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Abstract: The biosorption of Cd(II) from dilute aqueous solution using snail (Lymnaea rufescens) shell

as the biosorbent has been studied. The biosorption study was carried out as a function of pH, contact
time and initial metal ion concentration at the temperature of 27 C. The residual Cd(II) in solution waso

determined using atomic absorption spectrophotometer. The study on pH showed that the biosorption is
pH dependent. The optimum pH range for the biosorption is pH 2 – 8.  The study also showed that the

biosorption is time dependent. Maximum biosorption of 99.9% was obtained after 50 min of the process.
Kinetic study showed that the pseudo-second order rate equation better described the biosorption process.

 The adsorption isotherms obtained fitted well into the Freundlich and Langmuir isotherms. The Freundlich
equation obtained is Log Γ = 0.7577 logCe - 0.5025, while the Langmuir equation obtained is 1/Γ =

0.0009/Ce - 0.0605. The correlation factors are 0.9986 and 0.9991, while the standard deviation values
are 0.0188 and 0.0016, respectively. The free energy change obtained for the biosorption of Cd(II) at the

temperature of  310K, initial Cd(II) concentration of 100mg/L and pH 7 is – 3.5416 kJmol . These results-1

indicate that snail shell has potential for the uptake of Cd(II) from industrial effluents
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INTRODUCTION

Heavy metals such as cadmium, lead, copper and

zinc, have harmful effects on human physiology and
other biological systems when they exceed the

tolerance level . They pose serious health hazards[1]

through entry into the food chain, therefore, heavy

metals such as cadmium, lead, zinc and copper must be
removed as much as possible from industrial effluents.

Different materials have been reported for their
biosorptive capacity in the removal of heavy metals

from aqueous solutions. The target metal pollutant in
this work is cadmium, which is frequently found in

industrial effluents in industrialized nations. Previous
studies show that biomass of different plants and

animals have been employed as biosorbents in the
biosorption of Cd(II) ions from aqueous solutions. Such

materials include agricultural by-products , baker’s[2 ,3 ]

yeast , Aspergilus niger , marine macroalgae[4 ,5] [6] [7]

Enterobacter sp J1 , and Moringa oleifra . This study[8] [9]

was carried out to investigate the capacity of snail shell

to remove Cd(II) from aqueous solution similar to the
use of crab shell in the removal of Pb(II) from aqueous

solution . We have investigated the biosorption[10 ,11]

characteristics of snail shell. The kinetics and

thermodynamics of biosorption was systematically

examined. The biosorption efficiency of the metal from

loaded biosorbent was determined to further evaluate
the feasibility of applying this biomass in practical

Cd(II) removal process.  

MATERIALS AND METHOD

The snail (Lymnaea refescens) shells used as the
adsorbent were obtained from a site at Ago-Iwoye,

Ogun State, Nigeria. They were properly washed, sun
dried and slightly crushed. The crushed shells were

pre-treated  by  soaking  in  0.1M hydrochloric acid

3for 4 h to remove CaCO . The treated shells were[10 ,11]

then washed with distilled water, dried naturally and
further crushed to desired size of 0.25 mm using

grinding  mill  and laboratory sieve. Analytical grade

4 2of  3CdSO .8H O  was  used in the preparation of

1000 mgL  Cd(II) stock solution. The solutions used-1

for the study were obtained by dilution of the stock

solution to the required concentrations. The initial pH
of each solution was adjusted to the optimum pH 7 by

the drop wise addition of 0.1M NaOH and /or 0.1M

3HNO , except for the study of the effect of pH, which

was carried out at different pH values. Fresh dilution
of the stock solution was carried out for each

biosorption study.
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Biosorption Studies: The method used for this study

is  similar  to the method previously reported .[12-1 4 ]

Each batch biosorption study was carried out by

contacting the biomass with the metal ions under

different conditions for 50 min (except for the study on

the effect of contact time) in a glass tube. The uptake

of Cd(II) was studied in a systematic way in this work.

Studies were conducted at 27 C to evaluate the effect0

of initial solution pH, contact time and the initial metal

ion  concentration on the biosorption of Cd(II) ions.

