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INTRODUCTION

Heavy metal ions contamination by industrial effluents is
one of the critical environmental problems. Heavy metals are
toxic and tend to accumulate in the food chains [1]. Thus conta-
mination of these metals by industrial wastewaters is a serious
threat to various life forms [2]. Among heavy metals, Cu(II)
and Zn(II) are the essential traces elements, however, if taken
beyond the prescribed limit, they cause serious health effects
which may be fatal e.g., failure of gastrointestinal tract [3],
kidney [4], prostate cancer [5], bone anomalies [6], etc. Although
there are the several methods for removing heavy metals from
wastewaters i.e. chemical precipitation, filtration, ion exchange,
chromatography and carbon adsorption [7-9]. These methods
have their own disadvantages such as secondary pollution, high
cost, high energy consumption and many more [10].

Biosorption is an ecofriendly process used for the removal
of heavy metal ions from wastewaters. In recent years, large
number of biosorbents are used to remove heavy metal ions
from wastewaters such as mango peel water [11], rice husk
[12], sawdust [13], Cedrus deodara [14], Citrus aurentifolia
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[15], coconut shell [16], patti [10], cocoa pod husk [17], etc.
Pyrus pasia plants are abundantly found in Shivalik hills of
Mandi district of India. Pyrus pashia is a deciduous tree, often
armed with spines and can grow upto 12-15 m tall. The plant
often produces suckers and use as a food, medicine and source
of materials. The main objective of this study is to investigate
the possibility of use of Pyrus pasia as an alternative low-cost
biosorbents for removal of Cu(II), Cd(II) and Pb(II) metal ions
from synthetic wastewaters.

EXPERIMENTAL

Preparation of biosorbent: Pyrus pasia leaves were
collected from Mandi district, India. These leaves were washed
with tap water. Again the washed leaves were cleaned with
ethanol water thrice to remove dust and soluble materials. The
dried leaves were then dried in hot air oven at 333 K for 24 h.
The dried biomass was grinded to fine powder and then treated
with 0.1 N HNO3 at room temperature for 24 h, filtered and
washed with double distilled water. The obtained biomass was
dried in hot air oven at 333 K for 2 days and then subjected to
pass through the 63 µ sieves (170 BSS sieve). The sieved bio-
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mass then stored in air tight bottle which is used as biosorbent
in present studies.

Preparation of biosorbate: To prepare 1000 mg/L stock
solution of Cu(II), Pb(II) and Cd(II) ions CuSO4·5H2O, CdCl2

and Pb(NO3)2 were used. The working solution was prepared
by diluting the stock solution with double distilled water. The
working solution range of all metal ions were from 10 mg/L
to 50 mg/L. Optimum pH for Cu(II), Cd(II) and Pb(II) ions
were kept at pH 5.

Batch operation: The biosorption experiments were carried
out with 100 mL of standard solution in 250 mL conical flask.
The solution was shaken at 170 rpm for 45 min and then filtered
by using Whatman No. 42 filter paper. The filtrate was digested
with conc. HNO3. The digested solution was analyzed by atomic
absorption spectrophotometer (Optima 4300DV ICP, Perkin-
Elmer). The effect of pH on Cu(II), Cd(II) and Pb(II) ions biosor-
ption was studied over pH range from 1.0 to 9.0 and the bio-
sorbent dose varied from 1.0 g to 5.0 g. The effect of removal
efficiency of the adsorbent was calculated using the equation:

i e

i

(C C )
Removal efficiency (%) 100

C

−= × (1)

where Ci is the initial metal ion concentration (mg/L) and Ce

is the equilibrium metal ion concentration (mg/L).

