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Abstract

Heavy metal (loids) in wastewater persists as a contagious and non-biodegradable environmental pollutant. With the ever rising
of nanotechnologies in various field, there is a mass flux of heavy metal (loid)s being transmitted in many water sediments includes
wastewater and rivers in which difficult to eliminate through conventional treatment processes. The introduction and development of
nanomaterials have been increasingly utilized. Their high absorption capacity and unique properties in eliminating heavy metal pollu-
tants and other nano pollutants have been extensively used in the remediation of inorganic pollutants. This review study illustrates the
different types of nanomaterials that are utilized in various treatment process such as nano zero-valent iron (nZVI), carbon nanotubes
and titanium dioxide nanoparticles (TiO2NPs). The mechanism of each nanomaterial and also its advantages and disadvantages are
being portrayed. The identified factors affecting their efficiency in eliminating heavy metal and other inorganic pollutants are briefly
described.
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1 Introduction
Pollution is defined as the introduction of contaminants into

the natural environment that causes adverse changes. Nowadays
with the advancement of industrial technology, the productions
of most industries have produced large amounts of inorganic pol-
lutants in their processes. The discharge of wastewater from in-
dustries and commercial activities are the main source of toxic in-
organic substances causing a detrimental effect on human health
and the surrounding ecosystem. This has been criticized as a se-
rious threat to the issue of environmental pollution concerning
industrialization in developing countries. In fact, inorganic pol-
lutants could continuously accumulate, posing high toxicity and
penetrability upon living organisms causing damage to human be-
ing and other species in the long-term (Zhang and Li, 2017).Nano-
materials typically any material that can be synthesized with par-
ticle size < 100 nm (Zhang et al., 2016). At this dimension size and
nanoscale, nanomaterials have greater reactivity and absorption
capability as compared to their bulk-size materials. It consists of
unique morphological and physiochemical properties that could
stabilize or absorb heavy metal ions effectively which reduce their
movement and bioavailability.
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Inorganic nanomaterials consist of several entities including
transition metal, metal oxides, sulfides nanomaterials, carbon-
based nanomaterials such as graphene, silica-based nanomateri-
als and other nanocomposites (Lu et al., 2017) (Karthick Kannan et
al., 2019). Each nanomaterial has different physical and chemical
properties and therefore, required different processes. Nanoma-
terials are widely used in removing heavy metal ions (Nizamuddin
et al., 2018), dyes (Nizamuddin et al., 2018), arsenic ions (Lal et al.,
2020) and other inorganic pollutants. However, there are some lim-
itations in its application considering high cost, poor recyclability
and environmental concern.

2 Types of nanomaterials
Nanomaterials have been numerously applied and synthesis

to eliminate inorganic pollutants concurrent with both treatment
processes and industrial systems. The following sections will be
described the nanomaterial in terms of characteristic, mecha-
nism, advantages and disadvantages. The summarizes of several
nanomaterials for the remediation of water pollution are illus-
trated in Table 1. While in Table 2 listed the advantages and dis-
advantages of polymers in nanocomposite membranes.

2.1 Nano zero-valent iron (nZVI)
Nano zero-valent iron (nZVI) has been used widely in various

environmental remediation to eliminate the contaminations in
groundwater and wastewater by inorganic and organic pollutants
(Calderon and Fullana, 2015). The nZVI nanomaterials are con-
ceived as a core-shell structure whereas metallic iron is at the core
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and the shell is comprised of a layer of iron oxide (Zhu et al., 2019).
The core is functioning as a positive donor with reducing factors
while the shell is operated as an electron receiver causes for ab-
sorption and surface complexation reaction to occur (Calderon
and Fullana, 2015).