The effect of temperature on the biosorption was

carried out in order to study the thermodynamics of the

process.  Each study was conducted in a thermostated

water bath (Haake Wia model) and the residual metal

i o n s  a n a l y z e d  u s i n g  a t o m i c  a b s o r p t i o n

spectrophotometer (Buck scientific model 210 VGP).

The amount of metal ions adsorbed from solution was

determined by difference. The removal efficiency of the

metal ion was calculated as reported elsewhere . [15]

Effect of pH on Biosorption: The effect of pH on the

biosorption of Cd(II) was carried out within the range

that would not be influenced by the metal

precipitated .  It has been reported that the suitable[16]

pH  range  for the sorption of the Cd(II) ions should

be  1-8. Studies were conducted at 27 C to examineo

the  effect  of  initial  solution pH on the biosorption

of  the metals by contacting 2.5g of the snail shell

with 25 ml of 100 mgL  Cd(II) solutions in different-1

glass tubes.  The pH of  each  of  the  solutions  was

adjusted to the desired value with 0.1M NaOH and /or

30.1M HNO . The  studies  were  conducted at pH

values of 1-8. The glass tubes containing the mixture

were left in a thermostated water bath for 24 h. The

biomass  was removed from solution by decantation

and the residual Cd(II) concentration in the solution

was determined. All studies were conducted in

triplicates and the mean value was determined for each.

Subsequent  biosorption  studies  were performed at

pH 7.

Effect of Contact Time on Biosorption: The

biosorption of the Cd(II) by snail shell was studied at

various time intervals (5-300 min). A constant

concentration of 100 mgL  was used. 2.5 g of the snail-1

shell was weighed into each glass tube and 25ml of

Cd(II) solution at pH 7 introduced into it. The snail

shell was separated from the solution by decantation at

different time intervals. Each solution was then

analyzed for the equilibrium concentration of Cd(II).

The amount of metal ions biosorbed was calculated for

each sample. The mean value for a particular time was

then calculated and plotted against time.

Effect  o f  Initial Cd(II) Concentration on

Biosorption: Batch biosorption study was carried out

using a Cd(II) concentration range of 10-100 mgL .-1

2.5g of the snail shell was introduced into each of the

glass tubes employed and 25ml of Cd(II) solution at

pH 7 was measured into each glass tube containing the

snail shell. Three glass tubes were used for each

concentration. The biosorption mixture was then left in

the thermostated water bath to maintain the temperature

at 27 C for optimum contact time required to reach0

equilibrium. The snail shell was removed from the

solution by decantation and the concentration of

residual Cd(II) in the solution was determined.

RESULTS AND DISCUSSION

Effect of Solution pH on Biosorption: The result of

the pH study is shown in Figure 1.The result shows

that maximum biosorption was obtained at pH 2 – 8.

The effect of pH on the biosorption of metal ions was

carried out within the range that would not be

influenced  by  the  metal  precipitated. Previous

studies have shown that the suitable pH ranges for the

sorption of different metal ions were slightly different.

The suitable pH ranges for Cu(II), Cd(II), Zn(II) and

Pb(II) ions were found to be 1-6, 1-8, 1-7 and 1-7.5,

respectively . The percentage Cd(II) biosorbed in this[5 ,16]

study is lower at pH less than 2. This result confirms

the earlier report that the biosorption is pH dependent.

The result suggests that optimum biosorption is

obtained at pH 2-8 and that initial pH would play a

vital role in the removal of the Cd(II) from aqueous

solution using snail shell. A lower pH will cause

decrease in the amount of Cd(II) biosorbed by snail

shell. The decrease in pH could be accounted for as a

result of the net charge of the ligands at the binding

site in snail shell.

At pH 2-8, the net negative charge on the cell

wall of the biosorbent above the isoelectric point

favours reaction with Cd . As the pH increased, the2+

ligands  in  snail shell would be exposed, increasing

the  attraction  of  metal  ions with positive charge

and  allowing  the  biosorption on the shell surface.

