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ABSTRACT 
 

A lot of Researchers have addressed removing mercury as a pollutant from the wastewaters of 
several industries. Heavy metals are being removed from wastewater through adsorption on 
activated carbon, which is becoming additional popular. Although commercial activated carbon is 
the ideal adsorbent for pollutant elimination, its extensive usage is limited because of its high cost, 
encouraging researchers to explore alternative effective and low-cost adsorbents. These include 
activated carbon, polymers, nanoparticles, and low-cost adsorbents. For the remediation of water 
from mercury, polymers, as well as nanoparticles, which are very effective adsorbents, can be 
employed. According to a literature review of the most recently published research, polymers and 
nanoparticles have exhibited exceptional mercury removal capabilities. The present study reviews 
the different works in which the different adsorbents materials were used to eliminate mercury in the 
solutions. 
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1. INTRODUCTION 
 

For the past few decades, water contamination 
caused via the dumping of wastes comprising 
heavy metals has been a global apprehension. 
Some heavy metals are well known to be 
detrimental to humans, causing toxic effects and 
disrupting healthy natural settings. Mercury was 
one of the first metals to be discovered, and 
humans have been using its compounds for 
ancient times. Mercury and its derivatives, which 
have exceptional chemical and physical 
properties, are global pollutants. Mercury poses 
a threat even at very low concentrations because 
it accumulates in the food chain. Mercury has a 
unique property that it absorbs quickly into 
human tissues and takes a long time to leave 
them. Mercury pollution is mostly caused by 
effluents from the chloralkaline, pulp and paper, 
oil refining, electrical, rubber processing, and 
fertilizer industries [1]. Another substantial source 
of mercury emissions into the environment is flue 
gases from charcoal combustion systems used in 
electricity generation [2,3]. 
 

Acute mercury poisoning can induce chest pain, 
difficulty breathing, vomiting, diarrhea, fever, a 
metallic taste in the mouth, and a rash on the 
skin. Long-term exposure can cause tremors, 
limb weakness, a loss of appetite, excessive 
shyness, irritability, headaches, and memory 
loss. Mercury has an impact on the central 
nervous system, pulmonary-renal functioning, 
and chromosomes [4]. Mercury has a strong 
affinity for protein binding, and it primarily 
impacts the renal and neurological systems. 
Mercury poisoning, according to research, is 
particularly detrimental to developing fetuses and 
children under the age of four, as it interferes 
with appropriate brain development. Before it can 
be recycled or released into the environment, 
mercury must be removed from the wastewater 
[5]. 
 

Several workers have considered the elimination 
of mercury from wastewater by using various 
removal strategies, including coagulation [6,7], 
photocatalysis [8-10], solvent extraction [11], and 
ion exchange [12-14]. These technologies, 
however, have limitations for instance the wide 
usage of chemicals, low removal efficiency at low 
concentration levels, and lack of selectivity [15-
18]. Adsorption and membranes are two 
competing separating units that achieve high 
removal percentages and high selectivity rates at 
low concentration levels. Adding functional 
groups like thiols, which operate as a strong 

mercury ion binding site, can improve both 
approaches, according to Alberni et al [19]. 
However, waste disposal and fouling are the two 
most common challenges associated with 
adsorption and membrane separation. The 
adsorption method is a potential option because 
it offers a number of benefits over membrane 
technologies, including cheaper capital and 
operating costs, ease of operation, and the ability 
to remove hazardous substances using a variety 
of solid media. For decontaminating water, 
adsorption [20-23] is a well-equilibrium 
separation method. In terms of initial cost, design 
flexibility and simplicity, and operational ease, 
and sensitivity to harmful impurities, adsorption 
outperforms competing water recycling 
technologies. There is no creation of potentially 
hazardous chemicals as a result of adsorption. 
Toxic metals have been removed using 
adsorbents for instance clays, zeolite, natural 
products, activated carbon, polymers, 
nanoparticles, low-coast materials, and others 
[24-28]. 

 
The technical feasibility of many common 
adsorbents for mercury and their derivatives 
removal from water and wastewater is discussed 
in this review paper. The primary goal of this 
study is to provide a concise overview of recent 
research on the usage of activated carbon, 
polymers, nanoparticles, low-cost materials, and 
other adsorbents. The authors suggest that the 
maximum capacity be interpreted as a set of 
conditions rather than reported adsorption 
capabilities. For details on experimental 
circumstances, the reader is strongly 
recommended to consult the original research 
articles. 

 
2. ADSORBENT’S LITERATURE 
 
2.1 Activated Carbon 
 
Nearly any carbonaceous material can be 
employed as per a precursor for the 
manufacturing of carbon adsorbents [29], but 
coal is the maximum usually used precursor for 
the preparation of activated carbon due to its 
widespread availability and inexpensive cost. 
Coal, a blend of carbonaceous and mineral 
components, is formed when plants disintegrate. 
The novel vegetation and the extent of the 
physical-chemical changes that occur after 
deposition determine the sorption properties of 
each coal. 
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Heavy metals are removed from natural water 
and wastewaters with the help of commercial 
activated carbon which is a well-known 
adsorbent. However, its high cost prevents it 
from being used as an adsorbent. As a result, 
there is an increasing demand for low-cost 
activated carbon prepared from less expensive 
and locally available agricultural waste [29]. The 
two most popular methods for creating activated 
carbons are physical and chemical activation. 
The physical activation approach includes 
carbonization of the raw material and activation 
at a high temperature in a carbon dioxide or 
steam atmosphere. [30]. Chemical activation is a 
well-known method for producing activated 
carbon that has recently been the subject of 
several studies due to its major advantages over 
"physical activation." Carbonizing the raw 
material and then activating it at a high 

temperature in a carbon dioxide or steam 
atmosphere is the physical activation process. 
The precursor is impregnated with a chemical 
agent and then pyrolyzed in a chemical activation 
process. The pyrolysis process produces a 
material with substantially higher carbon content 
and a more organized structure. The porosity 
develops dramatically when the chemical agent 
is removed via heat treatment. Chemical 
activation has several advantages to physical 
activation, one of which is the quickest time it 
takes to complete the process [31]. The 
adsorption capacities of mercury adsorbed by 
activated carbons derived from various materials 
are reported in Table 1 to determine the best 
conditions, methods, and raw materials required 
for producing activated carbon with effective 
adsorptive properties toward mercury. 

 
Table 1. Capacity of adsorption for selected activated carbons 

 

No Adsorbents Adsorption capacity 
(mg/g) 

Ref. 

