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                         I. INTRODUCTION 
 

Water pollution is regarded as a prominent 

ecological peril provoked by current civilization, 

which creates the natural imbalance of environment 

and health hazards [1, 2].  Heavy metal ions are 

treated as significant pollutants, as they are labile in 

natural water ecosystems and possess high toxicity 

[3]. Due to urbanization and industrialization there is 

a substantial increase in the discharge of industrial 

waste to the environment, mainly in soil and water, 

which accumulates heavy metals. The 

undiscriminating release of heavy metals into the soil 

and waters creates severe health distress as they are 

non-breakable to non-toxic forms and possess 

persistent effects on the ecosystem [4].   

 

The water bodies are the major sources of heavy 

metal deposits as they flow through agricultural sites 

which use pesticides and fungicides. The metal waste 

deposits and the effluents of these industries directly 

discharge into the water bodies [5] and are 

considered as conventional contaminants that are 

not easily biodegradable chemically or biologically  

 

and are considered as permanent chemical overload  

in the environment. When these metals are present 

in significant quantities in the environment, they 

constitute source of pollution and pollutants and 

threatened the environment, its surroundings and 

aquatic lives [2] .Therefore it is essential to eliminate 

these heavy metals from industrial effluents before 

discharge into natural streams [6].  

 

Numerous metals which are significantly toxic to 

humans  and ecological environments, include 

chromium (Cr), copper (Cu), lead (Pb),cadmium (Cd), 

mercury (Hg), zinc (Zn), manganese (Mn) and nickel 

(Ni) etc. These metals are regularly detected in 

industrial wastewaters and originates from metal 

plating, mining activities, smelting, battery 

manufacture, tanneries, petroleum refining, paint 

manufacture, pesticides, pigment manufacture, 

printing and photographic industries, etc.[7] .  In our 

study Pb(II) and Cd(II) are chosen as two toxic 

pollutants. Lead plays an important role in 

metallurgical electroplating and other chemical 

industries and about 40 % of lead produced is used 
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in battery manufacturing, acid metal plating and 

finishing, ammunition, tetraethyl lead manufacturing, 

ceramic and glass industries printing painting, dying 

and other industries [8] .The rest are discharged to 

water bodies causes pollution.  The permissible limit 

of lead in drinking water is set by EU, USEPA and 

WHO are 0.010, 0.015 and 0.010 mg /L respectively 

[9]. The presence of excess lead in drinking water 

causes diseases such as anemia, encephalopathy, 

hepatitis and the nephritic syndrome [10, 11]. 

Cadmium  a toxic pollutant in wastewater, is 

introduced into water streams from metal mining, 

melting, plating, batteries, pesticides, oil paint, 

pigments, and alloys [12, 13]. According to WHO 

recommendation Cd (II) limit in drinking water is 

0.005mg/L [14]. Large quantities of cadmium in 

humans can result in tubular and glomerular damage 

and cause proteinuria and anemia [15, 16] and 

different acute and chronic disorders, such as ‘itai-

itai’ disease, renal damage, emphysema, 

hypertension, and testicular atrophy [17]. 

 

Several treatment methods, such as chemical 

precipitation [18], ion exchange [19], membrane 

processes [20] and adsorption onto activated carbon 

[21], coagulation, electro decomposition, have been 

used to remove heavy metal ions from aqueous 

solutions [1]. However, the application of such 

processes is often restricted because of technical or 

economic constraints and these methods have 

disadvantages such as secondary pollution, high 

cost, high energy input and large quantities of 

chemical reagents or poor treatment efficiency at low 

metal concentration [1, 3]. Adsorption is a powerful, 

most efficient and cost effective technique for 

removal of heavy metals from waste water.   

