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1. Introduction

Due to fast generation and industrialization in many countries, the levels of industrial pollution have been steadily rising.
As a result, the pollution problem of industrial wastewater is becoming more and more serious in the world.
Consequently, the treatment of polluted industrial wastewater remains a topic of global concern since wastewater
collected from municipalities, communities, and industries must ultimately be returned to receiving waters or to the land
(Fu & Wang, 2011; Hussein, 2017). Such industries include metal mining, fertilization, paper, and pesticides. Several
impurities are present in discharges produced by industries and homes, which involve wastes related to mining,
agriculture, and seepage. These contaminants are disposed of in the water system, which then affects the overall
ecological system, as the harmful effects of these pollutants are well known. In terms of Lead (II) ions, these are known
to contaminate waterways more seriously as compared to other toxins, when exposed to the natural ecology. The term
"heavy metal ions" is used for elements, whose atomic masses are in the range of 63.5 to 200.6 with a specific gravity
being higher than 5 g/cm3. Some cases of heavy metals involve cadmium, zinc, coppert, nickel, lead, mercury and
chromium. These are mainly present in processes involving metal plating, mining, battery manufacturing, petroleum
refining and paint manufacturing (Alatabe & Hussein, 2017), (Faisal & Hussein, 2013).
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Lead (II) ions are non-biodegradable impurities that are not only hard to remove from the ecological system but are
also extremely poisonous if concentrations exceed the permissible limits. Increased concentrations of these Lead (1)
ions may also accumulate in human bodies if they enter the food chain. Consequently, these may also lead to setious
health issues. Lead also has an impact on the environment because of its harmfulness, which occurs due to its presence
in industrial wastes produced from manufacturing sites. These include storage-battery manufacturing, printing, fuel
combustion cookware, some Mexican pottery glazes and also photographic materials (Ab Latif Wani & Usmani,
2015)(Faisal & Hussein, 2015). Besides, lead appears to be one of the major risk factors for several deadly diseases if the
concentrations of lead go above the permissible limits, as recommended by the World Health Organization (WHO). To
elaborate, concentrations greater than 3-10 pg/1 in drinking water can lead to setious harmful effects on human bodies.
Also, lead is a harmful metal that can also have serious health effects on humans including children. Children are more
prone to absorb increased quantities as compared to grown-ups due to their developing and growing bodies. While
lower concentrations of lead ions in the blood can lead to some not very detrimental effects such as anemia, diarrhea,
and headaches, higher concentration (>10 ug/l) on the contrary, can lead to harmful effects on the liver, kidneys,
neurological and reproductive systems. The presence of Lead (II) ions in waterways produced by industries can also
affect water bodies, which further presents an unsafe effect on the marine and extra-terrestrial bodies. Amongst the
exhaustive list of issues related to lead poisoning, one most common issue led by the exposure of lead is the occurrence
of miscarriages and neonatal deaths (Alatabe & Hussein, 2017) (Ab Latif Wani & Usmani, 2015); (Hussein, 2018).

Lead exists naturally in an insoluble form and other harmless forms as well (Carson et al., 1986). Several processes are
used for treating wastes produced from industries that consist of Lead (II)ions. Chemical precipitation, ion-exchange,
electrodialysis, and carbon adsorption are a few vital processes that have been employed for treating wastewater.
Furthermore, other progressive practices are also used for removing Pb*2 ions. These include increased expenditures,
which may not be reasonable for the small-scale productions that discharge lower amounts of wastewaters. Many
treatments for wastewater polluted with lead ions have been proposed, including an adsorption process, which does not
have high effectiveness, unless the adsorbent material shows certain physicochemical and mechanical properties. In
recent years, some physical, chemical, and biological treatments on natural raw minerals have been performed to modify
their structure, thus increasing the adsorption capacity or the selectivity (Oyaro et al., 2007); (Hussein, 2019). Overall,
adsorption is known as an efficient process for purifying contaminated waters. Also, treating wastes containing lead is
an increasing concern for the industries and hence an effective solution needs to be found for the successful elimination
of harmful metals from wastewaters. One solution is also to use activated granular carbon (Acharya et al., 2018).