The excel of nZVI in eliminating pollutants is attributed to the
nano dimension size (Pang et al., 2018). The large specific surface
area of nZVI provides a high chance of pollutants attaches to the
surface binding site leading to a fast reaction rate. Also, iron oxide
shell prompted the absorption rate of pollutants which has proved
the nanomaterials efficiency (Sheng et al., 2016). Sheng et al. (2016)
stated in their study that the development of nZVI is considered
as low-cost production and forming unharmful by-product which
promoted environmentally friendly absorbents. However, nZVI is
tended to aggregate due to its high reactivity and nano dimension
size that resulted in instability and poor mobility of the material
(Cumbal et al., 2003). Thus, supporting agents and stabilizer are
required to overcome the consequences of aggregate. In certain
cases, the supporting agent like organic polymer and inorganic
shells also have failed in the reaction process causing to accumu-
late of nanoparticles. The reaction of precursor materials with re-
ducing agents (sodium borohydride and hydrazine hydrate) for
the formation of nanomaterials could produce toxic substances
that would harm human health and the environment.

2.2 Carbon nanotube
Activated carbon was known as an effective absorbent in elimi-

nating inorganic pollutants but limited for the pollutants that ex-
isted in the nanoscale. Therefore, carbon nanotubes are intro-
duced exists in single-walled carbon nanotubes (SWCNTs) and
multi-walled carbon nanotubes (MWCNTs) (Ihsanullah et al.,
2016). The structure of SWCNTs is made up of graphene sheet
rolled up to form hollow tubes with walls one atom thick whereas
MWCNTs comprises of multiple concentric cylinders that are one
atom thick sheets of carbon which combine to form an interlayer
and diameter of approximately 1.4 nm (Dai, 2002). Carbon nan-
otube utilized an adsorption mechanism to remove heavy metal
(loid)s in sediment. The absorption of heavy metal pollutants
through carbon nanotube are exceptionally complex which in-
clude precipitation, physical adsorption, electrostatic attraction,
and chemical interaction between the heavy metal(loid) ions and
the surface functional groups of CNTs (Li et al., 2003). The SWCNTs
and MWCNTs showed a high absorption rate due to large specific
area, nano size, graphene materials and hollow structures. Fur-
thermore, both can be enhanced through functionalization with O,
N, P containing group on the surface of the carbon nanotubes to
have better dispensability and specific surface area (Adeleye and
Keller, 2014). Nonetheless, the disadvantages of using MWCNTs is
that the particles are easily aggregate and are extremely hydropho-
bic because of great van der Waals interaction forces within the
particles. Hence, rendering the absorption capacity and effective-
ness (Sundararajan and K Ghosh, 2011). For SWCNTs, the parti-
cles have high persistence and could accumulate in the food chain
thereby pose risks to human health and the environment as the
particles can hinder the absorption of phosphorus on aquatic sed-
iments (Patra et al., 2017)(Sierra and Morante-Zarcero, 2018).

2.3 Nano-hydroxyapatite particles (nHAp)
Nano-hydroxyapatite particles (nHap) is another nanomate-

rial that extensively utilized in soil remediation and disinfecting
wastewater especially on absorbing heavy metal loid such as cop-
per (II), lead(ll), and cadmium(ll) (Silva et al., 2017). The nHAp
mainly utilize on the exchange of fractions but varies depending
on the opposing pollutants or reactants, for instance, the mecha-
nism for stabilizing lead (Pb) involve dissolution and precipitation
while the absorption of cadmium (Cd) uses surface complexion

and intraparticle diffusion (He et al., 2013). Mobasherpour et al.
(2011) also found the same observation that nHap utilizes ion ex-
change and surface complexion in eliminating nickel (Ni) in sed-
iments. Due to its unique crystal structure and chemical compo-
sition, nHAp consist of a large specific area which proved to have
a high absorption rate and capacity for heavy metal. Other advan-
tages of nHAp including having low water solubility and high so-
lidity under reducing and oxidizing conditions, having good cyto-
compatibility (Yang et al., 2016). The nHap is also flexible as having
a high capability of functionalization with different molecules. In
term of environmental aspect, nHap are recyclable, biocompati-
bility and non-toxicity.