 

In recent years, agricultural byproducts have been 

used as low cost, effective adsorbent for removal of 

metals from waste water [22]. According to Bailey et 

al., 1999 [23] an adsorbent can be considered as low-

cost if it is abundant in nature, requires little 

processing and is a byproduct of waste material from 

waste industry. Plant wastes are inexpensive as they 

have no or very low economic value. Most of the 

adsorption studies have been focused on untreated 

plant wastes such as papaya wood [24] , maize leaf 

[25] , teak leaf powder [26], lalang (Imperata 

cylindrica)leaf powder [27] , rubber (Hevea 

brasiliensis) leaf powder [28, 29] , Coriandrum 

sativum [30] , peanut hull pellets[31], sago waste [32] 

, saltbush (Atriplex canescens) leaves[33, 34] ,tree 

fern [35-37] , rice husk ash and neem bark [38] , 

grape stalk wastes [39,7] etc. Therefore the 

advantage of using plant wastes for wastewater 

treatment includes simple technique, requires little 

processing, good adsorption capacity, selective 

adsorption of heavy metals, low cost, free availability 

and easy regeneration [7]. The present study 

describes the efficiency of watermelon peel for 

adsorption of Pb(II) and Cd(II) from aqueous solution. 

Watermelon (citrullus lanatus) the largest and the 

heaviest abundant fruit available in India and about 3 

lakh tones produced per year. The red flesh present 

inside is sweet, edible and used for juices and salads 

but the outer rind is considered as waste which has 

no commercial value. Watermelon rind consists of 

pectin, citrulline, cellulose, proteins. These polymers 

are rich in functional groups like hydroxyl (cellulose) 

and carboxylic (pectin) and can easily bind metal ions 

[22]. 

 

II.MATERIALS AND METHODS  

 

1. Preparation of Adsorbent 

Watermelons   were obtained from local fruit market 

in Bhubaneswar. It was peeled off and then removed 

the inner flashy layer. The peels were washed  under 

tap several  times to remove the foreign materials 

.After through washing Watermelon rind (WR) was 

cut into small pieces and dried in sun light for seven 

days to remove all the moisture content present. 

Later the dried WR pieces were dried in oven at 

100
0
C for 1 hr.  The dried WR were crushed using 

mechanical blender and sieved to 100 mesh range.  

The sieved WR powder was stored in air tight bottles 

and used for sorption experiment [22].  

 

2.Preparation of Metal ion Solution: 

Two standard stock solution of Cd (II) and Pb(II) of 

concentration (1000ppm) were prepared by  

dissolving 2.744g and 1.6g of cadmium nitrate and 

lead nitrate respectively  in each  1litre of double 

distilled water . Standard solutions of desired 

concentration 10-100 ppm were prepared by 

successive dilution of the stock solution. The pH 

adjustment were done using 0.1N HCl or 0.1N NaOH 

[40]. 

 

3.Instruments used for Biosorbent Experiment 

The pH of the solution was measured by Digital pH 

meter-335. For shaking purpose rotating shaker of 

DBK-Instruments-28 interlink was used. The 

concentration of Pb (II) and Cd (II) ions after 
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adsorption was measured by Atomic Absorption 

Spectroscopy (AAS) (Perkin Elmer-A Analyst-200). 

 

4. Batch Adsorption Study 

Batch adsorption equilibrium method were used to 

determine the sorption of cadmium(II) and lead(II)  

ions by adsorbent .Effect of adsorption parameters 

i.e. adsorbent dose ,contact time ,pH  , initial  metal 

concentration  and temperature were studied. 

Sorption capacity of WR was determined by taking 

1gm of adsorbent with 50 ml of known Cd (II) and 

Pb(II) metal solutions of 10ppm.  

 

Effect of pH on adsorption was evaluated by varying 

pH from 2-9.The adsorbent dosage was varied from 

0.2 g/L to 1.0g/L.  

