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ABSTRACT
Exposure of heavy metals in the environment especially in aquatic bodies is one of the major
environmental issues. Heavy metals are non bio-degradable and accumulated in human body through
food chains. Some heavy metals are essential for the growth and development of living organisms but
most of them are very harmful even at very low concentrations. Addition of such metals into the waters
may due to natural or anthropogenic activities. Various methods cited in the literature used for the
removal of heavy metals are chemical precipitation, evaporation, electroplating, ion exchange,
membrane filtration, carbon adsorption, phytoremediation etc. Among these biosorption is relatively
new, cheap and efficient technique. This brief review discuss the effect of heavy metals and their
sources, biosorption techniques, different parameters of biosorption and introduction of isotherm
models and kinetic parameters for the suitability of biosorption of heavy metals on biosorbents.
Keyword: Heavy metals; conventional methods; biosorption; biosorption parameters

INTRODUCTION
Water pollution due to heavy metals is one of the
challenging environmental issues. Heavy metals
present in water or waste waters are in the
soluble forms and become major aquatic
contaminants. Due to industrial revolutions,
their concentration in the fresh water is
increasing very rapidly [1]. They are released in
the environment due to natural and
anthropogenic activities and almost all human
activities have a significance contribution to
release heavy metals in fresh and saline water,
soil and air (Fig.1). Migration of these
contaminants from contaminated to non
contaminated areas as dust or leachates through
the soil. The spreading of sewage and industrial
wastes containing heavy metals are some tools
for the heavy metal contaminants in the

ecosystem
[2,3].
Heavy
metals
are
conventionally defined as elements with metallic
properties and an atomic number greater than
twenty or metals have potential toxicity to
human and other living organisms or metals
having density more than 4 gm/cm3 or metals
commonly used in industry and toxic to man and
other organisms in the environment. Heavy
metals are group of pollutants, which are not
bio-degradable in living organisms [4]. The most
common heavy metal contaminants are copper,
iron, zinc, lead, cadmium, arsenic, manganese,
cobalt, chromium, mercury and nickel. Aqueous
heavy metal pollution results an important
environmental problem due to the toxicity of
heavy metals and their deposition in living
organisms through food chains [5].
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1.
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4.

Natural Processes
Volcanic eruptions
Metal corrosion
Leaching
Soil erosion

Human Activities
1. Mining
2. Fossil fuel combustion
3. Coal combustion
4. Nuclear power plants
5. Agricultural activities
6. Refineries and polymer
Industries
7. Textile and paper industries

Fig.1: Sources of heavy metals in the environment
Heavy metals contaminants are usually high in
the wastes of many industries, such as metal
plating facilities, nuclear power plants,
refineries, polymer industries, coal combustion
plants, mining operations and tanneries [6] and
cause serious heavy metal pollution in the fresh
water systems after exposed such wastes in
fresh water bodies. Metal contamination issues
are becoming more serious in India and other
developing countries. The serious cases of metal
toxicity are observed in the areas of mining
industries, foundries, smelters, coal-burning
power plants and agriculture [7]. Most of the
heavy metals discharged into the wastewater
are found toxic, carcinogenic and cause a serious
health problems to the humans even at very low
concentrations [8]. The heavy metals are nonbiodegradable, persistant and exposure of large
amounts of the metals into the natural
environment has resulted in a number of
environmental problems [7,8]. In human, heavy
metal toxicity may damage central nervous
system, the cardiovascular and gastrointestinal
systems, lungs, kidneys, liver, endocrine glands
and bones. The release of chronic heavy metals
has been implicated in some degenerative
diseases of physiological systems and increases
the risk of cancers [9].
CONVENTIONAL METHODS OF HEAVY
METAL REMOVAL AND BIOSORPTION
The commonly used procedures for removal of
metal and heavy metal ions from aqueous
streams
include
chemical
precipitation,
electrodialysis, ultra filtration, ion exchange,

