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Abstract: Water pollution is a major concerned to the human health. Most of the global surface water 

is contaminated with heavy metals, has become a serious problem today. Particularly, Pb is highly toxic 

and directly associate with health risk such as damage to kidney, liver and central nervous system.  In 

this review article, removal of lead utilizing various adsorption methods is described. Such as, natural 

(e.g. shells and peels corncobs, mushrooms, dairy manure, orange, apple, custard apple, peanut, 

eggshells, banana, eggplant, fish scales algae); activated carbon (e.g. sugar cane, orange peel, chicken 

feather fruit seed and bentonite); nano-composite, magnetic nanomaterials, polymer composite; 

chitosan, cellulose, clay, lignin, calcite, resin and chemicals are presented.  
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1. Introduction 

Most of the living organisms of earth including plants and animals need water. 

Although the surface of Earth dominates with water, however, the availability of potable water 

exhaust constantly and major challenge in this century [1-2], (Figure 1). Moreover, vast growth 

of populations and industrialization in 19th century followed non-sustainable approach while 

utilizing water sources and thus resulted in “water pollution” a popular term. Polluted water 

could be due to fungi, microbial pathogens and contamination of heavy metals [3-7]. 

Particularly, the metal salts such as As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, Se, Tl and V are highly 

toxic and harmful to the living species including humans, aquatic animals and ecosystem [8-

12]. Amongst them Pb is a highly toxic metal contaminant and directly dangerous to living 

organisms in damaging kidney and liver [13]. The maximum contaminant level as per United 

States Environmental Protection Agency (USEPA) is 0.006 mg/L, which is much more close 

to mercury. 

Naturally occurring Pb minerals are thoroughly exploited in chemical industries, 

batteries, electroplating, mining, smelting, paint, pigments, dying, leaded glass and other 

industrial process, which releases a sufficient amount of Pb waste contaminated with soil and 

water. A few decades before, in 1970s lead was widely used as an additive in gasoline, which 

discharges 70% of lead in the environment with large concentration directly depositing on soil 

[14]. The United States Consumer Product Safety Commission banned lead as an additive 

component with immediate effect. The concentration of lead in these industries is higher than 

permissible discharge level, however, the later one may contain higher concentrations of lead 

(40.8 to 319.4 mg/L) [15]. In general, various technologies have been employed to remove 
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heavy metals from contaminated water. Such as, chemical precipitation [16-17], ion exchange 

[18-19], adsorption [20-21], membrane filtration [22-23], reverse osmosis [24-25], solvent 

extraction [26], electrodialysis and electrochemical treatment [27-28]. Adsorption process has 

been attracted to many chemists due to simple design, low cost and no sludge formation over 

the other existing methods. In this context, there are few reviews clearly presented topics 

related to wastewater treatment [29-31]. 

 
Figure 1. Water % on Earth. 

In this review, the methods involving wastewater treatment for the removal of Pb+2 ions 

have been described. Most of the research carried out in developing water treatment method 

including natural, synthetic materials such as nano-composite, clay, lignin, etc. are presented 

in subsections of this article. 

2. Results 

2.1. Methods for removal of Pb2+ ions.  

2.1.1. Natural source for adsorption. 

Nature produced adsorbing materials have been important in water purification due to 

their non-toxicity and easy availability. Moreover, the utilization of fruits, shells, seeds and 

other low-cost and waste materials have been implemented in water purification [32].  In this 

part of section we have focused on highlighting the natural material utilized in the removal of 

Pb2+ ions from water. 

Xiao and coworkers developed corncobs as natural adsorbent in the removal of Pb+2 

ions from wastewater [33]. The corncobs were processed to activate carboxylate ions (COO-), 

which act as adsorbent of Pb ions via chelation. A corncobs-based carboxylate ion was prepared 

by esterification reaction (Scheme 1). Thus, powdered corncobs were dissolved in methanol 

(633 mL) followed by addition of HCl as catalyst (5.4 mL), [34-35] and this mixture was heated 

for 48 h at 333 K (Scheme 1). Then the obtained corncob-ester was hydrolyzed using sodium 

hydroxide to yield the corresponding carboxylate ions (COO-) at room temperature. The 

formation of carboxylate ion was confirmed by FTIR, which showed a characteristic peak of 
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C=O at 1650–1600 cm−1 (instead of 1730 cm−1) due to intermolecular hydrogen bonding [36-

37]. In order to optimize the adsorption process, they performed various conditions, such as 

pH, contact time of adsorbent and different metal concentration. Optimized adsorption took 

place at pH 5, efficiently adsorbed 43.4 mg Pb/g within 60 min. Amongst the corncobs derived 

adsorbents, corncobs-carboxylate (-COOH) groups showed superior results than the corncobs-

esters (-COOR).  

 
Scheme 1.  Preparation of carboxylate ion based corncobs. 

Later, Vimla and coworkers reported removal of Pb ions by utilizing three different 

mushrooms as natural adsorbent, namely oyster mushroom, button mushroom and milky 

mushroom of species Pleurotus platypus, Agaricus bisporus and Calocybe indica, respectively 

[38]. Generally, the removal of metal ions is pH dependent. In this study, it was observed that 

pH 5 was most suited conditions along with the amount of mushroom loaded (4 g/L, 3 g/L 5.5 

g/L) and their respective contact time (120, 240 and 180 minutes) to remove Pb+2 ions (Table 

1). It is important to note that removal of Pb was enhanced with an increase in concentration 

of bio-adsorbent, due to availability of more adsorption sites, which was constant at 3-5.5 g/l. 

Table 1. Mushroom based natural adsorbent. 

Mushroom pH Lead concentration (mg/l) Lead adsorption capacity (mg/g) 

Pleurotus platypus 5 10-100 27.10 

Agaricus bisporus 5 10-100 33.78 

Calocybe indica 5 10-100 23.41 

Zhang reported dairy manure compost as a natural and efficient biosorbent for the 

removal of heavy metals, which was found in simulated acid mine drainage [39]. The heavy 

metals such as Pb > Cu > Zn was investigated using this manure. Adsorption kinetics indicated 

that the heavy metal ions reached equilibrium within 60 min of adsorption process, indicating 

rapid adsorption rate. Maximum adsorption of Pb was observed at pH 3.5 and pH 4-5.5 for Cu 

and Zn, respectively. The author performed regeneration of adsorbed metals using ion 

exchange process. In order to find the ion exchange process and adsorption pattern, 300 mg of 

dairy manure compost was mixed with 20 mL of heavy metal solution (1 mmol/L) at pH 4.0 

and the release of cations such as Ca2+, Mg2+, K+, Na+ and H+ was determined and Pb ions 

0.113 meq/g adsorbed along with the compost. Regenerated dairy manure compost was 

efficient for at least three cycles without a significant decrease in adsorption capacity. 

 Guo and co-workers utilized another natural material; orange peel derived grafted 

copolymer as biosorption to remove Pb2+ in addition to Cd2+, Ni2+, [40]. The synthesis of 

grafted copolymerization-modified orange peel was carried out by employing Cu-catalyzed 

cross-linking of orange peel with methyl acrylate followed by hydrolysis of ester [41]. It was 

observed that the biosorption of grafted peel was 4.2 fold greater (476.1 mg g−1) than the 

corresponding natural orange peel. Adsorbent peel was recycled and their reusability was also 

investigated, firstly adsorption and then desorption mechanism by using 0.05 mol L−1 HCl as 

eluent to check feasibility of adsorbent. Recycled adsorbent showed excellent adsorption 

capacity of Pb2+ ions for three consecutive cycles without any deterioration (Table 2). 

Furthermore, the Langmuir isotherm (equation 1) [42], revealed monolayer and homogeneous 

R COOH CH3OH
HCl

R COO CH3 H2O

R COO CH3 NaOH R COO Na+ CH3OH
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adsorbent surface with equal biosorption activation energy. On the other hand Freundlich 

isotherm (equation 2), [43] indicated multilayer and heterogeneous adsorbent surface with a 

non-uniform distribution of heat of biosorption. 

                                               

Ce

qe
 =   

1

 qmaxb
  +   

Ce

qmax
       eq. 1 

                                        

log qe   = log KF  +   
1

n
 log Ce      eq. 2 

Where, qmax = monolayer capacity of the biosorbent (mg g−1); b = biosorption constant (L mg−1); 

KF and 1/n = Freundlich isotherm constants. 

Table 2. Recycled study of adsorbent. 

Cycle Amount of Pb before 

biosorption (mg L-1) 

Amount of Pb after 

biosorption (mg L-1) 

Biosorption 

(%) 

Recovery 

(%) 

1 50 4.0 92.0 96.7 

2 50 3.9 92.2 96.5 

3 50 4.2 91.6 95.0 

Apple pomace as a natural adsorbent to remove Pb from wastewater has been reported 

by Pakde and coworkers [44]. The apple pomace was collected from Himachal Pradesh, India 

and dried at room temperature, crushed and sieved to 0.5 mm pore size. Such pomace contains 

poly-phenolic (–OH) and carbonyl (–C=O) functional groups, which directly form a coordinate 

bond with Pb+2 ions. In order to optimize adsorption process, a batch process was employed by 

studying various parameters such as pH, amount of adsorbent and time. Interestingly, the 

maximum adsorption was observed at pH 4 with the addition of 800 mg adsorbent to remove 

Pb+2 ions. This adsorption process was also investigated by kinetic experiment, it was found 

that the process follows pseudo-second-order. Langmuir and Freundlich isotherm resulted 𝑞max 

value of 16.39 mg/g and 𝐾 of 16.14 mg/g, respectively. 

Sivakumar et al. have been chosen crush of custard apple fruit shell (Annona 

squamosal), as an efficient adsorbent to adsorb Pb+2 and Cd+2 ions from aqueous solution [45]. 