1 Ceiba pentandra hulls were used to make 
activated carbon. 

25.88 [5] 

Activated carbon made from the hulls of Phaseolus 
aureus 

23.66 

Cicer arietinum-derived activated carbon 22.88 
2 Carbon generated from fertilizer waste as 

activated carbon 
654.0 at 27 

 
C 

371.1 at 45 
 
C 

72.4 at 65 
 
C 

[32] 

3 Antibiotic waste activated carbon 129 [33] 
4 Activated carbon made from coconut shells 15.20 [34] 
5 Furfural produces activated carbon. 174 [35] 
6 Activated carbon made from coirpith, a waste 

agricultural solid by-product. 
154 [36] 

7 Made from sago waste, activated carbon 55.6 [37] 
8 Palm oil activated carbon empty fruit bunch 52.67 [38] 
9 Activated carbon impregnated with sulfur 800 [39] 
10 Mixed recyclable garbage activated carbon 27.6 [40] 
11 Activated carbons that have been sulfurized 578 at 65 

 
C [41] 

12 Activated carbon made from sawdust 182.2 at 30 
 
C 

201.7 at 40 
 
C 

216.3 at 50 
 
C 

232.9 at 60 
 
C 

[42] 

13 H3PO4 produces activated carbon. 160 [43] 
14 Activated carbon made from pistachio wood waste 202 [44] 
15 In simulated landfill leachate, modified activated 

carbon from peat soil was used. 
114 [45] 

In simulated landfill leachate, modified activated 
carbon of coal was used. 

102 

16 Magnetic activated carbon with thiol 
functionalization 

366.3 [46] 

17 Carbon activated with poly ethylenimine 16.39 [47] 
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Table 1 shows that activated carbon generated 
from fertilizer waste has a suitable capacity for 
mercury adsorption (654.0 mg/g at 27°C) [32]. 
The greater surface area (629 m

2
/g) and 

negligibly small quantities of silica and ash in this 
activated carbon explain its higher adsorption 
capability. This indicates that the raw materials, 
activation agent, and experimental conditions 
used to produce this activated carbon were 
suitable. Table 1 also demonstrates that at 
400°C, sulfur impregnation of activated carbon 
produced the best adsorbent, with an adsorption 
capacity of 800 mg/g for Hg(II) [39]. This 
suggests that sulfur impregnation considerably 
enhanced the adsorption capacity of activated 
carbon for Hg(II). The chemical interaction 
between sulfur atoms and functional groups on 
the surface of virgin activated carbon (e.g., 
carbonyl, carboxyl, phenol, and lactone) 
produces sulfone, sulfoxide, and thiophene, 
which serve as the main mercury adsorption 
active sites [39]. 
 

2.2 Polymers 
 

Due to the availability of various functional 
groups, several polymer-based adsorbents have 
previously been employed for heavy metal 
adsorption from contaminated water. Pure 
polymers, on the other hand, have a number of 
drawbacks, including low stability and the 
separation of adsorbents from wastewater after 
adsorption treatment, particularly when 
powdered. If the used adsorbent can be 
efficiently recovered, it can be regenerated and 
reused, resulting in a lower capital investment 
[48]. 
 

Hg sorbents have been proposed using a variety 
of polymer sorbents that immobilize sulfur-
containing functional groups, such as thiol, 
thiocarbamate, thiourea, thiazole, and 
thiazoline(II) [49-54]. However, because heavy 
metal sorption affects the sorbent's sorption 
capacity and effectiveness, the presence of high 
amounts of these heavy metals in wastewater 
could reduce the efficacy of Hg(II) removal using 
the sorbent. Based on this idea, polymer 
sorbents with excellent Hg(II) selectivity are 
being investigated in a variety of wastewater 
treatment applications. Furthermore, because 
Hg(II) and other heavy metal-containing 
wastewater is often acidic, polymer sorbents' 
ability to remove Hg(II) under acidic 
circumstances is favorable [55]. 

Prior to ultrafiltration, water-soluble metal-binding 
polymers are included in polymer-assisted 
ultrafiltration (PAUF), a similar process for 
eliminating metal ions. The introduction of 
complex polymers, which produce vast complex 
entities that increase the amount of the solute to 
be retained, makes filtration easier [56]. 
 
Porous organic polymers have become a hot 
topic in recent years due to their wide range of 
applications, including gas storage, molecular 
separations, heterogeneous catalysis, pollutants 
adsorption, and so on [57-59]. They are highly 
designable solid supports with synthetic variation 
as the key benefit [60-61]. 
 
In normal processes for their production, the 
employment of costly noble metal catalysts or 
powerful Lewis acid catalysts is frequently 
necessary [62]. As a result, efficient design and 
catalyst-free synthesis of novel functional porous 
polymers from simple, inexpensive, and easily 
available chemical monomers remains a difficult 
and essential research topic in polymer 
chemistry [63]. Triazines, especially melamines, 
have shown great potential in the burgeoning 
fields of supramolecular [64] and dendrimer [65] 
chemistry via donating and accepting hydrogen 
bonds, metal chelation, and pep interactions. 
Melamine (MA) is a 66 percent nitrogen triazine 
monomer widely utilized in the plastic, 
pharmaceutical, ornamental, and paper 
industries. It seems to be a suitable choice for 
being used as a raw material to make N-rich 
materials (like carbon nitride and N-enriched 
carbons) with weak basic functionalities                    
[66-67], which have a variety of applications, 
including metal-free catalysis [68], CO2 
adsorption [69], supercapacitors, and other 
industrial processes. Because of its high                
stability and N functionality, the s-triazine ring 
has recently emerged as a remarkable                
element in the production of porous polymers. 
The porous covalent triazine-based framework 
(CTF), which is a good catalytic support for    
metal particles with high surface areas and 
remarkable thermal and chemical durability 
[63,70-71], has received a lot of attention. 
However, until recently, the MA was exclusively 
employed as a monomer to make porous 
polymers without the usage of fussy templates. 
Table 2 lists some of the polymers that have 
recently been employed to remove mercury from 
wastewater. 
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Table 2. Adsorption capacities for chosen polymers 
 

No Polymer Adsorbent's name Adsorption capacity of 
Adsorbents (mg/g) 

Ref. 

