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Arsenic (As) in wastewater has negative effects on the environment and human health, hence As containing
wastes must be handled properly. Given the accessibility of metallic iron, studies investigating into the potential
application of zerovalent iron in the removal of arsenic are promising. In this study, the performance of sand filter
blended with several kinds of zero valent iron (Fe0), such as iron wool, iron fillings, and iron nails, were com-
pared. These materials were combined in a sand filter column, and the efficiency was calculated using the As
concentrations in the influent and effluent samples. Experiments were carried out in order to compare perfor-
mance as a function of Fe0 dose and contact time. The outcome of this investigation showed that sand filter
containing ironwool had a better removal efficiency of arsenic removal than ironfilings and ironnails. The results
in all columns showed that as dosage was increased, removal efficiency of arsenic increased significantly. In case
of contact time the results revealed that arsenic can effectively be removed fromwater in the first 48 h. The early
adsorption response is quick in all columns, but get slower as time goes on. The highest removal efficiency was
99.6% and the lowest removal efficiency was 82.7%.
© 2023 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Every human being has the right to safe drinking water at a reason-
able cost (Fida et al., 2022). Population increase and climate change
have impacted access to safe drinking water, putting public health at
risk (Tang et al., 2019). One type of pollutants that pose a significant
threat to human being is heavy metals including Arsenic (Richards
et al., 2022; Shankar et al., 2014). Due to occupational or home expo-
sure, Arsenic is considered as one of the hazardous metals of environ-
mental significance and listed as one of the “Top 20 Hazardous
Substances” by theUS Agency for Toxic Substances and Disease Registry
(ATSDR) (Zawierucha et al., 2022). Due to its toxicity and carcinogenic
properties, arsenic contamination is a concern (Ahmad et al., 2018;
Zhou et al., 2020). The most frequent side effects from prolonged expo-
sure to arsenic are cancer, skin lesions, digestive problems, peripheral
neuropathy, diabetes, renal impairment, and cardiovascular disease
(Chowdhury et al., 2019). Maximum likelihood estimates of the risk of
cancer for a 70-kg person consuming 2 L of water per day contaminated
with 1 μg/L of arsenic range from 1 × 10−3 to 2 × 10−3. The US EPA oral
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slope factor of 1.5 per mg/kg bw per day is based at the middle of this
range (Rashadul and Chowdhury, 2015).

Arsenic's (As) name originates from the Greek word arsenikon,
which means yellow orpiment (Singh Thakur and Semil, 2013). Its
sources include both anthropogenic and natural geochemical activities
including mining, the release of industrial waste, and fertilizer use in
agriculture (Huang et al., 2014). Both organic and inorganic forms of
arsenic can be found in nature; inorganic arsenic is often found in natu-
ral water systems. Despite the fact that arsenic has multiple oxidation
states, including 3, 0, +2, +3, and +5, arsenite (As(III)) and arsenate
(As(V)) are the most prevalent oxidation states encountered in water.
As(V) is found as oxyanions of arsenic acid, whereas As(III) is found as
arsenious acid (Zawierucha et al., 2022). Typically, arsenite is the prev-
alent species in anaerobic environments, whereas arsenate occurs in
aerobic environments (Huang et al., 2014). Even so, groundwaters are
not always subject to this rule, it has been discovered that someground-
waters solely contain As(III), while others only contain As(V), and yet
others have both As(III) and As(V) (Lekić et al., 2013).

In comparison to arsenate, arsenite is 20–60 times more toxic
(Quino-Favero et al., 2021; Rodríguez-Martín et al., 2022). Arsenite is
also more mobile than arsenate and thermodynamically more stable
in reducing groundwater conditions (Chowdhury et al., 2019). The
World Health Organization (WHO) recommends that arsenic levels in
drinking water be less than 10 mg/L (Smith et al., 2017; Wan et al.,
2012). However, even at concentrations below 10 mg/L, arsenic can
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Fig. 1. Schematic diagram of the column filters with layers of substrates.
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have significant consequences for human health (Gude et al., 2018). The
development of treatment technologies for the removal of arsenic at the
household or small community level is therefore necessary. A good
technique should not necessitate a considerable amount of manual
labour or chemical usage.

Arsenic can be removed from aqueous solutions using a wide range
of physicochemical techniques. Themobility of arsenical forms inwater
is strongly influenced by pH, redox conditions, and the presence of var-
ious chemical species. As a result, these physicochemical characteristics
must be considered when developing removal techniques (Morgada
et al., 2009). Among themethods used to remove arsenic includes coag-
ulation and flocculation, membrane techniques, ion-exchange or chela-
tion, chemical precipitation, and activated carbon adsorption (Chiban,
2012). However, these methods require a lot of energy and/or
chemicals, which makes the treatment procedures expensive. They are
also difficult to operate andmaintain, necessitating regular part replace-
ment, expensive aftermarket services, and specialized people who may
not be available locally (Annaduzzaman et al., 2021). This makes them
unsustainable over time in societies with limited resources. Filtration
is the most reliable and effective method for removing arsenic ions at
the household level due to its simplicity in designing, convenience of
use, and cheap operating costs (Kim et al., 2022). For the adsorption of
arsenic ions, a variety of materials have been employed, including rice
polish, zeolite, red mud, activated alumina, surface-modified carbon
black, iron hydroxides and oxides, open-celled cellulose sponge, and
other adsorbents (Keerio et al., 2021). Systems using sandfilters are fre-
quently utilized to treat wastewater on-site and in small communities
all over the world. It combines biological, chemical and physical pro-
cesses. Compared to other natural technologies, it requires less land
and doesn't need energy or chemicals (Yettefti et al., 2013).