RESULTS AND DISCUSSION

FT-IR analysis: Various functional groups present in
Pyrus pasia which bind the metal ions in biosorption process
are shown in Fig. 1. The broad band at 3276 cm-1 indicates the
presence of hydroxyl (-OH). Peaks around 2920 and 2851
cm-1 indicates the C-H stretching and C-H bending of (-CHO)
group in biomass. A strong absorption at 1731 and 1618 cm-1

indicate the presence of -C=O group. Another strong peak at
2360 cm-1 indicates the strong carbonate stretching. Vibrations
at 1300-1000  cm-1 shows presence of (C-O) stretching. And
medium weak multiple bending between 1600-1400 cm-1 shows
the (C=C) aromatic stretching. The band at 776 cm-1 revealed
the presence of 1,3-disubstituted aromatic ring.
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Fig. 1. FTIR spectrum of Pyrus pasia leaves

Effect of pH: The effect of pH on the biosorption of Cu(II),
Pb(II) and Cd(II) ions by Pyrus pasia leave is shown in Fig. 2.
The maximum removal efficiency for Cu(II) is 79.8 % for
Pb(II) 85 % and for Cd(II) is 89.1 % at pH 5. At low pH, the
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Fig. 2. Effect of pH on Cu(II), Pb(II) and Cd(II) ions adsorption capacity
[Experimental condition initial metal ion concentration = 10 mg/
L, contact time 45 min, temperature = 25 °C, pH = 5.0, agitation
speed = 170 rpm]

hydrogen ions concentration was high and therefore, protons
can compete with the metal ions for surface sites. When pH
increased, there was a decrease in positive surface charges due
to the deprotonation of the sorbent functional group which
resulted to a lower electrostatic repulsion between the positively
charged metal ions and the surface of biosorbent [18]. As pH
value was higher, more exchangeable cations contained in the
biosorbent can be exchanged with metal ions due to weak com-
petitive adsorption of hydrogen ions and also could not performed
due to the precipitation of Cu(II), Pb(II) and Cd(II) ions [19].

Effect of contact time: Biosorption experiments were
carried out at different time intervals viz. 15, 30, 45, 60 and 75
min for the individual metal ions. It was observed (Fig. 3) that
the biosorption of the resulting metal ions was optimum within
a short period of 30-45 min. Removal efficiency of metal ions
increases with increase in contact time and gradually decrease
after 45 min hence optimum contact time was selected as 45
min for further experiments. Agitation speed for the experi-
ments were 170 rpm.
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Fig. 3. Effect of contact time of Cu(II), Pb(II) and Cd(II) ions biosorption
[experimental condition: initial metal ion concentration = 10 mg/
L, biosorbent dose = 1 g/100 mL, temperature = 25 °C, pH = 5.0
and agitation speed =170 rpm]

Effect of biosorbent dose: Biosorbent dose were studied
between 1-5 g. In this study, it was observed that on increasing
the biosorbent doses, the removal efficiency (Fig. 4) of Cu(II),
Pb(II) and Cd(II) ions increases due to the availability more
active site [20,21]. On further increasing the biosorbent dose,
there is no further remarkable change due to absence of active
sites. All the active sites are occupied by the metals ions. How-
ever, biosorption capacity (Qe) decreases with increase in dose
due to increased metal biosorbent ratio which in turn decrease
with increase biosorbent dose [22] (Fig. 5).
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Fig. 4. Effect of biosorbent dose on Cu(II), Pb(II) and Cd(II) ions adsorption
(experimental condition: Initial metal ions concentration 10 mg/L,
contact time 45 min, room temperature, 5 pH, agitation speed 170
rpm)
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Fig. 5. Effect of adsorbent dose on Cu(II), Pb(II) and Cd(II) ions adsorption
capacity [Experimental condition: initial metal ion concentration
= 10 mg/L, contact time 45 min, temperature = 25 °C, pH = 5.0,
agitation speed = 170 rpm]

Effect of initial metal(II) ions concentration: Fig. 6 mani-
fest the percentage removal of Cu(II), Pb(II) and Cd(II) ions
decrease with increase in metal ions concentrations with 1 g
of biosorbent dose. The total number of available adsorption
sites was fixed thereby adsorbing almost the same amount of
adsorbate, thus resulting in a decrease in the removal of adsor-
bate corresponding to an increase in initial adsorbate concen-
tration i.e. saturation of the adsorbent [23,24]. While the equili-
brium uptake Qe has been increased with increasing the initial
metal ion concentration from 10 to 50 mg/L (Fig. 7).