2.4 Titanium Dioxide Nanoparticles (TiO2NPs)
Titanium dioxide nanoparticles (TiO2NPs) can be found widely

in commercial products such as toothpaste, cosmetic, pigments
as well as in water and air treatment segments including photo-
catalysis process in air and water purification (Chen et al., 2012).
TiO2NPs possess unique photocatalytic properties which include
acid and alkaline resistance, photochemical corrosion and non-
toxicity traits (Zhu et al., 2019). The reaction of TiO2NPs with
the light produced free radicals with high catalyst activity which
in turn generate strong photooxidation and reduction capability.
Thereby, catalyze the photodecomposition of various organic sub-
stances and some inorganic substances. Besides, the TiO2NPs
have displayed the capability to stabilize the mobility, aggrega-
tion and detoxify the toxicity of co-existing pollutants (Fan et al.,
2017). The strong electrostatic attraction, large specific area and
nano size of the material have led the materials to act as excel-
lent inorganic pollutant absorbance (Cai et al., 2019). In ions ex-
change, the TiO2NPs presence in the sediment had hindered the
movement of the released heavy metal (loid) ions from seeping
into the water phase (Zhang et al., 2007). Thus, avoid creating sec-
ondary pollution. The alteration of metal (loid) ions geochemi-
cal speciation using TiO2NPs, a part of heavy metal ions occur-
ring in the level of exchangeable (EXC), carbonate (CAR) and iron-
manganese (IMO) exchange functional group for sediment age-
ing. However, TiO2NPs poses threats toward the aquatic ecosys-
tem as the particles inhibit the growth of aquatic cell on various
algae species, lipid peroxidation and photosynthesis inhibit in al-
gae (Chen et al., 2012). It is due to the cyto-ultrastructure disorder
and rapid accumulation at the algae cell surface (Chen et al., 2012).

2.5 Graphene Nanomaterial (GNMs)
Graphene or graphene oxide is a single layer of graphite at

a nanoscale. The material is made up of sp2 allotropic carbon
atoms arranged in a two-dimensional hexagonal honeycomb lat-
tice structure (Awad et al., 2020). The graphene nanomateri-
als (GNMs) absorbs inorganic pollutants and heavy metal (loids)
through the porous structure (Farré et al., 2009). Graphene con-
sists of high surface area, enhanced active site, large delocalized
-electron systems and decent chemical stability (Gopalakrishnan
et al., 2015). It also shows decent electrical and thermal conduc-
tivity and high strength (Awad et al., 2020). As such, graphene has
been synthesized in many ways and methods due to its flexibil-
ity. Graphene is commonly synthesis through mechanical peeling,
chemical oxidation-reduction and carbon nanotube conversion
(Farré et al., 2009). Among all, graphene oxide (GO) and reduced
graphene oxide (RGO) are often produced due to their superior
absorption features despite its disadvantage (Ali et al., 2019). The
GO is synthesis through the chemical oxidation of graphene while
RGO is produced through the reduction of GO. However, GNMs
also possess several weaknesses (Chatterjee et al., 2014). Despite its
physiochemical properties, graphene could form irreversible col-
lections of graphite through the stacking of - electrons and van
der Waals interactions (Awad et al., 2020). The accumulation char-
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acteristic can deter the mobility of the particles, minimize spe-
cific surface area thereby decreasing the GNMs effectiveness (Ali
et al., 2019). Also, GNMs have a possibility to contaminate aquatic
ecosystem due to rapid diffusion of surface activity in the water
environment that caused water eutrophication (Ali et al., 2019).