Arsenic removal from aqueous solutions using iron, ferric oxide, and
iron-based compounds as effective adsorbents has been well-
documented (Kim et al., 2022; Smith et al., 2017). The process involves
the corrosion of both Fe0 and Fe2+ to produce Fe3+(aq), H2, some
precipitates, and green rusts (Deewan et al., 2022). These corrosion
reactions and products are what cause exposed chemical species to
undergo reductive transformation and/or be physically removed
(Crane and Scott, 2012; Yang et al., 2015). Over the past decade,
zero-valent iron (Fe0) has drawn a lot of interest due to its several pos-
itive attributes, including non-toxicity, abundance, affordability, ease of
production, and less maintenance on reduction process (Plessl et al.,
2022; Simon et al., 2016). The removal mechanism entails the direc-
tional transfer of electrons from zero valent iron to the pollutant,
which changes it into non-toxic or less toxic species. The processes in-
volved includes adsorption, surface precipitation, surface complexation,
reduction, oxidation, and possible co-precipitation (Feroze Ahmed,
2001; Fu et al., 2014). According to studies, iron corrosion plays an im-
portant role in arsenic removal due to the remarkable binding ability of
Fe° corrosion products for arsenic (Zhao et al., 2021).

Zero valent iron is normally placed between the sand layers in afilter
(Bretzler et al., 2020). It may take many different forms, such as com-
posite iron matrix, iron fillings, iron nails, steel wool, sponge iron or
cleaned scrap iron (Wenk et al., 2014). Each of thesematerials offers ad-
vantages for the intended application and they are alsowidely available
and affordable (Hu et al., 2019; Makota et al., 2017). The type of iron
material used, the physicochemical properties of the water, the starting
arsenic concentration, and the arsenic speciation all affect how effective
zero valent iron is at removing arsenic from the water (Biterna et al.,
2010). Despite the fact that various studies have explored the effective-
ness of various forms of zero valent iron in removing As, there is insuf-
ficient information comparing the efficiency of iron wool, iron fillings,
and iron nails in removing As under the same physical conditions.
Thus, the objective of this research was to compare the effectiveness
of iron fillings, iron nails, and iron wool as zero valent iron for the re-
moval of arsenic from simulated groundwater. The information from
this work will help in the understanding and development of arsenic
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removal techniques using readily accessible materials as zero valent
iron. The adsorption of As(III) was investigated as a function of contact
time, pH and adsorbent dosage.

2. Materials and methods

2.1. Chemicals and reagents

In this study, analytical grade chemicals were used without further
purification. Arsenic trioxide (As2O3) weighing 12.00 g was dissolved
in 5 L of di-ionized water to create 1000 mg/L stock solution of As
(III). The stock solution was diluted to create solutions with 1000 μg/L.
concentrations. A 0.1 M solution of sodium hydroxide (NaOH) and
0.1M hydrochloric acid (HCl) were used to adjust the pH during the ex-
periments. All glassware and plastic bottles were cleansed by soaking
them in 10% nitric acid (HNO3) and then rinsing them three times
with deionized water.

2.2. Construction of the column filters

Three downscaled laboratory filters made of plastic columns (17 cm
internal diameter and 50 cm height) were used to filter water with an
initial concentration of 1000 μg/L As (III). As illustrated in Fig. 1, the col-
umns were filled with various vertical layers of gravel, zero valent iron
material, and sand. Grave (10 to 30 mm), coarse sand (1 mm to
2mm) andmedium to veryfine sand (1/16 to 1mm)was used. The col-
umns were packed from the bottom to the top 10 cm gravel, 15 cm of a
coarse sand, zero valent iron and 10 cm of fine sand. The sand utilized
was a natural resource that had been sieved selectively with a set of
sieves for sand analysis. Using tap water, the dirt was washed multiple
times until the wash water became clear. The gravel utilized was a nat-
ural material obtained from local traders in Arusha town. The experi-
mental setup was made at Arusha Technical College's water
laboratory. After testing is complete, the device is supposed to be trans-
ferred for application in households but with appropriately designed
housing.



Fig. 2. Iron wool, iron fillings and iron nails used in experiments.
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2.3. Batch experiments

Iron wool, iron fillings, and iron nails (Fig. 2) were all utilized as
forms of zero valent iron. Iron wool and iron nails were obtained at
local Arusha construction supplies shop. Iron fillings were gathered
from welding shops in Arusha. These materials may be contaminated
with grease and other pollutants from the manufacturing process. As a
result, they were cleansed in an ultrasonic bath three times with ace-
tone. Table 1 lists their elemental compositions. The synthetic ground
water runs up the gravel bed and emerges at the top of the fine sand,
where it is collected at the exit tap. Experiments were carried out with
various material doses (200 g, 300 g, 400 g, 600 g, and 800 g) and con-
tact times (6–72 h). After each contact period, triplet samples were
collected and analysed.

2.4. Analysis of arsenic in samples

Samples (100 mL) were collected directly at the effluent outlet of
each filter column. Arsenic in effluent samples was analysed using an
Atomic Absorption Spectrometer at Arusha Technical College's water
laboratory. All acid digestion and dilutionworkwas done in a clean lam-
inar flow bench equipped with an exhaustive system. The calibration of
the instrument produced a linear calibration curve through zero and
correlations above 0.9900.

2.5. Data analysis and interpretation

Excel software was used for statistical data analysis, includingmean
and visual analysis. The efficiency of arsenic removal was calculated
using Eq. (1).

