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ABSTRACT

Water is considered a basic essential for the existence of all living things on earth. Due to the
increasing in concentration of heavy metal in water, it is highly harmful for human life. Arsenic
is @ major contaminant that is present in water due to natural and anthropogenic activities, that
threatening the human health and encouraging the dissemination a number of diseases such as
inflammatory and neoplastic changes of skin, respiratory system and reproductive system. In the
meantime, hundreds of individuals are currently defenceless from this ground water with
absorption of the contamination which is greater than its permissible limits. Many of techniques
are used to remediate the toxic level of arsenic in water. Arsenic removal done by mainly using
two major filtration techniques, which are the, membrane processes- nano filtration (NF) and
reverse osmosis (RO). The appropriate techniques must be used in order to fulfill the World
Health Organization's (WHO) guiding principle when removing arsenic from drinking water.
Based on the results of many investigations, membrane filtration can effectively remove
substantial quantities of toxic metals, such as arsenic, at a pressure while still generating high
quality water that reduced operational costs. The removing of both kind of the arsenic over a
high pressures and pH range is considered to be possible using RO membranes, which are yet
another effective membrane technology. In these filtration methods, membrane clogging must be
considered as a limitation; however, given the potential for the changing through the proper use
of pretreatment and also considered advantages like as the lack of chemical use, insufficient
production of sludge, efficiency in removing up to the permissible limit of WHO, and removing a
high range of pollutants, they recommend to remove certain contaminants in contrast to another
methods.
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INTRODUCTION
The remediation of arsenic toxicity is done
with different filtration techniques. Water is a
distinctive element of nature and the basis of
survival; it has always been essential for the
survival of humans, and it is impossible to
survive without it. However, the same water
that sustains humans may also cause their
death, largely due to their reckless actions
(Nasiri et al., 2022). Water pollution has
emerged as one of the biggest global issues
due to an increasing in worldwide population,
advancements in science, and accompanying
growth in manufacturing and agricultural
activities. However, freshwater resources have
also diminished, posing a serious risk for the
public's health (Siddique et al., 2020; &
Ahmadi et al, 2022). Drinking water
contamination puts more than 150 million
people at risk and kills more than 20 million
people annually (Siddique et al., 2020; &
Kundu & Naskar, 2021). The act of adding
unwanted substances to the water and
changing its quality in manner that is harmful
for human beings and the environment is
known as "water pollution” (Haseena et al.,
2017).

Air  pollution, Climate change,
untreated sewage discharge, reservoir leaks
and population growth followed by excessive
use of surface and underground water
resources, industrialization, excavating,
industries, and highways are merely the
sources of pollution. Numerous contaminants,
such as radioactive elements, detergents,
pesticides, phenolic compounds,
trihalomethanes, organic dyes, and heavy
metals, may influence the quality of ground
water and mark it unfit for human
consumption (Kardan-yamchi et al., 2022).
The most hazardous water contaminants are
potentially  toxic substances, whose
environmental pollution has grown into a
major problem since their entrance into the
biological cycle alters both natural and human
ecosystems fundamentally (Kardan-yamchi et
al., 2022; & Hasanzadeh & Ostvar, 2019).

Heavy metals are defined those
compounds having atomic weights larger than
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20 amu and density above 5 g cm™ (Ahmed et
al., 2022). Many of these metals required for
body to perform normal function, however due
to its accumulating nature, when they reach in
the body in large numbers, either direct or
indirect through the air, water and soil cause
detrimental effects on health. Therefore, it's
imperative to maintain the quantity in limit
(Behbudi et al., 2020; & Nazari & Abbas-
Nejad, 2015). While these elements occur
naturally in the atmosphere, it is well-known
that anthropogenic activities are the primary
reason that increasing their effectiveness in
marine habitats. Over the last ten years, more
heavy metals have penetrated in the aquatic
environment, and more than 40% of canal are
contaminated from heavy metals (Zamora-
Ledezma et al., 2021). There are 35 harmful
metals that can harm human beings, 23 of
which are heavy metals; alongside arsenic (As)
is one of the most harmful heavy metal.