Over the last few years, several investigative works have explored an alternative to the expensive methods for treating
wastewaters. Several kinds of materials have been used for the adsorption process to test their adsorption abilities. Based
on the results of these studies, it appears that the elimination of Pb*2 ions with the use of low-cost adsorbents is
increasingly favorable, especially in the long term (Siti et al.,, 2013). This is because several materials are (natural,
sustainably, economically, viable and environmental friendly for Lead ions removal) readily available, i.e. these exist
naturally or are found in agricultural waste and manufacturing by-products, and can be used as low-cost adsorbents.
Previous researches show that there is a growing interest in searching for a variety of materials, which can serve as low-
cost adsorbents. These include: sawdust (Ansati & Raofie, 2000), cocoa shell (Candelatia et al., 2018), rice husk ash
(Feng et al., 2004), modified sawdust of walnut (Bulut & Tez, 2003), cane papyrus (Alatabe & Hussein, 2017), papaya
wood (Saeed, Akhter, et al., 2005), maize leaf (Babarinde et al., 2000), rice husk (Cruz-Olivares, 2015), water hyacinth
(Eichhornia Crassipes), (Anzeze et al., 2014), Gamma Irradiated Minerals (Cruz-Olivares et al., 2010), tree fern ( Ho et
al., 2004), manganoxide minerals (S6nmezay et al., 2012), banana (Musa paradisaca) stalk (Ogunleye et al., 2014), banana
peel (Sharma et al., 2007), peat (Ho, 2006b), Indonesian peat (Balasubramanian et al., 2009), cocoa pod husk (Njoku et
al,, 2011), coconut (Cocos nucifera L.) shell (Bhatnagar et al., 2010), (Okafor et al., 2012), peat collected from Brunei
Darussalam (Zehra et al., 2015), rice straw/Fe;Osnano-composite (Khandanlou et al.,, 2015), sugarcane bagasse derived
activated carbon (Salihi et al., 2017), agroforestry waste derived activated carbons( Misihairabgwi et al., 2014), fly ash
(Yadla et al., 2012), (Chitradevi & Mothil, 2015), tea waste (Liu et al., 2009), dried olive stones (Siti et al., 2013), thorns
(Alatabe & Obaid, 2019), sunflower husks (Hussein, 2019), pine cone activated carbon (Momcilovi¢ et al., 2011),
activated carbon from militia ferruginea plant leaves (Mengistie et al., 2008), granular activated carbon (Dwivedi et al.,
2008), pomegranate peel (El-Ashtoukhy et al., 2008), maize stalks (Jagung, 2011), activated carbon derived from waste
biomass (E rdem et al., 2013), chemically modified orange peel (Lasheen et al., 2012), modified orange peel (FENG &
GUO, 2012), maize (Zea mays) stalk sponge (Garcfa-Rosales & Colin-Cruz, 2010), olive mill solid residue (Hawari et
al.,, 2014), petiole and fiber of palm tree (Hikmat et al., 2014), cladophora rivularis (Linnaeus) Hoek (Jafari & Senobati,
2012), flamboyant flower (Delonix Regia), (Jimoh et al., 2012), common edible fruit wastes (Okoro & Ejike, 2005),
watermelon rind: agrowaste or superior biosorbent (Liu et al., 2012), shewanella oneidensis (Jaafar et al., 2010),
chemically modified moringa oleifera tree leaves (Reddy et al., 2010), zeolite A4 supported on natural carbon (Makki,
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2014), rosa bourbonia (Manzoor et al., 2013), grape stalk waste (Martinez et al., 2006), spirodela polyrhiza (Meitei &
Prasad, 2013), crop milling waste (black gram husk) (Saeed, Igbal, et al., 2005), arborvitae leaves (Shi et al., 2016), African
breadfruit (treculia africana) seed hulls (Sonde & Odoemelam, 2012), potato peels (Taha et al., 2011), acid modified and
unmodified gmelina arborea (verbenaceae) leaves (Jimoh et al., 2011), waste chestnut shell (Vazquez et al., 2012),
ailanthus excelsa tree bark (Curr, 2013), lemon peel (Tovar et al., 2018), EDT'A-modified cocoa (the obroma cacao) pod
husk residue, Iranica (Yahaya & Akinlabi, 2016) and biological activated dates stems (Yazid & Maachi, 2008).

Therefore, the utilization of these materials as low-cost adsorbents is acknowledged as a possible and economical
application for wastewater treatment. This is reflected in the increasing numbers of periodicals, which have appeared in
the literature on the usage of low-cost adsorbents (Shafaghat et al., 2012). These mainly conclude the immense interest
in finding appropriate adsorbents for the process of adsorption (Gupta et al., 2009),(Alslaibi et al., 2014).

This review aims to provide an outline of the adsorption processes utilizing low-cost adsorbents for eliminating Pb*2
ions from different sources. This will be achieved by underlining the characteristics of the adsorbents, their optimum
parameters, and their adsorption capacity.

The main objective of this paper is to offer a review on the off acts which are related to the adsorption processes using
low-cost materials as adsorbents for the elimination of Lead (1) ions. This study has been carried out in Baghdad at the
University of Mustansiriyah in 2019.
2.Lead Ions
2.1. Sources and Toxicity
Lead (II) ions are commonly found on earth and are well known for their characteristics which include perseverance,
increased harmfulness along with their ability to serve as non-biodegradable impurities if gathered in the ecological
system. Several industries are still making use of lead. These include the autonomous, battery, recycling, refining,
smelting and various more manufacturing industries. Lead is known to be a toxic metal, which can affect organs in a
human body (Baby et al., 2010),(Gonick, 2011). It is also known to have the most severe effect on the nervous system
in humans of all ages. However, lead is more harmful in children as children tend to have softer internal and external
tissues as compared to adults. Thus, they are more prone to being severely impacted by lead toxicity (Nordberg et al.,
2014),(Jentschke & Godbold, 2000). In terms of the negative effects of lead poisoning in adults, it has been found that
long term exposure to lead can cause a decrease in cognitive ability, which means that the nervous system is mainly
affected.

Also, toddlers and younger children may be sensitive to lower levels of lead. Exposure may lead to developmental and
behavioral issues, which may further cause issues with learning and overall intellectual abilities (Gonick, 2011). In terms
of older people, it is often found that long term contact with lead can result in anemia and increased blood pressure
issues (McElvenny et al., 2015),(Tsoi et al., 2016),(Nelson et al., 2011). Moreover, serious damage to valuable organs
such as the brain and kidneys is also plausible due to lead exposure, which may also result in deaths. Additionally, for
pregnant couples, exposures to lead may cause miscarriages in women while leading to decreased fertility in males (Ezzati
et al.,, 2004). Table 1 presents a summary of the different sources which may produce Lead (II) ions, which exist in the
environment (Basso et al., 2002),(Al-atabe & Hussein, 2018), along with providing the limit of the concentration of
these ions that can be present in wastewaters in MCL (Maximum Contaminant Level), as recommended by USEPA
(Babalola et al., 2010),(Hussein & Alatabe, 2019),(Ab Latif Wani &Usmani, 2015).