It is important to note that the adsorption of Pb ions completed within 30 minutes, 90.93 mg g-

1 of maximum adsorption at pH 5. Langmuir and Freundlich isotherms revealed that the 

adsorption process followed pseudo-second order kinetics, spontaneous and endothermic 

thermodynamically (eq. 3). 

qe = (
C0 − C1

m
)  V 

% of Removal of Pb(II) =  
C0 − C1

C0
  X 100    eq. 3 

Where qe = metal adsorbed (mg/g); C0 = initial metal concentrations (mg/L); C1 = final metal 

concentrations (mg/L); V = volume of solution; m = mass of the adsorbent (g) 

Then, the research group of Tasar employed a peanut shell as adsorbent in removal of 

Pb+2 ions from aqueous solution [46]. Peanut shells are agricultural waste, that has been utilized 

as adsorbent. Shells were dried at ambient temperature then heated to 80 oC, and grounded to 

30-50-mesh size. Furthermore, the powdered sample was analyzed using proximate and 

chemical analysis, BET, FTIR spectroscopy, which clearly indicated that the presence of 
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hemicellulose, cellulose and lignin as a major component in peanut shell. When the powdered 

material was subjected for adsorption, it was observed that the maximum adsorption took place 

at pH 3.5–5.5 (33 mg/g), bioadsorbent 18.4-32.87 mg/g with 1-2 g/L concentration at 20 oC, 

respectively. Unlike the other reports, here, the peanut shells adsorption showed that the 

process thermodynamically exothermic and spontaneous. The author claimed that the peanut 

bio-adsorbent was associated with certain advantages such as low-cost and ecofriendly and 

could be better alternate over the existing methods. 

Later, Bhatt et al. reported an extensive adsorption study on eggshells, banana peels 

and pumpkin to remove Pb+2 ions from wastewater [47]. These naturally occurring adsorbents 

were prepared by thoroughly washing with water followed by drying at 50 oC for 48 hours and 

further sieved to uniform particle size. In order to optimize the adsorption process, various 

parameters were investigated using stock solution of lead nitrate (1.598 g of Pb(NO3)2 

dissolved in 1000 mL deionized water). The maximum adsorption was found at pH 7 with 

strong agitation (100 rpm) to mix natural adsorbent and Pb+2 for 90 min. Amongst these 

screened natural adsorbents, eggshells showed a good capacity to adsorb lead ions, probably 

negative ions on the surface of shells. 

Recently, the research group of Ilavský, Barloková and Newcombe has been utilized 

Bayoxide E33, granular ferric hydroxide and CFH 0818 to adsorb As, Fe and Sb [48-49]. 

Inspired by this work, later; Biela et al. utilized similar adsorbent to treat Pb+2 ions from 

domestic water [50]. Adsorption study was conducted using Fe-based material; 97.0% 

adsorption of Pb+2 ions was achieved with Bayoxide E33 within 15 minutes. However, the 

other two adsorbents granular ferric hydroxide and CFH 0818 resulted in 96.1% and 95.3%, 

respectively. The amount of adsorbed ions was calculated using equation 4. 

                                                    η =   
CRW−CF

CRW
   eq. 4 

Where, η = contamination removal efficiency; CRW = concentration of contamination in raw 

water [mg.l-1]; CF = concentration of contamination after filtering [mg.l-1] 

In another instance, Darvanjooghi and co-workers have chosen commercially available 

eggplant peels as a natural adsorbent to remove Pb2+ ions [51]. It is depicted in literature that 

the peel of eggplant contains cellulose, lignin, and hemicelluloses [52]. In order to prepare 

adsorbent firstly treated with acid (HCl) to remove lignin followed by base 1M NaOH [53]. 

During this process the ester in plant material hydrolysed to the corresponding carboxylate (–

COOH) and alcohol (-OH) ions, which could be responsible for adsorbing Pb+2 ions. The 

formation of -COOH and –OH was confirmed by FTIR, in which characteristic peaks appeared 

at 1500 and 1800 cm-1 1740 cm-1 and 1631 cm-1. Then, the processed eggplant 100-1200 µm 

(0.2 g/L) was subjected to the batch adsorption study by using water sample with 70-ppm Pb+2 

ions. It was concluded that the Pb ions adsorbed at pH> 4 and 25 oC in 110 minutes. The 

investigation of thermodynamic parameters such as temperature, equilibrium constant (K), 

standard- enthalpy, -entropy and -free energy changes revealed the reaction is pseudo-second-

order kinetics. 

Magsi and co-workers utilized fish scales to remove Pb and other transition metal ions 

such as Cd, Cr, Cu and As from water [54]. Detection of these heavy metals was performed by 

atomic absorption spectrophotometer. Bio-adsorbent was prepared by treating fish scales with 

15% HNO3 followed by drying and grinded to 140 mesh size. The obtained powder form of 

scale showed the presence of hydroxyl group (-OH), confirmed by FTIR. Batch adsorption 
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process was conducted using column by maintaining flow rate 1 liter per 120 minutes, it was 

found that 20 g of powdered fish scale adsorbed 99% of Pb+2 ions from wastewater. 

 

Very recently, Kumar et al. reported micro-algae biomass for the treatment of 

municipal wastewater using bioreactor [55]. Flouty and co-workers reported for the first time, 

application of algal mass in removal Pb+2 ions from the aqueous medium [56]. The algae 

cyanobacterium Aphanizomenon ovalisporum was isolated from the Litany River, Lebanon, 

which is also known to produce toxin cylindrospermopsin [57]. Furthermore, amine, 

phosphate, carboxyl and carbonyl functional groups were detected in FTIR analysis. 

Interestingly, the elemental analysis showed presence of C = 66.15%, N = 14.58% and O = 

16.79%, respectively, however after adsorption the % of N and O substantially increased due 

to adsorption chelated metal ions. It was observed that the optimum conditions involved pH 

(7.5), time (75 min) and bioadsorbent cyanobacterium (0.7 g L–1), which is efficient in the 

removal of 87.59% of Pb+2 ions. Adsorption of metal ions (Cu and Pb) was determined using 

Taguchi’s method [58-59]. Previously, Zolfaghari also utilized Taguchi’s method in optimizing 

experimental conditions for adsorption of Pb+2 and Hg+2 ions, such method is advantageous 

due to low-cost, short time to study [60]. 

2.1.2. Carbon. 

Abdelhafez and Li together developed sugar cane and orange peel as adsorbent material 

[61]. The pyrolysis of sugarcane and orange peel at 500 °C resulted in the corresponding 

carbon, which has been utilized in the removal of Pb+2 ions from aqueous medium. 

Characterization of carbon adsorbent was studied using Boehm titration, [62-63] and infrared 

spectroscopy. FTIR data obtained for samples showed presence of –COOH, -OH and –C=O 

groups, appearing characteristic peaks at 1637.27 cm−1, 1384.85 cm−1 and 1101.43 cm−1. Such 

functional groups chelated with Pb+2 ions during the course of adsorption process. Under the 

optimized conditions (pH 5, 25 °C) readily prepared carbons of sugar cane and orange peel 

adsorbed 86.96 mg/g (30 min) and 27.86 mg/g (15 min) of Pb+2 ions, respectively. In addition, 

they also investigated recycling of adsorbent using the desorption technique, thus the adsorbent 

was treated with 1M HNO3. Mostly this method was effective for two cycles without any 

deterioration. 

Fly ash is a by-product of coal combustion, which was sufficiently discarded in United 

States. Earlier, Nascimento, [64] Roman-Zamorano, [65] and Zheng, [66] has been studied 

conversion of fly ash into Zeolites or respective molecular sieves. Now, Brooks and coworkers 

reported alkali fly ash-based adsorbent to adsorb Pb ions using permeable reactive barriers 

[67]. Such a reactive barrier technique has been utilized for adsorption of Cd and Cr, 

respectively [68]. The carbon adsorbent was prepared by mixing fly ash and aluminum powder 

followed by additions of sodium hydroxide, sodium silicate and water, which was cooled to 

room temperature to produce different size pellets. Employing these pellets the adsorption 

study was conducted with water sample containing 1000 ppm of Pb+2 ions, interestingly, the 

process efficiently ions and reduced to 0.6 ppm. It is important to note that the Pb ion treated 

was very close to domestic water permissible limit of such metal contamination. 

Jande and coworkers described activated carbon derived from chicken feather as 

adsorbent to remove Pb+2 ions [69]. The preparation of such activated carbon was performed 

by charring chicken feathers at 400 oC in a horizontal tube furnace, followed by their treatment 

with KOH under nitrogen atmosphere. It is stated that the KOH treated carbon effectively 
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enhance in surface area, which was determined Brunauer, Emmett and Teller (BET) surface 

area. For example, before KOH treatment carbon pore size was 642 m2 g-1 and after KOH 

treatment substantially increased to 1,642 m2 g-1 with pore size 3.2 to 3.8 nm. Activated carbon 

prepared at 800 oC, showed good adsorbent and 81% of Pb+2 ions was removed from Pb(NO3)2 

solution. 

Shrestha and coworkers have attempted the removal of Pb contaminated wastewater, 

using another type of activated carbon, generally, found in Nepal fruit seed Lapsi 

(Choerospondias axillaris) [70]. In order to prepare activated carbon as adsorbent, firstly Lapsi 

seeds were thoroughly washed with water then dried at room temperature and further crushed 

into powder form. After obtaining powder, it was separated into two forms based on their size. 