R ¼ Cin � Ceff
� �

Cin
� 100 ð1Þ

Where;
R: removal efficiency (%).
Cin: the influent concentration of arsenic in the solution (μg/L).
Ceff: the effluent concentration of arsenic in the solution (μg/L).
Table 1
Elemental composition of used substrates.

Substrates % Composition

Si Ca Al Fe Others

Fine sand 38 2.1 0.9 0.4 58.6
Gravel 18 8 6 13 55
Coarse sand 42 0.53 0.94 0.3 56.2
Iron nail 2.92 1.46 0.87 60.30 34.45
Iron wool 1.7 0.25 0.35 67.29 30.41
Iron filling 0.28 – – 71.68 28.04
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3. Results

The influence of dose and retention time on the performance of iron
wool, iron filings and iron nails on removal of Arsenic was investigated.
The initial concentration As (Cin) was set to be 1000 μg/L. The Table 2,
summarises the effluent arsenic concentration (Ceff) and the removal
efficiencies (% Removal) in all the columns.

3.1. Effect of contact time on arsenic removal efficiency

The contact time between the adsorbate and adsorbent is one of the
most important design elements impacting the adsorption process's
performance. The results in Figs. 3 and 4 demonstrate the time-
dependent nature of As removal using 200 g and 800 g of zero-valent
iron, respectively. According to the results, the rate of As removal
increased continuously as the contact time was increased.

3.2. Effect of dose of zero valent iron on arsenic removal efficiency

The process of removing arsenic is significantly influenced by the
adsorbent dosage. In order to reduce arsenic concentrations in an
affordable way, the sorbent dosage must be optimized for practical
applications. The removal of arsenic as a function of the dose of zero
valent iron added in the filter was studied using 1000 μg/L As (III). The
results in all columns demonstrated that as dosage increased,
removal efficiency increased. The effect of adsorbent dose on removal
of arsenic with 6 h and 72 h contact time, are presented in Figs. 5
and 6 respectively.

3.3. Effect of type of zero valent iron

The results of this study demonstrate the variable performance of
iron wool, iron filings, and iron nails in removing As at various dosages
and contact times. Ironwool performed better than iron filings and iron
nailswith afixed 200 g of thematerials.With 800 g of thematerials, iron
filings performed better in a shorter contact time, while iron wool per-
formed better in a longer contact time.When the contact timewas set to
6 h, the results shows that iron wool performed better with a low dos-
age of materials, while iron filings performed better with a higher
dose of materials. Iron filings and iron wool performed relatively simi-
larly when the contact time was set to 72 h.

4. Discussion

4.1. Effect of contact time on arsenic removal efficiency

The removal efficiency increased significantly as contact time in-
creased from 6 to 48 h, and then slowly as contact time increased.
These findings indicate that arsenic was promptly removed, and that



Table 2
The removal of Arsenic at different dose and retention time.

Iron wool Iron filings Iron nails

Dose of Fe (g) Time (h) Range (μg) Average (μg) SD Range (μg) Average (μg) SD Range (μg) Average (μg) SD

200 6 112.34–181.56 146.95 14.47 159.11–186.83 172.97 9.80 152.91–164.69 158.8 4.16
200 12 66.76–78.32 72.54 4.09 119.26–130.5 124.88 3.97 132.67–138.79 135.73 2.16
200 24 40.21–49.07 44.64 3.13 76.92–84.4 80.48 2.52 90.25–99.93 95.09 3.42
200 48 18.55–35.41 26.98 5.96 32.34–41.46 36.99 3.29 58.53–70.71 64.62 4.31
200 72 14.23–37.83 26.03 8.34 21.33–24.91 23.12 1.27 52.66–65.5 59.08 4.54
300 6 109.17–128.93 119.05 6.99 140.56–146.2 143.38 1.99 139.45–144.91 142.18 1.93
300 12 59.23–63.53 61.38 1.52 97.29–104.35 100.82 2.50 129.56–136.36 132.96 2.40
300 24 36.12–49.42 42.77 4.70 61.67–69.69 65.68 2.84 73.78–75.8 74.79 0.71
300 48 19.22–31.00 25.11 4.16 27.98–33.08 30.53 1.80 51.45–55.63 53.54 1.48
300 72 13.2–20.28 16.74 2.50 12.56–20.74 16.65 2.89 44.93–52.97 48.95 2.84
400 6 101.21–114.57 107.89 4.72 110.91–118.47 114.69 2.67 109.27–117.87 113.57 3.04
400 12 51.63–67.39 59.51 5.57 72.89–76.97 74.93 1.44 102.54–115.34 108.94 4.53
400 24 29.22–37.74 33.48 3.01 54.45–60.27 57.36 2.06 63.27–65.97 64.62 0.95
400 48 13.91–17.73 15.82 1.35 22.94–32.56 27.75 3.40 47.93–57.33 52.63 3.32
400 72 3.23–9.77 6.5 2.31 11.59–16.17 13.88 1.62 44.47–49.71 47.09 1.85
600 6 94.22–117.82 106.02 8.34 83.93–86.29 85.11 0.83 102.78–120.64 111.71 6.31
600 12 43.43–71.91 57.67 10.07 47.67–57.79 52.73 3.58 88.94–95.7 92.32 2.39
600 24 21.38–34.42 27.9 4.61 27.68–31.54 29.61 1.36 57.47–64.41 60.94 2.45
600 48 9.28–13.04 11.16 1.33 16.91–21.95 19.43 1.78 26.84–32.28 29.56 1.92
600 72 3.22–7.54 5.38 1.53 10.11–15.81 12.96 2.02 24.89–28.69 26.79 1.34
800 6 66.42–76.82 71.62 3.68 62.9–68.46 65.68 1.97 60.11–67.31 63.71 2.55
800 12 42.67–54.03 48.35 4.02 35.56–40.3 37.93 1.68 54.89–61.45 58.17 2.32
800 24 13.78–19.70 16.74 2.09 28.89–30.33 29.61 0.51 44.44–49.74 47.09 1.87
800 48 5.88–9.02 7.45 1.11 16.12–19.02 17.57 1.03 24.75–28.83 26.79 1.44
800 72 3.67–5.65 4.66 0.70 3.12–4.26 3.69 0.40 21.78–26.26 24.02 1.58
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this removal increased quickly in the first 48 h. Arsenic removal in-
creased over time due to holes and corrosion on metal surfaces, which
increased the absorption cross section and active sites for arsenic ad-
sorption (Biterna et al., 2010). As the contact time increases, the adsor-
bent has more time to absorb arsenic from the aqueous system
(Azhdarpoor et al., 2015b; Khodabakhshi et al., 2021). The initial fast
adsorption was caused by metal ions moving quickly to the surface of
the adsorbent particles (Ahmed et al., 2021; Zhu et al., 2020). The sub-
sequent slower phase was brought on by the reduction in empty sites,
and the main mechanisms for the uptake of arsenic during this phase
were intraparticle diffusion and surface precipitation (Rahdar et al.,
2019; Wang et al., 2022; Wu et al., 2021).
Fig. 3. Effect of contact time on removal effic
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4.2. Effect of dose of zero valent iron on arsenic removal efficiency