Heavy metals and their impacts on human
health

The term "heavy metals" (HMs) refers to
elements with an atomic number greater
than 20 amu and an atomic density above 5
g cm™, as well as having the characteristics
of metal. Some heavy metals, such as
ruthenium, silver, and indium, are either
generally harmless or essential nutrients
(usually iron, cobalt, and zinc). However,
they can be harmful in higher concentrations
or particular forms. Arsenic, cadmium,
mercury, and lead are some more heavy
metals that are extremely dangerous.
According to the Environmental Protection
Agency (EPA), the eight most prevalent
heavy metal pollutants are As, Cd, Cr, Cu,
Hg, Ni, Pb, and Zn (Ahmadi, 2022).

In the ecosystem, heavy metals are
present naturally, and their small amount are
beneficial to humans. They support biological
functions such as Fe helps in the creation of
haemoglobin, Cu aids in oxygen and electron
transport, Co aids in cell metabolism, Mn
regulates enzyme regulation, Se aids in the
production of hormones and antioxidants, and
Ni aids in cell growth in humans; this is they
are referred to as essential metals. However,
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when heavy metals are present at more
concentrations, they have hazardous effects on
humans. Heavy metals are entered into the
human body mainly through ingestion (eating
or drinking) and inhalation (breathing) by
various means, such as living near a site where
these metals are disposed of improperly,
drinking water, and eating foods contaminated
by heavy metals, which cause adverse effects
on human being (Odum, 2015).

Effect of Arsenic on human being

Among heavy metals, arsenic is hazardous,
inorganic arsenic causes cancer, diabetes,
hepatic and renal failure, neurological issues
are brought on by low to moderate amounts of
As exposure. Women are more prone than
males to As-induced skin diseases because
their skin is thought to be more vulnerable to
the substance, which causes dermatitis.
Keratosis, melanosis, and pigmentation are
skin lesions that are indicative of As exposure.
Another target organ for arsenic poisoning is
the brain. Neurological problems are caused
by arsenic. Long axon neurons and sensory
nerves are more effected than short axon
neurons and motor nerves. Pain, numbness in
the soles of the feet, and paresthesia are
brought on by a decrease in the ability of
neurons to detoxify reactive oxygen species
and glutathione synthesis. One of the main
causes of neurotoxicity is oxidative stress.
Arsenic increases preterm birth, fetal loss in
pregnant women, and loss of uterine
conception. In people, Arsenic leads to
steatosis and cardiovascular disease. It
contributes to serious illnesses such ischemic
heart disease, cerebrovascular disease, and
peripheral vascular disease. AS also harms
human Kkidneys (Baastrup et al., 2008; &
Odum, 2015).

Effect of heavy metal on plant growth

Heavy metals are naturally found in the crust
of the earth; they are neither destroyed nor
degraded. Without metal ions, existence
wouldn't be possible because it contains
inorganic as well as organic elements.
Numerous metals, including Fe, Co, Cu, Se,
and Zn, are necessary metals. Plants need them
to maintain growth and metabolism because
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they are found in low concentrations.
However, hazardous consequences occur when
metals are present in amounts that are higher
than plants need. Soils are contaminated with
heavy metals from both natural and man-made
sources. Heavy metals are absorbed by plant
roots from the soil and then transferred to
other plant parts, where they have a variety of
negative effects on the plants (Rascio & 1zzo,
2011).