1 Microporous polymer with a high sulfur 
content 

595.2  [72] 

2 Porous organic polymers based on triazine 229.9  [73] 
3 Magnetic porous organic polymers with thiol 

functionalization 
910  [74] 

4 Polymeric resin with magnetic properties 188.4  [48] 
5 Porous organic polymers with thiol/thioether 

functionalization 
180  [75] 

6 Sulfur-containing nitrogen-rich organic 
polymer with a hierarchically porous 
structure 

3106  [76] 

7 Polythioamides complexing membrane 
poly(vinylalcohol)/poly(vinylimidazole) 

700-850  [77] 

8 Polymeric resin with magnetic properties 853  [78] 
9 Melamine-based porous polymer 1172  [79] 
10 Polyaniline/attapulgite composite 909.1  [80] 
11 Starch-g-poly-(N-methylacrylamide-co-

acrylic acid) 
11.0  [81] 

12 A novel series of cross-linked 
polydithiocarbamates 

22,1  [82] 

13 A novel polymeric magnetic boehmite 
nanocomposite (boehmite@ 
Fe3O4@PLA@SiO2) 

36.94  [83] 

14 MoS2-nanosheet-decorated PVDF 
composite 

578  [84] 

15 Porous sulfur copolymers 371.3  [85] 
16 MoSe2 nanoshee 208.3  [86] 
17 Amide functionalized cellulose from 

sugarcane bagasse 
178  [87] 

18 Thiol-functionalized polymer-coated 
magnetic particles 

80.3  [88] 

19 A dendrimer-grafted polyacrylonitrile fiber in 
fixed-bed column 

227.6  [89] 

20 Magnetic composite adsorbent based on 
starch/polyethyleneimine 

244.9  [90] 

21 Magnetic nanomaterial with bifunctional 
groups and core-shell 

504.3  [91] 

22 Thiophenol-thiophene polymer 62.5  [92] 
23 Microporous functional silica-polymer 

sponge-like composite 
582  [93] 

24 New network polymer functionalized 
magnetic-mesoporous nanoparticle 

515.5  [94] 

25 A new dendrimer-functionalized magnetic 
nanosorbent 

90  [95] 

26 Chitosan functionalized by amino-
terminated hyperbranched polyamidoamine 
polymers 

526.3  [96] 

27 Alginate, pectate and polygalacturonate 
calcium gel beads 

280 (Alginate beads) 
300 (PGA beads) 
340 (Pect beads) 

[97] 

28 New modified poly(vinylamine)-gels 248.8  [98] 
29 Polyaniline-Fe3O4

-
 silver 

diethyldithiocarbamate nanostructures 
222.2  [99] 
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No Polymer Adsorbent's name Adsorption capacity of 
Adsorbents (mg/g) 

Ref. 

30 Cryogels 742 (AAC cryogel) 
 676 (SAC cryogel) 

[100] 

31 Dithiocarbamate functionalized-magnetic 
nanocomposite 

109.5  [101] 

32 Hyperbranched polyethylenimine 
functionalized carboxymethyl chitosan 
semi-interpenetrating network composite 
(HPFC) 

1594  [102] 

 
In the comparison between the performance of 
activated carbons (Table 1) and the polymers in 
Table 2 for the adsorption of mercury, it will be 
seen that the former is significantly better than 
the latter due to the availability of different 
functional groups [48]. Table 2 also shows that 
thiol-functionalized magnetic porous organic 
polymers [74], sulfur-containing nitrogen-rich 
robust hierarchically porous organic polymers 
[76], melamine-based porous polymers [79], 
polyaniline/attapulgite composite due to its amine 
and imine functional groups [80], and due to the 
strong non-covalent interaction of the ligand S 
and N lone pairs with Hg2, has the highest 
adsorption capacity (3106 mg/g). 
 

2.3 Nanoparticles  
 

Due to their unique physicochemical qualities, 
such as large surface area, high adsorption 
capacity, quick diffusion rate, and changing 
surface functionalities, nano-scale materials have 
gotten a lot of interest [103,104]. Similarly, metal 
nanoparticle (NP) materials that are highly 
distributed and ultrafine have been widely 
researched as tiny scavengers for heavy metal 
ion removal from polluted water [105-108]. Due 
to their increased surface area and number of 
exposed active sites, most of these metal NPs 
were found to have significant effectiveness for 
heavy metal removal when compared to the bulk. 
Furthermore, when metal NPs are connected to 
adequate supports, they perform better during 
reactions [109-111]. 
 

Metal NPs, on the other hand, demonstrate high 
aggregation in actual environmental applications, 
which hinders their effective use and catalytic 
activity [112]. Hybrid composites are typically 
created to anchor NPs and obtain very stable 
and distributed metal NPs to tackle this problem. 
Activated carbons [113], sol-gel mesoporous 

silica [114], amorphous porous organic polymers 
[115], metal oxides [116], graphene [117], and 
metal-organic frameworks (MOFs) [118] have all 
been proposed as supporting matrices. Inorganic 
porous materials, on the other hand, have limited 
reaction space due to heavy hazardous metals' 
limited access to their porous channels. Other 
mesoporous or macro-porous materials created 
using templates are prone to collapsing during 
use. Although stability in acidic aqueous 
solutions is not assured for many MOF materials, 
when used for heavy metal pollution cleanup, 
MOF materials can expose large surface areas 
and many open channels. Another potential 
stumbling hurdle to NP utilization is their volatility 
in acidic solutions. The environment and humans 
appear to be more affected by exposure toxicity, 
restricting the usage of NPs in next-generation 
technologies [119,120]. As a result, sustained 
use of highly spatially distributed metal NPs in 
acidic water decontamination applications 
remains a concern. 

 
Nanoscale metal oxides, particularly magnetic 
nanoparticles, have many advantages, including 
high surface area-to-volume ratios, fast 
extraction dynamics, high extraction capacity, 
and a specific affinity for heavy metal adsorption 
from aqueous systems. Magnetite is a viable 
alternative due to its adsorption technique 
combined with magnetic separation [121], which 
allows the adsorbent and adsorbate to be easily 
separated from the aqueous phase using an 
external magnetic field. Due to the presence of 
hydroxyl groups on the surface of iron oxide 
nanoparticles, magnetic nanoparticles as a solid 
phase adsorbent can modify the surface, 
providing a diverse synthetic handle for the 
attachment of various functions [122]. Table 3 
lists recent nanoparticles utilized as adsorbents 
and their adsorption capabilities. 
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Table 3. Some nanoparticles used to remove mercury and its adsorption capabilities are listed 
here 

 

No Name of nanoparticles adsorbents Adsorption 
capacity (mg/g) 

Ref. 