Adsorbent dosage has a considerable impact on how effectively pol-
lutants are removed because it provides for cost-effective implementa-
tion of the process in the natural environment (Zou et al., 2016). The
dependence of adsorbent dose on removal of As was studied using
1000 μg/L As (III) with varying dose of zero valent iron at 6 h and 72 h
contact time. The results of the present study show that as dosage of
zero valent iron increased, removal efficiency of As increased in all col-
umns. This observation is based on the fact that increasing the amount
of adsorbent increases the surface-active sites of adsorption and the
probability of contact between arsenic and zero valent iron. This results
iency of arsenic (200 mg of adsorbent).



Fig. 4. Effect of contact time on removal efficiency of arsenic (800 mg of adsorbent).

D. Edward, P. Karungamye, G. Nelson et al. HydroResearch 6 (2023) 228–234
in increased oxidation and reduction processes (Azhdarpoor et al.,
2015b; Shih et al., 2011). Increasing the zero valent iron dosage in-
creases the amount of free e- and unoccupied sites, which increases As
removal (Abdel-Aziz et al., 2020).

4.3. Effect of type of zero valent iron

The findings of this study indicate that iron wool generally performs
better than ironfilings and iron nails at removingAs. Different iron sam-
ples from various origins typically behave differently when it comes to
removing As (Lackovic et al., 2000). It is generally considered that the
intrinsic properties of iron, such as surface area, impurities, and oxide
film coating, are factor which contributes to variations in in zero valent
iron performance (Sun et al., 2016). A filter material's specific surface
area is a crucial factor since it affects the number of adsorption sites
and how accessible contaminants are to the adsorbent. In comparison
to iron wool or iron nails, iron filings have a larger surface area.
Fig. 5. Effect of adsorbent dose o
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Increased surface area of the materials indicates more iron particles
are available for corrosion, and more corrosion products are available
for As sorption (Bretzler et al., 2020). According to previous studies, as
the surface area of iron increases, the removal rate of As increases
(Gillham, 1994; Liang et al., 2022). The smaller the iron particle size,
the more its reactivity with As, and hence the higher the removal rate.
Thus, the particle size has a significant role in the adsorption and inter-
action with contaminants (Liang et al., 2022; Wenk et al., 2014). How-
ever, some other studies suggest that the removal of arsenic is not
only dependent upon surface area but also takes into account the com-
position, surface characteristics, mechanical abrasion, and kind of oxide
coating being generated (Sista et al., 2021). This supports what was ob-
served in this studywhere the performance of ironwool and iron filings
could not be defined based on surface area only.

In addition to the parameters mentioned above, environmental fac-
tors like temperature and pHmay also have an impact on the removal of
arsenic. For example, a study was carried out to explore the effect of
n removal of arsenic (6 h).



Fig. 6. Effect of adsorbent dose on removal of arsenic (72 h).
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environmental factors such as temperature on the removal of arsenic
from aqueous solution utilizing an ionic liquid and nano‑iron (H/Fe)
composite. The findings of this investigation indicated that as the tem-
perature rises, the Arsenic removal efficiency of H/Fe rises while the
temperature is below 40 °C and progressively drops as the temperature
rises over 40 °C. This study proposed 40 °C as the optimal experimental
adsorption setting for H/Fe (Wu et al., 2021). In another study the effect
of pH on arsenic removal using a waste iron column with and without
iron bacteria in continuous and batch phases was investigated. This
study recommended the pH of 7 as the optimal pH for removal of Arse-
nic (Azhdarpoor et al., 2015a). The pH of 7 was also reported by other
researchers as the optimal value for removal of Arsenic (Ahmed et al.,
2021; Biterna et al., 2010; Farrell et al., 2001).