On  the  other hand, on decreasing pH below pH 2,

the net charge on the cell wall is positive thereby

inhibiting  the  approach of positively charged ions.

The result suggests that optimum biosorption is

obtained from pH 2-8 and that initial pH would play a

vital role in the removal of Cd  from aqueous2+

solutions using snail shell.                             

Effect of Contact Time on Biosorption of Cd(II):

The result of the effect of contact time on the

biosorption of Cd(II) from aqueous solution is shown
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Fig. 1: Effect of pH on the biosorption of  Cd(II) by snail shell at 27°C.

Fig. 2: Effect of contact time on the biosorption of Cd(II) at 27°C and pH 7.

in Figure 2. It was observed that the biosorptive

capacity  of  Cd(II)  increased  rapidly with increase

in contact time. The biosorption of Cd(II) by the

biomass  was  rapid  for  the first 20 min as a result

of available binding sites on the biomass. The

biosorption  approached  equilibrium  within the first

40  min  as  the binding sites on the biomass were

used up. The process reached equilibrium within 50

min and the equilibrium was maintained up till 300

minutes.  The  period  of 50 min was therefore used

for  the  biosorption  of  Cd(II)  by  snail   shell.

The  biosorption of metal ions has been reported  to

be biphasic . The initial fast phase occurs  due  to[17]

surface adsorption on the biomass. The subsequent

slow  phase  occurs  due  to diffusion of the metal

ions  into  the  inner part of the biomass. It is

observed  in Figure 2 that the biosorption rate was

high  at  the beginning but plateau values were

obtained in 50 min, similar to what was reported by

Liu and coworkers .[17]
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Table 1: Pseudo-first order and pseudo-second order kinetic model parameters for the biosorption of Cd(II) by snail shell at 27ºC and pH 7.

Pseudo-first order parameters Pseudo-second order parameters

---------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------

e ( 1 e ( 2q mgg ) k (Lmin ) R S.D. q mgg ) k  (g mg  min ) R S.D.-1 -1 2 -1 -1 -1 2

10.1275 0.0522 0.9795 0.026 38.183 0.0242 0.999 0.007

Table 2: Freundlich and Langmuir isothermal biosorption parameters for the biosorption of Cd(II) at 27 C and pH 7 using snail shell.o

Freundlich parameters Langm uir parameters

------------------------------------------------------------------------------ -------------------------------------------------------------------------------------

m m1/n K R S.D   b       Г S.DR2 2

0.7577 0.3144 0.9972 0.0188 1149.43 -16.53 0.9982 0.0016

Fig. 3: Pseudo-first order plot for the biosorption of Cd(II) by snail shell at 27ºC and pH 7.

 

Fig. 4: Pseudo-second order kinetic plot for the biosorption of Cd(II) by snail shell at 27ºC and pH 7.

Kinetics of the Biosorption Process: The biosorption

process involved the uptake of the cadmium ions from

the liquid phase to the solid phase. Such process has

been regarded as reversible reaction with an

equilibrium established between the two phases.

Therefore, the pseudo-first order kinetic model was

used to establish the rate of reaction. The rate constant

of biosorption is determined from the first-order rate

expression given by Lagergren and Svenska  equation.[18]

        (1)
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Fig. 5: Removal efficiency of Cd(II) by snail shell at 27ºC and pH 7.

Fig. 6: Freundlich  isotherm  for the adsorption of Cd (II) ion from aqueous solution using snail shell at 27ºC

and pH 7.

e twhere q  and q  are the amounts of metal ions

sorbed (mgg ) at equilibrium and at time t,-1

1  respectively, and k is the Lagergren rate constant of

e tthe biosorption (Lmin ). A plot of log(q -q ) versus t-1

1gives the result shown in Figure 3. The values of k

eand q  are presented in Table 1.

The pseudo-second-order kinetic model  of

McKay and Ho  expressed as [19]

         (2)

was equally applied to the  biosorption process. 

eWhere  the  equilibrium  biosorption  capacity (q ),

2and  the  pseudo-second  order  rate  constant k  (g

mg  min )  were  determined  experimentally  from-1 -1

tslope and intercept of plot t/q  versus t (Figure 4).