1 Ag nanoparticles anchored in covalent organic 
frameworks 

113 [123] 

2 Mercaptoamine-functionalized silica-coated magnetic 
nano-adsorbents 

355 [124] 

3 Hyperbranched and multi-functionalized dendrimer 
modified mixed-oxides nanoparticles 

3232 [125] 

4 Ag supported on nano mesoporous silica 42.89 [126] 
5 Magnetic iron oxide nanoparticles modified with 2-

mercaptobenzothiazole 
0.59 [127] 

6 Di-thio grafted on magnetic mesoporous silica 
nanoparticles 

538.9 [128] 

7 Thiol-functionalized magnetic nanoparticles 344.82 [129] 
8 Magnetic nanoparticles coated with amino organic 

ligands and yam peel biomass 
 

a. MNP-APS 
(426.50) 
b. MNP-P 
(278.63) 
c. MNP-YP 
(215.6) 

[130] 

9 Covalent triazine framework encapsulated γ-
Fe2O3 nanoparticles 

165.8 [131] 

10 Cadmium sulfide nanoparticles doped in polycaprolactam 
nanofibers 

162 [132] 

11 Pumice-supported nanoscale zero-valent iron 332.4 [133] 
12 Functionalized mesoporous silica nanoparticles with the 

amine compound 
a. KIT-6 (38) 
b. DA-KIT-6 
(50) 

[134] 

13 Silver/quartz nanocomposite 376.3 [135] 
14 Gold-Functionalized Fe3O4 Magnetic Nanoparticles 79.59 [136] 
15 EDTA functionalized graphene oxide nanoparticles 390.9 [137] 
16 Magnetic graphene oxide 71.3 [138] 
17 Thiosemicarbazide-grafted graphene oxide 231 [139] 

Note: - MNP-APS [magnetic nanoparticle - 3-aminopropylsilane] 
MNP-P [magnetic nanoparticle – peptide] 

 
Because of their higher surface area and variable 
surface functional groups, most nanoparticle 
materials have acceptable adsorption capacities 
(Table 3), but hyperbranched and multi-
functionalized dendrimer modified mixed-oxides 
nanoparticles have the highest capacity for 
mercury adsorption from aqueous solution (3232 
mg/g). This is due to the adsorbent 
nanoparticles' diverse functional groups and 
hydrophilic reactive sites [125]. 
 

2.4 Low-cost Materials 
 

In recent years, clays, biomass, agricultural, and 
industrial residuals have all been employed to 
generate low-cost adsorbents [140-144]. Such 
adsorbents include coal fly ash (CFA), naturally 
occurring zeolites, and synthetic zeolites made 

from low-cost starting materials such as Si and Al 
[145-150]. For example, Liu et al. [151] created a 
hybrid mesoporous alumino-silicate sieve 
(HMAS) out of fly ash. After then, the mixture 
was successfully impregnated with zeolite A 
precursor. When various parameters, such as pH 
and temperature, were evaluated, high 
effectiveness for mercury removal was 
established. On the other hand, cost-
effectiveness was not taken into account. CFA is 
a by-product of coal combustion in power plants, 
and several recent research have proposed CFA 
reuses [152]. CFA is produced in millions of tons 
per year all over the world. Due to its fine 
structure and hazardous components, CFA 
production is currently rising, posing a severe 
environmental threat [153,154]. 
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Table 4. Adsorption capacity for some low-coast materials used for mercury removal 
 

No Name of low-coast adsorbents Adsorption capacity 
(mg/g) 

Ref. 

1 Lignin xanthate resin–bentonite clay composite 438.75 [163] 
2 Lactarius acerrimus macrofungus 134.9 [164] 
3 A low-cost adsorbent from coal fly ash 0.44 [165] 
4 Agroindustrial waste adsorbents a. CSB 13.55 

b. SBZ 11.47 
[166] 

5 Functionalized three-dimensional (3D) graphene 
composite 

1000 [167] 

6 Coal gasification slag 1.96-2.27 [168] 
7 Lemna minor powder 28.2 [169] 
8 by powdered leaves of castor tree (Ricinus 

communis L.) 
37.2 [170] 

9 Eucalyptus bark 33.11 [171] 
10 Banana peels 0.75 [172] 
11 Amide functionalized cellulose from sugarcane 

bagasse 
178 [173] 

12 Date pits a. RDP (282) 
b. SMRDP (280) 
c. SIMRDP (90) 

[174] 

 
The effectiveness of CFA in eliminating mercury 
from flue gas has been demonstrated [155-159]. 
The unburned carbon contained in fly ash has 
been found to be the most effective particle for 
trapping mercury in coal-fired power plants in 
many investigations [155]. This could be the 
secret of CFA's success in removing mercury 
ions from liquid medium. However, because 
additional heavy metals and hazardous species 
trapped in the CFA structure can be released into 
the liquid solution during the adsorption process, 
its adoption can be difficult. 
 
As a result, while CFA removes mercury from 
effluent, other harmful heavy metals like As and 
Cr may be released into the environment. 
Furthermore, as compared to other adsorbents, 
raw CFA has a low adsorption capacity [160-
161]. CFA's adsorption qualities can be improved 
while the problem of leaching is reduced, 
according to new research. The most frequent 
method for altering CFA is to convert it into 
zeolites, which is effective at enhancing heavy 
metal removal [157,161,162]. Table 4 shows the 
adsorption capacity of certain low-cost materials 
that have been utilized to remove mercury from 
wastewater. 
 
It can be seen from Table 4, that most low-cost 
adsorbents have insufficient performance for the 
adsorption of mercury compared with the other 
types of adsorbents like activated carbon, 
polymers, and nanoparticles. Among all these 
adsorbents, only the functionalized three-

dimensional (3D) graphene composite due to the 
–SH functional group present on its surface has 
a considerable adsorption capacity (1000) [167].  
 

3. CONCLUSIONS 
 
The current work is a study of a wide range of 
adsorbents, for the reader to obtain a better 
knowledge of the best types of adsorbents used 
to remove mercury from wastewater. Less costly, 
readily available, and effective materials should 
be employed to remove mercury from aqueous 
solutions. Few attempts appear to have been 
undertaken to compare the cost and 
performance of various adsorbents. To 
encourage the large-scale usage of adsorbents, 
this issue must be researched further. If 
adsorbents remove mercury effectively at a 
cheap cost, they can be accepted and broadly 
employed in industries to cut costs while 
simultaneously increasing profitability. Mercury 
adsorption needs more research in the areas of 
modeling and adsorbent renewal. Most of the 
researchers are using batch processes, which 
provide a foundation for the design of continuous 
flow systems with industrial applications on a 
commercial level. More research is needed to 
make the process functional and cost-effective 
on an industrial scale, with a particular focus on 
adsorbent renewal. Finally, it is important to 
mention here that the adsorption process for the 
removal of mercury from water and wastewater 
should be zero-waste.  
 