Adsorption isotherms: The equilibrium relationships
between biosorbent and adsorbate are best explained by sorption
isotherms [25]. In the present study, Langmuir, Freundlich and
Temkin models were used to illustrate the adsorption process
of Cu(II), Pb(II) and Cd(II) ions onto Pyras pashia leaves.

Langmuir isotherm: Langmuir isotherm [26] presumed
that biosorption occurs at specific homogeneous site on the
biosorbent and is used successfully in many monolayer biosor-
ption processes. This model can be written as follows:
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Fig. 6. Effect of initial Cu(II), Pb(II) and Cd(II) ions concentration on
adsorption
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Fig. 7. Effect of initial Cu(II), Pb(II) and Cd(II) ions concentration on
adsorption capacity [Experimental condition: Adsorbent dose = 1
g/100 mL, contact time 45 min, temperature = 25 °C, pH = 5.0 for
Pb(II) and Cu(II) and 5.0 for Cd(II), agitation speed = 170 rpm]

e e

e max L max

C C 1

Q Q K Q
= + (2)

where Ce and Qe correspond to the mg of metal adsorbed per g
of adsorbent and residual metal concentration in the solution
when in equilibrium. The KL (L/mg) and Qmax are the Langmuir
constant and maximum capacity of adsorption (mg/g), respec-
tively. The values of Langmuir parameters, Qmax and KL were
calculated from the slope and intercept of linear plot of Ce/Qe

versus Ce (figure not shown). The calculated values of constants
are given in Table-1.

The essential features of the Langmuir isotherm model
can be expressed in terms of RL, a dimensionless constant,
separation factor or equilibrium parameter, which is defined
by the following equation [27].

L
L i

1
R

1 K C
=

+ (3)

where Co (mg/L) is the initial amount of adsorbate and b (L/mg)
is the Langmuir constant. The RL parameter is considered as

TABLE-1 
BIOSORPTION ISOTHERM CONSTANT OF Cu(II), Pb(II) AND Cd(II) ONTO Pyras pashia LEAVES 

Langmuir Freundlich Temkin Metal  
ions KL (L/mg) Qmax (mg/g) R2 KF (mg/g) 1/n R2 B (mg/g) A R2 

Cu(II) 0.06 4.73 0.9910 0.37 0.6738 0.9933 1.0228 0.64 0.9855 
Pb(II) 0.04 5.73 0.9907 0.31 0.7242 0.9942 1.0816 0.55 0.9802 
Cd(II) 0.13 3.83 0.9942 0.55 0.5390 0.9904 0.8551 1.11 0.9888 
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more reliable indicator of the adsorption. There are four prob-
abilities for RL value: For favourable adsorption 0 < RL < 1.
For unfavourable adsorption, RL > 1 for linear adsorption RL

= 1 for irreversible adsorption RL = 0. The values of RL are given
in Table-2. In all cases, RL is less than one, which confirmed
that Langmuir isotherm model is favourable for adsorption of
Cu(II), Pb(II) and Cd(II) ions onto Pyras pashia leaves.