 

The contact time was varied between (20-120min) 

with temperature variation at 30
0
-50

0
C.The 

experiments were carried out in 100ml stoppered 

bottles at a constant speed 150 rpm for 2hr .For each 

parameter study the solid phase was separated using 

Wattmann-40 filter paper and the concentration of 

Pb (II) and Cd (II) ions in solution after adsorption 

were determined by using Atomic Adsorption 

Spectroscopy (AAS). The amount of metal adsorbed 

to WR was determined from eq. (1) and % removal 

was evaluated by eq. (2). 

            q = (C0− Ce) V                               (1) 

                        m 

The biosorption efficiency, A%, of the metal ion was 

calculated from 

 

              A% = ( Co – Ce)× 100                           (2) 

                            Co 

 

Where Co and Ce are the initial and equilibrium 

metal ion concentrations (mg L
-1

) respectively. ‘V’ is 

the volume of the solution (ml) and ‘m’ is the amount 

of biosorbent used (gm). 

 

III.RESULTS AND DISCUSSION 
 

1.Effect of pH 

In adsorption process pH is considered as a very 

important parameter. The functional groups 

responsible for binding of metal ions in the 

adsorbents are affected by pH. It also affects the 

competition of metal ion that get adsorb to active 

sites of adsorbent .The maximum adsorption 

capacities for watermelon peel  was found to be 

94.65% and  78.8% , and the maximum uptakes are 

0.473 mg/gm and 0.394 mg/gm for  Pb(II)  and Cd(II) 

respectively. For Pb(II) the maximum uptake was at 

pH 2.This can be explained  as Pb(II), Pb(OH)
+
 and 

Pb(OH)
2- 

species are available for adsorption at pH 2 

[41]. At high pH, the binding site may not be 

activated because of high concentration of OH
- 
ions 

in the solution. At the higher pH, the lead started 

precipitating as Pb(OH)
2+ 

so the removal  was not 

complete by adsorption[42, 43].                   

 

For cadmium the maximum removal efficiency is at 

pH 8.At lower pH values, the metal ion is poorly 

adsorbed, this is probably as a result of the 

competition between the metal ion and hydrogen 

ion of the same active sorption sites with obvious 

dominance of hydrogen ions which resist the 

advance of metal cation as a result of repulsive 

forces. As pH increased between 3 and 4, the 

hydroxinium ion was getting deprotonated and more 

of metal ions were removed. As the pH increases 

from 4 to 5, the functional group of the adsorbent 

was exposed.  

 

This increased the negative densities charge on the 

surface of the adsorbent and therefore increases the 

electrostatic attraction and desirability of the metallic 

ions with the positive charge by the adsorbent 

leading to a higher chance of adsorption on the 

adsorbent surface. This means that at higher pH, the 

surface inhibits the interaction between the 

adsorbent and the metal ion. Thus as the pH 

increases, the binding sites starts deprotonating thus 

making available site for more uptake of the metal 

ion [44] .Fig 1 shows the % of removal of Pb(II)  and 

Cd(II)  at different pH .Table- 1 shows the maximum 

uptake and % removal by lead and cadmium. 

     

Table 1.     Amount and % of adsorption of Pb (II) 

and Cd (II) at different Ph. 
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Fig 1. Effect of pH on the adsorption of Pb (II) and Cd 

(II) by Watermelon peel (Initial Pb (II) and Cd (II) 10 

ppm, adsorbent dose 1gm/50 ml, contact time 2hrs, 

agitation speed 150 rpm). 

  

2. Effect of adsorbent dose  

The adsorption of Pb(II) and Cd(II) ions onto 

watermelon peel was studied by changing the 

adsorbent dosage in the test solution while keeping 

other parameters constant. Table-2 and Fig. 2 show 

the maximum adsorption and percentage of removal 

of metal ion in the solution respectively. Figure 

shows that the percentage removal increases in case 

of Pb(II) solution .This is due to an increase in surface 

area of the adsorbent [45] . At high dose Pb(II) ions 

were efficiently adsorbed with the highest 

percentage removal of 91.77% at a dose of 1 gm.  