Calculated  correlations  are  closer to unity for

pseudo-second order kinetic model; therefore, the

biosorption  kinetics  could  well be approximated

more favourably by second-order kinetic model for

cadmium (II). The overall rate constant of the

2biosorption (k ) was calculated from the intercept of

2 e the plot. The k and q values calculated from Figure 4

are listed in Table 1. 
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Fig. 7: Langmuir  isotherm for the biosorption of Cd (II) ions from aqueous solution using snail shell at 27ºC

and pH 7.

Fig. 8: Free energy plot of the biosorption of Cd(II) by snail shell at 27ºC and pH 7.

Effect  o f  Initial Cd(II) Concentration on

Biosorption:  The biosorption efficiency was calculated

using equation 3

         (3)

i eWhere C and C  are the initial and equilibrium

concentrations, respectively.

The  effect  of  initial  Cd(II)  concentration on

the  biosorption  efficiency  is  shown  in  Fig.  5.

The  result  shows  that  up to 99.9% of the metal

ions was biosorbed  at  the  initial  metal ion

concentration  of  80 mgL  within the first 50 min.-1

The  efficiency  increased  as  the   initial   metal

ion  concentration  increased.  The  gradual  increase

in  the  efficiency  of  the  biomass  showed  nearness

to  saturation  of  the  available  binding  sites  on  it.

The same experimental data were applied to both

the Freundlich and Langmuir isotherm models as

shown in Figs. 4 and 5, respectively. The results

obtained were analyzed using the following

equations : [20 ,21]
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elog Γ  = (1/n) log C  + log K          ( 4 )

         (5)

mWhere b  is a coefficient related to affinity

mbetween the sorbent and sorbate, and Γ  is the

maximum sorbate uptake under the given condition.

The Freundlich equation obtained in this study is

Log Γ  = 0.7577 logCe - 0.5025, while the Langmuir

equation obtained is 1/Γ = 0.0009/Ce - 0.0605. The

correlation factors are 0.9986 and 0.9991, while the

standard deviation values are 0.0188 and 0.0016,

respectively. The data fitted well into both isotherms.

The isothermal biosorption parameters for these

isotherms are shown in Table 2. K (l mg ) and n are-1

Freundlich constants, which are indicators of adsorption

capacity and adsorption intensity, respectively. K and

n values obtained in this study were 0.3144 and

m  1.3198, respectively. The coefficient b in Langmuir

equation is a measure of the stability of the complex

formed between metal ions and biomass under

mspecified experimental conditions. The value of b

obtained in this study was 1149.43. These Freundlich

and Langmuir isothermal parameters compare well with

those of other biosorbents that have been reported. .[16 ,22]

The values of the parameters show that snail shell is a

good biosorbent for the uptake of Cd (II) from

wastewaters.

Thermodynamics of the Biosorption Process: In the

present study, the biosorption studies were carried out

in the temperature range 21-37 C. Thermodynamico

parameters were obtained by varying temperature

conditions over the range 21-37 C by keeping othero

variables constant. The values of the thermodynamic

parameters such as ∆G , ∆H  and ∆S , describingo o o

cadmium uptake by snail shell, were calculated using

the  thermodynamic  equations  described below .[23]

The biosortpion study has been regarded as a

heterogeneous and reversible process at equilibrium.

The apparent equilibrium constant for the process has

been shown to be

c ad eK  = C / C         (6)

The change in standard Gibbs free energy of the

biosorption process has been shown  to be[24]