Effect of Arsenic effect on plant growth

Due to its widespread use, arsenic poses a
serious threat to the environment and is
extremely hazardous to all living things,
including plants (non-essential).  Arsenic
affects plants' growth, yields, and germination
by entering them with other essential nutrients.
The entry of metalloids and metals as well as
the absorption of mineral nutrients depend on
the flow of water. However, it has been
claimed that several heavy metals have an
impact on water flows in a number of plants.
The roots of tolerant plants contain higher
guantities of arsenic than non-tolerant plants
do. The concentration of arsenic is higher in
shoots. Arsenic caused the production of ROS
such hydroxyl radicals and hydrogen peroxide,
which was linked to the oxidation of As (V) to
As (111) (Kazemabadi et al., 2021). When ROS
generates oxidative stress, it is damaging to
macromolecules like proteins, lipids, DNA,
and carbohydrates. Arsenic reduces the
amount of fresh and dry plant tissue, curled
leaves, photosynthesis, and necrosis of leaf
blades. Phosphate is necessary for the
metabolism of proteins and the transfer of
energy, however since P (V) is absorbed
through the phosphate transport system,
arsenic had an impact on phosphate uptake.
Because As (V) and P (V) have several
chemical properties, this interferes with
phosphate metabolism. It also affects the
concentration of other metals like K, Ca, Mn,
and Zn. Arsenic also stunts growth, prevents
root expansion, lowers fruit production and
leaf withering, and can occasionally lead to
plant mortality (Behbudi et al., 2020).
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Arsenic in water
More than 200 million people have been
exposed to groundwater that exceeds
guidelines for the amount of Arsenic in water
has been observed in more than 105 countries
(Hasanzadehe & Ostvar, 2019; & Ahmed et
al., 2022). As a consequence, water distillation
to remove arsenic has becoming an important
concern. The (Table. 1) demonstrated the
amount of arsenic in many countries, Latin
America containing the highest values and
Spain contains the lowest. This can be seen in
the table above; arsenic contamination is a
problem in numerous waterways around the
world.

Studies showed that the extraction of
arsenic from the groundwater in these regions

Curr. Rese. Agri. Far. (2023) 4(3), 1-14

ISSN: 2582 — 7146
by NF and RO membranes is quite efficient.
For example, five dissimilar reverse osmosis
membranes were used for purify water in Iran,
with an 80-ppb arsenic level, and in each case,
removal efficiencies of more than 80% were
reached (Mozafarian et al., 2007). In research
conducted in Bolivia, RO systems were shown
to be 99% or more effective to eliminating
arsenic (Selvi et al., 2019). The Nanofiltration
method was used to eliminate the contaminant
in China, a country where the quantity of
arsenic in the groundwater is concerning, and
it was suggested as a successful method to
treat arsenic-rich water (Xia et al., 2007).

Tablel. Concentrations of arsenic in resources of water across the world

Country Water source

Pakistan Ground water

India Ground water
Bangladesh Urban and rural water

Iran Drinking water
Turkey Ground water
Spain Drinking water
Latin America

Drinking water

United States of
America

Drinking water

Approaches to remove arsenic from water

Water can be purified via physical, chemical,
or biological methods (Alka et al., 2021).
Water can be treated to remove arsenic
through a number of methods (Table 2),
including coagulation and flocculation, ion
exchange, membrane processes, oxidation,
electrolysis and lime lightning (Nasab et al.,
2022; & Kord-Mostafapour et al., 2010).
These techniques require an initial treatment
step, which frequently involves neutral
compounds up to pH 9 and include arsenic.
One of the usual constraints of this technique
is the ability of the flocculation and
coagulation process to filter organic flowing
with metal absorptions between the 100 or
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Level of Arsenic (As) References
<50 pg ! Meliker et al. 2010
50 ppb Rahman et al. 2023
<70 ppb Shaji et al. 2021
10-2000 pg L* Mozafarian et al. 2017

120 pg L' He and Charlet 2013

13.1-292 pg L Shaji et al. 2021

10-50 pg L Atlas et al. 2011

10-100 pg 1 Xia et al. 2007

1000 mg L™. Coagulation and sedimentation
may render sludge more stable and can get rid
of slurry bacteria, but one of the main
difficulties of this process is that it makes
more slush in general.