 

This could be due to the availability of free surface 

charges on the binding sites and increase in the 

adsorbent surface area. For Cd (II) it will follow the 

same pattern .However at a dose of 0.6gm and 1gm 

for Cd ion adsorption decreased. This might have 

been as a result of the very fast superficial adsorption 

onto the adsorbent surface that produces a lower 

solute concentration in the solution when adsorbent 

dose is low. Thus with an increase in adsorbent dose, 

the amount of Cd ion adsorbed per unit mass of 

adsorbent is reduced. This in turn causes a decrease 

in equilibrium uptake value. The maximum uptake of 

Cd ions was found to be 82.65%.  

Table 2.    Amount and % of adsorption of Pb(II) and 

Cd(II) at various dose 

 
 

 
 

Fig 2. Effect of adsorbent dose on the adsorption of 

Pb(II)and Cd(II) by Watermelon peel (Initial Pb(II) and 

Cd(II) 10 ppm,pH 2 for Pb(II) and pH 8 for 

Cd(II),contact time 2 hrs, agitation speed 150 rpm ). 

 

3. Effect of   concentration of metal ions 

The dependence of the adsorption of Pb(II) and 

Cd(II) adsorption at different initial concentrations 

(10 to 100 ppm) by the adsorbents is shown in fig. 3 

and the amount of adsorption were  recorded in 

Table 3.The experiment was carried out by using 50 

ml of metal solution varying from 10 to 100 mg/l, 0.2 

gm. of adsorbent, contact time 2 hrs with agitation 

speed 150 rpm. The maximum pH was adjusted to 2 

and 8 for Pb(II) and Cd(II) respectively .  

 

The figure shows the adsorption for Pb(II) increases 

with the increase in equilibrium concentration at a 

low metal ion concentrations which suggests that 

these metal ions are adsorbed accordingly to the 

Langmuir adsorptions. The fixed number of active 

sites eventually limits the adsorption of metal ions. 

The maximum adsorption capacities for Pb(II) ion is  

4.18 mg/gm. and maximum removal is  92.14  % . For 

Cd (II) the removal efficiency decreased with increase 

in initial concentration of the adsorbate but the 

uptake capacity increased with increase in initial 

concentration. At the lower concentrations of 

cadmium ions, the number of Cd (II) ions which are 
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available in the solution is less as compared to the 

available sites on the adsorbent .However, at the 

higher concentration the available sites for 

adsorption become fewer and the % removal of 

cadmium ions depends on the initial concentration 

[46] .The maximum uptake capacities and % removal 

for Cd (II) is 4.633 mg/g and 92.68 % respectively. 

 

Table 3.     Amount and % of adsorption of Pb (II) 

and Cd (II) at various concentrations 

 

 
 

Fig 3. Effect of concentration on the adsorption of 

Pb(II)and Cd(II) by Watermelon peel (Initial Pb(II) and 

Cd(II) adsorbent dose 1gm/50 ml,pH 2 for Pb(II) and 

pH 8 for Cd(II) ,contact time 2 hrs,agitation speed 

150 rpm ). 

 

4. Effect of Contact time 

Contact time plays an important role in affecting 

efficiency of adsorption. In order to optimize the 

contact time for the maximum uptake of metal ions, 

contact time was varied between 20 to 

180min.Results shows that the percentage of 

adsorption increases for cadmium and lead as time 

increases. The maximum adsorption removals of the 

ions were for lead it is 95.62% and for Cd it is 

89.05%.This shows that adsorption depends on time. 

Increase in adsorption indicates the adsorption 

occurs at faster rate .Fig.4 and Table.4 shows the 

percentage of removal and amount of adsorption at 

different time interval. 

 

Table 4.  Amount and % of adsorption of pb (ii) and 

cd (ii) at various times. 

 

 
 

 
 

 

Fig 4. Effect of time on the adsorption of Pb(II)and 

Cd(II) by Watermelon peel (Initial Pb(II) and Cd(II) 

concentration 10 ppm, adsorbent dose 1gm/50 ml, 

pH 2 for Pb(II) and pH 8 for Cd(II) ,agitation speed 

150 rpm ). 