5. Conclusion

In this study, the performance of several kinds of zero valent iron
(Fe0), such as iron wool, iron fillings, and iron nails, was compared in
terms of removing As from aqueous solution. The results of this experi-
ment described that the polluted water containing arsenic can be
remediated by using sand filters containing zero valent iron. The results
shows that iron wool performed better in many experiments than iron
filings and iron nails. Increasing the adsorbent dose increased the
adsorption capacity of absorbent and the removal efficiency of As. The
early adsorption response is quick in all columns, but later reaction
involves slow absorption, producing a clear two-phase adsorption char-
acteristic. The findings shows that arsenic can effectively be removed
from water in the first 48 h. These findings demonstrate that locally
available materials can be used as zero valent iron for arsenic remedia-
tion in polluted water. Because all of the materials employed demon-
strated features such as high absorption capacity, effective removal
efficiency, cost-effectiveness, and availability, the use of materials can
be considered in application for removal of arsenic from aqueous
solution.

CRediT authorship contribution statement

Daniel Edward: Conceptualization, Formal analysis, Resources,
Investigation, Methodology, Writing – original draft. Petro
Karungamye: Conceptualization, Formal analysis, Investigation, Meth-
odology, Writing – review & editing. Grite Nelson: Conceptualization,
Methodology, Writing – review & editing, Supervision. Juma Selemani:
Conceptualization,Methodology, Resources,Writing – review& editing,
233
Supervision. Karoli N. Njau:Methodology, Resources, Writing – review
& editing, Supervision.

References

Abdel-Aziz, H.M., Farag, R.S., Abdel-Gawad, S.A., 2020. Removal of caffeine from aqueous
solution by green approach using Ficus Benjamina zero-valent iron/copper nanopar-
ticles. Adsorpt. Sci. Technol. 38 (9–10), 325–343. https://doi.org/10.1177/
0263617420947495.

Ahmad, A., Cornelissen, E., van deWetering, S., van Dijk, T., van Genuchten, C., Bundschuh,
J., van derWal, A., Bhattacharya, P., 2018. Arsenite removal in groundwater treatment
plants by sequential permanganate—ferric treatment. J. Water Process Eng. 26,
221–229. https://doi.org/10.1016/j.jwpe.2018.10.014.

Ahmed, M.F., Abbas, M.A., Mahmood, A., Ahmad, N.M., Rasheed, H., Qadir, M.A., Khan, A.U.,
Qiblawey, H., Zhu, S., Sadiq, R., Khan, N.A., 2021. Article hybrid beads of zero valent
iron oxide nanoparticles and chitosan for removal of arsenic in contaminated
water. Water (Switzerland) 13 (20). https://doi.org/10.3390/w13202876.

Annaduzzaman, M., Rietveld, L.C., Hoque, B.A., Bari, M.N., van Halem, D., 2021. Arsenic
removal from iron-containing groundwater by delayed aeration in dual-media sand
filters. J. Hazard. Mater. 411. https://doi.org/10.1016/j.jhazmat.2020.124823.

Azhdarpoor, A., Nikmanesh, R., Samaei, M.R., 2015a. Removal of arsenic from aqueous
solutions using waste iron columns inoculated with iron bacteria. Environ. Technol.
(United Kingdom) 36 (20), 2525–2531. https://doi.org/10.1080/09593330.2015.
1025104.

Azhdarpoor, A., Samaei, M., Nikmanesh, R., Samaei, M.R., 2015b. Removal of arsenic from
aqueous solutions using welding Ironwaste phosphorus modeling in Yazd facultative
pond view project nitrate and nitrite concentration in the drinking groundwatre of
shiraz city view project removal of arsenic from aqueous solution. J. Health Sci.
Surveill. Sys. 3 (2) April https://www.researchgate.net/publication/299594389.

Biterna, M., Antonoglou, L., Lazou, E., Voutsa, D., 2010. Arsenite removal from waters by
zero valent iron: batch and column tests. Chemosphere 78 (1), 7–12. https://doi.
org/10.1016/j.chemosphere.2009.10.007.

Bretzler, A., Nikiema, J., Lalanne, F., Hoffmann, L., Biswakarma, J., Siebenaller, L., Demange,
D., Schirmer, M., Hug, S.J., 2020. Arsenic removal with zero-valent iron filters in
Burkina Faso: field and laboratory insights. Sci. Total Environ. 737. https://doi.org/
10.1016/j.scitotenv.2020.139466.

Chiban, Mohamed, 2012. Application of low-cost adsorbents for arsenic removal: a
review. J. Environ. Chem. Ecotoxicol. 4 (5). https://doi.org/10.5897/jece11.013.

Chowdhury, S., Chowdhury, I.R., Kabir, F., Mazumder, M.A.J., Zahir, M.H., Alhooshani, K.,
2019. Alginate-based biotechnology: a review on the arsenic removal technologies
and future possibilities. J. Water Suppl.: Res. Technol. - AQUA 68 (6). https://doi.
org/10.2166/aqua.2019.005.

Crane, R.A., Scott, T.B., 2012. Nanoscale zero-valent iron: future prospects for an emerging
water treatment technology. In. J. Hazard. Mater. 211–212, 112–125. https://doi.org/
10.1016/j.jhazmat.2011.11.073.

Deewan, R., Yuk-Shing Yan, D., Khamdahsag, P., Tanboonchuy, V., 2022. Remediation of
Arsenic-Contaminated Water by Green Zero-Valent Iron Nanoparticles. https://doi.
org/10.21203/rs.3.rs-2023739/v1.

Farrell, J., Wang, J.P., O’Day, P., Conklin, M., 2001. Electrochemical and spectroscopic study
of arsenate removal from water using zero-valent iron media. Environ. Sci. Technol.
35 (10), 2026–2032. https://doi.org/10.1021/es0016710.