The usage of chemicals and the
resulting significant increase in functioning
costs is another drawback (Alka et al., 2021).
Additional efficient method of getting rid of
heavy metals is chemical precipitation,
however even though it's used frequently, it
requires a lot of chemicals. The development
of sludge and the ensuing costs, as well as the
existence of wasted chemicals, are some of its
additional drawbacks (Yang et al., 2019).
Flotation is one of the many physical
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separation methods, and it works quite well
when paired with other purification methods.
This method has the advantages of removing
light and small particles, having a short
retaining time, and having minute expenses
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(Alka et al., 2021). Another method of water
filtration that is considered to be efficient is
surface adsorption. It offers a number of
benefits including ease of use, lower costs,
limited by-product creation, and flexibility.
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Fig.1. Characteristics of membrane processes

The lack of efficient, affordable adsorbents is
this method's primary flaw. Furthermore, this
procedure takes a while to attain equilibrium.
A physicochemical procedure called ion
exchange has a high start-up cost but produces
less sludge than chemical precipitation. Even
in little quantities, it can quickly and
effectively remove ions. Additional limitations
of this method include its selectivity and the
release of hazardous chemicals during mastic
renewal (Alka et al., 2021; & Worou et al.,
2021) electrolytic remediation is a technique
that includes providing direct electrical current
to a chemical cell's electrodes; however, the
need to utilize fewer minor chemicals and
produce less slush outweighs the advantages.
The prohibitive price of electricity and basic
supplies makes this strategy ineffective (Alka
etal., 2021).

Filtration processes to remove Arsenic
from groundwater

The usage of membrane methods for water
distillation has gained consideration recently
due to their simplicity of use, capability to
reduce costs and the number of operational
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units, ability to improve valued products, and
ability to increase profitable access to all
membrane types worldwide (Selvi et al.,
2019). These  techniques are  also
acknowledged as the most effective methods
to remove arsenic (Kundu & Naskar, 2021; &
Alka et al., 2021). Membrane treatments are
non-thermal methods of refining a solution
that is saturated with solutes. They are divided
into two groups; low-pressure membranes,
such as ultrafiltration (UF), microfiltration
(MF) and pressurized membranes, such as
reverse osmosis (RO) and nanofiltration (NF)
(Yang et al., 2019). Since these processes do
not involve the usage of additives, they are
considered as ‘“clean” methods in the
separation field and also superior to other
methods of separation because they are simple
to use, highly efficient, and do not generate
any sludge Additionally, it may eliminate a
variety of pollutants (Siddique et al., 2020).
The most effective methods for
eliminating arsenic are nanofiltration and
reverse osmosis, each of having tiny pores.
While ultrafiltration and microfiltration had
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a poor removing ability and are mainly
useful for removing the particle of arsenic
(Moafi et al.,, 2021). This is because due
to membranes’ larger pores are
proportionate to the magnitude of the arsenic
particle. The two most efficient filtration
methods are reverse osmosis  and
nanofiltration. Nanofiltration, a membrane
technique for water purification, is used to
get rid of multivalent ions, chemical
compounds, bacteria, viruses and pesticides
(Rajendran et al., 2021). This process is
particularly effective in removing heavy
metals from inorganic solutions. One of its
downsides is decreased process efficiency in
the event of an increase in contaminant
concentrations and sieve obstruction brought
on by sediment produced by colloids and
ions (Orooji et al., 2016; & Mohammad et al.,
2015).

Reverse osmosis is a highly effective
form of water filtration with an advanced
level of ion exclusion capability. This
method has several benefits, including high
purification efficacy, the lack of chemicals,
and a diminished requisite for skilled labour.
The disadvantages are membrane blockage,
the requirement to substitute them, and a rise
in operational costs; all of these issues can
be resolved by utilizing an effective prior
management method (Mohammad-Razdari &
Fanaee, 2021; Kundu & Naskar, 2021; &
Maddah & Chogle, 2017).