 
 
 
 

Aljohani et al.; IRJPAC, 23(1): 43-55, 2022; Article no.IRJPAC.86620 
 

 

 
51 

 

ACKNOWLEDGEMENT 
 

The authors acknowledge the enthusiastic 
support for this work from Department of 
Chemistry, Faculty of Science and University of 
Tabuk, Saudi Arabia.  
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Baeyens R, Ebinghous R, Vasilev O. 
Global and regional mercury cycles: 
Sources, fluxes and mass balances, 
Kluwer Academic Publishers; 1996. 

2. Morimoto T, Wu S, Azhar Uddin M, 
Sasaoka E. Fuel. 2005;84:1968-1974. 

3. Li Y, Lee C, Gullett B. Fuel. 2003;82:451-
457. 

4. Yardim M, Budinova T, Ekinci E, Petrov N, 
Razvigorova M, Minkova V. Chemosphere. 
2003;52:835-841. 

5. Madhava Rao M, Kumar Reddy D, 
Venkateswarlu P, Seshaiah K. Journal of 
Environmental Management. 2009;90:634-
643. 

6. Nanseu-Njiki C, Tchamango S, Ngom P, 
Darchen A, Ngameni E, Hazard J. Mater. 
2009;168:1430-1436. 

7. Henneberry Y, Kraus T, Fleck J, 
Krabbenhoft D, Bachand P, Horwath W. 
Sci. Total Environ. 2011;409:631-637. 

8. Botta S, Rodríguez D, Leyva A, Litter M. 
Catal. Today. 2002;76:247-258. 

9. de la Fourni`ere E, Leyva A, Gautier E, 
Litter M. Chemosphere. 2007;69:682-688. 

10. L´opez-Mu˜noz M, Aguado J, Arencibia A, 
Pascual R. Appl. Catal. B Environ. 
2011;104:220-228. 

11. Huebra M, Elizalde M, Almela A. 
Hydrometallurgy. 2003;68:33-42. 

12. Anirudhan T, Divya L, Ramachandran M. 
J. Hazard Mater. 2008;157:620-627. 

13. Lesaca T. W. V. Med. J. 1996;92:310-311. 
14. Lloyd-Jones P, Rangel-Mendez J, Streat 

M. Process Saf. Environ. Prot. 
2004;82:301-311. 

15. Li SX, Feng-Ying Z, Yang H, Jian-Cong N, 
Hazard J. Mater. 2011;186:423-429. 

16. Taurozzi J, Redko M, Manes K, Jackson J, 
Tarabara V. Sep. Purif. Technol. 
2013;116:415-425. 

17. Ismaiel A, Aroua M, Yusoff R. Chem. Eng. 
J. 2013;225:306-314. 

18. Wajima T, Sugawara K, Fuel Process. 
Technol. 2011;92:1322-1327. 

19. Albatrni H, Qiblawey H, El-Naas M. 
Separation and purification technology. 
2021;257:117833. 

20. Dabrowski A. Adv. Colloid Interface Sci. 
2001;93:135-224. 

21. Ahmad A, Rafatullah M, Danish M. Holz 
als Roh-und Werkstoff. 2007;65:429-436. 

22. Ahmad A, Rafatullah M, Sulaiman O, 
Ibrahim M, Chii Y, Siddique B. 
Desalination. 2009;247:636-646. 

23. Rafatullah M, Sulaiman O, Hashim R, 
Ahmad A, Hazard J. Mater. 2009;170:969-
977. 

24. Shah LA, Khan M, Javed R, Sayed M, 
Khan MS, Khan A, Ullah M. J. Clean. Prod. 
2018;201:78-87. 

25. Tang Q, Wang K, Yaseen M, Tong Z, Cui 
X. J. Clean. Prod. 2018;193:351-362. 

26. Li H, He N, Cheng C, Dong H, Wen J, 
Wang X. Chem. Eng. J. 2020;388:124273. 

27. Vélez E, Campillo G, Morales G, Hincapié 
C, Osorio J, Arnache O, Uribe J, Jaramillo 
F. Journal of Physics: Conference Series. 
2016;687:012050. 

28. Naeemullah M, Tuzen A, Sarı I. Turkekul, 
Materials Chemistry and Physics. 
2020;249:123168. 

29. Rafatullah M, Sulaiman O, Hashim R, 
Ahmad A. Journal of Hazardous Materials. 
2010;177:70-80 

30. Savova D, Apak E, Ekinci E, Yardim F, 
Petrov N, Budinova T, Razvigorova M, 
Minkova V. Biomass and Bioenergy. 
2001;21:133-142. 

31. Carvalho A, Cardoso B, Pires J, Brotas de 
Carvalho M. Carbon. 2003;41:2873-2876. 

32. Mohan D, Gupta V, Srivastava S, Chander 
S. Colloids and surfaces A: 
Physicochemical and engineering aspects. 
2001;177:169-181. 

33. Budinova T, Petrov N, Parra J, Baloutzov 
V. Journal of Environmental Management. 
2008;88:165-172. 

34. Goel J, Kadirvelu K, Rajagopal C. 
Environmental Technology. 2004;25:141-
153. 

35. Yardim M, Budinova T, Ekinci E, Petrov N, 
Razvigorova M, Minkova V. Chemosphere. 
2003;52:835-841. 

36. Namasivayam C, Kadirvelu K. Carbon. 
1999;37:79-84. 

37. Kadirvelu K, Kavipriya M, Karthika C, 
Vennilamani N, Pattabhi S. Carbon. 2004; 
42:745-752. 



 
 
 
 

Aljohani et al.; IRJPAC, 23(1): 43-55, 2022; Article no.IRJPAC.86620 
 

 

 
52 

 

38. Wahi R, Ngaini Z, Usun Jok V. World 
Applied Sciences Journal. 2009;5:84-91. 

39. Wang J, Deng B, Wang X, Zheng J. 
Environmental Engineering Science. 
2009;26:1693-1699. 

40. Habila M, AlOthman Z, Ghfar A, Al-Zaben 
M, Alothman A, Abdeltawab A, El-
Marghany A, Sheikh M. Molecules. 2019; 
24:1-11. 

41. Asasian N, Kaghazchi T. Int. J. Environ. 
Sci. Technol. 2015;12:2511-2522. 

42. Raji C, Manju G, Anirudhan T. Indian 
Journal of Engineering & Materials 
Sciences. 1997;4:254-260 

43. Budinova T, Ekinci E, Yardim F, Grimm A, 
Björnbom E, Minkova V, Goranova M. Fuel 
processing technology. 2006;87:899-905. 