reverse osmosis and phytoremediation [10-12].
The main disadvantages of the conventional
methods are sludge generation, formation of
toxic compounds during the process, high cost,
and incomplete removal of certain ions and takes
long time for heavy metal removal [13-14]. The
biosorption can be defined as the ability of
biological material to take up heavy metals from
waste waters through metabolically mediated or
physicochemical pathways of uptake [15].
Biosorption is growth independent, not affected
by the physiological activities of living microbial
cells and more amounts of metals accumulated
on the biosorbents. The major advantages of
biosorption
over
conventional
treatment
methods are low cost, high efficiency,
minimization of chemicals, no additional
nutrient requirement, and reuse of biosorbent
for further metal uptake and possibility of metal
recovery
[16-18].
Some
disadvanges
of
biosorption like early saturation and lack of
potential for multiple oxidation numbers for
metal ions are very negligible. Recent adsorption
experiments have focused attention on waste
materials from large scale industrial operations
[19-21]. A number of naturally occurrence and
waste materials such as leaf mould [22], rice
husk [23], groundnut husk [24], coconut husk
and palm pressed fibers [25], coconut shell [26],
coconut jute [27], coconut tree sawdust [28],
cactus, olive stone cake and wool and pine
needles [29] have been used as biosorbent for the
removal of the heavy metal ions. A wide variety
of microbial biomasses including bacteria, cyano
bacteria, algae and fungi i.e. filamentous and
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unicellular yeast and lichens have been used in
the biosorption studies [30].
BIOSORPTION TECHNOLOGY
The biosorption study is usually carried out in
batch system although most envisaged
industrial applications would employ some kind
of flow through or continuous process. A wide
variety of biosorption processes have been used
and comparisons between them are difficult [30].
An industrial effluent mainly adds heavy metal
ions to the water bodies. This effluent is used as
an experimental solution to study the removal
efficiencies of the adsorbents. In the recent past
instead of using industrial effluent synthetic
waste water is in practice as an experimental
solution. It is the solution of some dissolved
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sulphate, chlorides, nitrate and other salts and
used in the laboratory scale experiments and
more homogenous and suitable than industrial
waste water samples [31-35].
Batch operation: A solution containing desired
concentration of metal ions was treated with a
certain amount of adsorbent in a conical flask at
a constant shake [36-37]. The solution was then
filtered and biosorbent filtered out. The
concentration of metal ions before and after
adsorption is determined. The different process
conditions have been applied for batch operation
such as contact time, amount of adsorbent, pH,
initial metal ion concentrations and temperature
(Fig.2).

BATCH OPERATION

BATCH OPERATION

Cu (II), Fe (II), Pb (II), Cd (II), Cr (IV), Zn (II) and other heavy metal ions in waste waters

Time

Dosage

pH

Concentration

Temperature

Fig.2 Batch operation including different parameters
The time dependency studies offer data about
the changes in metal ion adsorption related to
time. In such studies the minimum contact time
is required for the contact of biomass and metal
ions found in the metallic solutions [38]. Larger
the surface of adsorbent, are larger the amount
of metal ion adsorbed. This appears to be due to
the increase in the available binding sites in the
biomass for the complexation of heavy metals
[39-41]. In order to find out optimum pH for
maximum removal, a number of working
solutions have been used with different pH [42,
43-47]. The removal of metal ions increases with
increase in pH; this may be due to the
availability of non protonated active sites for
metal ions and very less repulsion occurs
between metal ions and non protonated active
sites [40, 48-53]. The metal uptake by adsorbent
increases till certain ranges of temperatures.