Table 1. Various Sources of Lead (II) lons in the Environment.

Sources of Toxicities Lead (II) MCL (mg/1)
Paint, Smoking, Automobile Emission, Damages the fetal brain, circulatory 0.06
Mining, Burning coal. system, and nervous system )

The emission of Lead (II) ions into the environment from industrial processes and car exhaust will pollute the surface
and also underground waterways (Gidlow, 2004). This can result in pollution of soil while enhancing the overall pollution
rate, especially when ores from mining processes are disposed of in landfill sites. Besides, agricultural wastes in soils can
consist of metals, which would then be consumed by plants thus resulting in the accumulation of such harmful
substances in their tissues. It is expected that animals, which feed on the aquatic and plant life may also be poisoned
due to the presence of harmful Lead (II) ions (Meyer et al., 2003). Hence, strict wastewater regulations must be laid to
reduce the environmental risks of dangerous substances (Jaishankar et al., 2014).

2.2. Removal of Lead (IT) Ions

2.2.1. Conventional Treatments

Several processes have been used for eliminating Lead (II) ions from polluted waters. These consist of biological,
chemical and physical treatments. It is worth mentioning that usually these processes are mainly based on the physical
and chemical treatments (Salam et al., 2011),(Farooq et al., 2010). The overall traditional method to remove Lead (II)
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ions involves the chemical precipitation (Kavak, 2013)(Matlock et al., 2002), membrane filtration (Bisheh et al., 2020);
(Kumar et al., 20106); (Al-Rashdi et al., 2011), ion exchange (Bezzina et al., 2019)(Hubicki & Kolodytiska, 2012), reverse
osmosis (Mikuldsek & Cuhorka, 2016)(Bessbousse et al., 2008), electro-dialysis (Sadyrbaeva, 2018) (Mohammadi et al.,
2004), solvent-extraction (Konczyk et al., 2013)(Baba & Adekola, 2013), evaporation (El-Naggar et al., 2019); (S6lener
et al,, 2008), oxidation (Saleh & Gupta, 2012) (Wang et al., 2015) and activated carbon adsorption (Denizli et al., 2000);
(Eliassen & Bennett, 1967). Chemical precipitation is the commonly used process for Lead (II) ions removal from
inorganic effluents depending on the pH alteration in a basic solution (Pang et al., 2011). Nevertheless, the disadvantages
of chemical precipitation are manifold. To elaborate, the discharge of too much sludge produced needs additional
treatments, which slows the metal precipitation, leads to inadequate settling and the aggregation of metal precipitates.

Also, there are several long term ecological concerns with the disposal of sludge (Gunatilake, 2015),(Alatabe, 2018).
Coagulation-flocculation is also used to process wastewaters with Lead (II) ions by adding a coagulant in the coagulation
process. However, this treatment has the possibility of destabilizing colloidal particles and thus resulting in
sedimentation (Alatabe, 2018a). The several advantages and disadvantages of the conventional method are provided
below in Table 2. In spite of these approaches being expensive; these are mostly the ones that can have a positive impact
on the commonly occurring discharge issues.

Table 2. Traditional Approaches for the Elimination of Heavy Metals.

Traditional . ..
Benefits Limitations
Treatments
Metal-selective Increased initial capital and maintenance
Ton-exchange . .
Increased regeneration of materials costs
. L Simple operation Increased production of sludge
Chemical precipitation . .
Non-metal selective, Cheap Increased costs of disposal sludge
. Reduced production of solid waste Increased initial capital and maintenance
Membrane filtration . .
Reduced chemical consumption cost, Low flow rate
. Metal-selective, Potential for treating o )
Electrochemical treatment Increased initial capital cost
effluent >2000 mg dm?

Additionally, these methods are also feasible for treating polluted waters containing Lead (II) ions. It is known that
issues usually are found in the traditional methods where there is increased usage of the reagent and energy, a low
selectivity, increased operational costs and production of secondary pollutants taking place. Aside from the traditional
methods, it is vital now to explore alternatives for replacing these traditional approaches of eliminating Lead (II) ions
from polluted water sources (Barakat, 2011),(Fu & Wang, 2011). Table 3, lists the Conventional Treatments for the
elimination of Lead (II) ions.

Table 3. Conventional Treatments for the Elimination of Lead (II) lons.

Time Temperatur
Type of Treatment pH | (min emp oe v References
) e (°C)
Ton-exchange 2-55 0 8 25 (Bezzina et al., 2019) (Hubicki & Kolodynska, 2012)
Chemical precipitation 8-11 30 25 [90] (Matlock et al., 2002)
Membrane filtration A6 60 25 (Bisheh et al., 2020) (K;m;(r) 16;)2.1., 2016) (Al-Rashdi et
Reverse Osmosis 3-5.7 45 25 (Mikulasek & Cuhorka, 2016) (Bessbousse et al., 2008)
Electro-dialysis 300 25 (Sadyrbaeva, 2018) (Mohammadi et al., 2004)
Solvent-Extraction 5.5 25 (Konczyk et al., 2013) (Baba & Adekola, 2013)
Evaporation 5-7 120 (El-Naggar et al., 2019) (S6lener et al., 2008)
Oxidation 6-7 25 (Saleh & Gupta, 2012) (Wang et al., 2015)

2.2.2. Adsorption

Over the past few years, the process of adsorption has attracted great interest, as it appears to be a favorable
methodology for long-term effective treatments along with being an economical approach for the removal of Pb*?ions.
Depending on the flexible design and simplicity of operation, adsorption is an important process nowadays. The term
"adsorption" refers to the mass transfer from a liquid phase to the surface of adsorbent (Dabrowski, 2001),(Alatabe &
Hussein, 2018). Advantages of the adsorption approach in removing or minimizing the Lead (II) ions, even at low
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concentrations, involve the enhancement of the application of adsorption as a useful and practical approach. The
effectiveness of the adsorption processes is mainly categorized depending on the nature of the solution in which the
pollutants are spread, the molecule sizes and the polarity of the contaminant along with the type of adsorbent used.
Adsorption also occurs based on the interactions between surfaces and species being adsorbed at certain molecular
levels (Barka et al., 2013),(Worch, 2012).