2.6 Stabilized Nano-chlorapatite
(nCLAP)

Apatite materials are one of the ideal phosphate-based materi-
als used for removing heavy metal in wastewater due to their ex-
traordinary chemical structure. Among all, chlorapatite (CLAP)
is one of the ideal materials as it is highly stable for immobiliza-
tion of heavy metal (loids) under oxidising and reduction con-
ditions. Besides, the absorption rate of heavy metal is high and
non-toxicity produced which are the dominant characteristics of
CLAP (Liu and Zhao, 2007). Liu and Zhao (2007) also claimed
that the CLAP could detoxify and stabilize the unstable function
sites of heavy metal into stable fractions through precipitation,
ion exchange and absorption processes. Nonetheless, CLAP also
has difficulty in terms of the small specific area and low solubil-
ity that caused rapid reactivity at polluted sediment (Cai et al.,
2019). Therefore, stabilized nano-chlorapatite (nCLAP) is devel-
oped and introduced to provide better efficiency, deliverability
and well-dispersed absorbance in comparison to CLAP (Cai et al.,
2019). Wan et al. (2018) indicated that Rha-stabilized nCLAP sub-
stantially efficiency in the stabilization of lead(II) and cadmium(II)

in contaminated deposits, accelerate the transformation from mo-
bile fraction to immobilize fraction through precipitation or ad-
sorption processes. However, the disadvantage of nCLAP is that
the particles are easily accumulated, releasing excess phospho-
rus that contributes to eutrophication. Thus, the stabilizer needs
to combine with nCLAP as it could decrease the grouping of the
nCLAP particles and enhanced the efficiency in restraining the
movement of heavy metal (loids) (Cai et al., 2019).

2.7 Silver Nanoparticles (Ag NPs)
Silver nanoparticles possess good electrical conductivity that

is beneficial in eliminating some heavy metal contaminants at-
tributed to the active sites and nano size of Ag NPs (Sultan and
Mohammad, 2017). Sumesh et al. (2011) have conducted a study
using Ag NPs to remove mercury ions through the usage of acti-
vated alumina as a carrier. They found that under the condition
of 1:6 Ag@MSA, per gram of Ag@MSA achieved to remove 0.8 g of
mercury ions. The high affinity of mercury for iodine has led the
Ag NPs to be fixed on the cellulose acetate membrane thereby ef-
fectively remove the radioactive iodine. Another study by (Rtimi
et al., 2019) concluded that the methylene blue could be removed
effectively through the combination of Ag NPs and activated car-
bon. This attributed to the absorption process of silver nanopar-
ticles mechanism as the particles combined with metabolic active
sites of a medium or enzyme of a bacteria are filtered out or let the
bacteria dry out completely.

Table 1 Several common nanomaterials applied for the remediation of water pollution

Nanomaterials Remediation Common preparation
methods

Advantages Disadvantages Reference

nZVI Azo dyes,
chlorinated
solvents, zinc,
cadmium,
arsenic, ni-
troaromatics

Reduction-oxidation Controllable particle size,
high specific surface area,
abundant reactive surface
sites, high reactivity and
strong reducibility to heavy
metal (loid)s

Easily agglomeration,
may have possible
toxic effects on living
organisms

(Yirsaw et al.,
2016), (Crane
and Scott,
2012), (Zhu
et al., 2019),
(Huang et al.,
2018), (Cai et
al., 2019)

SWCNTs Various pol-
lutants in eu-
trophicated
landscape
water

Molecular techniques,
electrospinning, solu-
tion blowing, centrifu-
gal jet spinning, elec-
trohydraulic dynamic
direct writing, etc

A superior adsorbent with
high adsorption capacity for
heavy metal (loid)s

May accumulate in
the food chain and
has high persistence,
exerting possible risks
to human health and
environment and
affecting the adsorp-
tion of P on aquatic
sediments

(Cai et al.,
2019), (Zhu et
al., 2019)
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Nanomaterials Remediation Common preparation
methods

Advantages Disadvantages Reference

nHAP Heavy metals,
contami-
nated soil

Phytoextraction,
coprecipitation

Large specific surface
area, excellent sorption
and stability capacity for
heavy metal (loid)s, good
cytocompatibility, environ-
mental risk is negligible

- (Cai et al.,
2019), (Wang
et al., 2011),
(Jin et al.,
2016)

TiO2 NPs Various
organic sub-
stances such
as formalde-
hyde and
some in-
organic
substances

Gas phase method,
liquid phase method

High reactivity, large spe-
cific surface area

Have a toxic effect on
organisms

(Zhu et al.,
2019), (Cai et
al., 2019)

GNMs Heavy metals
and dyes

Mechanical stripping,
chemical oxidation-
reduction, carbon
nanotube conver-
sion, photocatalytic
reduction

High surface area, ex-
traordinary electrical and
thermal conductivity, and
strong mechanical strength

In vitro toxicity of
GNMs in bacterial,
adherent mammalian,
cancerous cells or
suspended cells.