R tlnK c∆G  = -          (7)o

Where ∆G  is the standard Gibbs free energyo

change  for the biosorption (Jmol ), R the universal-1

gas constant (8.314 Jmol K ) while T is the-1 -1

temperature (K). The free energy change obtained for

the biosorption of Cd(II) at 310K, initial Cd(II)

concentration of 100mgL  and pH 7 is – 3.54 kJmol .-1 -1

The large negative value of ∆G  obtained for theo

biosorption of Cd(II) shows the spontaneity of the

biosorption process. The decrease in the value of the

free energy with increase in temperature indicates that

the biosorption process is endothermic and it was

thereby favoured with increase in temperature. The

negative values of ∆G validate the feasibility of theo 

biosorption process, and the spontaneity of the

biosorption of Cd(II) by snail shell. The result

compares well with those reported for other biosorbents

at the same condition of temperature . These results[23]

indicate that snail shell has potential for the uptake of

Cd(II) from industrial waste water. The spontaneity

observed for this study is 120% compared with the

value reported for the biosorption of Pb(II) by waste

beer yeast . The result signifies that snail shell could[22]

be used as an excellent biomass for the biosorption of

Cd(II) from industrial effluents.

From thermodynamics, 

∆G = ∆H  -T∆S          (8)o o o

or

∆G = - ∆S  (T) +          (9 )o o ∆ ho

As shown in Figure 8, the plot of T versus ∆Go

gives a straight line with slope – ∆S  and an intercepto

of ∆H . The slope is – 95.7 Jmol while the intercepto -1  

is 26.13 kJmol . Therefore, the values of ∆S  and  ∆H-1 o o

are  95.7  Jmol   and  26.13  kJmol , respectively.-1 -1

The positive value of ∆S  (95.7 Jmol ) suggests theo -1

increase  in  randomness  at  the solid/solution

interface during the biosorption of Cd(II) on snail shell.

The positive value of ∆H  (26.13 kJmol ) showo -1

endothermic nature of the biosorption process and it

compares well with those earlier reported . [25]

Conclusions: The successful application of snail shell

as a biosorbent for the removal of Cd(II) from aqueous

solution has further strengthened the call for the use of

agricultural waste to replace the use of conventional

and expensive methods in the treatment of industrial

effluents. The biosorption process follows both

Freundlich and Langmuir isotherms, the isothermal

thermodynamic parameters obtained compare well with

those in literature. Thermodynamic study also shows

that the process is spontaneous. This study has,

therefore, shown that snail shell could be used as a

biosorbent in the treatment of industrial wastewater

containing Cd(II).



J. Appl. Sci. Res., 4(11): 1420-1427, 2008

1427

ACKNOWLEDGMENTS

The authors are grateful to Dr. Remi Ogunfowokan

and Mr J. Adegoke of the Department of Chemical

Sciences, Olabisi Onabanjo University, Ago-Iwoye for

technical assistance.

REFERENCES

1. Kobya, M., E. Demirbas,  E. Senturk and M. Ince,

2005. Adsorption of heavy metal ions from

aqueous solutions by activated carbon prepared

from apricot stone. Bioresour. Technol., 96(13):

1518-1521.

2. Abia, A.A., Horsfall, M. Jr. and  O. Didi, 2002.

Studies on the Use of Agricultural By-Product for

the Removal of Trace Metals from Aqueous

Solutions. J. App. Sci. Engg. Man., 6(20): 89-95.

3. Abia, A.A., M. Horsfall, Jr. and O. Didi, 2003.

The use of   Chemically modified and unmodified

cassava waste for the removal of Cd, Cu and Zn

ions from aqueous solution. Bioresour. Technol.,

90(3): 345-348.

4. Vasudevan, P., V. Padmavathy and S.C. Dhingra,

2003. Kinetics of biosorption of  cadmium on

Baker’s yeast. Bioresour. Technol., 89(3): 281-287.

5. Gõksungur, Y., S. Üren and U. Güvenc, 2005.

Biosorption of cadmium and lead ions by ethanol

treated waste baker’s yeast Bioresour. Technol.,

96(1): 103-109. 

6. Júnior, L.M.B., G.R. Macedo, M.M.L. Duarte, E.P.

Silva and A.K.C.L. Lobato, 2003. Biosorption of

cadmium using fungus Aspergillus niger Braz. J.

Chem. Engg, 20(3): 1-17. 

7. Lodeiro, P., B. Cordero, J.L. Barriada, R. Herrero

and M.E. Sastre de Vicente, 2005. Bosorption of

cadmium by biomass of brown marine macroalgae

Bioresour. Technol., 96(16): 1796-1803. 