44. Sajjadi S, Mohammadzadeh A, Tran H, 
Anastopoulos I, Dotto G, Lopičić Z, 
Sivamani S, Rahmani-Sani A, Ivanets A, 
Hosseini-Bandegharaei A. Journal of 
Environmental Management. 2018; 
223:1001-1009. 

45. Budihardjo M, Wibowo Y, Ramadan B, 
Serunting M, Yohana E. Syafrudin, 
Environmental Technology & Innovation. 
2021;24:102022. 

46. Chen K, Zhang Z, Xia K, Zhou X, Guo Y, 
Huang T. ACS Omega. 2019;4:8568-8579. 

47. Saleh T, Sarı A, Tuzen M. Journal of 
Environmental Chemical Engineering. 
2017;5:1079-1088. 

48. Ahamad T, Naushad M, Alshehri S. 
Journal of Water Process Engineering. 
2020;36:101284. 

49. Dabrowski A, Hubicki Z, Podkoscielny P, 
Robens E. Chemosphere. 2004;56:91-106. 

50. Kobayashi A, Tokuno M, Fuchu Y, Kogyo 
Yosui. 2003;155:40-25. 

51. Zhou L, Wang Y, Liu Z, Huang Q, Hazard 
J. Mater. 2009;161:995-1002. 

52. Donia AM, Atia AA, Heniesh AM. Sep. 
Purif. Technol. 2008;60:46-53. 

53. Ni C, Yi C, Feng Z. J. Appl. Polym. Sci. 
2001;82:3127-3132. 

54. Abd El-Rehim HA, Hegazy EA, El-Hag Ali 
A. React. Funct. Polym. 2000;43:105-116. 

55. Kagaya S, Miyazaki H, Ito M, Tohda K, 
Kanbara T. Journal of Hazardous 
Materials. 2010;175:1113-1115. 

56. Bessboussea H, Rhlalou T, Vercherea J, 
Lebrun L. Chemical Engineering Journal. 
2010;16437-48. 

57. McKeown N, Budd P. Chem Soc Rev. 
2006;35:675-683. 

58. Germain J, Fréchet J, Svec F. Small. 
2009;5:1098-1111. 

59. Zhang Y, Wei S, Liu F, Du Y, Liu S, Ji Y. 
Nano Today. 2009;4:135142. 

60. El-Kaderi H, Hunt J, Mendoza-Cortes J, 
Cote A, Taylor R, O’Keeffe M. Science. 
2007;316:268-272. 

61. Jiang J, Cooper A. Microporous organic 
polymers: design, synthesis, and function. 
Berlin: Springer. 2010;1-33. 

62. McKeown N, Budd M. Macromolecules. 
2010;43:5163-5176. 

63. Kuhn P, Antonietti M, Thomas A. Angew 
Chem Int Ed. 2008;47:3450-3453. 

64. Mooibroek T, Gamez P. Inorg Chim Acta. 
2007;360:381-404. 

65. Steffensen M, Hollink E, Kuschel F, Bauer 
M, Simanek E. J Poly Sci Part A Poly 
Chem. 2006;44:3411-3433. 

66. Jurgens B, Irran E, Senker J, Kroll P, 
Muller H, Schnick W. J Am Chem Soc. 
2003;125:10288-10300 

67. Hulicova D, Yamashita J, Soneda Y, Hatori 
H, Kodama M. Chem Mater. 
2005;17:1241-1247. 

68. Wang X, Maeda K, Thomas A, Takanabe 
K, Xin G, Carlsson J. Nat Mater. 
2009;8:76-80. 

69. Pevida C, Drage T, Snape C. Carbon. 
2008;46:1464-1474. 

70. Kuhn P, Al Forget D, Su A, Thomas M, 
Antonietti J Am Chem Soc. 2008; 
130:13333-13337. 

71. Chan-Thaw C, Villa A, Katekomol P, Su D, 
Thomas A, Prati L. Nano Lett. 
2010;10:537-541. 

72. Xu D, Duo Wu W, Qi H, Yang R, Deng W. 
Chemosphere. 2018;196:174-181. 

73. Peng R, Chen G, Zhou F, Man R, Huang J. 
Chemical Engineering Journal. 
2019;371:260-266. 

74. Huang L, Peng C, Cheng Q, He M, Chen 
B, Hu B. Ind. Eng. Chem. Res. 2017; 
56:13696-13703. 

75. Cheng J, Li Y, Li L, Lu P, Wang Q, He C. 
New J. Chem. 2019;43:7683-7693. 

76. Chowdhury A, Kanti Das S, Mondal S, 
Ruidas S, Chakraborty D, Chatterjee S, 
Bhunia M, Chandra D, Hara M, Bhaumik A. 
Environ. Sci.: Nano. 2021;8:2641-2649. 

77. Kagaya S, Miyazaki H, Ito M, Tohda K, 
Kanbara T. Journal of hazardous materials 
 .175:1113-1115;2010

78. Bessbousse H, Rhlalou T, Verchère J, 
Lebrun L. Chemical Engineering Journal. 
2010;164:37-48. 

79. Yang G, Han H, Du C, Luo Z, Wang Y. 
Polymer. 2010;51:6193-6202. 



 
 
 
 

Aljohani et al.; IRJPAC, 23(1): 43-55, 2022; Article no.IRJPAC.86620 
 

 

 
53 

 

80. Cui H, Qian Y, Li Q, Zhang Q, Zhai J. 
Chemical Engineering Journal. 2012; 
211:216-223. 

81. Kolya H, Das S, Tripathy T. European 
Polymer Journal. 2014;58:1-10. 

82. Akintola O, Saleh T, Khaled M, Al Hamouz 
O. Journal of the Taiwan Institute of 
Chemical Engineers. 2016;60:602-616. 

83. Alinezhad H, Zabihi M, Kahfroushan D. 
Journal of Physics and Chemistry of 
Solids. 2020;144:109515. 

84. Zhao X, Li J, Mu S, He W, Zhang D, Wu X, 
Zeng H. Environmental Pollution. 
2021;268:115705. 

85. Wadi V, Mittal H, Fosso-Kankeu E, Jena K, 
Alhassan M. Colloids and surfaces A: 
physicochemical and engineering 
aspects. 2020;606:125333. 