But
after
a certain temperature the
concentration of particular metal ion increases
in waste water. In other words the adsorption
rate decrease, it may be attributed to solubility
of metal ions from biosorbents in solution
[44,45,54,55].
Literature survey [56-58] reveals that the
removal efficiencies of metal ions onto adsorbent
are decreasing with concentration of these metal
ions in synthetic waste water. But the metal ion
adsorbate per unit mass of adsorbent (mg/g)
increases with concentration of metal ions in
synthetic waste water. This is due to an increase
in the driving force of concentration gradient, as
in the initial metal ion concentration [59-61].
Isotherms and Kinetics: The equilibrium data of
biosorption of metal ions are correlated with
adsorption isotherms to find out the maximum
adsorption capacity of biosorbents
and
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suitability of biosorption. The adsorption
isotherm indicates how the adsorbed molecules
distribute between two phases viz. liquid and
solid phases and when the adsorption process
reaches on equilibrium state. The better
applicability of adsorption data in a particular
isotherm indicates the type of biosorption i.e.
monolayer and multilayer adsorption and the
capability of biosorption to regenerate heavy
metal from the surface of biosorbent. Adsorption
isotherm is basically important to describe how
solutes interact with adsorbents and is critical
optimizing the use of adsorbents [62,63].
Various isotherm models such as Langmuir
[62,63], Freundlich [63,65], Temkin [66], Redlich
Patterson [67], Javanovic [68], Dubbin radush
kevich [69], Dubbinnin astakhov [70] and Kobel
corrigon [71] were used for the adsorption
studies. The common kinetic models used for the
more suitability of biosorption of metal ions on to
the biosorbents from waste waters are pseudo –
first order model, pseudo-second order model,
elovich model and intra particle diffusion as
proposed in the literature [72-75].
Analytical techniques: The various analytical
techniques
such
as
Atomic
absorption
spectroscopy for the determination of metal
concentration in water or waste water solutions,
UV-Vis spectrophotometer for determination of
metal concentration in solution by color
intensity,
Fourier
transformed
infrared
spectroscopy for the determination of active sites
present on the biosorbents and X-ray diffraction
analysis for crystallographic structure and
chemical composition of interacted metal on the
biosorbents have been used for the biosorption
processes. The nuclear magnetic resonance
spectroscopy is used to determine the presence of
active sites of the biosorbent [76-77].
CONCLUSION
The biosorption process is efficient, cheap, and
environmentally harmless, no excess chemicals
are required and take no more time to metal
uptake from the waste waters. Actually, this
process is depend on the choice of good
biosorbents and can be more successful.
Recently, attention has been focused on various
natural other solid wastage, which are able to
remove heavy metal pollutants from the
contaminated waste waters. Many waste
materials from industrial and agricultural
activities, naturally occurring waste materials,
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microorganisms i.e. algae, fungi, bacteria and
some conventional cheap and artificial adsorbent
represents potentially economical alternative.
The conventional methods generate a large
amount of sludge and other toxic compounds and
need a safe disposal whereas the biosorbents are
not needed to a safe disposal after the metal
recovery.
CONFLICTS OF INTEREST
The authors declare that there is no conflict of
interests regarding the publication of this paper.
REFERENCES
1. Abdi O and Kazemi M. A review study of
biosorption of heavy metals and comparison
between different biosorbents. J Mate.
Environ Sci 2015; 6: 1386-1399.
2. Tangahu BV, Abdullah S, Basri H, Idris M,
Anuar N, Mukhlisin M. A review on heavy
metals (As, Pb, Hg) uptake by plants
through phytoremediation. Hindwari Publ
Corp, Int J of Chem Engg 2011; 2011: 1-31.
3. Gaur A, Adholeya A. Prospects of arbuscular
mycorrizal fungi in phytoremediation of
heavy metal contaminated soils. Current Sci
2004; 86: 528-534.
4. Chopra AK, Pathak C. Biosorption
technology of metallic pollutants- A review.
J App Nat Sci 2010; 2:318-329.
5. Lasat MM. Phytoextraction of metals from
contaminated soil: A review of plant/ soil/
metal interaction and assessment of
pertinent agronomic issues. J Hazard Subs
Res 2000; 2:1-25.
6. Gogate PR, Pandit AB.
A review on
imperative technologies for waste treatment
II; hybrid method. Advance Enviro Res 2004;
8: 553-591.
7. Nagajyoti PR, Lee KD, Sreekanth TVM.
Heavy metals, occurrence and toxicity for
plants: A review. Enviro Ch Lett 2010; 8:
199-216.
8. Srivastava VC, Swamy MM, Male ID,
Prasad B and Mishra IM. Adsorptive
removal of phenol by pogasse fly ash and
activated carbon: Equilibrium, kinetics and
thermodynamics. Colloids and Surfaces A:
Physicochem Engg Aspects 2006; 272: 89104.
9. Allure HK, Ronda SR, Settaluri VS, Bandili
VS, Suryanarayan V, Venkateshwar P.
Biosorption: An ecofriendly alternative for