Nanofiltration
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Nanofiltration are most advanced and efficient
pressure-based membrane technique for
separating multivalent ions from monovalent
ions utilizes nanofiltration having holes with a
size range of 0.001-0.01 m. Reverse osmosis
and ultrafiltration are among its separation
capabilities (Orooji et al., 2016; & Rehmani &
Amini, 2016). Typically, nanofiltration
membranes contain two layers. Protective
layers offer isolation, whereas thin and dense
layers give protection from system pressure
(Orooji et al.,, 2016). Cellulose acetate,
cellulose  diacetate, cellulose triacetate,
Polyamides, piperazine, and other significant
polymers are used to make nanofiltration
membranes (Suhalim et al., 2022). These
membranes come in many different forms,
such as spiral, sheet, tube, and fiber (Worou et
al., 2021). Nanofiltration membranes have the
ability to remove a sizable fraction of heavy
metals, especially arsenic, and may produce
high-quality effluent (Yan et al., 2022). Other
significant advantages of this strategy include
decreased operating costs, energy costs, and
consumption costs (Siddique et al., 2020).
These membranes are also a practical and
acceptable way of removing calcium and
magnesium ions from water (Mokhtari et al.,
2010). A few examples of nanofiltration
membranes that have been utilized to remove
arsenic from water are the NF70, NF90, NF45,
TFEC-50, UTC-70, ES-10 and TFN membranes
(Rahman et al., 2023).

"

. ion
\/) feed solutio!

Membrane

Outer Wrap

Fig.2. Characteristics of Reverse osmosis

Reverse osmosis
The reverse osmosis process (with a pores
dimension of 0.0001 meters) is one of the most
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recent methods to eliminate membrane-bound
arsenic, where the circulation of water via a
membrane that is semi-permeable reverses so
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that clean water moves from the concentrating
portion toward the diluted side and ions are
excluded from through the membrane (kumar
et al.,, 2019; & Richter et al., 2022). This
membrane has the capacity to remove a wide
range of huge particles, monovalent ions, and
small pollutants (Kazemabadi et al., 2021).
The Reverse 0Smosis and
nanofiltration membranes are both made of
significant polymers, such as cellulose acetate,
cellulose  diacetate, cellulose triacetate,
polyamides, and piperazine (Suhalim et al.,
2022). This method works effectively under
various pressure and pH situations. The high
removal efficiency, no chemical reliance,
mechanical resilience, stability of the
chemical, ability to tolerate intense heat,
decreased requirement for an experienced
worker and relatively low electrical
consumption of this method are further
benefits. Reverse osmosis membranes such as
BW30, FT30, TFC-ULP, PVD, TFC-SR,
XLE, BE and AD (Fig. 2) are some of those
utilized to remove arsenic (Rahman &
Hasegawa., 2011; & Kundu & Naskar, 2021).
The biggest challenge in putting membrane
processes into practice is the clogging of the
membranes caused by various contaminants,
including  colloidal  debris,  inorganic
compounds, organics that have been dissolved,
and bacteria which if addressed, may be
expected to increase performance.
Membrane’s treatment provides a
number of advantages over technologies for
water purification and arsenic removal (He &
Charlet, 2013; & Akbari et al., 2010).
Nanofiltration and Reverse 0SMOosis
membranes are pricey to purchase initially,
and they occasionally need to be replaced
when they clog, which drives up the cost
(Figoli et al., 2010). Membrane’s cleaning,
improving system operation conditions, and
employing low-fouling membrane materials
can all help reduce membrane clogging
(Akbari et al., 2010). Suspended particles
render clogging worse and slow down the
process; these effects can be avoided by
reducing the toughness of the incoming water
flowing before filtration and using the
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appropriate  pretreatment (Hasanzadeh &
Ostvar, 2020; & Rehmani & Amini, 2016).
Due to the fact that arsenate ions are
frequently negatively charged in natural water
(HAsO,? and H,AsOQ,), similar to the majority
of the utilized NF and RO membranes
(H3AsQ3), arsenate is much more rejected than
arsenite, which is neutrally charged. This
method has a flaw that can be remedied by
rising the pH level that attracts the arsenite
(Meliker et al., 2010). It should be pointed out
that RO membranes may eliminate a greater
quantity of arsenite than Nanofiltration ones at
low pH levels due to their larger pore sizes
(Rahaman et al., 2023). A further weakness in
this strategy is that arsenite has low removal
power than arsenate (Richter et al., 2022).
Furthermore, this method has the disadvantage
that NF membranes cannot remove
monovalent ions due to their low molecular
mass, which results in a significant decline in
efficacy when the number of pollutants rises
(Saitta et al., 2010). Given the above,
selecting a membrane according to the
characteristics and the purity of water would
reduce the constraints of this method and
improve the efficiency of the whole process
(Meliker et al., 2010).