 

5. Effect of temperature 

The  effect of  temperature on the adsorption  of 

lead and cadmium ions were studied by conducting 

experiments for 10 mg/L of initial metal ions 

concentration  at 303,313,323K.Table 5 and  fig 5 

shows the maximum removal percentage and 

maximum uptake of  metal. The maximum uptake for 

Pb and Cd ions are 0.461 and 0.021 mg/g 

respectively. Fig 5 and shows the percentage of 

removal of metal ions with temperature increases 

with increase in temperature. This shows that the 

adsorption process was endothermic in nature.             
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Table 5.  Amount and % of adsorption of Pb (II) and 

Cd (II) at various temperature. 

 
         

      

Fig 5. Effect of temperature on the adsorption of 

Pb(II)and Cd(II) by Watermelon peel     (Initial Pb (II) 

and Cd (II) concentration10 ppm, adsorbent dose 

1gm/50 ml, pH 2 for Pb (II) and pH 8 for Cd (II), 

contact time 2hrs, agitation speed 150 rpm). 

6. Adsorption isotherm 

Adsorption isotherm express the relation between 

the amount of adsorbed metal ions per unit mass of 

bio-sorbent (qe) and metal concentration in solution 

(Ce) at equilibrium .The data of sorption equilibrium 

in this work has tested with Langmuir adsorption 

isotherm as follows. 

                                                   𝑞𝑒 =
𝑄0𝑏𝐶𝑒

 1+𝑏𝐶𝑒
 

Where qe is the amount adsorbed at equilibrium 

(mg/g). Ce is the equilibrium concentration (mg/l), b 

is the constant related to the energy or net enthalpy 

of adsorption and Q
0
 is the mass of adsorbed solute 

required to saturate a unit mass of adsorbent (mg/g). 

The Langmuir adsorption model is based on the 

assumption of surface homogeneity such as equally 

available adsorption sites, monolayer surface 

coverage and no interaction between adsorbed 

species [47]. The Langmuir adsorption can be 

described by the linearized form as follows. 
𝐶𝑒
𝑞𝑒

=
1

𝑄0𝑏
+
𝐶𝑒
𝑄0

 

 

By putting Ce/qe  vs  Ce, Q
0
 and b can be determined 

from slope and intercept respectively. Based on 

further analysis of Langmuir equation, the RL values is 

given by. 

 

                                                   𝑅𝐿 =
1

1+𝐶0
  

 Where Co (mg/l) is the initial amount of adsorbate 

and b (L/mg) is the Langmuir constant. 
 

 

Fig 6. Langmuir adsorption isotherm for Pb (II) 

 

 
Fig 7. Langmuir adsorption isotherm for Cd (II) 

Table 6. Langmuir adsorption isotherm constants for 

Pb(II) and Cd(II). 

 
 

RL values indicates favorable adsorption .The RL 

values here is 3.968 which is for Pb(II) and 0.0338  for 

Cd(II). Langmuir adsorption isotherm holds good to 
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explain adsorption of Pb(II) and  Cd(II). The surface 

area coverage ‘θ’ value for Pb(II) and Cd(II) are 0.428 

and 1.036 respectively. 

 

7. Adsorption kinetics 

Kinetic analysis gives idea on the rate of adsorption 

and the rate limiting step of the transport 

mechanism, which are primarily used in the modeling 

and design of the process. The pseudo 2
nd

 order and 

infra particle diffusion model were applied. Figure 8 

and fig 9 shows the pseudo 2
nd

 order and infra 

particle diffusion models in the analysis.  

 

8. Pseudo 2
nd

 order kinetic model: The pseudo 2
nd

 

order kinetic equation is given by Mckay et al., 

1999[48].  
𝑡

𝑞𝑡
=

1

𝐾2𝑞𝑒
2

+
𝑡

𝑞𝑒
 

Where K2 is the rate constant of the 2
nd

 order 

equation .qe and qt are the amount of adsorption at 

time‘t’ and the average solid phase concentration at 

time ‘t’ respectively. The plot of t/qt vs t gives a linear 

relationship from which qe and K2 are calculated.  