J P harm Chem Biol Sci, Dec ember 2017-Febr uar y 2018; 5(4):330-336

Naveen Chandra Joshi

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

heavy metal removal. Afri J Biotech 2007; 6:
2924-2931.
Joshi NC. Heavy metals, conventional
methods
for
heavy
metal
removal,
biosorption and the development of low cost
adsorbent. European J Pharm Medical Res
2017; 4: 388-393.
Joshi NC. Biosorption: A review on
mechanism,
kinetics
and
isotherms.
European J Pharm Medical Res 2017; 4:
422-426.
Bhandari NS, Joshi NC, Kumar S. Sorption
studies of Cu (II), Fe (II) and Zn (II) onto
deodar leaves (Cedrus deodara). Enviro Sci:
An Indian J 2011; 6: 75-79.
Joshi NC, Bhandari NS, Kumar S.
Biosorption of copper (II), iron (II) and zinc
(II) from synthetic waste water using Banjh
leaves as low cost adsorbent. Enviro Sci: An
Indian J 2011; 6: 148-153.
Bhandari NS, Joshi NC, Kumar S, Shah GC.
Study of Cu, Fe and Zn removal using Key
Lime leaves (Citrus aurentifolia) as low cost
Adsorbent. J Indian Chem Soc 2012; 89:
383-387.
Fourest E, Canal C, Roux JC. Improvement
of heavy metal biosorption by mycelia dead
biomasses: pH control and cationic
activation. FEMS Microbiol Rev 1992; 14:
325-332.
Veligo F, Beolchini F, Gasbaro A.
Biosorption of toxic metals; an equilibrium
study using free cells of Anthrobacter sp.
Process Biochem 1997; 32: 99-105.
Gadd GM, White C. Microbial treatment of
metal Pollution- a working biotechnology.
Trends Biotechnol 1993; 11: 353-354.
Volesky B. Biosorbents for metal recovery
trends. Biochem 1987; 5: 96-101.
Hammaini H, Gazalee F, Ballester A,
Biazquez ML. Simultaneous uptake of
metals by active sludge. In Mineral Eng IC
2003; 723- 729.
Norton N, Baskaran K, Mekenzie T.
Biosorption of Zn from aqueous solution
using biosolids. Adv Environ Res 2004; 8:
629-635.
Keskinan O. Heavy metal adsorption
characteristics of sub merged aquatic plant
(Myriophyllum spicatum). Process Biochem
2003; 48:1-5.
Sharma DC, Forster CF. The treatment of
chromium waste water using the sorptive

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

334

potential of leaf mould. Bioresource
Techonol 1994; 49: 31-40.
Srinivasan K, Balasu B N, Krishnan R.
Studies on chromium removal ground nut
husk. Ind. J Environ Health 1991; 33: 433439.
Periasamy K, Srinivasan K, Murugan P R.
Sudies on chromium (VI) removal by ground
nut husk. Ind J Environ Health 1991; 33:
433-439.
Tan WT, Ooi ST, Lee CK. Removal of Cr (VI)
from solution by coconut husk and palm
pressed fibers. Environ Technol 1993; 14:
227-282.
Alaerts GL, Taurant VJ. Use of coconut shell
for Cr (VI) removal. Water Sci Technol 1989;
21: 1701-1704.
Chand S, Agarwal VK, Kumar CP. Removal
of hexavalent chromium from waste water
by adsorption. Indian J Environ. Health
1994; 36: 151-158.
Selvi K, Pattabhi S, Kadir K. Removal of Cr
(VI) from aqueous solution by adsorption
onto coconut tree sawdust. Bioresour
Technol 2001; 80: 87-89.
Dakiky M, Khamis M, Manassra A, Mereb
M. Selective adsorption of Cr(VI) in
industrial waste-water using low cost
abundantly available adsorbents.
Adv
Environ Res 2002; 6: 533-540.
Gadd GM. Biosorption: Critical review of
scientific
rationale,
environmental
importance and significance for pollution
treatment. J Chem Technol Biotechnol 2009;
84: 13-28.
Deviprasad AG,Abdullah MA. Biosorption of
iron (II) from aqueous solution using
tarmaial bark and potato peel waste:
equilibrium and kinetic studies. J Applied
Sci Environ Sanit 2009; 4: 273-282.
Dean JG, Bosqui FL, Lanouette KH.
Removing of heavy metals from waste water.
Environ Sci Technol 1972; 6: 518-522.
Oliveri NF, Brittenham GM. Iron chelating
therapy andtreatment of thalassemia. Blood
1997; 89: 739-761.
Andrews NC. Disorders of iron metabolism.