Feroze Ahmed, M., 2001. An overview of arsenic removal technologies in Bangladesh and
India an overview of arsenic removal technologies in Bangladesh and India. Technol-
ogies for Arsenic Removal from Drinking Water.

https://doi.org/10.1177/0263617420947495
https://doi.org/10.1177/0263617420947495
https://doi.org/10.1016/j.jwpe.2018.10.014
https://doi.org/10.3390/w13202876
https://doi.org/10.1016/j.jhazmat.2020.124823
https://doi.org/10.1080/09593330.2015.1025104
https://doi.org/10.1080/09593330.2015.1025104
https://www.researchgate.net/publication/299594389
https://doi.org/10.1016/j.chemosphere.2009.10.007
https://doi.org/10.1016/j.chemosphere.2009.10.007
https://doi.org/10.1016/j.scitotenv.2020.139466
https://doi.org/10.1016/j.scitotenv.2020.139466
https://doi.org/10.5897/jece11.013
https://doi.org/10.2166/aqua.2019.005
https://doi.org/10.2166/aqua.2019.005
https://doi.org/10.1016/j.jhazmat.2011.11.073
https://doi.org/10.1016/j.jhazmat.2011.11.073
https://doi.org/10.21203/rs.3.rs-2023739/v1
https://doi.org/10.21203/rs.3.rs-2023739/v1
https://doi.org/10.1021/es0016710
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0070
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0070
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0070


D. Edward, P. Karungamye, G. Nelson et al. HydroResearch 6 (2023) 228–234
Fida, M., Li, P., Wang, Y., Alam, S.M.K., Nsabimana, A., 2022. Water Contamination and
Human Health Risks in Pakistan: a review. Exposure and Health. Springer Science
and Business Media B.V https://doi.org/10.1007/s12403-022-00512-1.

Fu, F., Dionysiou, D.D., Liu, H., 2014. The use of zero-valent iron for groundwater remedi-
ation and wastewater treatment: a review. In. J. Hazard. Mater. 267. https://doi.org/
10.1016/j.jhazmat.2013.12.062.

Gillham, Oh., 1994. Enhanced degradation of halogenated aliphatics by zero-valent iron.
Groundwater 32 (6), 958–967.

Gude, J.C.J., Rietveld, L.C., van Halem, D., 2018. As(III) removal in rapid filters: effect of pH,
Fe(II)/Fe(III), filtration velocity and media size. Water Res. 147, 342–349. https://doi.
org/10.1016/j.watres.2018.10.005.

Hu, R., Ndé-Tchoupé, A.I., Lufingo, M., Xiao, M., Nassi, A., Noubactep, C., Njau, K.N., 2019.
The impact of selected pretreatment procedures on iron dissolution from metallic
iron specimens used in water treatment. Sustainability (Switzerland) 11 (3).
https://doi.org/10.3390/su11030671.

Huang, Y., Yang, J.K., Keller, A.A., 2014. Removal of arsenic and phosphate from aqueous
solution by metal (hydr-)oxide coated sand. ACS Sustain. Chem. Eng. 2 (5),
1128–1138. https://doi.org/10.1021/sc400484s.

Keerio, G.S., Keerio, H.A., Ibuphoto, K.A., Laghari, M., Panhwar, S., Talpur, M.A., 2021.
Arsenic removal through bio sand filter using different bio-adsorbents. J. Water
Land Develop. 48 (1–3), 11–15. https://doi.org/10.24425/jwld.2021.136141.

Khodabakhshi, A., Mohammadi-Moghadam, F., Amin, M.M., Hamati, S., Hayarian, S., 2021.
Comparison of Paraquat herbicide removal from aqueous solutions using nanoscale
zero-valent Iron-pumice/diatomite composites. Int. J. Chem. Eng. 2021. https://doi.
org/10.1155/2021/4319660.

Kim, L., Thanh, N.T., Van Toan, P., Minh, H.V.T., Kumar, P., 2022. Removal of arsenic in
groundwater using Fe(III) Oxyhydroxide coated sand: a case study in Mekong
Delta, Vietnam. Hydrology 9 (1). https://doi.org/10.3390/hydrology9010015.

Lackovic, J.A., Nikolaidis, N.P., Dobbs, G.M., 2000. Inorganic arsenic removal by zero-valent
iron. Environ. Eng. Sci. 17 (1). https://doi.org/10.1089/ees.2000.17.29.

Lekić, B.M., Marković, D.D., Rajaković-Ognjanović, V.N., Dukić, A.R., Rajaković, L.V., 2013.
Arsenic removal from water using industrial by-products. J. Chem. https://doi.org/
10.1155/2013/121024.

Liang, F., Wang, L., Zhu, H., Dong, Q., Zhang, Y., Liu, J., Zhang, S., Ye, Z., Zhang, Y., Zhang, X.,
Liu, B., 2022. Study on the arsenate removal from raw as(V)-rich wastewater using
zero-valent Iron. Water (Switzerland) 14 (7). https://doi.org/10.3390/w14071118.

Makota, S., Nde-Tchoupe, A.I., Mwakabona, H.T., Tepong-Tsindé, R., Noubactep, C., Nassi,
A., Njau, K.N., 2017. Metallic iron for water treatment: leaving the valley of confusion.
Appl Water Sci 7 (8), 4177–4196. https://doi.org/10.1007/s13201-017-0601-x.

Morgada, M.E., Levy, I.K., Salomone, V., Farías, S.S., López, G., Litter, M.I., 2009. Arsenic
(V) removal with nanoparticulate zerovalent iron: effect of UV light and humic
acids. Catal. Today 143 (3–4), 261–268. https://doi.org/10.1016/j.cattod.2008.09.038.