TABLE-2 
RL VALUE BASED ON LANGMUIR ISOTHERM 

Ci (mg/L) Cu(II) Pb(II) Cd(II) 
10 0.625 0.714 0.434 
20 0.384 0.555 0.277 
30 0.294 0.454 0.204 
40 0.238 0.384 0.161 
50 0.250 0.333 0.133 

 
Freundlich isotherm: The Freundlich isotherm model is

authentic for multilayer biosorption on a heterogeneous bio-
sorbent surface with sites that have different energies of adsorption.
The Freundlich [28] equation is represented as follows:

1/n
e F eQ K C= (4)

Eqn. 4 can also be represent in the following form:

e F e

1
log Q log K log C

n
= + (5)

where KF is a constant to the adsorption capacity and n is relevent
to the adsorption intensity of the adsorbent. KF and 1/n can be
determined from the slop and intercept of line plot, log Qe

versus log Ce (figure not shown). The constants values are given
in Table-1.

Temkin isotherm: Temkin isotherm is based on the assum-
ption that the adsorption energy decreases linearly with surface
coverage due to adsorbent-adsorbate interactions. The linear
form of the Temkin isotherm [29] is given as:

Qe = bT ln A + bT ln Ce (6)

where bT is the Temkin constant related to heat of sorption (J/
mol) and A is the Temkin isotherm constant (L/g). Values of
bT and A were calculated from the slope and intercept of the
plot of Qe versus ln Ce (figure not shown) and the values are
given in Table-1.

The equilibrium data obtained from the adsorption of
Pb(II),  Cu(II) and Cd(II) ions onto Pyras pashia leaves were
fitted both Langmuir and Freundlich isotherm models. The
KL values for Pb(II) Cu(II) and Cd(II) is 0.06, 0.04 and 0.13,
respectively having correlation coefficient (R2) value of 0.9907,
0.9910 and 0.9942. The separation factor (RL) value (Table-2)
was found to be less than one in all cases and approached zero
with increase in Co value, indicated that the Pyras pashia leaves
is a suitable biosorbent.

The values of Freundlich constant KF were found to be
0.37, 0.31 and 0.55 for Cu(II), Pb(II) and Cd(II), respectively.
The Freundlich constant 1/n was smaller than unity indicated
that the biosorption process was favourable under studied cond-
ition. From these results, adsorption process of Cu(II), Pb(II)
and Cd(II) onto Pyras pashia leaves was well fitted with the
Langmuir and Freundlich isotherm models.

In order to check the performance of Pyras pashia leaves
as biosorbent for Cu(II), Pb(II) and Cd(II) metal ions, a comp-
arison was made with other  reported biosorbents [30-42] that
were used for removal of Cu(II), Pb(II) and Cd(II) metal ions.
From Table-3, it is precisely indicated that the biosorptive
capacity of Pyras pashia leaves is much superior to the other
biosorbents. The difference in metal uptake by various biosor-
bents is due to the properties of each biosorbent such as structure,
functional groups and surface area.

TABLE-3 
COMPARISON OF BIOSORPTION  

CAPACITY WITH OTHER BIOSORBENTS 

Biosorption capacity 
(Qmax mg/g) Biosorbents 

Cu(II) Pb(II) Cd(II) 
Ref. 

Kaolin – 4.5 – [30] 
Periwinkle shell carbon – 0.0558 – [31] 
Rolling mill scale – 2.74 – [32] 
Tea leaf – 2.096 – [33] 
Artemisia vulgaris – 0.86 – [10] 
Penicillium spiinulosum 2.4 – – [34] 
Pre treated Aspergilus niger 2.61 – – [35] 
Utrica dioica leaves 1.490 – – [24] 
Acer oblongum 3.338 – – [36] 
Pomegranate peel 1.32 – – [37] 
Streptomyces noursei – – 3.4 [38] 
Aspirgillus niger (live) – – 1.31 [39] 
Sugar beat pulp – 0.37 0.13 [40] 
Montmorillonite – – 0.72 [41] 
Coconut copra meal – – 2.01 [42] 
Pyras pashia leaves 4.73 5.73 3.83 Present 

study 

 
Thermodynamic equilibrium: The expediency of the

biosorption process was examined by the thermodynamic para-
meters along with free energy change (∆Gº), enthalpy (∆Hº)
and entropy (∆Sº). The ∆Gº was calculated from the following
equation:

∆G° = –RT ln Kd (7)

where R is the universal gas constant (8.314 J/Kmol), T is the
temperature (K) and Kd is the distribution coefficient [43].
The Kd value was calculated using following equation:

e
d

e

Q
K

C
= (8)

where Qe and Ce are the equilibrium concentration of Cu(II),
Pb(II) and Cd(II) ions on biosorbent (mg/L) and in solution
(mg/L), respectively. The enthalpy change (∆Hº) and entropy
change (∆Sº) of biosorption were calculated from the following
equation:

d

S H
ln K

R RT

∆ ° ∆ °= − (9)

The thermodynamic parameters of ∆Hº and ∆Sº were
obtained from the slope and intercept of the plot between ln
Kd versus 1/T (figure not shown). The values of  ∆Gº, ∆Hº and
∆Sº for the adsorption of  Cu(II), Pb(II) and Cd(II) ions onto
Pyras pashia leaves at different temperatures are given in
Table-4. The negative value of ∆Gº proved that the adsorption
process was feasible and spontaneous. The positive value of

[30]
[31]
[32]
[33]
[10]
[34]
[35]
[24]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
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TABLE-4 
THERMODYNAMIC PARAMETER FOR BIOSORPTION OF 

Cu(II), Pb(II) AND Cd(II) ONTO Pyras pashia LEAVES 

Metal 
ions 

T (K) ln Kc 
∆G° 

(KJ/mol) 
∆H° 

(KJ/mol) 
∆S° 

(KJ/mol) 
298 1.380056 -3.419 
308 1.45001 -3.713 
318 1.734601 -4.586 
328 2.175197 -5.931 

Cu(II) 

338 2.586689 -7.268 

14.96 58.19 

298 1.938742 -1.6641 
308 2.016235 -1.8918 
318 2.169054 -2.3133 
328 2.230014 -2.5747 

Pb(II) 

338 2.261763 -2.7775 

32.46 98.10 

298 2.173615 -5.385 
308 2.195000 -5.620 
318 2.230014 -5.895 
328 2.251292 -6.139 

Cd(II) 

338 2.272126 -6.384 

9.97 56.55 

 
∆Hº specify the endothermic nature of biosorption. And the
positive ∆Sº value indicates an increase in randomness at solid-
solution interface [44,45].

Conclusion

In this work, Pyras pashia leaves were used as an adsor-
bent for the removal of heavy metal ions. The results of this
study indicated that the highest biosorption efficiency was 79.8,
85 and 89.1 % for Cu(II), Pb(II) and Cd(II) ions that was
conducted in optimum condition of pH 5, biosorbent dose 1
mg/g, contact time 45 min and initial metal ions concentration
10 mg/L. Langmuir, Freundlich, and Temkin adsorption models
were used to represent the experimental data and data fitted
well to the Langmuir isotherm model. Thermodynamic analysis
suggested that the removal of Cu(II), Pb(II) and Cd(II) ions
from synthetic wastewater onto Pyras pashia leaves was spon-
taneous and endothermic in nature. Since, Pyras pashia leaves
are abundately available and has considerable high biosorption
capacity, it may be treated as an alternative biosorbent in the
removal of heavy metal ions from wastewater.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. J.E. Gall, R.S. Boyd and N. Rajakaruna, Environ. Monit. Assess., 187,
201 (2015);
https://doi.org/10.1007/s10661-015-4436-3

2. P.B. Tchounwou, C.G. Yedjou, A.K. Patlolla and D.J. Sutton, EXS,
101, 133 (2012);
https://doi.org/10.1007/978-3-7643-8340-4_6

3. W. Yuan, N. Yang and X. Li, Biomed. Res. Int., 2016, 7825432 (2016);
https://doi.org/10.1155/2016/7825432

4. S.E. Orr and C.C. Bridges, Int. J. Mol. Sci., 18, 1039 (2017);
https://doi.org/10.3390/ijms18051039

5. V. Vella, R. Malaguarnera, R. Lappano, M. Maggiolini and A. Belfiore,
Mol. Cell Endocrinol., 457, 57 (2017);
https://doi.org/10.1016/j.mce.2016.10.020

