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ABSTRACT
The effective removal of heavy metals from aqueous wastes is among the most important issues for many

industrialized countries. Removal of cadmium (II) and lead (II) from aqueous solutions were studied using locally

available and cost-effective pomegranate peel. Different chemical treatments were applied on it such as acid, alkali,

formaldehyde and mixture treatment of formaldehyde and sulphuric acid. Batch adsorption experiments were

performed in order to study the effect of biosorbent dose, time of contact and pH using untreated pomegranate peel

powder for the purpose of optimizing the process of removing heavy metals. The optimum dose, contact time and pH

required for maximum adsorption were found to be 5 g/100 cm3 of biosorbent dose, 5 hours contact time and pH=

3.0. The waste waters collected from different tanneries of Kasur were treated with different chemically treated

biosorbents under these aforementioned optimum conditions. It was observed that acid treated pomegranate peel

powder has better quality of adsorption of cadmium and lead from tannery waste water with percent removal 97 and

99 for cadmium and lead respectively.
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INTRODUCTION

The presence of heavy metals such as Pb, Cd, Cu, As, Ni etc. in
the environment poses great health hazard. They body does not
have a mechanism to remove these heavy metals unlike their
organic counterpart which are readily removed [1]. Heavy metal
contamination is a serious environmental problem which occurs
due to contaminated water coming from many industries such as
metal plating, tanneries, mining, painting, car radiator
manufacturing as well as agricultural sources such as fertilizers
and fungicides.

The removal of heavy metals from water becomes very important
for this reason different technologies have been developed such
as chemical precipitation [2], flotation [3], biosorption [4-6],
electrolytic recovery, membrane separation [7], removal by
adsorption on minerals [8,9] and activated carbon adsorption
[10,11]. Despite their great efficiency, they remain elusive for
small scale industries because of high cost of operation for
example electrolytic recovery required great usage of electricity
hence rendering them not suitable for large scale

implementation. Chemical precipitation method relies on
different chemical reagents and activated carbon is also
dependent on quality of carbon [12]. It is the need of the hour
to search for efficient and cost effective biosorbents. In recent
year’s researchers have been busy investigating agricultural wastes
as a new cost effective biosorbent. This include peat, wood, pine
bark, banana pith, soybean, cotton seed hulls, peanut shells,
hazelnut shells, rice husk, saw dust, wool, orange peel, compost
and leaves [13].

Pomegranate fruit is used in fresh juice making and in processed
forms used to make juice, jams and wine. Pomegranate peel (PP)
is a byproduct of pomegranate juice industry and an inexpensive
material. PP is rich in ellagitannins such as punicalagin and its
isomers, as well as lesser amounts of punicalin, gallagic acid,
ellagic acid and ellagic acid-glycosides [14]. PP is composed of
several constituents such as polyohenols, ellagic tannis, gallic
acid and ellagic acid [15]. In the present study the process is
optimized by treating untreated PP with stock solutions of lead,
cooper, cadmium and zinc. After the process has been optimized
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different chemically treated PP is treated with tanneries
effluents collected from different tanneries.

MATERIALS AND METHODS

Materials

A 1000 ppm solution of stock solution of lead nitrate and
cadmium nitrate was prepared in distilled water respectively.
From the stock solution of 1000 ppm of cadmium nitrate and
lead nitrate 100 ppm solution was prepared respectively.

Biosorbent preparation

Pomegranate peel (PP) was collected from different juice shops
located in Lahore. PP was washed with distilled water 20 times
before stabilizing its pH from 1.93 to 7.0 and dried for 1 hour in
an oven at 100 oC. It was grounded in ball mill and sieved to
particle size ranging from 0.2-0.5 mm. It was labeled as
untreated PP. The weight of it was noted to be 1000 g. 200 g of
untreated PP was first treated with 0.1 N solution of H2SO4 and
soaked for 4 hours then dried in oven for about 1 hour at 100
oC. It was stored and labeled as acid treated PP. About 200 g of

untreated PP was treated with 0.1 N solution of NaOH and
soaked for 4 hours and then dried in oven, it was stored and
labeled as alkali treated PP. About 200g of untreated PP was
treated 4% solution of formaldehyde and soaked in 4 hours and
the dried in oven, it was stored and labeled as formaldehyde
treated PP. 1 M solution of H2SO4 and 0.1M solution of
formaldehyde were mixed and treated with untreated PP and
soaked in for 4 hours. It was dried and then stored.