Plessl, K., Russ, A., Vollprecht, D., 2022. Application and development of zero-valent iron
(ZVI) for groundwater and wastewater treatment. Int. J. Environ. Sci. Technol.
https://doi.org/10.1007/s13762-022-04536-7 Institute for Ionics.

Quino-Favero, J., Perez, R.E., Veramendi, P.P., García, P.M., Del Pino, L.F., 2021. Assessing
the removal of arsenite and arsenate mixtures from the synthetic Bangladesh
groundwater (Sbgw) using combined fe(vi)/fe(iii) treatments and local regression
analysis. Water (Switzerland) 13 (9). https://doi.org/10.3390/w13091134.

Rahdar, S., Taghavi, M., Khaksefidi, R., Ahmadi, S., 2019. Adsorption of arsenic (V) from
aqueous solution using modified saxaul ash: isotherm and thermodynamic study.
Appl Water Sci 9 (4). https://doi.org/10.1007/s13201-019-0974-0.

Rashadul, M., Chowdhury, I., 2015. Removal of Arsenic from Contaminated Water by
Granular Activated Carbon Embedded with Nano Scale Zero-Valent Iron.

Richards, L.A., Parashar, N., Kumari, R., Kumar, A., Mondal, D., Ghosh, A., Polya, D.A., 2022.
Household and community systems for groundwater remediation in Bihar, India:
arsenic and inorganic contaminant removal, controls and implications for remedia-
tion selection. Sci. Total Environ. 830. https://doi.org/10.1016/j.scitotenv.2022.
154580.

Rodríguez-Martín, D., Murciano, A., Herráiz, M., de Francisco, P., Amaro, F., Gutiérrez, J.C.,
Martín-González, A., Díaz, S., 2022. Arsenate and arsenite differential toxicity in
Tetrahymena thermophila. J. Hazard. Mater. 431 (February). https://doi.org/10.
1016/j.jhazmat.2022.128532.

Shankar, S., Shanker, U., Shikha, 2014. Arsenic contamination of groundwater: a review of
sources, prevalence, health risks, and strategies for mitigation. Sci. World J. 2014
Hindawi Publishing Corporation. https://doi.org/10.1155/2014/304524.
234
Shih, Y.H., Hsu, C.Y., Su, Y.F., 2011. Reduction of hexachlorobenzene by nanoscale
zero-valent iron: kinetics, pH effect, and degradation mechanism. Sep. Purif. Technol.
76 (3), 268–274. https://doi.org/10.1016/j.seppur.2010.10.015.

Simon, S., Courtin-Nomade, A., Vasiliu, A., Sleiman, N., Deluchat, V., 2016. Long-term
influence of aeration on arsenic trapping in a ZVI/sand bed reactor. RSC Adv. 6
(59), 54479–54485. https://doi.org/10.1039/c6ra06565a.

Singh Thakur, L., Semil, P., 2013. Removal of arsenic in aqueous solution by low cost
adsorbent: a short review. Nat. Conf. Ind. Pollut. Control Technol. 5 (3), 1299–1308.

Sista, K.S., Kumar, D., Sinha, G.R., Moon, A.P., Dwarapudi, S., 2021. Iron powders as a
potential material for arsenic removal in aqueous systems. ISIJ Int. 61 (11),
2687–2702. https://doi.org/10.2355/isijinternational.ISIJINT-2021-258.

Smith, K., Li, Z., Chen, B., Liang, H., Zhang, X., Xu, R., Li, Z., Dai, H., Wei, C., Liu, S., 2017.
Comparison of sand-based water filters for point-of-use arsenic removal in China.
Chemosphere 168, 155–162. https://doi.org/10.1016/j.chemosphere.2016.10.021.

Sun, Y., Li, J., Huang, T., Guan, X., 2016. The influences of iron characteristics, operating
conditions and solution chemistry on contaminants removal by zero-valent iron: a
review. Water Res. 100, 277–295. https://doi.org/10.1016/j.watres.2016.05.031.

Tang, Q., Shi, P., Yuan, Z., Shi, S., Xu, X., Katsumi, T., 2019. Potential of zero-valent iron in
remediation of cd(II) contaminated soil: from laboratory experiment, mechanism
study to field application. Soils Found. 59 (6), 2099–2109. https://doi.org/10.1016/j.
sandf.2019.11.005.

Wan, J.F., Zhu, Y., Simon, S., Dictor, M.C., Deluchat, V., Dagot, C., 2012. Biological AsIII
oxidation and arsenic sequestration onto ZVI-coated sand in an up-flow fixed-bed
reactor. Water Sci. Technol. Water Supply 12 (1), 82–89. https://doi.org/10.2166/
ws.2011.073.

Wang, Y., Liu, L., Yang, X., Suib, S.L., Qiu, G., 2022. Removal of as(V) from wastewaters
using magnetic iron oxides formed by zero-valent iron electrocoagulation.
J. Environ. Manag. 307. https://doi.org/10.1016/j.jenvman.2022.114519.

Wenk, C.B., Kaegi, R., Hug, S.J., 2014. Factors affecting arsenic and uranium removal with
zero-valent iron: laboratory tests with Kanchan-type iron nail filter columnswith dif-
ferent groundwaters. Environ. Chem. 11 (5), 547–557. https://doi.org/10.1071/
EN14020.