6. J. Rodríguez and P.M. Mandalunis, J. Toxicol., 2018, 4854152 (2018);
https://doi.org/10.1155/2018/4854152

7. M.A. Barakat, Arab. J. Chem., 4, 361 (2011);
https://doi.org/10.1016/j.arabjc.2010.07.019

8. Renu, M. Agarwal and K. Singh, Interdiscipl. Environ. Rev., 18, 124 (2017);
https://doi.org/10.1504/IER.2017.10008828

9. A. Azimi, A. Azari, M. Rezakazemi and M. Ansarpour, ChemBioEng,
4, 37 (2017);
https://doi.org/10.1002/cben.201600010

10. M.S. Abdel-Raouf and A.R.M. Abdul-Raheim, J. Pollut. Effects Cont.,
5, 180 (2017);
https://doi.org/10.4172/2375-4397.1000180

11. S.K. Srivastava, R. Tyagi, N. Pant and N. Pal, Environ. Technol. Lett.,
10, 275 (1989);
https://doi.org/10.1080/09593338909384742

12. F.J. Ligate and J.E.G. Mdoe, Tanz. J. Sci., 41, 90 (2015).
13. Z. Aksu and E. Balibek, J. Hazard. Mater., 145, 210 (2007);

https://doi.org/10.1016/j.jhazmat.2006.11.011
14. N.S. Bhandari, N. Joshi and S. Kumar, Environ. Sci. Indian J., 6, 145

(2011).
15. N.S. Bhandari, N. Joshi, G.C. Shah and S. Kumar, J. Indian Chem. Soc.,

89, 383 (2012).
16. O.S. Amuda, A.A. Giwa and I.S. Bello, Biochem. Eng. J., 36, 174 (2007);

https://doi.org/10.1016/j.bej.2007.02.013.
17. S.A. Odoemelam, C.U. Iroh and J.C. Igwe, Res. J. Appl. Sci., 6, 44 (2011).
18. P. Sharma, P. Kumari, M.M. Srivastava and S. Srivastava, Bioresour.

Technol., 98, 474 (2007);
https://doi.org/10.1016/j.biortech.2005.12.016

19. G. Yan and T. Viraraghavan, Bioresour. Technol., 78, 243 (2001);
https://doi.org/10.1016/S0960-8524(01)00020-7.

20. V. Venugopal and K. Mohanty, Chem. Eng. J., 174, 151 (2011);
https://doi.org/10.1016/j.cej.2011.08.068

21. D.M. Veneu, M.L. Torem and G.A.H. Pino, Miner. Eng., 48, 44 (2013);
https://doi.org/10.1016/j.mineng.2012.11.015

22. B. Das and N.K. Mondal, Univ. J. Environ. Res. Technol., 1, 515 (2011).
23. N. Azouaou, Z. Sadaou, A. Djaafri and H. Mokaddem, J. Hazard. Mater.,

184, 126 (2010);
https://doi.org/10.1016/j.jhazmat.2010.08.014

24. P. Tiwari, M.C. Vishwakarma, S.K. Joshi, H. Sharma, N.S. Bhandari,
Modern Chem., 5 11 (2017);
https://doi.org/10.11648/j.mc.20170501.13

25. A. Mittal, J. Mittal, A. Malviya, D. Kaur and V.K. Gupta, J. Colloid
Interface Sci., 343, 463 (2010);
https://doi.org/10.1016/j.jcis.2009.11.060

