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Abstract

The removal of toxic heavy metal ions from wastewaters is of great concern Keywords: Biosorption, Spirulina
from an environmental point of view. Biosorption is an effective technology Sp., toxic metals, kinetic model,
using non-living biomass to remove toxic metal ions from aqueous solutions. Wastewater

In this work removal of Lead (Pb) ions and Chromium (Cr) ions from aqueous

solutions has been achieved by using low cost, economical, biodegradable and *Correspondence

natural material dried biomass of Spirulina platensis. The residual Author: Arun Kant
concentration of metal ions from the absorption medium was determined by Email: arun107941@gmail.com
using atomic absorption spectrophotometer (AAS). Lagergren equation

describes sorption kinetics of Pb ions and Cr ions. After comparing kinetic data

of both metals, it was found that the kinetics follow pseudo-second-order

Kinetics in the both case of Pb ions and Cr ions. The results from this study

indicates that biodegradable Spirulina platensis is a good adsorbent for the

removal of lead and chromium ions from wastewater.

Introduction

Biosorption is the process of adsorption by either living microbial biomass or dead microbial biomass and it offers
some important advantages such as low cost and high efficiency in removing metal ions and the possibility of
recovering the valuable metal ions adsorbed by the biosorbent. Microbial cell wall is provided with amine, carboxylic,
thiolic, sulphydrylic and phosphoric functional groups which can bind metal ions and removal from diluted solutions
are environmental friendly [1]. However, conventional techniques, such as chemical precipitation, ion-exchange,
activated carbon adsorption and membrane separation processes have limitations for the removal of heavy metals
from wastewater. They become inefficient and expensive especially when the heavy metal ions concentration is less
than 100 ppm [2]. The ability of microorganisms to accumulate metal ions from aqueous solutions has been widely
reported [3, 4]. Compared with conventional methods for removing heavy metals from industrial effluents like
chemical precipitation, chemical reduction, adsorption, ion exchange, evaporation and membrane processes, the
biosorption process offers potential advantages such as low operating cost, minimization of chemical, high efficiency
because microorganisms effectively bind hazardous and potentially toxic metal ions [5].

Environmental pollution due to toxic heavy metals include Cd, Hg, Ag, Pb, Sn and Cr, although several nutrient
metals, notably Zn, Cu and Ni, also more significant worldwide problem for both human health and aquatic
ecosystems, due to their bio magnification in the food chain and continued persistence in the ecosystem [6-9].These
metals cannot be degraded once released into the environment. The release of heavy metals from industries into the
environment has resulted in many problems for both human health and aquatic ecosystems and Accumulation of trace
metals in the food chain has been considered as a major environmental hazard [10]. Heavy metals pollution has
emerged as a major concern threatening human health, natural resources and ecosystem [11].

The biological removal of metal ions from industrial wastewaters is a relatively new technology which usually
employs biomass as biosorbent can successfully be used for low metal concentrations [12], marine algae which have
successfully been used for this purpose are Scenedesmus abundans, Ecklonia radiata, and Sargassum fluitansm, Red
algae (Rhodophyta), Cladophora fascicularis resulted into an effective and economical biosorbent material for the
removal of heavy metal ions [13-17]. Various biomasses such as bacteria, yeast, fungi and algae have been widely
used for heavy metal removal [18-23].

Lead is one of the toxic heavy metals with a greatest potential hazard to aquatic as well as terrestrial environment.
The anthropogenic sources of lead include waste from the factories, leaded petrol, paints and antirust agents [24]. If
lead passage through blood vessels, it can disturb bone marrow, liver, reproductive organs and kidneys functions, it
can also cause anemia and metabolic disorders [25]. Chelation treatment sometimes leads to fatal outcome due to
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immediate surge of lead from the deposited site to blood causing severe damages to kidney and brain [26]. Chromium
(V1) is known to be more toxic to plants as well as animals, as strong oxidizing agent and a potential carcinogen
[27].Cr (111) is generally only toxic to plants at very high concentrations and is less toxic or nontoxic to animals [28].
Strong exposure to Cr (V1) causes cancer in the digestive tract and lungs, epigastric pain, nausea, vomiting, severe
diarrhea and hemorrhage.

Spirulina platensis is available in large quantities, worldwide cultivated and its production is about 2000 tons per
year [29]. It contains a variety of functional groups like carboxyl, phosphate, hydroxyl, sulphate and other charged
groups which can be responsible for the binding with different variety of pollutant material [30]. In this study,
Spirulina platensis is used to remove lead and chromium ions from aqueous solutions. A kinetic study was carried out
for lead and chromium ions removal.