86. Long C, Li X, Jiang Z, Zhang P, Qing Z, 
Qing T, Feng B. Journal of Hazardous 
Materials. 2021;413:125470. 

87. Sun N, Wen X, Yan C. International 
Journal of Biological Macromolecules. 
2018;108:1199-1206. 

88. Jainae K, Sukpirom N, Fuangswasdi S, 
Unob F. Journal of Industrial and 
Engineering Chemistry. 2015;23:273-278. 

89. Chen C, Chen Z, Shen J, Kang J, Zhao S, 
Wang B, Li X. Journal of Cleaner 
Production. 2021;310:127511. 

90. Yang C, Jiang J, Wu Y, Fu Y, Sun Y, Chen 
F, Hu J. Journal of Molecular 
Liquids. 2021;337116418. 

91. Zhang Z, Xia K, Pan Z, Yang C, Wang X, 
Zhang G, Bai R. Applied Surface 
Science. 2020;500:143970. 

92. Albakri M, Saleh T, Mankour Y, Garrison F, 
Al Hamouz O. Journal of Colloid and 
Interface Science. 2021;582:428-438. 

93. Alsulami Q, Hussein M, Alsheheri S, 
Elshehy E, El-Said W. Journal of Materials 
Research and Technology. 2022;17:2000-
2013. 

94. Fu Y, Sun Y, Zheng Y, Jiang J, Yang C, 
Wang J, Hu J. Separation and purification 
technology. 2021;259:118112. 

95. Ghodsi S, Behbahani M, Badi M,mM. 
Ghambarian H, Sobhi R Esrafili. Journal of 
Molecular Liquids. 2021;323:114472. 

96. Ma F, Qu R, Sun C, Wang C, Ji C, Zhang 
Y, Yin P. Journal of Hazardous Materials. 
2009;172:792-801. 

97. Cataldo S, Gianguzza A, Pettignano A, 
Villaescusa I. Reactive and functional 
polymers. 2013;73:207-217. 

98. Shandil Y, Dautoo U, Chauhan G. 
Chemical Engineering Journal. 2017; 
316:978-987. 

99. Hashemi S, Mousavi S, Ramakrishna S. 
Journal of Cleaner Production. 2019; 
239:118023. 

100. Baimenov A, Berillo D, Moustakas K, 
Inglezakis V. Journal of Hazardous 
Materials. 2020;399:123056. 

101. Behjati M, Baghdadi M, Karbassi A. 
Journal of Environmental Management. 
2018;213:66-78. 

102. Zeng H, Wang L, Zhang D, Yan P, Nie J, 
Sharma V, Wang C. Chemical Engineering 
Journal. 2019;358:253-263. 

103. Iris Gopalakrishnan S, Sridharan K. 
Emerging trends of nanotechnology in 
environment and sustainability. 2018;89-
98. 

104. Astruc F. Coordination chemistry reviews. 
2018;356:147-164. 

105. Vikrant K, Kim KH. Chemical Engineering 
Journal. 2019;358:264-282. 

106. Li H, Liu H, Zhang J, Cheng Y, Zhang C, 
Fei X, Xian Y. ACS Appl Mater Interfaces. 
2017;9:40716-40725. 

107. Wu G, He S, Peng H, Deng H, Liu A, Lin X, 
Xia X, Chen W. Anal Chem. 
2014;86:10955-10960. 

108. I.O.-J.n.X.n.L.p.J.A.V. Puntes, ACS NANO. 
2012;6:2253-2260. 

109. Tunsu C, Wickman B. Nat Commun. 
2018;9:4876. 

110. Xu J, Liu X, Lowry GV, Cao Z, Zhao H, 
Zhou JL, Xu X. ACS Appl Mater Interfaces. 
2016;87333-7342. 

111. Ning Ping Y, Qiongfen Y, Xiaolong T, 
Liping Y, Zhiqing Y. Journal of Rare 
Earths. 2010;28:581-586 

112. Wei K, Renneckar S, Leng W, Vikesland P. 
Analyst. 2015;140:5640-5649. 

113. Joo S, Oh S, Kwak I, Liu J, Terasaki Z, 
Ryoo O. Nature Chemistry. 2001;412.  

114. Tai Y, Watanabe M, Murakami J, Tajiri K. 
Journal of Materials Science. 
2007;42:1285-1292. 

115. Huang Y, Liang Q, Wang J, Cao X. J. Am. 
Chem. Soc. 2016;138:10104-10107. 

116. Wang W, Ramalingam B, Mukherjee S, 
Niedzwiedzki D. J. Am. Chem. Soc. 
2012;134:11276-11281. 

117. Nethravathi E, Rajamathi M, Ravishankar 
N. Nanoscale. 2011;3:569-571. 

118. Yang Q, Jiang H. Chem. Soc. Rev. 
2017;46:4774-4808. 



 
 
 
 

Aljohani et al.; IRJPAC, 23(1): 43-55, 2022; Article no.IRJPAC.86620 
 

 

 
54 

 

119. Zhang Y, Xia J, Liu Y, Qiang L, Zhu L. 
Environ Sci Technol. 2016;50:13283-
13290. 

120. Gorka D, Osterberg J, Gwin C, Colman B, 
Meyer J, Bernhardt E, Gunsch C, Di Gulio 
R, Liu J. Environ Sci Technol. 
2015;49:10093-10098. 

121. Xu P, Zeng G, Huang D, Feng C, Hu S, 
Zhao M, Lai C, Wei Z, Huang C, Xie G, Liu 
Z. The Science of the total environment. 
2012;424:1-10. 

122. Boyer C, Whittaker M, Bulmus V, Liu J, 
Davis T., NPG Asia Mater. 2010;2:23-30. 

123. Wang L, Xu H, Qiu Y, Liu X, Huang W, 
Yan N, Qu Z. Journal of Hazardous 
Materials. 2020;389:121824. 

124. Bao S, Li K, Ning P, Peng J, Jin X, Tang L. 
Applied Surface Science. 2017;393:457-
466. 

125. Arshadi M, Mousavinia F, Khalafi-Nezhad 
A, Firouzabadi H, Abbaspourrad A. Journal 
of Colloid and Interface Science. 2017; 
505:293-306. 

126. Ganzagh M, Yousefpour M, Taherian Z. 
Journal of Chemical Biology. 2016;9:127-
142. 

127. Parham H, Zargar B, Shiralipour R. Journal 
of Hazardous Materials. 2012;205:94-          
100. 

128. Mehdinia A, Akbari M, Baradaran Kayyal 
T, Azad M. Environmental Science and 
Pollution Research. 2015;22:2155-2165. 

129. Oveisi F, Nikazar M, Razzaghi M, 
Mirrahimi M, Jafarzadeh M. Environmental 
nanotechnology, monitoring & 
management. 2017;7:130-138. 