One part was treated with conc. H2SO4 and another part with 1:1 mixture of H2SO4: HNO3, 

considered as carbon-1 and carbon-2, respectively. Characterization of these carbons was 

carried out by using Boehm titration method [71-72], and FTIR spectroscopy. It was observed 

that these carbons (1 and 2) obtained from lapsi seed showed presence of functional groups, 

such as carboxylic, lactonic, phenolic, which are probably responsible for adsorbing Pb+2 ions. 

The authors stated that the adsorption process is pH dependent and found that pH 5 was suitable 

to remove maximum Pb+2 ions. The kinetic study conducted using Langmuir and Freundlich 

adsorption isotherm, which indicated that Langmuir isotherm equilibrium was better than 

Freundlich isotherm. 

Yarkandi reported that the American bentonite and activated carbon as adsorbent in the 

removal of Pb+2 ions from aqueous solution [73]. Amongst them, bentonite a naturally 

occurring material was efficient than activated carbon to adsorb Pb+2 ions from wastewater. It 

was also observed that initial adsorption of Pb+2 ions decreased with an increase in metal ion 

concentration. Performing an experiment using both materials further proved this phenomenon. 

Adsorption was carried out employing 100 mg/L Pb concentration and adsorbent dose was 0.5 

g/250 mL at 25 °C. In case of activated carbon, a Pb+2 ion was efficiently adsorbed at pH 1-

5.5, on the other hand, bentonite reduced efficiency up to pH 4. It is stated that the negative 

ions onsurface of the clay decrease at higher pH and thus affected adsorbtion of Pb+2 ions. 

Theoretical isotherm models such as Langmuir and Freundich has been analyzed and showed 

that the adsorption followed pseudo-second order kinetic path. The thermodynamic parameters 

such as G°, S° and H° for the adsorption process was found to be endothermic. 

2.1.3. Nanomaterials. 

Zahoor and coworkers reported magnetic carbon nanocomposites as adsorbent to 

remove Pb+2 and As, Cr, Cu, Pb, and Zn ions [74]. The nanocomposite was prepared from 

watermelon peel, which was treated with FeCl3.6H2O (10% w/v) and alcohol for 24 h. 

Formation of nano-composite was characterized by various methods, for example FTIR 

showed typical peak appeared at 580 cm−1 and 400 cm−1 correspond to magnetite structure. 

Since the nano-composite associate with magnetic properties, the separation of adsorbent and 

metal smoothly took place. In addition their process efficiently adsorbed Pb+2 ions at pH 1-10, 

however, the decline was noted at higher pH. 

Babu et al. reported another nano material approach for adsorption of Pb2+ ions along 

with Cd2+ and Cu2+ [75]. Preparation of chromium doped nickel nano oxide was carried out by 

mixing (NiNO2)2
.6H2O, glycine and water. The resulting gel layer was then transferred to 

porcelain dish at 500 oC. The obtained powder was ground in a mortar and characterized by 

SEM and TEM, which showed 10 nm of nanoparticles. Under the optimized conditions 
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adsorption of Pb2+ ions was investigated, which resulted 0.15 g of nanoparticles are efficiently 

adsorbed metal ions at pH 9 within 45 min. In addition with Langmuir and Freundlich isotherm, 

the other kinetic models such as, Dubinin- Radushkevich and Temkin isotherm revealed that 

the adsorption process follows pseudo-second-order kinetics. 

Gusain and Ray together developed a molybdenum sulfide based multiwalled carbon 

nanocomposite as adsorbing material to remove Pb+2 ions from industrial wastewater [76]. In 

order to synthesize specified nano-composite it was performed three step sequence; (i) 

oxidation of pristine multi-walled carbon nanotubes using 3:1 mixture of H2SO4:HNO3 (ii) 

oxidized nanotubes were then subjected to O-silylation using  mercaptopropyltriethoxy silane 

and (iii) silylated nanotubes were treated with 1:1 (v/v) sodium molybdate dihydrate 

(Na2MoO4·2H2O): ethylenediaminetetraacetic acid (EDTA, >99) followed by addition of 

sodium diethyldithiocarbamate at pH 9, maintained by adding 1M NaOH. It is important to 

note that without molybdenum support only 27.07 mg g−1 of Pb+2 ions was adsorbed. On the 

other hand, the molybdenum based nano-composite efficiently adsorbed 90.0 mg g−1 of Pb+2 

ions. Adsorption mechanism followed ion-exchange and electrostatic interactions of Pb ions 

with the surface of nano-composite and resulted in the formation of PbMoO4−xSx complex. The 

formation of this complex was further ascertained by X-ray diffraction and scanning electron 

microscopy-energy dispersive spectrometry. 

Queen et al. reported metal-organic frameworks based polymer composite as adsorbent 

in the removal of both Pb+2 and Hg+2 ions [77]. The metal Fe was utilized and framed with 

1,3,5-benzenetricaboxylate employing Yoon’s procedure [78], resulted in mesoporous and 

microporous sites of framework with 29 Å and 8.6 Å, respectively. Then this metal framework 

was subjected to the oxidation using dopamine to give redox active sites of Fe3+ (Figure 2) 

[79]. 

 
Figure 2.  Metal−organic frameworks (MOFs). 

Interestingly, the oxidation of metal followed by the formation of active sites of Fe3+ 

was noticed by changing color from orange to dark purple. Then, readily prepared polymer 

nano composite was tested for water sample contaminated with 1-ppm Pb+2 ions, which 

efficiently adsorbed 99.8% (394 mg/gram) under the optimized conditions. Encouraged by 

these results they extended the scope of this material to the water samples collected from river 

and sea, both were highly contaminated with Pb+2 ions in 850 and 1050 ppb, respectively. 

Notably, the nano composite was efficiently adsorbed 2.2 ppb of lead ions. Furthermore, it 

could be concluded that this polymer-based nano composite is highly selective in adsorbing Pb 

and Hg ions. This was proven by the investigation of a sample containing a high concentration 

of Na+ (14000 times more than Pb+2) ions, which was not adsorbed under these conditions. 
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2.1.4. Polymers. 

 Zhao and coworkers reported polymer based functionalized corncobs as adsorbent [80]. 

The preparation of polymer was achieved by atom transfer radical polymerization of Chinese 

based corncobs. Firstly, the corncob treated with water, then NaOH followed by addition of N-

methyl-2-pyrrolidone. 

 
Scheme 2.  Functionalization of Corncob-supported acid and ester. 

The resulting nucleophile was then treated with α-bromoisobutyryl bromide (B) to 

provide the corresponding bromo derivative (C). The obtained bromo derivative (C) was then 

subjected to the CuBr catalyzed grafting with N,N,N’,N”,N”-pentamethyldiethylenetriamine 

(PMDETA) and methyl acrylate. In order to hydrolyse of ester moiety, the various base has 

been tested such as NaOH, DBU, LDA, DIPEA and t-BuOK, the best results were obtained 

with t-BuOK. Thus, the hydrolysis of ester (E) was carried out using t-BuOK at pH 7 resulted 

in the formation of carboxylic acid (F). The maximum adsorption of Pb+2 ions was observed 

20gm/75 mL of wastewater. Success of grafting for ester (E) and acid (F) was calculated using 

equation 5 and 6, respectively. 

                                                 

GY(%)  =  
m2 − m1

m1
 X 100   eq. 5 

Where, GY(%) = yield of grafted polymer; m1(g) = weight of dried bromo-substituted 

corncobs; m2 (g) = weight of dried products after grafting 

                                                

HY(%)  =  
𝑚4

𝑚3
 X 100   eq. 6 

Where, HY(%) = yield of hydrolysis product; m3 (g) = weight of dry corncob acid (F); m4 (g) 

= weight of dry corncob after hydrolysis, ester (E)  

2.1.5. Chitosan. 

Hu and coworkers described a novel method to remove Pb2+ ions from the aqueous 

solution [81]. Their protocol involved carboxymethyl chitosan-based adsorbent with magnetic 

properties (Figure 3). Adsorbent was prepared by mixing nano-sized ferroferric oxide and 

carboxymethyl chitosan, then subjected to cross coupling with glutaraldehyde at 60 oC (Figure 

3).  
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Figure 3.  Chitosan based adsorbent. 

The obtained material was then treated with 1-ethyl-3-[3-dimethylaminopropyl] 

carbodiimide hydrochloride, subsequently exposed to N-hydroxyl succinimide and 

polyethylenimine at pH 7-8 to provide the corresponding carboxymethyl chitosan. 

Characterization of these chitosan showed nanoparticles of 400 nm sizes. In order to investigate 

the adsorption study, the authors took a water sample contaminated with Pb+2 ions, it was found 

that 124.0 mg/g of Pb+2 ions has been adsorbed. Furthermore, the thermodynamic parameters, 

such as Langmuir, Freundlich and Elovich model revealed that the adsorption of Pb+2 was a 

spontaneous and exothermic process. 

In an attempt, the efficiency of adsorbent was further confirmed by testing a water 

sample contaminated with Pb+2 ions in addition to K+, Na+, Ca2+ and Mg2+. Notably, it was 

observed that the chitosan nanoparticles showed great affinity and selectively adsorbed only 

Pb+2 ions. The authors also investigated the regeneration of adsorbent by employing desorption 

mechanism using a mixture of EDTA:HCl:NaOH (0.1 mol/L). Regenerated adsorbent resulted 

in consistency for consecutive 5 cycles and removed up to 85% of Pb+2 ions at pH 4.5. 

qt =  (C0  −  C1) X 
V

m
  eq. 7 

Where, qt = adsorption amount (mg/g); Co and Ct = initial concentration of adsorbate (mg/L); 

V = volume of adsorbate solution (L); m = mass of adsorbents (g)  

Elovich kinetic model 

qt =  (
1

β
)  ln(αβ)  +  (

1

β
)  lnt    eq. 8 

Where, qt (mg/g) and qe (mg/g) are the adsorption capacities at time t (min) and equilibrium, 

respectively. k1 (min−1) and k2 (g/(mg min) are the pseudo-first-order and pseudo-second-order 

rate constant, α (mg/(g min) and β (g/mg) represent the initial adsorption rate and desorption 

constant in Elovich model. 