(Farré et al.,
2009), (Zhu
et al., 2019),
(Chatterjee
et al., 2014),
(Guo and
Mei, 2014)

nCLAP Heavy metals Sequential extraction
method,

Excellent ability to stabilize
heavy metal (loid)s, such as
Pb2-, Cd2-, Zn2+, Cu2+

Easy agglomeration,
may produce excess
phosphorus, causing
eutrophication (Cai et
al., 2019), (Wan et al.,
2018)

Ag NPs As water
antibacte-
rial agent,
photocatalyst

Chemical reduction,
photoreduction, elec-
trochemical laser
cauterization, electro-
plating, radiation and
seed

Large surface area, high an-
timicrobial activity

Bioaccumulation and
toxic effects in living
organisms

(Zhu et al.,
2019), (Rtimi
et al., 2019),
(Priya et al.,
2020)

2.8 Hematite (-Fe2O3)

Hematite is considered the most stable in the iron oxide group
and proven to have high corrosion resistance (Park et al., 2019).
The Hematite nanoparticles consist of different morphologies
which include hexagonal, plate-like, nano-cubes, sub-rounded
and spherical. As such, this has contributed to the numerous
physicochemical properties of hematite nanoparticles depending
on the crystallinity, sub particle structure, size of particles, actives
sites and cation doping (Abdel Maksoud et al., 2020). These pa-
rameters act as the deciding factor for the absorption efficiency of
hematite. Shipley et al. (2013) have studied the absorption rate of
nano hematite towards Pb(II), Cd (II), Cu (II), and Zn (II). The re-
sults stated the affinity between the heavy metals and absorbent
follow the sequence of Pb (II) > Zn (II) > Cd (II) > Cu (II). The advan-
tages of hematite nanoparticles include low cost, small dimension
and ease of operation. Besides, hematite nanoparticles are capa-
ble to remove multiple heavy metals from water sediment simulta-
neously. However, hematite is limited to its photocatalytic activity
causing poor separation effectiveness and conductivity (Shipley
et al., 2013). Thus, hematite is usually cooperating with different
semiconductor materials to form a heterostructure to enhance the
materials photocatalytic activity. Kang et al. (2019) reported a case
study on the synthesis of hematite with graphitic carbon nitride-
based Z-scheme heterojunction via simple solid-state reactions.
The results showed that the efficiency of rhodamine B photocat-
alytic degradation was improved by double as compared to pris-
tine hematite.

2.9 Maghemite (-Fe2O3)
The structure of maghemite is defined as a cubic structure

whereas the Fe(3+) ions are allocated over the A-sites and B-Sites
(Al-Rashdi et al., 2017). As such, this signifies that maghemite
nanoparticles consist of high chemical stability without any re-
ducing agents. The mechanism of maghemite nanoparticles is
through electrostatic interactions which have proved promising
absorbance for heavy metal pollutants (J. Yang et al., 2019). The
advantages of utilizing maghemite nanoparticles are that it con-
sists of a large surface area which contributes to high absorption
capability. Also, maghemite nanoparticles are recyclable as the
nanoparticles could easily be separated from wastewater after the
treatment (Abdel Maksoud et al., 2020). Maksoud et al. (2020)
stated that the saturated magnetization of maghemite nanopar-
ticles provides high efficiency of separation between the particles
and the wastewater. The maghemite was recorded to provide good
flexibility as the inclusion whereas maghemite nanoparticles un-
dergo modification with poly (1-vinylimidazole), polyrhodanine,
polypyrene, polyaniline etc, have proven to enhance the absorp-
tion capacity and selectivity towards heavy metal ions (J. Yang et
al., 2019). Besides, the formation of maghemite nanoparticles are
environmentally friendly and does not produce secondary pollu-
tion (Etale et al., 2016).