8. Lu, W., J. Shi, C. Wang and J. Chang, 2006.

Biosorption of lead, copper and cadmium by an

indigenous isolate Enterobacter sp. J1 possessing

high heavy-metal resistance. J. Hazard. Mater.

B134: 80-86.

9. Sharma, P., P. Kumari, M.M. Srivastava and S.

Srivastava, 2006. Removal of cadmium from

aqueous system by shelled Moringa oleifera Lam.

Seed powder Bioresour. Technol., 97(2): 299-305.

10. Kim, D.S., 2004. Pb  removal from aqueous2+

solution using crab shell treated by acid and alkali.

Bioresour. Technol., 94(3): 345-348. 

11. Vijayarghavan, K., K. Palanivelu and M. Velan,

2006. Biosorption of copper (11) and cobalt (11)

from aqueous solutions by crab shell particles.

Bioresour. Technol., 97: 1411-1419.

12. Babarinde, N.A.A., J.O. Babalola and R.A. Sanni,

2006. Biosorption of lead ions from aqueous

solution by maize leaf. Inter. J. Phys. Sci., 1(1):

23-26.

13. Babarinde, N.A.A., J.O. Babalola and S.O. Sanni,

2007. Isotherm and thermodynamic studies of the

biosorption of Cd(II) from solution by maize leaf.

Inter. J. Phys. Sci., 2(8): 207-211. 

14. Babarinde, N.A.A, J.O. Babalola and O.B. Adebisi,

2008. Kinetic, isotherm and thermodynamic studies

of the biosorption of zinc (II) from solution by

maize wrapper. Inter. J. Phys. Sci., 3(2): 50-55. 

15. Barros, A.J.M., S. Prasad, V.D. Leite and A.G.

Souza, 2007. Biosorption of heavy metals in

upflow  sludge  columns.  Bioresour.  Technol.,

98: 1418-1425

16. Pavasant, P., R. Apiratikul V. Sungkhum, P.

Suthiparinyanont, S. W attanachira and T.F.

Marhaba,  2006.  Biosorption  of  Cu , Cd ,2+ 2+

Pb ,  and Zn , using dried marine green2+ 2+

macroalga caulerpa lentilligera: Bioresour.

Technol., 97: 2321-2329. 

17. Liu, Y., X. Chang, Y. Guo and S. Meng, 2006.

Biosorption and preconcentration of  lead and

cadmium on waste Chinese herb Pang Da Hai J.

Hazard. Mater., B135: 389-394

18. Lagergren, S. and B.K. Svenska, 1898. Zur theorie

dersogenannten adsorption geloester stoffe.

Vetenskapsakad. Handl. 24, 1-39.

19. Mckay, G. and Y.S. Ho, 1999. Pseudo-second

order  model  for sorption processes. Biochem .,

34: 451-465.

20. Freundlich, H., 1907. Ueber die Adsorption in

Lloesungen Z. Physic. Chem., 57: 385-470.

21. Langmuir, I., 1918. The adsorption of gases on

plane surfaces of glass, mica and platinum, J.

American Chem. Soc., 40: 1361-1403.  

22. Han, R., H. Li, Y. Li, J. Zhang, H. Xiao and J.

Shi, 2006. Biosorption of Copper     and lead ions

by waste beer yeast. J. Hazard. Mater, B137:

1569-1576

23. Goel, J., K. Kadirvelu, C. Rajagopal and K. Garg,

2005. Investigation of adsorption of lead, mercury

and  nickel  from  aqueous  solutions  onto

carbon aerogel. J Chem. Technol. Biotechnol., 80:

469-476

24. Khan, A.R., H. Tahir, F. Uddin and U. Hammed,

2005. Adsorption of Methylene Blue from aqueous

Solution on the Surface of Wool Fiber and Cotton

Fiber J. Appl. Sci. Environ. Man., 9(2): 29-35. 

25. Kavitha, D. and C. Namasivayam, 2007.

Experimental and kinetic studies on methylene

blue adsorption by coir pith carbon. Bioresour.

Technol., 98: 14-21. 