Adsorption can be categorized into two methods; physical adsorption and chemisorption. Physical adsorption is a
reversible phenomenon that results due to intermolecular forces of attraction that take place in molecules of the
adsorbent and the adsorbate. Meanwhile, chemisorption occurs because of the chemical interactions amongst solid and
adsorbed substances. Chemi-sorption is an irreversible method, which is also known by activated adsorption. Increased
physical adsorption occurs at a temperature in the range of the critical temperature of a known gas while chemisorption
takes place at a temperature higher than the critical temperature (Worch, 2012).

Moreover, depending on the situation, it is probable that both processes take place either separately or at the same
time. It is important to ensure that various variables are monitored in the adsorption processes occurring between
adsorbent and adsorbate (Ashraf et al., 2011). This includes the physical and chemical characteristics of the adsorbent
and adsorbate, the concentration of adsorbate in the liquid solution, temperatures, and pH and also contacts times. In
terms of pH, this accounts for the most important factor as compared to other parameters due to its ability to regulate
the charge distribution on the adsorbent surface among the adsorbate ion. However, in most related studies, the zero
charge point (pHzpc) must be taken into consideration to perform a comparison with pH as pHzpc regulates the limits
of the pH of the adsorbent. pHzpc is the charge an adsorbent's surface carries and can be known by the protonation
and deprotonation of the adsorbate ion. Also, the surface charge density is dependent on the specific metal ions that
respond immediately with the adsorbent surface. For instance, in cases of the pH values of the solutions being more
than pHzpc, the adsotbent's surface charge will be negative. Or else, the pH rise within a certain range can result in
increasing the rate of adsorption rate (Kelly-Vargas et al., 2012).

However, any additional increase in pH can result in the reduction of the adsorption rate. This is due to some adsorbate
ions being unaltered by pH changes. As an alternative to pH, the adsorbent dosage is an additional feature, which
influences the adsorption process. Moreover, with a rise in the adsorbent’s dosage, the adsorption rate also tends to
increase. Nevertheless, the adsorption rates can reduce if the adsorbent’s dosage rises more (Kelly-Vargas et al., 2012),
(Rouquerol et al., 2013),(Hill, 1952). This is because of the availability of a larger number of occupied active sites, while
the concentration gradients of the adsorbate are maintained constant. A higher adsorption rate can be obtained when
the temperature increases with the growth of the surface area and pore volume of adsorbent (Kelly-Vargas et al., 2012).

Initial metal concentration can be the mainspring to avoid mass transfers between the surface of the adsorbent and
the solution. The initial metal concentration has an influence on the adsorption rate depending on the presence of the
explicit surface functional groups and the capability of the surface functional groups to bind metal ions (especially at
increased concentrations). Thus, any parameters influencing the adsorptive capacity of adsorbent should be considered
during the adsorption process (Rashed, 2013).

2.3. Adsorption Mechanism

Adsorption mechanisms are complex due to the non-existence of any simplified theory on the adsorption of Lead (II)
ions on the adsorbent surface. Earlier works have been observed to report on several models, which describe the
mechanism between the adsorbate and the adsorbent (Elmorsi et al., 2014). The Langmuir and Freundlich models, both,
are often employed for describing the sorption isotherms. In regards to kinetics, the pseudo-first-order and pseudo-
second-order kinetic models can be employed for describing the sorption kinetics. The thermodynamics of the metal
ion sorption can be explained based on thermodynamic factors, for example, free energy (AG®), enthalpy (AH®) and
entropy changes (AS°) based on the endothermal and exothermal sorption processes. Table 4 lists some of the empitical
models of equation (Alatabe & Hussein, 2017).

2.3.1. Adsorption Isotherm

Sorption isotherm can be referred to as the process of the interaction of adsorbate ions on the adsorbent's surface. In
the literature, various isotherm equations exist, which can be used to analyses the relevant experimental parameters.
However, one of the well-known adsorption isotherm models, which is commonly employed for the single solute system,
is the Langmuir (Langmuir, 1916) and Freundlich isotherm (Freundlich, 19006). These models are more feasible in
explaining the association between the quantity of adsorbed material at equilibrium, g, in mg/g and the concentrations
of the remaining adsorbate in the bulk solution at equilibtium, C, in mg/1.

2.3.1.1. Langmuir isotherms

Depending on the Langmuir adsorption theory, particles tend to adsorb at known well-defined sites that are consistently
dispersed over the adsorbent’s surface. These sites also have similar affinities for adsorption of a mono-molecular layer
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written as Eqs. 1 and 2.

1 1 1 1

qe = gmax + {quax Ce (1)
AdmaxbCe

= ——— 2

Qe = "1 ie, @

Where qe is the metal adsorption capacity of adsorbent and is based on the physical and chemical characteristics of
adsorbate and adsorbent.