Adsorption experiments

Batch adsorption experiments were performed by treating
untreated PP with 100 ppm solution of cadmium nitrate and
lead nitrate respectively. Different parameters were investigated
such as dosage effect, contact time and pH effect.

RESULTS AND DISCUSSION

Dosage effect

The result of this study is given in the following Table 1, Figures
1 and 2.

Table 1: Biosorption of Cd and Pb using different dosages of biosorbent for fixed duration.

Metal

standard

Before

Treatment

(ppm)

Dosage

3 g 5 g 7 g

After treatment (ppm) %Removal After treatment(ppm) %Removal After treatment(ppm) % Removal

Cadmium 100 25 75 19 81 19 81

Lead 100 18 82 12 88 12 88

Figure 1: effect of biosorbent dose on percent removal of Pb.
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Figure 2: effect of biosorbent dose on percent removal of Cd.

One of the parameters that strongly affect the sorption capacity
is the dose or concentration of the biosorbent. With the fixed
metal concentration, it can easily be inferred that the percent
removal of metal ions increases with increasing weight of the
biosorbent till a point reach where saturation of binding sites of
biosorbent occurs. In this experiment with increase of dose the
percent removal of lead and cadmium also increases till at
higher dose with the increase of dose increase in percent

removal of heavy metals does not takes place. The percent
removal of cadmium and lead increased with increase of
biosorption dose from 3 grams to 5 grams. However, with
further increase of biosorbent dose i.e., from 5 grams to 7 grams
saturation of binding sites of biosorbent occurred.

Contact time

Figure 3: effect of contact time on percent removal of pb.
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Figure 4: effect of contact time on percent removal of Cd.

Table 2: Effect of contact time adsorption while keeping dosage of biosorbent constant.

Metal
Standard

Before

Treatment

(ppm)

Time duration

3 Hours 5 Hours 7 Hours

After treatment(ppm) % removal After Treatment(ppm) % removal After treatment (ppm) % removal

Cadmium 100 19 81 15 85 15 85

Lead 100 12 88 10 90 10 90

From Table 2, Figure 3 and 4, The removal of cadmium and
lead ions increases with increase in contact time i.e., from 3
hours to 5 hours and attains saturation in about 7 hours under
condition of constant dose of biosorbent i.e., 5 grams of
pomegranate peel powder.

Basically, the removal of sorbate is rapid, but it gradually
decreases with time until it reaches equilibrium. The two metals
showed a fast rate of sorption during the first 3 to 5 hours of the
removal becomes almost insignificant due to aquick exhaustion
of the adsorption sites.

The rate of percent metal removal is higher in the beginning
due to a larger surface area of the adsorbent being available for
the adsorption of the metals.

The effect of pH

The pH of the solution has a significant impact on the
biosorption of heavy metals, since it determines the surface
charge of the adsorbent, the degree of ionization and speciation
of the adsorbate and shown in Table 3, Figure 5 and 6.

Table 3: Effect of ph on biosorption under fixed dosage and contact time.

Metal

Standard

Before

Treatment

(ppm)

pH

3.0 5.0 9.0 11.0

After treatment

(ppm)

%
Removal

After Treatment

(ppm)

%
Removal

After treatment

(ppm)

%
Removal

After treatment

(ppm)

%
Removal
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Cadmium 100 11 89 14 86 20 80 22 78

Lead 100 8 92 11 89 17 83 20 80

Figure 5: Illustrating the effect of pH on percent removal of Cd.

Figure 6: Illustrating the effect of pH on percent removal of Pb.
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In order to establish the effect of pH on the biosorption of
cadmium(II) and lead (II) ions, the batch equilibrium studies at
different pH values were carried for the two metals respectively,
under conditions of constant dose of biosorbent (5 grams) and
contact time (5 hours). Adsorption was maximum at the most
acidic pH, while uptake of heavy metals steadily decreased with
the increase in pH values.

Treatment of chemical treated biosorbent with tannery
waste water

Differently chemically treated pomegranate peel powder were
treated with filtered waste water collected from different

tanneries of Kasur under optimum conditions such as fixed
dose i.e., 5 g, fixed contact time i.e., 5 hours and by adjusting
the pH of filtered tannery waster to a pH= 3.0.