2.1.6. Cellulose. 

Shiralipour et al. developed a dithizone-modified cellulose acetate nano-sponges as 

adsorbent to remove Pb+2 ions using batch process [82]. In this context the nano-sponges were 

prepared from cellulose acetate, which was processed from photographic film tapes. Firstly 
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cellulose acetate was tested for adsorption study, which holds only 2.0% of Pb2+ ions from 

aqueous solution. Therefore, the cellulose acetate was then treated with alkyldimethyl 

benzylammonium chloride followed by diphenylthiocarbazone under basic medium. The 

resulted nano-sponges found 100 nm in size. Utilizing these nano-sponges, the adsorption study 

was conducted and it was found that 99.5% of Pb+2 ions were adsorbed within 6 seconds. 

Later, they developed another strategy to remove Pb from wastewater, utilizing alkyl 

dimethyl benzylammonium-modified bagasse as adsorbent [83]. Bagasse is a waste-material 

in sugar industries and also readily available. Thus, bagasse was thoroughly washed with water 

and powdered to 70-mesh, then treated with 10% KOH solution to attain pH 7. The alkaline 

bagasse was subjected to alkylation using alkyl dimethylbenzyl ammoniumchloride and mixed 

with diphenylthiocarbazone to provide modified bagasse. Amongst the various screened 

parameters the best results were obtained within 10 minutes at pH 6-7, efficiently adsorbed 

>99.5% of Pb+2 ions at 25 °C. Since the adsorption was carried out in alkaline conditions, the 

Pb+2 ions converted to the corresponding hydroxide salt (Pb(OH)2). Their study also includes 

reusability of bagasse-modified absorbent, which revealed that >95% of Pb+2 ions adsorbed 

consecutively for four cycles without any loss of activity. 

2.1.7. Lignin. 

Decades before, Srivastava [84], Demirbas and [85] Carrot [86], has been exploited 

lignin as adsorbent. Later, Zhang et al. utilized a lignin isolated from the paper industry as 

adsorbent to remove Pb+2 and other transition metal ions [87]. Such lignin showed the presence 

of functional groups, such as –OH, Ar-OH, -COOH, Ph-CH2-O-, -OCH3. In order to prepare 

adsorbent, a byproduct of wood pulp was isolated from the paper industry, then subjected to 

acidification at pH 2-3 using SO2. This material efficiently removed 2–9.0 mg/g of Pb+2 ions 

from wastewater. 

2.1.8. Clay. 

Koyuncu and coworkers developed bentonite clay and the corresponding activated 

bentonite as adsorbent [88]. This clay material was obtained from Turkey. In order to activate 

bentonite, firstly it was refluxed with 5N HCl subsequently dried and powdered to 235-mesh. 

Both the screened clays and activated bentonite showed greater efficiency than the natural 

bentonite. In order to find the cation exchange capacity of these materials, a methylene blue 

test (ASTM C837-76) was performed, which showed  65 and 97 mequiv./100 g of efficiency, 

respectively. It was also found that the rate of adsorption was increased at higher temperature. 

Various kinetic models were considered, for example Lagergren, Weber, Morris and Ho’s 

model, indicated adsorption follows pseudo-first order, pseudo-second-order and intra-particle 

diffusion model, respectively [89-90]. 

The kaolin is natural material with the presence of various metals, such as Al (21.58%), 

Fe (2.50%), Ca (3.05%), Na (1.35%), Mg (0.47%) and K (0.11%) and named as hard kaolin. 

Earlier, the research group of Ikhsan [91], Katsumata [92], Adebowale [93], and Sari [94], has 

been utilized as adsorbent to remove various heavy metals. Now, Li and coworkers drew 

inspiration from their work and developed Chinese kaolin-based adsorbent to remove Pb+2 ions 

[95]. The maximum adsorption of Pb+2 ions was found by exposing contaminated water and 

kaolin adsorbent for 16 h, efficiently adsorbed 165.11 mg g−1 at pH≥ 7.2 and 25 ◦C. On the 
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other hand, the desorption process of Pb+2 ions resulted 85% of Pb ion separation by lowering 

the pH 2-3 with aq. NaOH. 

Elouear et al. utilized naturally occurring phosphate rock as adsorbent to remove Pb+2 

and other metal ions [96]. The phosphate rock and water samples are selected from Tunisia. In 

order to activate the phosphate rock, a phosphate ore sized between 200-500 μm was treated 

with 1M solutions of NaOH and HNO3. Since the rate of adsorption depends on conditions, 

therefore authors screened various parameters. Amongst them, the maximum adsorption of 

Pb+2 ions was observed at pH 2-3 and higher temperature 283 to 313 K, respectively. 

2.1.9. Calcite. 

Aragonite and calcite are naturally occurring material in the form of razor clam shells 

and oyster shells, respectively has been exploited by Zhu and coworkers as adsorbent to remove 

Pb2+ and Cd, Zn ions [97]. These shells were collected from China. The adsorbent was 

processed by water treatment; drying and then pulverization to 20, 35, 60, 100, 200 and 400 

mesh respectively. Both the materials calcite (oyster shell) and aragonite (razor clam shells) 

subjected to adsorption, amongst them the former act as better adsorbent due to crystal lattice. 

However, aragonite contains organic matter ultimately slows the adsorption rate. Adsorption 

medium showed 100% capacity to remove Pb+2 ions at pH 6. 

The Sri Lankan soil is naturally acidic, quite similar to clay with 0.5 to 50 μm 

micropores and excellent cation-exchange capacity. Paranavithana and coworkers reported Sri 

Lankan soil and coconut shell biochar as adsorbent to remove Pb+2 ions [98]. The adsorbent 

material was prepared by mixing coconut shell (75 μm) with soil. Their study included coconut 

shell biochar, Sri Lankan soil and biochar-soil combination, which efficiently adsorbed Pb+2 

ions in 63.6-92.5% (44.8–46.7 mmol/g), respectively at pH 3. 

2.1.10 Membrane. 

Earlier Jha [99] has been reported that cationic resin PS-EDTA and Amberlite IR120, 

respectively, to remove Pb from water. Kor and coworkers developed another protocol utilizing 

cationic resin Purolite S-930 to remove Pb+2 from domestic water [100]. This cationic resin 

was supported by co-polymer styrene-di-vinyl benzene containing imino-diacetic acid 

functional groups; these groups are responsible to trap alkaline earth and transition metals via 

chelation. In order to facilitate their study, adsorption of Pb+2 ions was performed on pilot plant. 

For this purpose a column 1.6-meter height filled with bed of resin 40 mesh size, efficiently 

95.42% of Pb+2 ions have been removed at pH 6.5. Although, the study was monitored for 21 

days in the form of continuous process; however, it was found that the level of sodium utilized 

during resin wash, detected above the permissible level 10 μg/L. 

Ma and Sun together developed membrane-based adsorption of lead ions [101]. Such 

membrane was prepared from cellulose acetate and poly-(methacrylic acid) using electro-

spinning technique. The developed electro-spun membrane showed excellent hydrogel layer 

with sufficient thickness, endowed excellent super-hydrophilic as compared with other 

conventional hydrogel adsorbents. Utilizing these properties maximum adsorption capacity of 

Pb+2 was 146.21 mg g-1. Regeneration of the membrane was performed with higher pH and 

successfully employed for 5 consecutive cycles; the adsorption capacity was decreased to 58 

mg g-1 due to saturation. 
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2.1.11. Chemical. 

Karimi reported Ca(OH)2 as adsorbent to remove Pb+2 from wastewater [102]. This 

study was carried out using a batch process and jar test equipment. The interaction of leaded 

wastewater and Ca(OH)2 resulted in precipitation of solid, which was separated by simple 

filtration. The formation of precipitate was observed when different pH levels such as 3, 5, 7, 

9 and 11 were mixed with 100, 200, 300, 400, 500 and 600 mg/L concentration of lead ions, 

higher the pH directly affect the efficiency of adsorption. The lead ions were detected on atomic 

absorption spectrophotometer. It was concluded that 95% of Pb+2 ions adsorbed at pH 11. 

However, they did not state about the water pH after the removal of lead ions. 

3. Conclusions 

Water is a global problem, since most of drinkable water is contaminated with fungi, 

heavy metals. Amongst the heavy metals, Pb is considered as highly toxic and very close to 

Hg. In order to remove Pb+2 from wastewater several effective methods have been employed. 

In this article we discussed recent developments for the removal of Pb+2 ions. Naturally 

occurring and synthetically modified materials have been presented in separate sections. 

Although such work is limited to small scale or pilot plant, however, their implementation for 

domestic purposes is limited. There is a great scope in developing new technology which will 

be low cost, ecofriendly and efficient in removing heavy metals. 

Funding 

This research received no external funding. 

Acknowledgments 

The author grateful to the Department of Chemistry, CNCS, Mekelle University, Ethiopia. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Rohde, M.M.; Rehnolds, M.; Howard, J. Dynamic multibenefit solutions for global water challenges. 

Concervation Sci. Pract. 2019, 2, e144, https://doi.org/10.1111/csp2.144. 

2. Boretti, A.; Rosa, L. Reassessing the projections of the World Water Development Report. Clean Water 

2019, 2, 15, https://doi.org/10.1038/s41545-019-0039-9. 