Langmuir isotherms can be described depending on the assumption that the adsorption process is only limited to
mono-layer adsorption and reversible process when no interaction takes place between the molecules adsorbed on the
active site and the adjacent sites. This isotherm is suitable for representing chemisorptions on fixed sets of localized
adsorption sites.

Table 4. Adsorption Models of the Lead(II) Ions System.

Type?of Equations Nomenclature References
echanism
) Adsorption qe is equilibrium metal sorption capacity,
& LASOTpHO 1 Ce is equilibrium solute concentration in .
Isotherm . (Langmuir,
) Langmuir qae solution, 1916)
Isotherms 1 1 1 gmax and b ate Langmuir constants linked to
T gmax + {quax} Ce | the highest sorption capacity (monolayer
capacity) and bonding energy of adsorption
ii)Freundlich KF is a bio-sorption equilibrium constant, qe (Freundlic
Lsotherms qe= K¢ Cel/n is the sorption capacity, n is a constant h, 1906)
indicative of bio-sorption strength ’
%iclltiscc;rpuon lo- (qe—qt) = lo%(ge qe and qt are the sorption capacity at (Lagergren
. — {=—=—} | equilibrium and at time t, ki is the rate SOEt
))Pseudo first-order 2303 , 1898)
: constant
pseudo-second
ii)Pseudo-second- t 1 1 qe and qt are the sorption capacity at (Ho and
order — = K202 + {—} equilibrium and at time t, k is the rate McKay, 1998)
qt qt q€ constant of pseudo-second-order sorption ¥
Kc is the equilibrium constant,
K ¢=Cx /Ce CA is the solid phase  concentration
C.is the at equilibrium, (Redlich and
K. equilibrium concentration Peterson,
1959)
C)Thermodynamics AG° = AH° — TAS° AG® is the Gibbs free energy, (Liu, 2009),
AH® is the enthalpy change, (Ho, 20062)
AS®is the entropy change (Liu, 2009),
(Ho, 2006a)
AG® = —RTlinKc T(K) is the absolute temperature,
R is the gas constant (8.314 J/mol. K),

2.3.1.2. Freundlich isotherm

Freundlich isotherm models are used for the interpretation of the adsorption on heterogeneous surfaces with
interactions taking place among the adsorbed molecules. This process is not limited to the production of a mono-layer
this isotherm is usually utilized to define the adsorption of organic and inorganic compounds on a wide diversity of
adsorbents. For the Freundlich equation (Freundlich, 1900) it is written as Eqs. 3 and 4:

qe = K¢ Cel/n ©)

logqe = log K; + %log Ce “)
Where Ky is the adsorption equilibrium constant, 1/n is the heterogeneity factor, which is associated with the capacity
and intensity of the adsorption and Cis the equilibrium concentration (mg/1). This model makes use of the assumption

that with an increase in the adsorbate concentration, the concentration of adsorbate on the adsorbent surface also
increases and, consistently, the sorption energy reduces exponentially with the achievement of the adsorbent's sorption
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center. Langmuir and Freundlich isotherm models are usually employed to define the short term and mono component
adsorption of metal ions through varying materials (Redlich & Peterson, 1959).

2.3.2. Adsorption Thermodynamic

Temperature is a significant factor for the sorption of metal ions related to the thermodynamics of the adsorption
procedure. Usually, two general types, which exist are endo-thermal and exothermal sorption processes. These are
determined depending on the rise or reduction in the temperature during the process of adsorption. The term endo-
thermal is applicable when the sorption rate increases due to the rise in temperatures. On the contrary, the term
exothermal refers to the decrease in sorption as the temperature increases. The equilibrium constant achieved from the
Langmuir equation at several different temperatures can be used to control the various thermodynamic variables. These
include enthalpy (AH®), free energy change (AG®) and entropy change (AS®) (Liu, 2009),(Ho, 2006a). The free enetgy of
adsorption (AG®) can be associated with the Langmuir adsorption constant through Eqs. 5 and 6.

AG® = —RTInKc 5)
AS°  AH'
ln Kc = ? — E (6)

The value obtained from the thermodynamic parameters was numerically analyzed to forecast the characteristics of
the sorption process. The adsorption of various heavy metal ions on different adsorbents is a complex process where
the thermodynamic variables of the metal ion sorption are influenced by the type of metal ion, type of sorbents, solution
conditions, ionic strength, and experimental circumstances.

2.3.3. Adsorption Kinetics
The contact time based on the experimental parameters can be considered for studying the rate-limiting step in the
adsorption process, relating to the kinetic energy.

The overall adsorption processes can be regulated through steps such as pore diffusion, surface diffusion or a mix of
more steps. Lagergen's first-order equation (Lagergren, 1898) and Ho’s second-order equation (Ho & McKay, 1998)
(Ho, 1998) are instances of kinetic models, which are often used to describe these adsorption kinetic models. The
pseudo-first-order kinetic equation of Lagergen's model (Lagergren, 1898) is given as Eq. 7.

= ki(de — a0 )

Where, ge and gt are quantities of adsorbed waste (mg/g) at equilibrium and at any instant of time 7 (min),
correspondingly. £ is the rate constant of pseudo-first-order adsorption operation (min). The pseudo-first-order
equation refers to the assumption of the rate of change of solute's uptake with time which is in direct relation to the
change in the saturation concentration and the amounts of solid uptake over time (Ho & McKay, 1998). The pseudo-
second-order kinetic is given as Eq. 8.

