperature* 0.5 1 15,30,45,60

pH** 0.5 1 30,60,90,120

* 30 and 60 degrees

** Acidic (distilled water +HCI) and alkaline (distilled water +NaOH)
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Table 5- Physical and chemical properties of the soil
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P f Physical Chemical
arameter n Pb ps(gr/em”) D10 Fe(%) pH
Soil grain size 0.58 mm 0.48 155 3.08 0.32 11 9
1.1 mm 0.50 1.67 3.03 070 1.03 9.05

n= porosity

pb =bulk density

ps =particle density

D10 = a diameter that 10% of soil grain passed from it
pH= acidity of soil solution
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Table 6- Specifications of soil column experiments
SB g s ooyl Clasuiv —F Jous

Parameter Homogeneous _ I—!eterogeneous '
0.58mm 1.1mm High velocity Low velocity

Arsenic concentration (ppb) 3000 2500 600 900
Iron nanoparticles concentration (gr/lit) 1 1 1 1

Velocity(cm/s) 0.44 0.53 0.74 0.44

Column length(cm) 60 60 120 120
Time(hr) 2 2 3 3

Head loss(cm) 58 17 140.1 101.5

Hydraulic conductivity(cm/s) 0.45 1.43 0.64 0.52

pH 35 55 34 3.65
Number of arsenic samplings 10 10 30 30
Number of Fe sampling 5 5 10 6
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Fig. 3- Investigation of the arsenite remediation by iron nanoparticles versus a) time and b) the arsenic initial
concentrations; Cas/C0as arsenic concentration in time t per the initial arsenic concentration
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Fig. 4- Investigating the effect of pH in batch tests
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Fig. 5- The arsenite removal by iron nanoparticles in homogeneous soil culomns
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Table 7- Parameters measured in homogeneous soil column with d=0.58 mm
5 Foske + /DA B b S ol oad (650315 g ol -V oo

Time (min) Hydraulic conductivity Head loss Velocity Discharge
(cm/s) (Cm) (cm/s) (m/day)

1 0.45 58.00 0.44 0.35

120 0.38 64.5 0.40 0.33
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Fig. 6- Iron concentration in homogeneous soil column with d=0.58 mm
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Table 8- Hydraulic conductivity in heterogeneous soil columns with low velocity
ol S pw (Sedl gt 40 (Sg i Culad —A Jgas

Soil grain size (mm) Time (hr.) Hydraulic conductivity (cm/s) Reduction (%)
1.1 . 0 1.47
11 First column 4 0.63 57
0.58 Second 0 0.36 39
0.58 column 24 0.22
Out put 0 0.54 44
Out put 24 0.31
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Fig. 7- The arsenite removal in heterogeneous soil culomn with low velocity at 5, 45, 75 and 105 cm and
output of column
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Table 9- Hydraulic conductivity in heterogeneous soil columns with high velocity
3 j e pw b plalesl g y3 (g Calas Lglds -4 g

Soil grain size (mm) Time (hr.) Hydraulic conductivity (cm/s) Reduction (%)
i First column 194 19
1.1 24 1.57
0.58 Second 0 0.42 14
0.58 column 24 0.36
Out put 0 0.65 1
Out put 24 0.55
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Fig. 8- Iron concentration in heterogeneous soil culomn with high velocity
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Fig. 9- The arsenic removal by using iron nanoparticles in heterogeneous soil culomn in va=0.74 cm/s
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