3. Bolisetty, S.; Peydayesh, M.; Mezzenga, R. Sustainable technologies for water purification from heavy metals: 

review and analysis. Chem. Soc. Rev. 2019, 48, 463-487, https://doi.org/10.1039/c8cs00493e.    
4. Gerba, C.P.; Pepper, I.L. Chapter 13-Microbial Contaminants. In: Environmetal and Pollution Science. 3rd 

Ed. Brusseau, M.L.; Gerba, C.P.; Pepper, I.L. Elsevier, 2019; pp. 191-217, https://doi.org/10.1016/B978-0-

12-814719-1.00013-6.    
5. Ortiz-Vera, M.P.; Olchanheski, L.R.; da Silva, E.G.; de Lima, F.R.; Matinez, L.R.P.R.; Sato, M.I.Z.; Jaffe, 

R.; Alves, R.; Ichiwaki, S.; Padilla, G.; Araujo, W.L. Influence of water quality on diversity and composition 

of fungal communities in a tropical river. Sci. Rep. 2018, 8, 14799, https://doi.org/10.1038/s41598-018-

33162-y.  

6. Al-Gabr, H.M.; Zheng, T.; Yu, X. Fungi contamination of drinking water. Rev. Environ. Contamination 

Toxicology 2014, 228, 121-139, https://doi.org/10.1007/978-3-319-01619-1_6.  
7. Babič, M.N.; Gunde-Cimerman, N.; Vargha, M.; Tischner, Z.; Magyar, D.; Veríssimo, C.; Sabino, R.; 

Viegas, C.; Meyer, W.; Brandão, J. Fungal Contaminants in Drinking Water Regulation? A Tale of Ecology, 

Exposure, Purification and Clinical Relevance. International Journal of Environmental Research and Public 

Health 2017, 14, 636, https://doi.org/10.3390/ijerph14060636.  

https://doi.org/10.33263/BRIAC105.65226539
https://biointerfaceresearch.com/
https://doi.org/10.1111/csp2.144
https://doi.org/10.1038/s41545-019-0039-9
https://doi.org/10.1039/c8cs00493e
https://doi.org/10.1016/B978-0-12-814719-1.00013-6
https://doi.org/10.1016/B978-0-12-814719-1.00013-6
https://doi.org/10.1038/s41598-018-33162-y
https://doi.org/10.1038/s41598-018-33162-y
https://doi.org/10.1007/978-3-319-01619-1_6
https://doi.org/10.3390/ijerph14060636


https://doi.org/10.33263/BRIAC105.65226539  

 https://biointerfaceresearch.com/ 6535 

8. Ali, H.; Khan, E.; Ilahi, I. Environmental Chemistry and Ecotoxicology of Hazardous Heavy Metals: 

Environmental Persistence, Toxicity, and Bioaccumulation. Journal of Chemistry 2019, 2019, 

https://doi.org/10.1155/2019/6730305. 

9. Pasichnaya, Y.A.; Gorbatiuk, L.O.; Arsan, O.M.; Platonov, N.A.; Burmistrenko, S.P.; Godlevskaya, O.A.; 

Gopinath, A. Assessment of a Possibility of the Use of Aquatic Macrophytes for Biomonitoring and 

Phytoindication of the Contamination of Natural Waters by Heavy Metals. Hydrobiological Journal 2020, 

56, 81-89, https://doi.org/10.1615/HydrobJ.v56.i1.70. 

10. Ali, H.; Khan, E. Bioaccumulation of non-essential hazardous heavy metals and metalloids in freshwater 

fish. Risk to human health. Environ. Chem. Lett. 2018, 16, 903–917, https://doi.org/10.1007/s10311-018-

0734-7.  

11. Korkmaz, C.; Ay. O.; Ersoysal, Y.; Koroglu, M.A.; Erdem, C. Heavy metal levels in muscle tissues of some 

fish species caught from north-east Mediterranean: Evaluation of their effects on human health. J. Food 

Comp. Anal. 2019, 81, 1-9, https://doi.org/10.1016/j.jfca.2019.04.005.  

12. Fu, Z.; Xi, S. The effects of heavy metals on human metabolism. Toxic. Mechan. Meth. 2020, 30, 167-176, 

https://doi.org/10.1080/15376516.2019.1701594.  

13. Ali, H.; Khan, E.; Sajad, M.A. Phytoremediation of heavy metals-Concepts and Applications. Chemosphere 

2013, 91, 869–881, https://doi.org/10.1016/j.chemosphere.2013.01.075. 

14. Paciga, J.J.; Roberts, T.M.; Jervis, R.E. Particle size distributions of Lead, Bromine and Chlorine in Urban-

Industrial Aerosols. Environ. Sci. Techno. 1975, 9, 1141-1144, https://doi.org/10.1021/es60111a005.  
15. Mizumoto, I.; Yoshii, Y.; Yamamoto, K.; Oguma, H. Lead-acid storage battery recovery system using on–

off constant current charge and short–large discharge pulses. Electron. Lett. 2018, 54, 777-779, 

http://dx.doi.org/10.1049/el.2018.1079.    
16. Byambaa, M.; Dolgor, E.; Shimori, K.; Suzuki, Y. Removal and Recovery of Heavy Metals from Industrial 

Wastewater by Precipitation and Foam Separation Using Lime and Casein. Journal of Environmental 

Science and Technology 2018, 11, 1-9, http://dx.doi.org/10.3923/jest.2018.1.9.    
17. Eltarahony, M.; Zaki, S.; Abd-El-Haleem, D. Aerobic and anaerobic removal of lead and mercury via 

calcium carbonate precipitation mediated by statistically optimized nitrate reductases. Scientific Report 

2020, 10, 4029, https://doi.org/10.1038/s41598-020-60951-1.  
18. Lai, Y.C.; Chang, Y.R.; Chen, M.L.; Lo, Y.K.; Lai, J.Y.; Lee, D.J. Poly(vinyl alcohol) and alginate cross-

linked matrix with immobilized Prussian blue and ion exchange resin for cesium removal from waters. 

Bioresource Technology 2016, 214, 192–198, http://dx.doi.org/10.1016/j.biortech.2016.04.096. 

19. Lalmi, A.; Bouhidel, K.A.; Sahraoui, B.; Anfif, C.H. Removal of lead from polluted waters using ion 

exchange resi with Ca(NO3)2 for elution. Hydrometallurgy 2018, 178, 287-293, 

https://doi.org/10.1016/j.hydromet.2018.05.009.  

20. Novais, R.M.; Buruberri, L.H.; Seabra, M.P.; Labrincha, J.A. Novel porous fly-ash containing geopolymer 

monoliths for lead adsorption from wastewaters. J. Hazard. Mater. 2016, 318, 631–640, 

https://doi.org/10.1016/j.jhazmat.2016.07.059. 

21. Alghamdi, A.A.; Al-Odayni, A.B.; Saeed, W.S.; Al-Kahtani, A.; Alharthi, F.A.; Aouak, T. Efficient 

Adsorption of Lead(II) from Aqueous Phase Solutions Using Polypyrrole-Based Activated Carbon. 

Materials 2019, 12, 2020, https://doi.org/10.3390/ma12122020 

22. Landaburu-Aguirre, J.; Pongracz, E.; Peramaki, P.; Keiski, R.L. Micellar-enhanced ultrafiltration for the 

removal of cadmium and zinc: Use of response surface methodology to improve understanding of process 

performance and optimization. J. Hazard. Mater. 2010, 180, 524–534, 

https://doi.org/10.1016/j.jhazmat.2010.04.066.  

23. Rahmanian, B.; Pakizeh, M.; Esfandyari, M.; Heshmatnezhad, F.; Maskooki, A. Fuzzy modeling and 

simulation for lead removal using micellar-enhanced ultrafiltration (MEUF). J. Hazard. Mater. 2011, 192, 

585–592, https://doi.org/10.1016/j.jhazmat.2011.05.051. 

24. Petrinic, I.; Korenak, J.; Povodnik, D.; Helix-Nielsen, C. A feasibility study of ultrafiltration/reverse osmosis 

(UF/RO)-based wastewater treatment and reuse in the metal finishing industry. Journal of Clean Production 

2015, 101, 292-300, https://doi.org/10.1016/j.jclepro.2015.04.022. 

25. Yoon, J.; Amy, G.; Chung, J.; Sohn, J.; Yoon, Y. Removal of toxic ions (chromate, arsenate, and perchlorate) 

using reverse osmosis, nanofiltration, and ultrafiltration membranes. Chemosphere 2009, 77, 228–235, 

https://doi.org/10.1016/j.chemosphere.2009.07.028. 

26. Lertlapwasin, R.; Bhawawet, N.; Imyim, A.; Fuangswasdi, S. Ionic liquid extraction of heavy metal ions by 

2-aminothiophenol in 1-butyl-3-methylimidazolium hexafluorophosphate and their association constants. 

Sep. Purif. Technol. 2010, 72, 70–76, https://doi.org/10.1016/j.seppur.2010.01.004. 

27. Ferniza-García, F.; Amaya-Chávez, A.; Roa-Morales, G.; Barrera-Díaz, C.E. Removal of Pb, Cu, Cd, and 

Zn Present in Aqueous Solution Using Coupled Electrocoagulation-Phytoremediation Treatment. 

International Journal of Electrochemistry 2017, 2017, https://doi.org/10.1155/2017/7681451. 