= k(de — q0)? ®

The pseudo-second-order model is dependent on the proposition that the rate-limiting step may arise from the
chemical adsorption, which involves the valence forces that take place due to the distribution or exchanging of electrons
in the adsorbent and adsorbate (Ho & McKay, 1998). Regarding removing Pb*%ons, researchers in the past have also
considered the wastes of tea in wastewaters. This was carried out at various optimal conditions for the initial metal
concentrations, adsotbent doses, the solution's pH and particle sizes. It was tevealed that the ratio of adsorbent to the
solution along with the metal ion concentration can have an effect on the quality of the metal ions removed.

The most adsorption of Pb*2ions was about 96%, as the doses of the adsorbent were increased from 0.25 gto 1.5 g
per 200 ml at various concentrations of the ions, i.e., 200 mg/1 and 100 mg/1. An increase in the adsorption takes place
with an increase in the electrolyte concentration. It was noticed that the most metal uptake in tea waste took place at 48
mg/g and 65 mg/g for Pb*%ons, for pH ranging from 5-6, correspondingly. Analyzing the isotherm for the adsorption
data achieved at 22°C demonstrated that the equilibrium data for Pb*Zons fits well with both, the Langmuir and
Freundlich isotherms. Also, Pb*2%ions were seen to have an increased affinity and adsorption rates at all experimental
circumstances. Moreover, the study of kinetics revealed that Pb*%ons uptake was faster with 90% or even a higher
percentage of adsorption taking place within the first 15 — 20 minutes of contact times. Also, the kinetics data was able
to fit well with the pseudo-second-order model, where correlation coefficients were found to be higher than 0.999. The
rise in the overall adsorption rate and capacity of Pb*2was observed when smaller adsorbent particles were used.

Besides, investigative research was performed with varying pH (i.e. pH of 2.5, 6.6 and 7.2), varying temperatures (i.c.
30°C, 40°C, 50°C and 60°C) and adsorbent doses (i.e. 1 to 10g). The outcomes of this investigative study showed that
adsorption capacities of clays for removing lead increase with a rise in the solution's temperature. It was also revealed
that the maximum adsorption capacity was 117 mg/g at a temperature of 60°C. Also, the adsorption process exhibited
a Langmuir and Freundlich behavior, which was shown by the coefficient (i.e. R2 > 0.99). Increased percentage of Lead
(IT) removal at low solution pH is possible due to the decreased content of Lead (1) ions. On modeling, the kinetic data
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tit the pseudo-first-order model well as compared to the pseudo-second-order model. The works on the adsorption of
Lead (II) by the durian shell waste in terms of isotherms, kinetics and thermodynamics have verified the process, which
has endothermic ( H°>0), spontaneous ( G°<0) and irreversible ( S°>0) characteristics.

Moreover, the peel of banana was also considered for removing Lead (II) from water (Gonzalez et al., 2006). The
works were performed as a function of: pH (i.e. with pH values in the range of 1.18 to 13.5), particle sizes (i.e. with sizes
of 600, 420, 300, 150, and 75 and <75 im), doses (of 0.05, 0.1, 0.2, 0.5 and 1 g), contact time (of 3hr) and temperature
(in the range of 30-70°C). The findings revealed that the optimum conditions for adsorption are achieved at a pH of
0.5, at a size of particle less than 75 im, a dosage of 0.5¢/100ml and 1-hour contact time.

The adsorption capacities of banana peels for removing Lead (II) reduces with a rise in the solution temperature, which
shows that the adsorption process is impulsive. The type of adsorbent is an important factor. Adsorption capacity
depends on activated carbons, which is not feasible for use, currently, based on its highly expensive cost of production
and operations. Activated carbon also needs a somewhat complicated mix of agents for improving the removal process
for inorganic matters. Due to the problems mentioned earlier, the latest research has looked into an alternative adsorbent
with high regeneration capability, obtainability and cost-effectiveness to substitute the expensive activated carbons. Up
to the present time, several works have investigated the usage of low-cost adsorbents. Agricultural wastes along with
natural materials all were investigated as potentially low-cost adsorbents for treating wastewaters, plagued with Lead (II)
ions.

3. Low-cost Adsorbents

Recently, quite a significant amount of research has been carried out for obtaining materials, which could be used as
low-cost adsorbents. These consist of natural materials, agricultural waste, and wastes produced from industries. Low-
cost adsorbents refer to those materials, which are found abundantly in the environment or are byproducts or wastes
from industries. Moreover, adsorbents are known as low-costs if they have reduced processing requirements. The
previous adsorption works concentrated on plant wastes such as the maize leaf (Babarinde et al., 2000), rice husk ash
(Feng et al., 2004), cane papyrus (Alatabe & Hussein, 2017), coconut husk (Njoku et al., 2011) and tea waste leaves (Liu
et al.,, 2009), which can be utilized either in their natural form or after some physical or chemical alterations. Converting
these materials into adsorbents is an effective way of reducing the costs of waste disposal and for providing alternate
treatments for replacing the commercially activated carbons (Salihi et al., 2017). Table 5 provides a summary of the
outcomes of different work on adsorption, utilizing several adsorbents. Several features may have an impact or dominate
the adsorption capacities of different adsorbents (Renge et al., 2012). Earlier works in the relevant fields made use of
the assumption that the competence of an adsorbent is heavily dominated by the physio-chemical properties of solutions.
These properties include factors like pH, initial concentrations, temperature, contact times and adsorbent doses. To
understand the association of these parameters, several investigative researchers have carried out work in the relevant
areas (Ks & Belagali, 2013).