130. Marimón-Bolívar W, Tejeda-Benítez L, 
Herrera A. Environmental nanotechnology, 
monitoring & management. 2018;10:486-
493. 

131. Leus K, Folens K, Nicomel N, Perez J, 
Filippousi M, Meledina M, Van Der Voort 
P. Journal of hazardous materials. 2018; 
353:312-319. 

132. Sereshti H, Gaikani H, Rashidi Nodeh H. 
Journal of the Iranian Chemical 
Society. 2018;15:743-751. 

133. Liu T, Wang Z, Yan X, Zhang B. Chemical 
Engineering Journal. 2014;245:34-40. 

134. Rabie A, Abd El-Salam H, Betiha M, El-
Maghrabi H, Aman D. Egyptian Journal of 
Petroleum. 2019;28:289-296. 

135. El-Tawil R, El-Wakeel S, Abdel-Ghany A, 
Abuzeid H, Selim K, Hashem A. Heliyon, 5. 
2019;e02415. 

136. Maia L, Santos M, Andrade T, de Carvalho 
Hott R, da Silva Faria M, Oliveira L. J. 

Rodrigues, Environmental Technology; 
2018. 

137. Sun J, Chen H, Qi D, Wu H, Zhou C, Yang 
H. Environmental 
Technology. 2020;41:1366-1379. 

138. Guo Y, Deng J, Zhu J, Zhou X, Bai R. Rsc 
Advances. 2016;6:82523-82536. 

139. Sitko R, Musielak M, Serda M, Talik E, 
Zawisza B, Gagor A, Malecka M. 
Separation and Purification 
Technology. 2021;254:117606. 

140. Ge Y, Li Z, Sustain ACS. Chem. Eng. 
2018;6:7181-7192. 

141. Bhattacharya A, Naiya T, Mandal S, Das 
S. Chem. Eng. J. 2008;137:529-541. 

142. Veli S, Alyuz B, Hazard J. Mater. 
2007;149:226-233. 

143. Li Y, Zhao R, Pang Y, Qiu X, Yang D. 
Colloids Surf. A Physicochem. Eng. Asp. 
2018;553:187-194. 

144. Ge Y, Qin L, Li Z. Mater. Design. 
2016;95:141-147. 

145. Azizi S, Dehnavi A, Joorabdoozha A. 
Mater. Res. Bull. 2013;48:1753-1759. 

146. Sullivan C, Tyrer M, Cheeseman CR, 
Graham NJD. Sci. Total Environ. 
2010;408:1770-1778. 

147. Cai J, Shen B, Li Z, Chen J, He C. Chem. 
Eng. J. 2014;241:19-27. 

148. Ibrahim HS, Jamil TS, Hegazy EZ, Hazard 
J. Mater. 2010;182:842–847. 

149. Ren X, Zhang Z, Luo H, Hu B, Dang Z, 
Yang C, Li L. Appl. Clay Sci. 2014;97:17-
23. 

150. Kazemian H, Zakeri H, Rabbani MS, 
Radioanal J. Nucl. Chem. 2006;268:231-
236. 

151. Liu M, Hou L, Xi B, Zhao Y, Xia X. App. 
Surf. Sci. 2013;273:706-16. 

152. Zanoletti A, Federici S, Borgese L, 
Bergese P, Ferroni M, Eleonora Depero L, 
Bontempi E. J. Clean-Prod. 2017;141:230-
236. 

153. Somerset V, Petrik L, Iwuoha E. J. 
Environ. Manage. 2008;87:125-31. 

154. Bukhari SS, Behin J, Kazemian H,                
Rohani S, Mater J. Sci. 2014;49:8261-
8271. 

155. Li J, Maroto-Valer MM, Carbon NY. 2012; 
50:1913-1924. 

156. Xu W, Wang H, Zhu T, Kuang J, Jing P. J. 
Environ. Sci. 2013;25:393-398.  

157. Wang C, Li J, Sun X, Wang L, Sun X. J. 
Environ. Sci. 2009;21:127-136.  

158. Papandreou D, Stournaras CJ, Panias D, 
Paspaliaris I. Miner. Eng. 2011;24:1495-
1501. 



 
 
 
 

Aljohani et al.; IRJPAC, 23(1): 43-55, 2022; Article no.IRJPAC.86620 
 

 

 
55 

 

159. Wang J, Li D, Ju F, Han L, Chang L, Bao 
W. Fuel Proc. Tech. 2015;136:96-105.  

160. Hsu TC, Yu CC, Yeh CM. Fuel. 2008; 
87:1355-1359.  

161. Jha VK, Nagae M, Matsuda M, Miyake M. 
J. Environ. Manage. 2009;90:2507-2514.  

162. Hui KS, Chao CYH, Kot SC, Hazard J. 
Mater. 2005;127:89-101.  

163. Kong Y, Wang L, Ge Y, Su Z, Li. Journal of 
Hazardous Materials. 2019;368:33-41. 

164. Tuzen M, Sarı A, Turkekul I. Materials 
Chemistry and Physics. 2020;249:123168. 

165. Attari M, Bukhari S, Kazemian H, Rohani 
S. Journal of Environmental Chemical 
Engineering. 2017;5:391-399. 

166. Giraldo S, Robles I, Ramirez A, Flórez E, 
Acelas N. SN Applied Sciences. 2020;2:1-
17. 

167. Kabiri S, Tran D, Cole M, Losic D. 
Environmental science: Water research & 
technology. 2016;2:390-402. 

168. Duan L, Hu X, Sun D, Liu Y, Guo Q, Zhang 
T, Zhang B. Korean Journal of Chemical 
Engineering. 2020;37:1166-1173. 

169. Li S, Feng-Ying Z, Yang H, Jian-Cong N. 
Journal of Hazardous Materials. 2011; 
186:423-429. 

170. Al Rmalli S, Dahmani A, Abuein M, Gleza 
A. Journal of Hazardous Materials. 2008; 
152:955-959. 

171. Ghodbane I, Hamdaoui O. Journal of 
Hazardous Materials. 2008;160:301-          
309. 

172. Fabre E, Lopes C, Vale C, Pereira E, Silva 
C. Science of the total environment. 
2020;709:135883. 

173. Sun N, Wen X, Yan C. International 
Journal of Biological Macromolecules. 
2018;108:1199-1206. 

174. Al-Ghouti M, Da’ana D, Abu-Dieyeh M, 
Khraisheh M. Scientific reports. 2019;9:1-
15. 

_________________________________________________________________________________ 
© 2022 Aljohani et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/86620 

http://creativecommons.org/licenses/by/4.0