Studies of arsenic removal by NF & RO
Several studies investigated for the exclusion
of arsenic by using nanofiltration and reverse
osmosis. Several factors that affect the
nanofiltration method's efficiency to remove
arsenic were assessed by (Akbari et al., 2010).
The results of this study show that the
clearance rate decreases as the absorption of
arsenate and arsenite and rises because arsenic
permeates the membrane and forms an
accumulation of layer on its surface. The flow
of dissolved materials remains constant as
pressure rises, creating dilution and a
reduction in the absorption of arsenic which
improves the exclusion of arsenite and
arsenate. Similar to this, raising pH speeds up
evacuation by making arsenic's charge more
negatively. On the other side decrease in
kinematic stickiness and a rise of penetrability
due to evacuation is reduced when temperature
rises. Additional salts reduce the Donan
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potential, which consequently reduces the
amount of eliminated arsenate. The highest
efficiencies were 95.11% and 99.02% for
arsenite and arsenate, respectively (Mortazavi
et al., 2010).

Research conducted by Figoli (2010)
that compared the efficacy of two NF
membranes (NF30 and NF90) to remove the
toxicity of arsenic under all test conditions,
NF90 membrane performed better than the
NF30 membrane. According to this research,
rising pH are more important and meaningful
impact on the NF30 membrane capability to
eliminate arsenic then did lowering the
temperature at which it operated or the amount
of arsenic (Mukhtari et al., 2010). As stated by
Nguyen et al. (2009) found that the removal of
arsenate and arsenite greater than before with
rising in pH levels between 4 and 10 with
arsenite being completely removed at pH 8 to
10.

When the concentration of arsenic was
increased from 20 to 100 g L™ the
effectiveness of the removal of arsenates
increased from 89 to 96%, but the
effectiveness of the removal of arsenite
decreased from 44 to 41%. Arsenate removal
was more effectively accomplished with the
help of ClI ions than with SO, ions (Akin et
al., 2011). In addition to effectively removing
95% arsenate, As stated by Mortazavi et al.
(2010) research found that the NF300
membranes also remove 97% sulphate,75%
TDS and 88% hardness (Momtazan et al.,
2015). The Malakootian et al. (2015) calculate
the efficacy of the nanofiltration technique to
eliminate toxic metal from sulfate containing
drinking water. Malakootian et al. (2015)
results showed that polyamide type membrane
used for Nano filtration are suitable for
eliminating sulphate and heavy metals from
drinking water at the same time because they
can produce high-quality effluent and
removing a high proportion of toxic metals at
lower pressure (Yan et al., 2022).