3.1. Effects of pH

The adsorption of metal ions from wastewaters is usually dominated by the solution's pH. It is worth mentioning that
the pH of the solution influences the surface charges on the adsorbent, the extent of ionization along the class of
adsorbents. Over known pH range, mostly metal sorption is improved with pH. However, this is valid for a known
increase in pH, after which an additional rise in pH can lead to a reduction in the metal sorption. The dependency of
Pb*2 ions approval on pH is related to the surface functional groups on the biomass cell walls and also the metal
chemistry in the solution. The pH value of the medium influences the system equilibrium, as the pH correlation can be

expressed as Eq. 9.
pH = pk, — IOg% ©)

Where, [A] and [AH], refer to the concentrations of deprotonated and protonated surface groups. The equilibrium
constant, pKa, resembles the carboxyl groups. The effects of pH on the Pb*2ion uptake are also investigated for
removing Pb*2ions in utilizing cane papyrus (Alatabe & Hussein, 2017). The pH values used were in the range of 2 to
8. It was seen that the highest bio-sorption occurs when the pH value was in the range of 2.5 to 5. This is probably
because a low pH value leads to the detachment of carboxylic acids, which further results in the production of
carboxylate groups plus H*. A further rise in the pH results in an increase in the metallic ion bio-sorbed. Moreover, for
a pH of more than 5, a strong reduction is observed in the metal uptake. This is mainly because of the hydrolysis of the
metal ion. The effects of pH on banana peels have also been looked into (Kumari, 2017).

Furthermore, in terms of the Pb*2 ions, the pH effects were also monitored and it was observed that the adsorption
abilities rose from 0.5 mg/ g to around 2.88 mg/ g with a rise in pH from 2 to 6. This can be based on the availability of
the free ion, which exists at a pH lower than 6. Nevertheless, the adsorption capacities decrease after a further rise in
pH (i.e. from a pH of 6 to 12). To elaborate, at lower pH values, the adsorption abilities are lesser than Pb*2 ions, which
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are competing with hydrogen ions for the binding site on the surfaces of the adsorbent. On the contrary, at increased

pH values, the Pb*2 ions tend to precipitate in the solutions.
Table 5. Adsorption Capacities of Lead (II) Ions Utilizing Several Different Adsorbents.

Type of Adsorbent pH tiri(;n(trjlcig) Zil:?oeé? (g:;/a;) References
Banana peel 7 80 25 1.25 (Kumari, 2017)
Cocoa shells 2 L 120 22 26.2 ( Candelaria et al., 2018)
Rice husk 4 L 120 25 102.96 (Cruz-Olivares, 2015)
Thorns 6 90 25 154.76 (Alatabe & Obaid, 2019)
Gamma Irradiated Minerals 60 40 9.91 (Cruz-Olivares et al., 2016)
Mangan oxide mineral 60 6.8 (S6nmezay et al., 2012)
Peat 60 82.31 (Ho, 2006a)
Peat (Indonesian) 6 60 79.6 (Balasubramanian et al., 2009)
Tree fern 6 60 40 (Ho et al., 2004)
Hyacinth roots 6 60 16.35 (Anzeze et al., 2014)
Coconut shell 6 60 24.24 (Bhamagare;ifz’(z)?;? (Okafor et
Peat (Bruneian) 5.5 60 14.97 (Zehra et al., 2015)
Rice straw 6 90 25 35.17 (Khandanlou et al., 2015)
Cane Papyrus 6.5 60 25 455 (Alatabe & Hussein , 2017)
Sugarcane bagasse 5 90 25 234 (Salihi et al., 2017)
Natural Clay 6 120 25 49.5 (Alatabe & Hussein,2018)

3.2. Effects of Temperature

Based on the adsorbent utilized, the relative temperatures can influence the adsorption capacities. To elaborate, the
thermal value can alter the adsorptive equilibrium based on the type of the procedure (i.e. whether it is exothermic or
endothermic). Hence, it is vital to determine factors such as enthalpies, entropies and Gibbs free energies, before the
conclusion of the procedure. Gibbs's free energy (AG®) is measured as the impulsiveness pointer of a chemical response
(Ho & McKay, 1998),(Alatab, 2018b). The connection between Gibbs free energy change, (AG®), temperature and
equilibrium constant, Ka, is expressed by Eq. 5.

The enthalpy, AH®, and entropy, AS® changes on the adsorption procedure can be found from equilibrium constants
as functions of temperature through the Van't Hoff equation, as can be referred to in Eq. 6. The percentage of Pb*2
ions adsorption by dried Gamma plant that increases with the rising temperatures from 25 to 40°C has been investigated.
Negative free energy change (AG®) values designate the impulsive characteristics of the adsorption process. Whereas,
positive values of the enthalpy change (AH®) suggest the endothermic charactetistics of the adsorption procedure. These
findings are also reported due to a rise in the uptake capacities of the adsorbent with an increase in temperature. It has
been found that the rising sorption capacities of the sorbent with temperature are due to the increase of pores and/or
the activation of the sotbent surface (Romero-Gonzalez et al., 2000). Additionally, positive values of entropy (AS°) show
the increased extents of free active sites at the solid-liquid interface during the adsorption of Pb*?ions on dried plants(Ho
& McKay, 1998).

3.3. Effects of contact time

Adsorption of Pb*2 ions adsorbent also is dependent on the connections of functional groups concerning the solution
and the surface of the adsorbent. Adsorptions can be considered to conclude when an equilibrium stage is obtained
with the solute of the solution and the adsorbent. Nevertheless, a certain period is required to maintain the equilibrium
connections to confirm that the adsorption process has been completed. The effects of contact times on rice husk ash
for the adsorption lamination of Pb*?ions from aqueous solutions are observed (Cruz-Olivares, 2015).