28. Zhang, J.; Li, Y.; Xie, X.; Zhu, W.; Meng, X. Fate of adsorbed Pb(II) on graphene oxide under variable 

redox potential controlled by electrochemical method. J. Haz. Mat. 2018, 367, 152-159, 

https://doi.org/10.1016/j.jhazmat.2018.12.073.  

https://doi.org/10.33263/BRIAC105.65226539
https://biointerfaceresearch.com/
https://www.hindawi.com/24761247/
https://www.hindawi.com/27104907/
https://doi.org/10.1155/2019/6730305
https://doi.org/10.1615/HydrobJ.v56.i1.70
https://doi.org/10.1007/s10311-018-0734-7
https://doi.org/10.1007/s10311-018-0734-7
https://doi.org/10.1016/j.jfca.2019.04.005
https://doi.org/10.1080/15376516.2019.1701594
https://doi.org/10.1016/j.chemosphere.2013.01.075
https://doi.org/10.1021/es60111a005
http://dx.doi.org/10.1049/el.2018.1079
http://dx.doi.org/10.3923/jest.2018.1.9
https://doi.org/10.1038/s41598-020-60951-1
http://dx.doi.org/10.1016/j.biortech.2016.04.096
https://doi.org/10.1016/j.hydromet.2018.05.009
https://doi.org/10.1016/j.jhazmat.2016.07.059
https://doi.org/10.3390/ma12122020
https://doi.org/10.1016/j.jhazmat.2010.04.066
https://doi.org/10.1016/j.jhazmat.2011.05.051
https://doi.org/10.1016/j.jclepro.2015.04.022
https://doi.org/10.1016/j.chemosphere.2009.07.028
https://doi.org/10.1016/j.seppur.2010.01.004
https://doi.org/10.1155/2017/7681451
https://doi.org/10.1016/j.jhazmat.2018.12.073


https://doi.org/10.33263/BRIAC105.65226539  

 https://biointerfaceresearch.com/ 6536 

29. Yang, J.; Hou, B.; Wang, J.; Tian, B.; Bi, J.; Wang, N.; Li, X.; Huang, X. Nanomaterials for the Removal of 

Heavy Metals from Wastewater. Nanomaterials 2019, 9, 424, https://doi.org/10.3390/nano9030424. 

30. Joseph, L.; Jun, B.M.; Flora, J.R.V.; Park, C.M.; Yoon, Y. Removal of heavy metals from water sources in 

the developing world using low-cost materials: A review. Chemosphere 2019, 229, 142-159, 

https://doi.org/10.1016/j.chemosphere.2019.04.198. 

31. Kehrein, P.; van Loosdrecht, M.; Osseweijer, P.; Garfí, M.; Dewulf, J.; Posada, J. A critical review of 

resource recovery from municipal wastewater treatment plants–market supply potentials, technologies and 

bottlenecks. Environmental Science: Water Research & Technology 2020, 6, 877-910, 

https://doi.org/10.1039/C9EW00905A. 

32. Anuar, F. I.; Hadibarata, T.; Syafrudin, M.; Fona, Z. Removal of Procion Red MX- 5B from aqueous solution 

by adsorption on Parkia speciosa (stink bean) peel powder. Biointerface Research in Applied Chemistry, 

2020, 10, 4774-4779. https://doi.org/10.33263/BRIAC101.774779. 

33. Tan, G.; Yuan, H.; Liu, Y.; Xiao, D. Removal of lead from aqueous solution with native and chemically 

modified corncobs. J. Hazardous Materials 2010, 174, 740–745, 

https://doi.org/10.1016/j.jhazmat.2009.09.114. 

34. Gardea-Torresdey, J.L.; Becker-Hapak, M.K.; Hosea, J.M.; Darnall, D.W. Effect of chemical modification 

of algal carboxyl groups on metal ion binding. Environ. Sci. Technol. 1990, 24, 1372–1378, 

https://doi.org/10.1021/es00079a011. 
35. Tiemann K.J.; Gardea-Torresdey J.L.; Gamez G.; Dokken K.; Sias S. Use of X-ray absorption spectroscopy 

and esterification to investigate chromium(III) and nickel(II) ligand in alfalfa biomass. Environ. Sci. Technol. 

1999, 33, 150–154, https://doi.org/10.1021/es9804722.  
36. Pappas, C.; Rodis, P.; Tarantilis, P.A.; Polissiou, M. Prediction of the pH in wood by diffuse reflectance 

infrared Fourier transform spectroscopy. Applied Spectroscopy 1999, 53, 805–809, 

https://doi.org/10.1366/0003702991947360.  

37. Minamisawa, M.; Minamisawa, H.; Yoshida, S.; Takai N. Adsorption behav-ior of heavy metals on 

biomaterials. J. Agric. Food Chem. 2004, 52, 5606–5611, https://doi.org/10.1021/jf0496402. 

38. Vimala, R.; Das N. Biosorption of cadmium (II) and lead (II) from aqueous solutions using mushrooms: A 

comparative study. J. Haz. Mat. 2009, 168, 376–382, https://doi.org/10.1016/j.jhazmat.2009.02.062. 

39. Zhang, M. Adsorption study of Pb(II), Cu(II) and Zn(II) from simulated acid mine  drainage using dairy 

manure compost. Chem. Eng. J. 2011, 172, 361–368, https://doi.org/10.1016/j.cej.2011.06.017. 

40. Feng, N.; Guo, X.; Liang, S.; Zhu, Y.; Liu, J. Biosorption of heavy metals from aqueous solutions by 

chemically modified orange peel. Journal of Hazardous Materials 2011, 185, 49–54, 

https://doi.org/10.1016/j.jhazmat.2010.08.114.   

41. Feng, N.; Guo, X.; Liang, S. Adsorption study of copper (II) by chemically modified orange peel. J. Hazard. 

Mater. 2009, 164, 1286–1292, https://doi.org/10.1016/j.jhazmat.2008.09.096. 

42. Langmuir, I. The constitution and fundamental properties of solids and liquids. J. Am. Chem. Soc. 1916, 38, 

2221–2295, https://doi.org/10.1021/ja02268a002. 
43. Freundlish, H. Over the adsorption in solution. J. Phys. Chem. 1906, 57, 385–470, 

https://doi.org/10.1515/zpch-1907-5723. 
44. Chand, P.; Pakade, Y.B. Removal of Pb from Water by Adsorption on Apple Pomace: Equilibrium, Kinetics, 

and Thermodynamics Studies. Journal of Chemistry 2013, 2013, http://dx.doi.org/10.1155/2013/164575.  

45. Isaac, C.P.J.; Sivakumar, A. Removal of lead and cadmium ions from water using Annonasquamosa  shell: 

kinetic and equilibrium studies. Desalination and Water Treatment 2013, 51, 40-42, 7700-7709, 

https://doi.org/10.1080/19443994.2013.778218. 
46. Tasar, S.; Kaya, F.; Ozer, A. Biosorption of lead(II) ions from aqueous solution by peanut shells: 

Equilibrium, thermodynamic and kinetic studies. Journal of Environmental Chemical Engineering 2014, 2, 

1018–1026, http://dx.doi.org/10.1016/j.jece.2014.03.015.  

47. Kanyal, M.; Bhatt, A.A. Removal of Heavy Metals from Water (Cu and Pb) Using Household Waste as an 

Adsorbent. J. Bioremed Biodeg. 2015, 6, 1, https://doi.org/10.4172/2155-6199.1000269. 

48. Barlokova, D.; Ilavsky, J.; Marton, M.; Kunstek, M. Removal of Heavy Metals in Drinking Water by Iron-

based Sorption Materials. IOP Conf. Ser.: Earth Environ. Sci. 2019, 362, https://doi.org/10.1088/1755-

1315/362/1/012109.  
49. Newcombe, R.L.; Hart, B.K.; Möller, G. Arsenic removal from water by moving bed active filtration. 

Journal of Environmental Engineering 2006, 132, 5-12. 

50. Biela, R.; Šopokova, L. Efficiency of sorption materials on the removal of Lead from water. Applied Ecology 

and Environmental Research 2017, 15, 1527-1536, http://dx.doi.org/10.15666/aeer/1503_15271536. 

51. Darvanjooghi, M.H.K.; Davoodi, S.M.; Dursun, A.Y.; Ehsani, M.R.; Karimpour, I.; Ameri E. Application 

of treated eggplant peel as a low-cost adsorbent for water treatment toward elimination of Pb2+: Kinetic 

modeling and isotherm study. Adsorption Science & Technology 2018, 36, 1112–1143, 

https://doi.org/10.1177/0263617417753784.  

52. Brodeur, G.; Yau, E.; Badal, K.; Collier, J.; Ramachandran, K.B.; Ramakrishnan, S. Chemical and 

Physicochemical Pretreatment of Lignocellulosic Biomass: A Review. Enzyme Research 2011, 2011, 1–17, 

https://doi.org/10.4061/2011/787532 

https://doi.org/10.33263/BRIAC105.65226539
https://biointerfaceresearch.com/
https://doi.org/10.3390/nano9030424
https://doi.org/10.1016/j.chemosphere.2019.04.198
https://doi.org/10.1039/C9EW00905A
https://doi.org/10.33263/BRIAC101.774779
https://doi.org/10.1016/j.jhazmat.2009.09.114
https://doi.org/10.1021/es00079a011
https://doi.org/10.1021/es9804722
https://doi.org/10.1366/0003702991947360
https://doi.org/10.1021/jf0496402
https://doi.org/10.1016/j.jhazmat.2009.02.062
https://doi.org/10.1016/j.cej.2011.06.017
https://doi.org/10.1016/j.jhazmat.2010.08.114
https://doi.org/10.1016/j.jhazmat.2008.09.096
https://doi.org/10.1021/ja02268a002
https://doi.org/10.1515/zpch-1907-5723
http://dx.doi.org/10.1155/2013/164575
https://doi.org/10.1080/19443994.2013.778218
http://dx.doi.org/10.1016/j.jece.2014.03.015
https://doi.org/10.4172/2155-6199.1000269
https://doi.org/10.1088/1755-1315/362/1/012109
https://doi.org/10.1088/1755-1315/362/1/012109
http://dx.doi.org/10.15666/aeer/1503_15271536
https://doi.org/10.1177/0263617417753784
https://doi.org/10.4061/2011/787532


https://doi.org/10.33263/BRIAC105.65226539  

 https://biointerfaceresearch.com/ 6537 

53. Jahanbaani, A.R.; Behzad, T.; Borhani, S.; Darvanjooghi, M.H.K. Electrospinning of cellulose nanofibers 

mat for laminated epoxy composite production. Fibers and Polymers 2016, 17, 1438–1448, 

https://doi.org/10.1007/s12221-016-6424-9. 