Materials and Methods

Spirulina platensis is easily available in the market in the form of powder, capsules and tablets. All the chemicals
used throughout the study were of analytical grade.

Adsorption of metal as a function of the contact time

Kinetic sorption studies for lead and chromium ions were carried out for Spirulina platensis, temperature 25 °C for
initial amount 30 mg Chromium and 30 mg lead in 25 mL of double distilled water separately taken into various 50
mL flask. The fixed amount of Spirulina platensis (1.0 g) was weighed into the flasks and agitated in an orbital shaker
for the different contact time period (10, 20, 30, 40, 50, 60, 70 and 80 minute). After each agitation time, the content
of each flask was centrifuged and the residual concentration of metal ions in supernatant solution was analysed using
atomic absorption spectrophotometer (ECIL-4141). Blank solutions were also prepared and analysed with AAS.

Adsorption of chromium and lead ions as a function of the contact time

The effect of the contact time in case of was investigated by varying the contact time from 10 to 80 minutes at 25 °C.
As a function of contact time, the uptake of chromium metal ions by Spirulina platensis was moderate at room
temperature, with adsorption attaining a value of 25.26% within 10 minutes and 62.12 % within 30 minute, Figure
1A. The maximum uptake was only 94.99% which was attained within 60 minutes and after that it going to slightly
decreases up to 80 minutes.

In case of lead, adsorption was very fast attaining a value of 42.99% within 10 minutes and 75.24 % within 20
minutes, Figure 1B. The maximum uptake was only 93.70% which was attained within 30 minutes and after that it
going to slightly decreases up to 80 minutes.
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Figure 1 Effect of contact time on the percentage uptake of chromium (A) and lead (B) by Spirulina platensis
After each agitation time, the content of each flask was centrifuged and the residual concentration of metal ions in

supernatant solution was analysed using atomic absorption spectrophotometer. The percentage absorption of
chromium and lead ions from the solution was calculated by the following equation (1).
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Percentage adsorption of metal = {(C; - C,) / C;} x 100 @

Where C; is the initial concentration of metal ions in aqueous solution and C, is the concentration of metal in the
supernatant at the equilibrium stage.

Adsorption Kinetics

Several kinetic models are available to understand the behavior of the adsorbent of metal on Spirulina platensis but in
the present study; the adsorption data were analysed using two Kinetic models, the pseudo-first-order and pseudo-
second-order kinetic models. The pseudo-first-order model was presented by Lagergren [31]. The Lagergren's first-
order reaction model is expressed in linear form as equation (2):

l0g(qe-a) = logge — (K/2.303)t )

Where g. and g, are the amounts of chromium and lead (mg/g) adsorbed on the Spirulina platensis at equilibrium, and
at time t, respectively and K; is the rate constant (min™) of the pseudo-first-order adsorption process. The plot of
log(ge — qy) versus t would be linear for Spirulina platensis with a slope of —K;/2.303 and an intercept of log g..

In case of chromium and lead, pseudo—first order reaction model, Figure 2A,B, the correlation coefficient was
found to be 0.4899 and 0.6267 respectively suggesting that the adsorption process is more favourable for lead as
compare to chromium. Parameter of pseudo-first order kinetics for chromium ion and lead ion was listed in Table 1.
In table 1 lists the equilibrium sorption capacity (q.), the correlation coefficient, R? and the rate constants for the
pseudo-first-order (K;) models for both the metal ions.

Table 1 Parameters of the linear fitted kinetic studied of Pseudo-first-order model for chromium and lead ions on
Spirulina platensis
Pseudo-first-order model (Cr) Pseudo- first -order model (Pb)
Ky (min®) ge(mglg) R’ Ky (min®) g.(mg/g) R’
0.05090 15.88546 0.4899 0.09235 05.00495 0.6267
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Figure 2 Plots of the application of the pseudo-first-order kinetic model to the data for the adsorption of Chromium
(A) and lead (B) ions onto Spirulina platensis.