26. I. Langmuir, J. Am. Chem. Soc., 40, 1361 (1918);
https://doi.org/10.1021/ja02242a004.

27. A.M. Awwad and N.M. Salem, J. Saudi Chem. Soc., 18, 486 (2014);
https://doi.org/10.1016/j.jscs.2011.10.007.

28. H. Freundlich, Z. Phys. Chem., 57U, 385 (1907);
https://doi.org/10.1515/zpch-1907-5723

29. M.J. Temkin and V. Pyzhev, Acta Physiochim. URSS, 12, 327 (1935).
30. P.C. Mishra and R.K. Patel, J. Hazard. Mater., 168, 319 (2009);

https://doi.org/10.1016/j.jhazmat.2009.02.026
31. M.A.O. Badmus, T.O.K. Audu and B.U. Anyata, Turkish J. Eng.

Environ. Sci., 31, 251 (2007).
32. M.I. Martin, F.A. Lopez, C. Perez, A. Lopez-Delgado and F.J. Alguacil,

J. Chem. Technol. Biotechnol., 80, 1223 (2005);
https://doi.org/10.1002/jctb.1305

33. S.S. Ahluwalia and D. Goyal, Eng. Life Sci., 5, 158 (2005);
https://doi.org/10.1002/elsc.200420066

34. A. Kapoor and T. Viraraghavan, Bioresour. Technol., 53, 195 (1995);
https://doi.org/10.1016/0960-8524(95)00072-M

35. M. Mukhopadhyay, S. Noronha and G. Suraishkumar, Bioresour.
Technol., 98, 1781 (2007);
https://doi.org/10.1016/j.biortech.2006.06.025

36. M.C. Vishwakarma, P. Tiwari, S.K. Joshi, H. Sharma and N.S. Bhandari,
Chem. Sci. Trans., 7, 445 (2018);
https://doi.org/10.7598/cst2018.1490

37. B. Mattuschka and G. Straube, J. Chem. Technol. Biotechnol., 58, 57
(1993);
https://doi.org/10.1002/jctb.280580108

38. E.S.Z. El-Ashtoukhy, N.K. Amin and O. Abdelwahab, Desalination,
223, 162 (2008);
https://doi.org/10.1016/j.desal.2007.01.206

39. A. Kapoor, T. Viraraghavan and D.R. Cullimore, Bioresour. Technol.,
70, 95 (1999);
https://doi.org/10.1016/S0960-8524(98)00192-8

Vol. 32, No. 4 (2020) Biosorptive Removal of Cu(II), Cd(II) and Pb(II) Ions Using Low Cost Biosorbent (Pyras pashia)  731

https://doi.org/10.1016/S0960-8524(01)00020-7
https://doi.org/10.1016/0960-8524(95)00072-M
https://doi.org/10.1016/S0960-8524(98)00192-8


40. E. Pehlivan, B.H. Yanik, G. Ahmetli and M. Pehlivan, Bioresour.
Technol., 99, 3520 (2008);
https://doi.org/10.1016/j.biortech.2007.07.052

41. M.J. Zamzow, B.R. Eichbaum, K.R. Sandgren and D.E. Shanks, Sep.
Sci. Technol., 25, 1555 (1990);
https://doi.org/10.1080/01496399008050409

42. S.K. Srivastava, R. Tyagi, N. Pant and N. Pal, Environ. Technol. Lett.,
9, 1173 (1988);
https://doi.org/10.1080/09593338809384679

43. R. Aravindhan, J.R. Rao and B.U. Nair, J. Hazard. Mater., 142, 68 (2007);
https://doi.org/10.1016/j.jhazmat.2006.07.058

44. Z. Aksu, Process Biochem., 38, 89 (2002);
https://doi.org/10.1016/S0032-9592(02)00051-1

45. O.S. Lawal, A.R. Sanni, I.A. Ajayi and O.O. Rabiu, J. Hazard. Mater.,
177, 829 (2010);
https://doi.org/10.1016/j.jhazmat.2009.12.108

732  Sharma et al. Asian J. Chem.

https://doi.org/10.1016/S0032-9592(02)00051-1