54. Magsi, S. K.; Kandhar, I.A.; Brohi, R.O.Z.; Channa, A. Removal of Metals From Water Using Fish Scales 

as a BioAdsorbent. AIP Conference Proceedings 2019, 2119, https://doi.org/10.1063/1.5115382. 

55. Fatima, N.; Kumar, V.; Rawat, B.S.; Jaiswal, K.K. Enhancing algal biomass production and nutrients 

removal from municipal wastewater via a novel mini photocavity bioreactor. Biointerface Research in 

Applied Chemistry, 2020, 10, 4714-4720. https://doi.org/10.33263/BRIAC101.714720.  

56. Flouty, R.; El-Khourya, J.; Maatouka, E.; El-Samrani, A. Optimization of Cu and Pb biosorption by 

Aphanizomenon ovalisporum using Taguchi approach: kinetics and equilibrium modeling. Desalination and 

Water Treatment 2019, 155, 259–271, https://doi.org/10.5004/dwt.2019.24005. 

57. Flouty, R. Effect of environmental conditions on biouptake of Cu and Pb from natural freshwaters by 

Chlamydomonas reinhardtii: a case study, Litani River, Lebanon. Desalination and Water Treatment 2016, 

57, 24498–24508, https://doi.org/10.1080/19443994.2016.1143403. 

58. Rao, R.S.; Kumar, G.; Prakasham, R.S.; Hobbs, P.J. The Taguchi methodology as a statistical tool for 

biotechnological applications: a critical appraisal. Biotechnology Journal 2008, 3, 510–523, 

https://doi.org/10.1002/biot.200700201. 

59. Huang, H.; Cheng, G.; Chen, L.; Zhu, X.; Xu, H. Lead(II) removal from aqueous solution by spent Agaricus 

bisporus: determination of optimum process condition using Taguchi method. Water Air and Soil Pollution 

2009, 203, 53–63, https://doi.org/10.1007/s11270-009-9991-1. 

60. Zolfaghari, G.; Esmaili-Sari, A.; Anbia, M.; Younesi, H.; Amirmahmoodi, S.; Ghafari-Nazari, A. Taguchi 

optimization approach for Pb(II) and Hg(II) removal from aqueous solutions using modified mesoporous 

carbon.  J. Hazard. Mater. 2011, 192, 1046–1055, https://doi.org/10.1016/j.jhazmat.2011.06.006. 

61. Abdelhafeza A.A.; Li, J. Removal of Pb(II) from aqueous solution by using biochars derived from sugar 

cane bagasse and orange peel. Journal of the Taiwan Institute of Chemical Engineers 2016, 61, 367–375, 

https://doi.org/10.1016/j.jtice.2016.01.005. 

62. Boehm, H.P.; Diehl, E.; Heck, W.; Sappok, R. Surface oxides of carbon. Angew. Chem. Int. Ed. 1964, 3, 

669–677, https://doi.org/10.1002/anie.196406691.  
63. Mukherjee, A.; Zimmerman, A.R.; Harris, W. Surface chemistry variations among a series of laboratory-

produced biochars. Geoderma 2011, 136, 247–255, https://doi.org/10.1016/j.geoderma.2011.04.021. 
64. Nascimento, M.; Soares, P.S.M.; de Souza, V.P. Adsorption of heavy metal cations using coal fly ash 

modified by hydrothermal method. Fuel 2009, 88, 1714-1719, 

https://doi.org/10.1016/j.fuel.2009.01.007. 
65. Roman-Zamorano, J.F.; Flores-Acosta, M.; Arizpe-Chavez, H.; Castillon-Barraza, F.F.; Farias, M.H.; 

Ramirez-Bon, R. Structure and properties of lead and lead sulfide nanoparticles in natural zeolite. Journal 

of Materials Science 2009, 44, 4781-4788, https://doi.org/10.1007/s10853-009-3720-4. 
66. Zhang, Q.R.; Pan, B.; Zhang, W.; Pan, B.; Lv, L.; Wangb, X. Wu, J.; Tao, X. Selective removal of Pb(II), 

Cd(II), and Zn(II) ions from waters by an inorganic exchanger Zr(HPO3S)2. Journal of Hazardous Materials 

2009, 170, 824-828, https://doi.org/10.1016/j.jhazmat.2009.05.038. 
67. Brooks, R.M.; Bahadory, M.; Tovia, F.; Rostami, H. Removal of Lead from Contaminated Water. 

International Journal of Soil, Sediment and Water 2010, 3. 

68. Zhou, H.; Xu, J.; Lv, S.; Liu, Z.; Liu, W. Removal of cadmium in contaminated kaolin by new-style 

electrokinetic remediation using array electrodes coupled with permeable reactive barrier. Sep. Pur. Tech. 

2020, 239, https://doi.org/10.1016/j.seppur.2020.116544. 

69. Alfredy, T.; Jande, Y.A.C.; Pogrebnaya, T. Removal of lead ions from water by capacitive deionization 

electrode materials derived from chicken feathers. Journal of Water Reuse and Desalination 2019, 9, 282-

291, https://doi.org/10.2166/wrd.2019.074.  

70. Shrestha, R.M.; Pradhananga, R.R.; Varga, M.; Varga, I. Preparation of Activated Carbon for the Removal 

of Pb (II) from Aqueous Solutions. J. Nepal Chem. Soc. 2011, 28, 94-101, 

https://doi.org/10.3126/jncs.v28i0.8114. 

71. Goertzen, S.L.; Theriault, K.D.; Oickle, A.M.; Tarasuk, A.C.; Andreas, H.A. Standardization of the Boehm 

titration. Part I. CO2 expulsion and endpoint determination. Carbon 2010, 48, 1252-1261, 

https://doi.org/10.1016/j.carbon.2009.11.050. 

72. Oickle, A.M.; Goertzen, S.L.; Hopper, L.K.R.; Abdalla, Y.O.; Andreas, H.A. Standardization of the Boehm 

titration: Part II. Method of agitation, effect of filtering and dilute titrant. Carbon 2010, 48, 3313-3322, 

https://doi.org/10.1016/j.carbon.2010.05.004.  

73. Yarkandi N.H. Removal of lead (II) from wastewater by adsorption. Int. J. Curr. Microbiol. App. Sci. 2014, 

3, 207-228.  

74. Khattak, M.M.R.; Zahoor, M.; Muhammad, B.; Khan, F.A.; Ullah, R.; AbdEI-Salam, N.M. Removal of 

Heavy Metals from Drinking Water by Magnetic Carbon Nanostructures Prepared from Biomass. Journal 

of Nanomaterials 2017, 2017, https://doi.org/10.1155/2017/5670371. 

https://doi.org/10.33263/BRIAC105.65226539
https://biointerfaceresearch.com/
https://doi.org/10.1007/s12221-016-6424-9
https://doi.org/10.1063/1.5115382
https://doi.org/10.33263/BRIAC101.714720
https://doi.org/10.5004/dwt.2019.24005
https://doi.org/10.1080/19443994.2016.1143403
https://doi.org/10.1002/biot.200700201
https://doi.org/10.1007/s11270-009-9991-1
https://doi.org/10.1016/j.jhazmat.2011.06.006
https://doi.org/10.1016/j.jtice.2016.01.005
https://doi.org/10.1002/anie.196406691
https://doi.org/10.1016/j.geoderma.2011.04.021
https://doi.org/10.1016/j.fuel.2009.01.007
https://doi.org/10.1007/s10853-009-3720-4
https://doi.org/10.1016/j.jhazmat.2009.05.038
https://doi.org/10.1016/j.seppur.2020.116544
https://doi.org/10.2166/wrd.2019.074
https://doi.org/10.3126/jncs.v28i0.8114
https://doi.org/10.1016/j.carbon.2009.11.050
https://doi.org/10.1016/j.carbon.2010.05.004
https://doi.org/10.1155/2017/5670371


https://doi.org/10.33263/BRIAC105.65226539  

 https://biointerfaceresearch.com/ 6538 

75. Krishna, Y.V.S.S.; Sandhya, G.; Babu, R.R. Removal of heavy meatls Pb(II), Cu(II), and Cu(II) from waste 

waters using synthesized chromium dopes nickel oxide nano particles. Bull. Chem. Soc. Ethiop. 2018, 32, 

225-238, https://dx.doi.org/10.4314/bcse.v32i2.4. 

76. Gusain, R.; Kumar, N.; Fosso-Kankeu, E.; Ray, S.S. Efficient Removal of Pb(II) and Cd(II) from Industrial 

Mine Water by a Hierarchical MoS2 /SH-MWCNT Nanocomposite. ACS Omega 2019, 4, 13922−13935, 

https://doi.org/10.1021/acsomega.9b01603.  
77. Sun, D.T.; Peng, L.; Reeder, W.S.; Moosavi, S.M.; Tiana, D.; Britt, D.K.; Oveisi, E.; Queen, W.L. Rapid, 

Selective Heavy Metal Removal from Water by a Metal−Organic Framework/Polydopamine Composite. 

ACS Cent. Sci. 2018, 4, 349–356, https://doi.org/10.1021/acscentsci.7b00605. 