The adsorption data was also analysed in terms of pseudo-second-order mechanism, described by Y.S. Ho and
McKay [32] the linear form of the equation (2) as follows:

t/g, = /Ko7 + (1/0e)t (2)

Where K; is the rate constant of pseudo-second-order adsorption (g/mg min), K0’ is the initial rate of adsorption of
metal (mg/g min). The plot of t/q, against t of equation (2) should give a linear relationship for Spirulina platensis
with a slope of 1/g.and an intercept of K,q’.
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Figure 3 Plots of the application of the pseudo-second-order kinetic model to the data for the adsorption of
Chromium (A) and lead (B) ions onto Spirulina platensis

Pseudo-second order plot, Figure 3A,B for chromium and lead ions shows a linear behaviour with correlation
coefficient, R? is 0.8620 and 0.9812 respectively, therefore, the kinetic parameters suggest that adsorption process
follows pseudo second order kinetic model. In case of lead ions, on the basis of correlation coefficient it is more linear
as compare to chromium ions. Parameter of pseudo-second order kinetics model for chromium and lead ions is listed
in Table 2. Table 2 represents the equilibrium sorption capacity (q.), the correlation coefficient, R? and the rate
constants for the pseudo-second order (K,) models for both the metal ions.

Table 2 Parameters of the linear fitted kinetic studied of Pseudo-second-order model for chromium and lead ions on
Spirulina platensis

Pseudo-second-order model (Cr) Pseudo-second-order model (Pb)
K, [g/(mg min)] q.(mglg) R’ K, [g/(mg min)] q.(mglg) R’
0.00119 36.49635 0.8620 0.00626 30.39510 0.9812

The data demonstrate good compliance with pseudo-second-order rate law rather than the pseudo-first-order rate
law. This shows that the pseudo-second-order kinetic model show a better explanation of the kinetic adsorption data
obtained in the present study. Spirulina platensis is electronegative in nature which attracts the positively charged
metals ions. This would allow electrostatic interaction between the positively charged metal ions and the Spirulina
platensis surface.

Conclusions

This study indicated that Spirulina platensis is a good adsorbent for removal of chromium and lead ions from aqueous
solutions because it contains a variety of functional groups like carboxyl, phosphate, hydroxyl, sulphate and other
charged groups which can be responsible for the binding with metal ions. The kinetics of the adsorption of lead ions
was rapid in the initial stage as compare to chromium ions. The kinetic data demonstrate good compliance with
pseudo-second-order rate law rather than the pseudo-first-order rate law.

Acknowledgements

The authors are thankful for the financial assistance received from the University Grants Commission (UGC).

References

[1] Ahluwalia S.S., Goyal D., (2007), Microbial and plant derived biomass for removal of heavy metals from
wastewater, Bioresour. Technol., 98: 2243-2257.

[2] Lucia H. P., Carvalho J.C.M., Sunao Sato, and Iracema de Oliveira Moraes, (2002), Spirulina platensis growth
estimation by pH determination at different cultivations conditions. Electronic Journal of Biotechnology. 5(3)
Issue of December 15.

Chem Sci Rev Lett 2018, 7(28), 920-925 Article CS222049071 923



Chemical Science Review and Letters ISSN 2278-6783

3]

[4]
[5]
[6]

[7]
(8]

9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]
[23]

[24]
[25]
[26]
[27]

[28]
[29]

[30]
[31]

[32]

Rangsayatorn N. Pokethitiyook P. Upatham ES. and Lanze GR., (2004), Cadmium biosorption by cells of
Spirulina platensis TISTR 8217 immobilized in alginate and silica gel. Environmental International, 30(1): 57—
63.

Khoo, K.M., Ting, Y.P., (2001). Biosorption of gold by immobilized fungal biomass. Biochem. Eng. J. 8: 51—
59.

Al-Saraj, M., Abdel-Latif, M.S., EI-Nahal, I., Baraka, R., (1999), Bioaccumulation of some hazardous metals
by sol —gel entrapped microorganisms. Journal of Non-Crystalline Solids, 248:137- 140.

Inthorn D, Nagase H, lIsaji Y, Hirata K. and Miyamoto K., (1996), Removal of cadmium from aqueous solution
by the filamentous cyanobacterium Tolypothrix tenuis. J Ferment Bioeng 82:580-584.

Rai L.C., Gaur J.P., and Kumar H.D., (1981), Phycology and heavymetal pollution. Biol Rev 56: 99-103.
Sunda W.G., Huntsman, S.A., (1998), Processes regulating cellular metal accumulation and physiological
effects: phytoplankton as model systems. Science of the Total Environment 6:165— 181.

Dudka S, Miller W.P., (1999), Accumulation of potentially toxic elements in plant and their transfer to human
food chain. J Environ Sci Heal B 34: 681708

Rao V. N. R. and Govindarajan, R., (1992), Transfer of copper and zinc through a marine food chain. Acta.
Botan.Ind, 20: 71-75.