                        

 
 

Fig 8. Pseudo second order kinetic graph for Pb(II) 

and Cd(II) The rate constant for Pb(II) and Cd (II) are -

0.197 and 0.049  respectively. Table 7 shows the rate 

constant, qe and R
2
values for Pb(II) and Cd(II) 

respectively for pseudo 2
nd

 order and infra particle 

diffusion model. 

Table 7.  Kinetic rate model for the sorption of lead, 

cadmium ions by watermelon peel. 

  

8. Infra particle diffusion model  

The infra particle diffusion model is given   as  

𝑞𝑡 = 𝐾𝑡1/2 

Where K   is the infra particle diffusion rate constant. 

The rate constant for Pb(II) and Cd(II) are -0.035 and 

-0.142 respectively. 

 

          

 
 

Fig 9. Infra particle diffusion graph for Pb(II) and 

Cd(II) 

8. FTIR spectra for Pb(II) and Cd(II) after loaded 

on fruit peel 
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Fig 10 FTIR spectral analysis of water melon peel after 

adsorption with heavy metals. 

 

The pattern of adsorption of metals onto watermelon 

peel is attributable to the active groups and bonds 

present on them. In order to identify the major 

functional groups present in water melon peel FTIR 

spectra was done for lead and cadmium after adsorption 

with the peel and shown in above figure. For lead the 

spectra were taken at pH 2,3,7,8 and 9.Also at different 

concentrations of lead i.e. 10 to100ppm. For cadmium 

the spectra is taken at 10 and 100ppm.  

 

For both the metal ions a broad and intense peak 

around 3332cm
-1

 corresponds to –OH stretching 

vibrations containing cellulose, pectin and lignin. Peaks 

at 2918cm
-1

 corresponds to –CH stretching vibrations of 

methyl and methoxy group. Peak at 1733 cm
-1

 

corresponds to –C=O stretching of carboxylic acid or 

esters. The peaks at 1639 and 1316 cm
-1

 indicates 

asymmetric and symmetric vibrations of ionic carboxylic 

groups respectively. Peaks from 1234 to 1017cm
-1

 can be 

assigned to stretching vibrations of carboxylic acid and 

alcohols. The spectra of watermelon peel shows 

carboxylic and hydroxyl groups are present in abundance 

and these group acts as proton donor and coordinated 

with metal ions.  

 

10. Morphology analysis 

SEM images showed the surface of water melon peel 

shows porous structure which binds metal ions 

preferably.  

 

 
 

Fig. 11SEM for Pb(II) ion after loaded with water 

melon peel. 

 

 
 

Fig.12 SEM for Cd (II) ion after loaded with water 

melon peel 

 

IV.CONCLUSION 
 

The present investigation reveals that watermelon 

peels are inexpensive, excellent biosorbent for the 

removal of Pb(II)  and Cd(II) ions from aqueous 

solutions. The parameters i.e solution pH, adsorbent 

dose ,initial metal ions concentration, contact time 

determined in the experiment were affective in 

determining the efficiency of Pb(II) and Cd(II) ions 

onto watermelon peels. The analysis data perfectly fit 

to Langmuir adsorption isotherm model and follows 

pseudo 2
nd

 order kinetic .The maximum removal 

efficiency for Pb(II) and Cd(II) are  94.65% and 78.8% 

at pH 2 for Pb and pH 8 for Cd respectively. FTIR 

study shows the surface contain OHstr, C-Hstr 

vibrations which contains cellulose ,hemicellulose 

,lignin and pectin etc. which are responsible for metal 

binding .Watermelon is abundant in nature 

,nonhazardous agro waste material could be used as 

an effective bio-sorbent for treatment of waste water 

containing heavy metals like Pb(II) and Cd(II) ions. 
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