The results of the investigation
showed that 98% hexavalent chromium
(Mortazavi et al., 2010) and 85% fluoride were
removed (Chang et al, 2014). The
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research conducted by Worou (2021) for
removing the toxicity of arsenic in water by
means of nanofiltration membranes, these
membranes will ultimately surpass existing
arsenic elimination technology. According to
Siddique et al. (2020) nanofiltration is
effective for treatment of soft water, industrial
effluent, removing colour and removing
arsenic from water (Rashidi Mehrabadi et al.,
2006). A study was carried out by Saboori et
al. (2018) to determine the various factors that
affected the RO system. According to the
studies, there were significant differences in
the amount of arsenic in the input solution, and
among the tests on solutions with
concentrations level 0.018 and 2 mg L™, the
1.5 mg L solutions was the highest removing
rate of 98% at and optimal pressure of 190 bar.
In addition, 5-valent arsenic particles undergo
a phase transition from neutral to mono
anionic then di-anionic as pH rises, resulting in
a greater elimination of arsenic.

The rise in temperature also enhanced
the efficiency of extracting arsenic from the
solution by altering solvent viscosity,
increasing solvent and solute permeability and
increasing osmotic pressure. It has been
demonstrated that the most effective arsenic
removal occurred between 20 and 30 C. Due
to changes in the low viscosity of the solution,
this factor has a little affect in the temperature
ranging from 4-10 C. The most arsenic was
found to be removed at the optimal
concentration of 1.5 mg/L at pH 9 and a
temperature of 23 C, or roughly 95.98%
(Kazemabadi et al., 2021). Golami's (2017)
study indicates that the RO system performs
best at the pressure of 190 psi pH = 6.9, 25 °C
temperature and has a removal efficiency
above 99% (Hassan et al., 2023). Raising the
pressure enhanced the removal of both types
of arsenic. The efficiency of the removing the
both forms of arsenic improved as the driving
force, or pressure, in the reverse 0SmMosis
system whereas fluctuations in concentration
had no effect (de Souza et al., 2019).

After comparing five different reverse
osmosis membrane types, (Mozafarian et al.,
2017) chose the TFC-SR membrane, in spite
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of the PVD membrane had the greatest arsenic
recovery (98.1%), because of its larger output
flow than the PVD membranes (almost twice
as much) and its effectiveness in removing
arsenic (96.1%) (Mozafarian et al., 2017).
Chang et al. (2014) found that the removing of
trivalent  arsenic by  low-pressure  of
nanofiltration membranes technique and
reverse osmosis is essentially in the pH range
of 4-9 but significantly rises at pH over 9. The
removal effectiveness of the nanofiltration
membrane reduced by 10% and by 30% when
Na,SO4 (0.1 Mm) salt was present, however
the removal efficiency of the reverse osmosis
membrane didn’t alter appreciably as the
content of arsenic enlarged (between 50 or 400
g L™). Reverse osmosis was able to extract
arsenic with an efficiency of over 90% while
nanofiltration was only able to remove arsenic
with an efficiency of over 50% due to the huge
size of the membrane pores.
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A study was carried out by Teimouri and
Mahdiarfar (2017) to evaluate safe arsenic
removal methods. According to their research,
the best membrane technique for remove
arsenic from drinking water are reverse
osmosis and nanofiltration. Furthermore, it
was found that reverse osmosis technique can
removed more pollutants simultaneously but
the nanofiltration technique requires high
quality of effluent (Mozafarian et al., 2007).
Furthermore, (Kundu & Naskar, 2021) found
that all the membranes procedures had a larger
capability to remove 5-valent arsenic than 3-
valent arsenic in their investigation on
excluding arsenic by membrane methods. The
amount of arsenic that can be removed via
membrane processes depends significantly on
the solution's pH and the membrane's electric
charge.