The experiment measures the effects of contact times under the initial concentrations of the batch adsorption as 20
mg/l and a pH of 5 for Pb+*2. The increased contact time improved the adsorption of Pb*2 ions. Conversely, the quick
adsorption had an initial effect on the overall required time to obtain equilibrium. For rice husk ash, the equilibrium
time was 2.5hr, for Pb*2ions adsorption while for cane apyrus; 2hr were required to attain an equilibrium for the
adsorption of Pb*2ions. Hence, a 3hr contact time was maintained as an optimal time for future studies. The adsorption
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of Pb*%ions on cane papyrus is observed to have taken 120 min as the optimal time for future studies (Alatabe and
Hussein, 2017).

The ranges of contact times ranged from one minute to 3 hr. However, the significant removal of Pb*?ions occurred
during the first 30 minutes where no considerable variations in terms of the removal were observed after 2 hr. The
adsorption of Pb*2ions is originally higher mainly because of the existence of increased sutface areas of cane papyrus
for adsorption. All further experimental works maintained an equilibrium time of 2 hr for removing Pb*2ions onto cane
papyrus.

3.4. Effects of Adsorbent Dose

Adsorbent dosage is a useful variable in determining the adsorbent's capacities at known concentrations of the adsorbate.
The effects of adsorbent doses on cane papyrus powder for adsorbing Pb*2 ions from aqueous solutions are examined.
At room temperature, the adsorbent dosages were changed from 5 to 30 mg/1 along with an initial concentration of 10
mg/1 (Bhatnagar and Sillanpii, 2010).

Results achieved from this work describe the adsorption of Pb*2 ions, which improves and advances when doses of
cane papyrus powder are amplified from 5 to 20 mg/l. This explains the increased accessibility of surface areas at
increased adsorbent concentrations. Additional increases in the adsorbents will not have any effect on the adsorption
because of the overlying adsorbent particles’ sites (Alatabe & Hussein, 2017).

3.5. Effects of Initial Concentration

Initial concentrations of Lead (II) ions can modify the effectiveness in terms of removing metals based on a mix of
features. These include the existence of specific surface functional groups in addition to the capability of these groups
to bind Lead (II) ions. Moreover, this initial solution concentration can act as a vital factor in overcoming the mass
transfer resistances of Pb*2ionsconcerning the aqueous and solid phases (O’Connell et al., 2008).

The rapid adsorption of Lead (II) using cane papyrus after 30 minutes before it continues at a faster rate and achieves
saturation has been examined (Alatabe & Hussein, 2017). As the initial concentration of Lead (II) rises from 10, 20 and
30 ppm, the adsorption removal decreased, which was mainly because of the lower concentrations, where almost all
Lead (II) ions were adsorbed rapidly on the outer surface. Nevertheless, a further rise in the initial concentration of Pb+2
ions resulted in the rapid saturation of adsorbent (Kumari, 2017).

4. Conclusion

Several industries produce vast amounts of contaminants and impurities in their waste discharges. Lead (1) ions are
commonly found on earth and are known to have several harmful effects on the overall ecological system. They are
vastly present in waterways and are very harmful to the environment. This is due to their non-biodegradable
characteristics, which makes it hard to be removed from the ecological system. They can accumulate and thus become
part of the human food chain as well as lead to serious health issues. Lead also appears to be one of the major risk
factors for several deadly diseases in cases where its concentration exceeds the permissible limits.

Due to the multiple issues associated with lead poisoning, several processes are used for treating wastes produced from
industries that are rich in Lead (II) ions. These include chemical precipitation, ion-exchange, electrodialysis, and carbon
adsorption. Over the last few years, several investigative works have been carried out to explore alternatives to the
expensive methods for treating wastewaters. Several kinds of materials have been used for the adsorption process to
test their adsorption abilities. Based on the results of these studies, it appears that the elimination of Lead (II) ions with
the use of low-cost adsorbents is increasingly favorable, especially in the long term. Low-cost adsorbents can be obtained
from various materials, which are thoroughly mentioned in this study.

This study explores the possibilities and potential of recovering Lead (II) ions using several low-cost adsorbents
through wastewater processing. The study provides a review of the relevant literature on this subject. The review
highlights the specific features of Lead (II) ions, which include its sources, toxicity, and methods for its removal
including the traditional processes. Further, this review reveals the efficiency and scope of using low-cost adsorbents. It
is known that the adsorptive capacity is dependent on the nature of the absorbent utilized and the type of wastewaters
under treatment. The review thus mentions an analysis of the adsorption mechanisms and the theory behind these
processes. Effects of various parameters such as pH, temperatures, contact times, adsorbent doses and initial
concentrations on the adsorption capacities are also mentioned in this study.

The use of commercially activated carbon can be replaced by inexpensive and effective low-cost adsorbents. There is
a need for more studies to understand the better process of low-cost adsorbents and to demonstrate the technology
effectively. Various low-cost adsorbents show a high degree of removal efficiency for Lead ions. If low-cost adsorbents
perform well in removing Lead ions complexes at low cost, they can be adopted and used widely in industries, not only
to minimize the cost but also to improve profit. In addition to this, the living organisms and the surrounding
environment will also be benefited from the decrease or elimination of the potential toxicity due to the Lead ions.
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Further investigative works need to be performed to develop an improved understanding of the adsorption processes
of low-cost adsorbents as an alternative to endorsing the use of non-conventional adsorbents on a large scale. These
works could involve structured work on adsorbents, batch investigations on the parameters that influence adsorption,
adsorption modelings such as isotherms, kinetics and thermodynamics, the recovery of Lead (II) ions and the
improvement of adsorption capacities through the alteration of adsorbents.
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