Wu, F., Zhao, C., Qu, G., Yan, Z., Zeng, Y., Chen, B., Hu, Y., Ji, W., Li, Y., Tang, H., 2021.
Adsorption of arsenic from aqueous solution using a zero-valent iron material
modified by the ionic liquid [Hmim]SbF6. RSC Adv. 11 (12), 6577–6585. https://doi.
org/10.1039/d0ra09339d.

Yang, J., Zhu, M., Wang, X., Alvarez, P.J.J., Liu, K., 2015. Poly (vinylidene fluoride)
membrane supported nano zero-valent iron for metronidazole removal: influences
of calcium and bicarbonate ions. J. Taiwan Inst. Chem. Eng. 49, 113–118. https://doi.
org/10.1016/j.jtice.2014.11.033.

Yettefti, I.K., Aboussabiq, F., Etahiri, S., Mountadar, M., Assobhei, O., 2013. Performance
evaluation of sand filter for tertiary treatment of secondary effluent of wastewater:
effect of hydraulic loading evaluation des performances des filtres a sable pour le
traitement tertiaire de l’effluent secondaire des eaux usees: effet de la charge
hydraulique. Phys. Chem. News 68.

Zawierucha, I., Nowik-Zajac, A., Girek, T., Lagiewka, J., Ciesielski,W., Pawlowska, B., Biczak,
R., 2022. Arsenic(V) removal from water by resin impregnated with Cyclodextrin
ligand. Processes 10 (2). https://doi.org/10.3390/pr10020253.

Zhao, J., Su, A., Tian, P., Tang, X., Collins, R.N., He, F., 2021. Arsenic (III) removal by
mechanochemically sulfidated microscale zero valent iron under anoxic and oxic
conditions. Water Res. 198. https://doi.org/10.1016/j.watres.2021.117132.

Zhou, Z., Alhadidi, Q., Quiñones Deliz, K., Yamaguchi Greenslet, H., Bonzongo, J.C., 2020.
Removal of oxyanion forming elements from contaminated soils through combined
sorption onto zero-valent Iron (ZVI) and magnetic separation: arsenic and chromium
as case studies. Soil Sediment Contam. 29 (2), 180–191. https://doi.org/10.1080/
15320383.2019.1696279.

Zhu, H., Huang, Q., Fu, S., Zhang, X., Shi, M., Liu, B., 2020. Removal of molybdenum(VI)
from raw water using nano zero-valent iron supported on activated carbon. Water
(Switzerland) 12 (11), 1–12. https://doi.org/10.3390/w12113162.

Zou, Y., Wang, X., Khan, A., Wang, P., Liu, Y., Alsaedi, A., Hayat, T., Wang, X., 2016. Environ-
mental remediation and application of nanoscale zero-valent Iron and its composites
for the removal of heavy metal ions: a review. Environ. Sci. Technol. 50 (14),
7290–7304. https://doi.org/10.1021/acs.est.6b01897.

https://doi.org/10.1007/s12403-022-00512-1
https://doi.org/10.1016/j.jhazmat.2013.12.062
https://doi.org/10.1016/j.jhazmat.2013.12.062
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0085
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0085
https://doi.org/10.1016/j.watres.2018.10.005
https://doi.org/10.1016/j.watres.2018.10.005
https://doi.org/10.3390/su11030671
https://doi.org/10.1021/sc400484s
https://doi.org/10.24425/jwld.2021.136141
https://doi.org/10.1155/2021/4319660
https://doi.org/10.1155/2021/4319660
https://doi.org/10.3390/hydrology9010015
https://doi.org/10.1089/ees.2000.17.29
https://doi.org/10.1155/2013/121024
https://doi.org/10.1155/2013/121024
https://doi.org/10.3390/w14071118
https://doi.org/10.1007/s13201-017-0601-x
https://doi.org/10.1016/j.cattod.2008.09.038
https://doi.org/10.1007/s13762-022-04536-7
https://doi.org/10.3390/w13091134
https://doi.org/10.1007/s13201-019-0974-0
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0160
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0160
https://doi.org/10.1016/j.scitotenv.2022.154580
https://doi.org/10.1016/j.scitotenv.2022.154580
https://doi.org/10.1016/j.jhazmat.2022.128532
https://doi.org/10.1016/j.jhazmat.2022.128532
https://doi.org/10.1155/2014/304524
https://doi.org/10.1016/j.seppur.2010.10.015
https://doi.org/10.1039/c6ra06565a
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0190
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0190
https://doi.org/10.2355/isijinternational.ISIJINT-2021-258
https://doi.org/10.1016/j.chemosphere.2016.10.021
https://doi.org/10.1016/j.watres.2016.05.031
https://doi.org/10.1016/j.sandf.2019.11.005
https://doi.org/10.1016/j.sandf.2019.11.005
https://doi.org/10.2166/ws.2011.073
https://doi.org/10.2166/ws.2011.073
https://doi.org/10.1016/j.jenvman.2022.114519
https://doi.org/10.1071/EN14020
https://doi.org/10.1071/EN14020
https://doi.org/10.1039/d0ra09339d
https://doi.org/10.1039/d0ra09339d
https://doi.org/10.1016/j.jtice.2014.11.033
https://doi.org/10.1016/j.jtice.2014.11.033
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0240
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0240
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0240
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0240
http://refhub.elsevier.com/S2589-7578(23)00021-5/rf0240
https://doi.org/10.3390/pr10020253
https://doi.org/10.1016/j.watres.2021.117132
https://doi.org/10.1080/15320383.2019.1696279
https://doi.org/10.1080/15320383.2019.1696279
https://doi.org/10.3390/w12113162
https://doi.org/10.1021/acs.est.6b01897