2.10 Hydrous Iron Oxides (HFO)
Hydrous Iron oxide (HFO) has been used widely as one of the

most promising heavy metal adsorbents. The HFO nanoparticles
perform through adsorption, ion exchange and co-precipitation to
remove heavy metals in wastewater.
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The advantages of HFO possess include large surface area,
strong electron-interaction towards metal (loids) and low produc-
tion cost. According to Zhang and Li, (2017) the particles are chem-
ically stable and environmental-friendly. They also have reported
that the hydrous iron oxide cannot be utilized directly into sta-
tionery bed or open-flow systems as the nanoparticles shows poor
mechanical rigidity, low hydraulic permeability, and inconsistent
pressure drop. Henceforth, hydrous iron oxides are often merged
with porous nanomaterials such as activated carbon, diatomite
and polymeric absorbents to form a composite to counteract the
weakness HFO possessed.

2.11 Polymer-Supported Nanocomposites
Polymer Nanocomposite contains two strains of properties and

synthesis traits which are synthetic organic polymer-supported
nanocomposite and biopolymer-supported nanocomposite. Both
nanocomposites could be obtained through two different meth-
ods which are direct compounding and in situ synthesis (Nasir
et al., 2019). The polymer nanocomposite holds many beneficial
properties which proved to have good mechanical strength, su-
perior flexibility, film forming capability, good penetrability, se-
lectivity to chemical species and high removal capacity. Its ap-
plications are also environmentally friendly and low production
cost (J. Yang et al., 2019). Both the natural and synthetic polymer
nanocomposites can be used in various membrane treatment sys-

tem for wastewater due to the superior feasible function group
of the polymer. Therefore, various membrane technologies have
been developed through these nanocomposites such as nanofil-
tration, membrane distillation, membrane bioreactor and separa-
tion by liquid membranes in regard to the separation methods and
properties of the membrane (Nasir et al., 2019). In term of biopoly-
mer such as cellulose, chitosan is usually utilized as a supporting
agent for nanocomposite due to abundant coordination sites for
heavy metal ions contained numerous hydroxyl groups on its glu-
cose ring (J. Yang et al., 2019).

Another biopolymer known as chitosan shows a great absorp-
tion capacity for heavy metal due to the coexistence of –NH2
and –OH in its structure (J. Yang et al., 2019). The synthesized
ZnO/chitosan core-shell nanocomposite (ZOCS) a hybrid poly-
mer nanocomposite is proven to produce less toxicity and im-
provement in production cost and absorption capabilities in re-
moving Pb (II), Cd (II) and Cu (II) (Saad et al., 2018). Table 3 il-
lustrated the common polymers used in nanocomposite mem-
branes. The mechanism is through absorption and exchange of
fractions. Suman et al. (2015) reported on the removal of dye,
heavy metal ions and microbes in water through the water col-
umn method using nanocellulose (NC)-Ag nanoparticles (AgNPs)
embedded pebbles-based composite material. The result showed
that 99.48 % of Pb (II) and 98.30% of Cr (III) were removed from the
water as well as a 99% decontamination efficiency for the micro-
bial load.

Table 2 The advantages and disadvantages of polymers in nanocomposite membranes

Polymer Advantages Disadvantages Reference

Cellulose acetate High toughness, low cost, non-toxic
nature, biodegradability, excellent
biocompatibility, high mechanical
strength, easy processability, rela-
tively low cost, fabrication flexibility

High crystalline nature, poor chlo-
rine resistance, poor thermal resis-
tance, poor chemical resistance

(Nasir et al., 2019), (S. Yang et
al., 2019), (Mahalakshmi et
al., 2019)

Polystyrene
polyethersulfone

Superior thermal resistance, wide
pH range, superior chlorine resis-
tance, high mechanical properties