Alluri H.K., Ronda, S.R., Settalluri, V.S., Bondili, J.S., Suryanarayana, V., Venkateshwar, P., (2007),
Biosorption: an eco-friendly alternative for heavy metal removal. Afr. J. Biotechnol. 6 (25):2924-2931.

Roy D.; Greenlaw, P. N.; Shane, B. S., 1992, Adsorption of heavy metals by green algae. Journal of
Environmental Science and Health A28; 37-50.

Terry A. P., Stone, W., (2002), Biosorption of cadmium and copper contaminated water by Scenedesmus
abundans. Chemosphere 47: 249-255.

Matheickal J. T., Yu, Q., (1996), Biosorption of lead from aqueous solutions by marine alga Ecklonia radiata.
Water Science and Technology 34: 1-7.

Fourest E., Volesky, B., (1996), Contribution of sulfonate groups and alginate to heavy metal bioadsorption by
the dry biomass of Sargassum fluitans. Environmental Science and Technology 30: 277- 282.

Handy A., (2000), Removal of Pb2+ by biomass of marine algae. Current Microbiology, 41: 232-243.

Dend, L., Y. Su. and H. Su., (2006), Biosorption of copper [IlI] and lead [II] from aqueous solutions by
nonliving green algae Cladophora fascicularis: equilibrium, kinetics and environmental effects. Chemistry and
Materials Sci., 12: 267-277.

Vieira R.H.S.F., Volesky B., (2000), Biosorption: a solution to pollution, Int. Microbiol., 3: 17-24.

Kim D.W., Che D.K., Wang J, Huang C.P., (2002), Heavy metal removal by activated sludge: influence of
Nocardia amarae. Chemosphere 46:137-142.

Incharoensakdi A, Kitjaharn P, (2002), Zinc biosorption from aqueous solution by halotolerant cyanobacterium
Aphanotheca halophytica. Curr Microbiol 45: 261-264.

Yan G, Viraraghavan T, (2003), Heavy-metal removal from aqueous solution by fungus Mucor rouxii. Water
Res 37:4486-4496.

Oswald W.J, (2003), My sixty years in applied algology. J Appl Phycol 15: 99-106.

Polti M.A, Amaroso M.J, Abate CM, (2007), Chromium(IV) resistance and removal by actinomycete strains
isolated from sediments. Chemosphere 67: 660—667.

Malik, A. (2004), Metal bioremediation through growing cells. Envi. Interna. 30: 261-278.

Henick-Kling, T. and Stoewasnd, G., (1993), Lead in wine. Amer. J. Enolo. Viticul. 44: 459-463.

Mukesh K. Raikwar, Puneet Kumar, Manoj Singh and Anand Singh, (2008), Toxic effect of heavy metals in
livestock health Veterinary World, 1(1): 28-30.

Costa M., (2003), Potential hazards of hexavalent chromate in our drinking water. Toxicol Appl Pharmacol.;
188; 1-5.

Anderson RA., (1997), Chromium as an essential nutrient for humans. Regul Toxicol Pharmacol.; 26: S35-S41.
Elekli A. C, Yavuzatmaca, M and H. Bozkurt, (2010), An eco-friendly process: predictive modeling of copper
adsorption from aqueous solution on Spirulina platensis, J. Hazard.Mater., 173: 123-129.

Dotto, G. L., Lima, E. C. and Pinto, L. A. A., (2012), Biosorption of food dyes onto Spirulina platensis
nanoparticles: equilibrium isotherm and thermodynamic analysis, Bioresour. Technol., 103: 123-130.
Lagergren, S., (1898). Zur theories der sogenannten adsorption geltster stoffe. Kungliga. Svenska
Vetenskapsakademiens. Handlingar, Band, 24 (4): 1-39.

Ho, Y.S., McKay, G. (1999), Pseudo-second order model for sorption processes, Process Biochem. 34: 451—
465.

Chem Sci Rev Lett 2018, 7(28), 920-925 Avrticle CS222049071 924



Chemical Science Review and Letters

© 2018, by the Authors. The articles published from this journal are distributed to
the public under “Creative Commons Attribution License” (http://creative
commons.org/licenses/by/3.0/). Therefore, upon proper citation of the original
work, all the articles can be used without any restriction or can be distributed in
any medium in any form.

ISSN 2278-6783

Publication History

Received 22" Aug 2018
Revised 25" Sep 2018
Accepted 06" Oct 2018
Online 30" Oct 2018

Chem Sci Rev Lett 2018, 7(28), 920-925 Avrticle CS222049071 925