78. Seo, Y.K.; Yoon, J.W.; Lee, J.S.; Lee, U.H.; Hwang, Y.K.; Jun, C.H.; Horcajada, P.; Serre, C.; Chang, J.S. 

Large scale fluorine-free synthesis of hierarchically porous iron(III) trimesate MIL-100(Fe) with a zeolite 

MTN topology. Microporous Mesoporous Mater. 2012, 157, 137−145 

https://doi.org/10.1016/j.micromeso.2012.02.027. 

79. Dhakshinamoorthy, A.; Alvaro, M.; Horcajada, P.; Gibson, E.; Vishnuvarthan, M.; Vimont, A.; Greneche, 

J.M.; Serre, C.; Daturi, M.; Garcia, H. Comparison of Porous Iron Trimesates Basolite F300 and MIL-

100(Fe) As Heterogeneous Catalysts for Lew is Acid and Oxidation Reactions: Roles of Structural Defects 

and Stability. ACS Catalysis 2012, 2, 2060−2065, https://doi.org/10.1021/cs300345b.  

80. Chen S.; Zhao, W. Adsorption of Pb2+ from Aqueous Solutions Using Novel Functionalized Corncobs via 

Atom Transfer Radical Polymerization. Polymers 2019, 11, 1715, https://doi.org/10.3390/polym11101715.  

81. Wang, Y.; Wu, D.; Wei, Q.; Wei, D.; Yan, T.; Yan, L.; Hu, L.; Du, B. Rapid removal of Pb(II) from aqueous 

solution using branched polyethylenimine enhanced magnetic carboxymethyl chitosan optimized with 

response surface methodology. Scientific Reports 2017, 7, https://doi.org/10.1038/s41598-017-09700-5. 

82. Zargar, B.; Parham, H.; Shiralipour, R. Removal of Pb and Cd ions from contaminated water by dithizone-

modified cellulose acetate nanosponges. J. Mater. Environ. Sci. 2017, 8, 1039-1045.  

83. Shiralipour, R.; Hamoule, T.; Manochehripour, K. Removal of Pb (II) From Contaminated Water by Bagasse 

Adsorbent Modified with Dithizone. Jundishapur J. Health Sci. 2018, 10, e62360, 

https://doi.org/10.5812/jjhs.62360. 
84. Srivastava, S.K.; Singh, A.K.; Sharma, A. Studies on the uptake of lead and zinc by lignin obtained from 

black liquor- a paper industry waste material. Environ. Technol. 1994, 15, 353–361, 

https://doi.org/10.1080/09593339409385438.  
85. Demirbas, A. Adsorption of lead and cadmium ions in aqueous solutions onto modified lignin from alkali 

glycerol delignication. J. Hazard. Mater. B 2004, 109, 221–226, 

https://doi.org/10.1016/j.jhazmat.2004.04.002. 
86. Carrott, S.P.J.M.; Carrott, M.M.L.R. Lignin-from natural adsorbent to activated carbon: a review. 

Bioresource Technology 2007, 98, 2301–2312, https://doi.org/10.1016/j.biortech.2006.08.008. 
87. Guo, X.; Zhang, S.; Shan, X. Adsorption of metal ions on lignin. J. Hazard. Mater. 2008, 151, 134–142, 

https://doi.org/10.1016/j.jhazmat.2007.05.065. 
88. Kul, A.R.; Koyuncu, H. Adsorption of Pb(II) ions from aqueous solution by native and activated bentonite: 

Kinetic, equilibrium and thermodynamic study. Journal of Hazardous Materials 2010, 179, 332–339, 

https://doi.org/10.1016/j.jhazmat.2010.03.009.  
89. Ho, Y.S.; Mckay, G. Sorption of dye from aqueous solution by peat. Chem. Eng. J. 1998, 70, 15–124, 

https://doi.org/10.1016/S0923-0467(98)00076-1. 
90. Ho, Y.S.; Mckay, G. Pseudo-second order model for sorption processes. Process. Biochem. 1999, 34, 451–

465, https://doi.org/10.1016/S0032-9592(98)00112-5.  
91. Ikhsan, J.; Johnson, B.B.; Wells, J.D. A comparative study of the adsorption of transition metals on kaolinite. 

Journal of Colloid Interface Science 1999, 217, 403–410, https://doi.org/10.1006/jcis.1999.6377. 

92. Katsumata, H.; Kaneco, S.; Inomata, K.; Itoh, K.; Masuyama, K.; Ohta, K. Removal of heavy metals in 

rinsing wastewater from plating factory by adsorption with economical viable materials. Journal of 

Environmental Management 2003, 69, 187–191, https://doi.org/10.1016/s0301-4797(03)00145-2. 
93. Adebowale, K.O.; Unuabonah, I.E.; Olu-Owolabi, B.I. The effect of some operating variables on the 

adsorption of lead and cadmium ions on kaolinite clay. Journal of Hazard Materials B 2006, 134, 130–139, 

https://doi.org/10.1016/j.jhazmat.2005.10.056.  
94. Sari, A.; Tuzen, M.; Citak, D.; Soylak, M. Equilibrium, kinetic and thermodynamic studies of adsorption of 

Pb(II) from aqueous solution onto Turkish kaolinite clay. Journal of Hazard Mater. 2007, 149, 283–291, 

https://doi.org/10.1016/j.jhazmat.2007.03.078. 

95. Tang, Q.; Tang, X.; Li, Z.; Chen, Y.; Kou, N.; Sun, Z. Adsorption and desorption behaviour of Pb(II) on a 

natural kaolin: equilibrium, kinetic and thermodynamic studies. J. Chem. Technol Biotechnol 2009, 84, 

1371–1380, https://doi.org/10.1002/jctb.2192.  
96. Elouear, Z.; Bouzid, J.; Boujelben, N.; Feki, M.; Jamoussi, F.; Montiel, A. Heavy metal removal from 

aqueous solutions by activated phosphate rock. Journal of Hazardous Materials 2008, 156, 412–420, 

https://doi.org/10.1016/j.jhazmat.2007.12.036. 

97. Du, Y.; Lian, F.; Zhu, L. Biosorption of divalent Pb, Cd and Zn on aragonite and calcite mollusk shells. 

Environmental Pollution 2011, 159, 1763-1768, https://doi.org/10.1016/j.envpol.2011.04.017.     

https://doi.org/10.33263/BRIAC105.65226539
https://biointerfaceresearch.com/
https://dx.doi.org/10.4314/bcse.v32i2.4
https://doi.org/10.1021/acsomega.9b01603
https://doi.org/10.1021/acscentsci.7b00605
https://doi.org/10.1016/j.micromeso.2012.02.027
https://doi.org/10.1021/cs300345b
https://doi.org/10.3390/polym11101715
https://doi.org/10.1038/s41598-017-09700-5
https://doi.org/10.5812/jjhs.62360
https://doi.org/10.1080/09593339409385438
https://doi.org/10.1016/j.jhazmat.2004.04.002
https://doi.org/10.1016/j.biortech.2006.08.008
https://doi.org/10.1016/j.jhazmat.2007.05.065
https://doi.org/10.1016/j.jhazmat.2010.03.009
https://doi.org/10.1016/S0923-0467(98)00076-1
https://doi.org/10.1016/S0032-9592(98)00112-5
https://doi.org/10.1006/jcis.1999.6377
https://doi.org/10.1016/s0301-4797(03)00145-2
https://doi.org/10.1016/j.jhazmat.2005.10.056
https://doi.org/10.1016/j.jhazmat.2007.03.078
https://doi.org/10.1002/jctb.2192
https://doi.org/10.1016/j.jhazmat.2007.12.036
https://doi.org/10.1016/j.envpol.2011.04.017


https://doi.org/10.33263/BRIAC105.65226539  

 https://biointerfaceresearch.com/ 6539 

98. Paranavithana, G.N.; Kawamoto, K.; Inoue, Y.; Saito, T.; Vithanage, M.; Kalpage, C.S.; Herath, G.B.B. 

Adsorption of Cd2+ and Pb2+ onto coconut shell biochar and biochar-mixed soil. Environ Earth Sci. 2016, 

75, https://doi.org/10.1007/s12665-015-5167-z.  
99. Jha, M.K.; Van Nguyen N.; Lee J.C.; Jeong J.; Yoo, J.M. Adsorption of copper from the sulphate solution 

of low copper contents using the cationic resin Amberlite IR120. Journal of Hazardous Materials 2009, 164, 

948-953, https://doi.org/10.1016/j.jhazmat.2008.08.103. 

100. Merganpour, A.M.; Nekuonam, G.; Tomaj, O.A.; Kor, Y.; Safari, H.; Karimi, K.; Kheirabadi, V. Efficiency 

of lead removal from drinking water using cationic resin Purolite. Environmental Health Engineering and 

Management Journal, 2015, 2, 41–45. 

101. Zang, L.; Lin, R.; Dou, T.; Wang, L.; Ma, J.; Sun, L. Electrospun superhydrophilic membranes for effective 

removal of Pb(II) from water. Nanoscale Adv. 2019, 1, 389–394, https://doi.org/10.1039/c8na00044a.  
102. Karimi, H. Effect of pH and Initial pb(II) Concentration on The Lead Removal Efficiency from industrial 

Wastewater Using Ca(OH)2. Int. J. Water Wastewater Treat 2017, 3, 1-4, http://dx.doi.org/10.16966/2381-

5299.139. 

 

https://doi.org/10.33263/BRIAC105.65226539
https://biointerfaceresearch.com/
https://doi.org/10.1007/s12665-015-5167-z
https://doi.org/10.1016/j.jhazmat.2008.08.103
https://doi.org/10.1039/c8na00044a
http://dx.doi.org/10.16966/2381-5299.139
http://dx.doi.org/10.16966/2381-5299.139