Hydrophobicity, less operating
pressure limit

(Nasir et al., 2019)

Polyvinylidene fluo-
ride

High crystallinity, high mechanical
strength, sufficient chemical stabil-
ity, high thermal stability

Hydrophobicity (Nasir et al., 2019), (Mai et
al., 2011)

Polyamide High mechanical properties, wide
pH range, good thermal stability,
excellent physical properties, good
separation efficiency, higher salt re-
sistance

Poor chlorine resistance, poor
miscibility between inorganic
nanoparticles and polyamide
layers

(Nasir et al., 2019), (Jung et
al., 2021), (Zhang et al., 2017),
(Wang et al., 2020)

Polyvinyl alcohol Good mechanical properties, low
thermal properties and strength for
few applications, fabrication flexi-
bility, low cost, chemical stability,
transparency and good film-forming
properties

Dissolve in aqueous solutions (Nasir et al., 2019), (Zhuang
et al., 2018)

3 Factor Affecting Nanoparticles-
Pollutant Interaction

3.1 pH

The pH value act as an important factor in deciding the absorp-
tion rate of the nanoparticles on heavy metal and inorganic pol-
lutants. At a low pH value, the absorption ability and bioavailabil-
ity of metal ions decrease while increasing the mobility of heavy
metal (loid) (Esfandiyari et al., 2017) (Shahraki et al., 2020). It
could also affect the reaction process between the contaminant
and nanoparticles (Cai et al., 2019). This is because alteration on
the pH value will cause drastic changes to the surface charge den-

sity, ionization of functional group presents and chemical proper-
ties of adsorbent in the aqueous phase (Daneshfozoun et al., 2017).

3.2 Organic Matter (OM)
Organic matter (OM) affects the function and properties of

some nanomaterials. It is mainly made up of humid and fulvic
substances which have the potential to affect the absorption pro-
cess of nanoparticles (Abdel Maksoud et al., 2020). The absorption
process could be disrupted in between nZVI particles and heavy
metal (loid)s as the organic matter compete for reactive surface
sites, and thus decrease the reaction rate of the nZVI (Cai et al.,
2019). Besides, the reaction of organic matter and heavy metal
formed a complex compound that altered the original properties
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of the heavy metal (loid) ions as well as affects the metal (loid) ad-
sorption capacity. The presence of organic matter also leads to
the increased of the particle size and lowering the stability of the
nanoparticles. While the degradation of organic matter would re-
duce the pH value of sediments.

3.3 Oxidation-Reduction Potential (ORP)
The oxidation-reduction potential in sediment plays an impor-

tant role in regulating the movement and the toxicity of numer-
ous elements such as Cr, Se (Marefat et al., 2019). This is because
it has a potential effect to alter the reactivity of nanomaterials on
absorbing or immobilizing pollutants. There are some nanoma-
terials such as nZVI nanoparticles that could react with common
environmentally relevant electron acceptors and is not restricted
to only redox-amenable pollutants. The oxidation-reduction may
trigger to release of H+ ions into the sediment or wastewater and
resulted in the decrease of pH value (Cai et al., 2019). Thus, causing
the release of secondary heavy metal (loid)s contamination.

4 Conclusion
The unique chemical and physical properties of nanomaterials

proved to be promising absorbent for inorganic pollutant remedi-
ation. Despite the limitation and weaknesses, the advantages that
nanomaterials provide far exceed its limitation and should be con-
sidered to be widely integrated as common treatment practices in
various fields. Nanomaterials such as nano zero-valent iron (nZVI)
can be modified with a stabilizer or supporting agents that aid in
counteracting the limitation of the materials which aid in decreas-
ing the aggregation of nanoparticles and increase the reaction rate
and the longevity of the materials. Other nanomaterials, such as
nano apatite-based materials are other promising absorbance ma-
terials that are cost-efficient, more environmentally friendly and
readily available. Therefore, this technology could be established
following the improvement from the previous explored studies to
date for sufficient outcome in dealing with heavy metal (loids).
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