Table2. Evaluating the effectiveness of nanofiltration and reverse osmosis in the elimination of
arsenic from groundwater

Removal Experiment conditions Removal Reference
Process Membrane Concentration  Temp. Pressure pH Efficiency (%)
type
NF-30 100-382 pg/l 10-25°C  310-724kPa  1.2-88 Asot: 9§ Nguyen et al. 2009
VF90-25 o s 4-7 3 ) .
NF90-2540  100-1000 pg/L 5937+ 4-7 bar 3-11 As": 86.75-95.11
NF NF-90 20-100 pg/L 25 138-552 kPa 4-10 As3t: 44 Akin et al. 2011
NF-30 100-1000 ug/L  15.40°C 2-12 bar 3.1-5 Ast: 77-88 Pezeshki et al. 2023
NF90 50-400 pg/L 20°C 0.41-0.82 2-10 As3t- 04.4-98 Nicomel et al. 2016
N MP; 3
i s As”*: 10-40
RO LPRO 100 g/l 20°C 3.1-5 bar 3.1-5 As3*: 65-90 Rahaman et al, 2023
ol N A3 61.72
RO NF270 AS3*: 57,96
NF XLE As3*: 9823
BW30 69.3 pg/l 8-21°C 5-14 bar 5-9 As3*: 97.47 Mozafarian et al
2 W17
PVD As3: 08 1 2017
TFC-SR As3*:96.1
T3 2
RO piod As3*: 892
TFC-ULP As3*: 832
BW30 As3t: 90
TE2521 00-25mgl  235.30°c 190-210 psi 6-8 Total As: 95-99 Chun et al. 2017
SWHR 50-750 pg/l 20°C 10-35 bar 4191 As 925 de Souza et al, 2019
TW40 0.2-18 mg/L. 4-30°C 190 bars 59 Total As: 95-99 Kazemabadi et al

Both nanofiltration and other effective ways of
removing arsenic carry a threat of blockage
due to material unseating, although this risk is
reduced by the preliminary treatment method
(Kundu & Naskar, 2021). Furthermore,
(Hassan et al., 2023) found that NF and RO
are the most operative methods for remove
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arsenic from contaminated ground water
(Hassan et al., 2023). In Table 3 displays
several reverse osmoses and nanofiltration
techniques' application scenarios and efficacy.
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Mechanism for removing arsenic

One of the most important methods for
eliminating contaminants like arsenic is
through the application of membranes with a
large number of pores, owing to their
particular nature, keep specific water
components from departing. The repulsion
force for this action (between the feed and
permeate sides) is the difference in pressure
between the two sides (Kundu & Naskar,
2021; & Nicomel et al., 2016). Nanofiltration
is a complicated high pressure membranes
technology that separates ions (Dona
exclusion) through size exclusion and
electrostatic charge repulsion (Babaakbari et
al., 2020; & Kundu et al., 2021). Another high
pressure (5-120 bar) method for removing
arsenic from water is reverse osmosis, which
separates two solutions with different chemical
densities using a semi-permeable membrane.
When the applied pressure is greater than the
osmotic pressure, the water flux's direction is
reversed during the Ro process (Mozafarian et
al., 2017).

CONCLUSION
One of the major water contaminants is arsenic
which has detrimental effect on all living
things like plants and humans. In terms of
arsenic  removal methods, membrane
treatments are currently quite relevant due to
their unique advantages. In this review, two
membrane techniques for the exclusion of
arsenic were reviewed; nano filtration (NF)
and reverse osmosis (RO). These two
membrane  mechanisms are the best
to eliminating arsenic, and their concentrations
can even go under the permitted level. In every
study that was looked at, the removal of
arsenic (V) has been done to a greater than the
elimination of its arsenic (lll). Reverse
osmosis membrane was also effective for
removing the arsenic (I11) than nanofiltration.
It was studied that raising the pH substantially
enhanced the efficiency of the membranes in
all conditions. The presence of different ions
also affected its efficiency. So, this review
concluded that these two processes, in spite of
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some usage limitations have potential to turn
into the most efficient ways to remove arsenic.
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