There are approximately 200 tanneries in Kasur and most of
them are located in Niaz Nagar which is becoming the focal
point of creating pollution and causing different diseases in
neighboring areas. As far as tanneries are concerned, they are
producing thousands of hazardous substances per day and these
substances are being pumped into our environment.

The results of experiment are given below Table 4, Figures 7 and
8.

Table 4: Adsorption of Cd and Pb on treated biosorbents.

Tanneries Metal concentration
before treatment

Metal concentration after treatment with acid
treated pomegranate peel

Metal concentration after treatment with alkali
treated pomegranate peel

Cd(ppm) Pb(ppm) Cd(ppm) %Removal Pb(ppm) %Removal Cd(ppm) %Removal Pb(ppm) %Removal

Ameer khan tannery 20.38 22.62 0.42 97.93 0.20 99.11 2 90.18 5.5 75.68

Shan tannery 25.71 20.93 0.70 97.27 0.18 99.14 2.5 90.27 5.2 75.15

Rehamn tannery 23.95 26.35 0.70 97.07 0.18 99.31 2.3 90.39 6.5 75.33

Alkaram tannery 20.54 29.48 0.50 97.56 0.20 99.32 2 90.26 7.3 75.23

Haseeb tannery 27.35 27.39 0.60 97.80 0.20 99.26 2.5 90.85 6.8 75.17

Bismillah tannery 21.42 25.57 0.60 97.19 0.18 99.29 2 90.66 6.2 75.75

Paradise tannery 27.12 24.49 0.60 97.12 0.18 99.26 2.5 90.78 6 75.50

Yousuf tannery 26.78 32.65 0.60 97.75 0.18 99.44 2.5 90.66 8 75.49

Figure 7: Illustrating the percent removal Cd in tannery waste water by different chemically treated biosorbents.
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Figure 8: Illustrating the percent removal Cd in tannery waste water by different chemically treated biosorbents.]

It is necessary to implement such methods that can create less
pollution over there and people will remain safe from different
diseases. Use of toxic chemicals is the main source of pollution
especially in drinking water. The water is basically used for the
purpose of cleaning the hides or skin. Tannery waste water is
highly polluted in terms of heavy metals like cadmium and lead.
Different chemically treated biosorbents were treated with 8
samples of waste water which were collected and sampled from 8
different tanneries of Kasur.

The percentage removal and concentration before treatments
were determined by using atomic absorption spectrometer
technique. The percentage removal can be calculated by using
following formula.Percentage Removal = co‐cico (1)
Where Co is initial concentration of heavy metal, Ci is final
concentration of heavy metal.

DISCUSSION

The effective removal of heavy metals from aqueous wastes is
among the most important issues for many industrialized
countries. Removal of cadmium (II) and lead (II) from aqueous
solutions were studied using locally available and cost-effective
pomegranate peel. Different chemical treatments were applied
on it such as acid, alkali, formaldehyde and mixture treatment
of formaldehyde and sulphuric acid. Batch adsorption
experiments were performed in order to study the effect of
biosorbent dose, time of contact and pH using untreated

pomegranate peel powder for the purpose of optimizing the
process of removing heavy metals. The optimum dose, contact
time and pH required for maximum adsorption were found to
be 5 g/100 cm3 of biosorbent dose, 5 hours contact time and
pH= 3.0. The waste waters collected from different tanneries of
Kasur were treated with different chemically treated biosorbents
under these aforementioned optimum conditions. It was
observed that acid treated pomegranate peel powder has better
quality of adsorption of cadmium and lead from tannery waste
water with percent removal 97 and 99 for cadmium and lead
respectively. The better tendency of adsorption toward the lead
is due to nature of pores of activated pomegranate. They surface
acid treated pomegranate peel consist of such pores that
favourable for sorption of large particles. The greatest
biosorption of lead and cadmium were observed in wastewater
of yousuf welcome tannery.

CONCLUSION

The observed tendency of biosorption for chemically treated
pomegranate peel powder follow the following trend in terms of
removal efficiency. Sulphuric acid treated pomegranate peel
powder> formaldehyde treated pomegranate peel powder>
Sodium hydroxide treated pomegranate peel powder> Sulphuric
acid + formaldehyde mixture treated pomegranate. The
optimum condition that was identified biosorbent dose of acid
treated pomegranate peel 5 g/100 cm3, contact time of 5 hours
and pH of 3. This novel activated biosorbent showed greater
tendency for removal of lead as compared to cadmium owing to
size of pores of that favoured biosorption of large particles.
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