New Engl J Med 1999; 341: 1986-1995.
35. Lickie JO, Davis JA. Aqueous environmental
chemistry of copper in the environment, Part
1: Ecological cycling. Taranto, Ontario: John
Wiley and sons; 1979; p 89

J P harm Chem Biol Sci, Dec ember 2017-Febr uar y 2018; 5(4):330-336

Naveen Chandra Joshi
36. Vasu AE. Adsorption of Ni (II), Cu(II) and
Fe(III) from aqueous solutions using
activated carbon. E J Chem 2008; 5: 1-9.
37. Alam M, Aslam M, Rais S. Adsorption of Zn
(II) and Ni (II) from aqueous solution using
Syzygium aromaticum (cloves); Kinetic and
isothermal studies. Rasayan J Chem 2009;
2:791-806.
38. Gardea- Torresday JL, Rosa GD,PeraltaVidea JR. Use of phytofiltration technologies
in the removal of heavy metal, A review.
Pure App Chem 2004; 76: 801-813.
39. Oboh OI, Aluyor EO. The removal of heavy
metal ions from aqueous solutions using
sour sop seed as biosorbents. African J
Biotec 2008; 7:4508-4511.
40. Devaprasth PM, Solomon JS, Thomas BV.
Removal of Cr(VI) from aqueous solution
using natural plant material. J Appl Sci
Environ Sanit 2007; 2:77-83.
41. Gong R, Ding Y, Liu H, Chem Q, Liu Z. Lead
biosorption and desorption by intact and
pretreated Spirullina maxima biomass.
Chemosphere 2005; 58: 125-130.
42. Rezae A, Derayat J, Martazavi SB, Yamini
Y, Jafarzadeh MT. Removal of Hg from
chloroalkali industry waste water using
acetobacter xylinum, cellulose. Am J
Environ Stud 2005; 1: 102-105.
43. Abdel-Ghani NT, Hefny H, EI-Chaghay GA.
Removal of lead from aqueous solution using
low cost abundantly available adsorbents.
Int J Environ Sci Tech 2007; 4: 67-73.
44. Ramiro, Martins JE, Pardo R, Rui AR,
Boaventura. Cadmium(II) and Zinc(II)
adsorption by aquatic mass Frontinalis
antipyretica, effect of temperature, pH and
water hardness. Water Res 2004; 38: 693699.
45. Asku Z, Tezer S. Equilibrium and kinetic
modeling of biosorption of Remazol Black B
by Rhizopus arrhizus in a batch system,
effect of temperature. Process Biochem 2000;
36: 431-439.
46. Canstein H, Li Y, Timmis KN, Deckwer WD,
Dobler IW. Removal of mercury from
chloroalkali, Electrolysis waste water by a
mercury- resistant Pseudomonas putida
strain. Appl Environ Microb 1999; 65: 52795284.
47. Janos P, Sypecka J, Mlckovska P, Kuran P,
Pilarova V. Removal of metal ions from
aqueous solution by sorption onto untreated

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

335

low-rank coal (Oxihumalite). Sep Purif
Technol 2007; 53:322-329.
Devi Prasad AG,Abdullah MBS. Biosorption
of Fe (II) from aqueous solution using
tamarind bark and potato peel waste,
Equilibrium kinetic studies. J Appl Sci
Environ Sanit 2009; 4:273-282.
Karthikeyan G, Andal NM, Anbalgan K.
Adsorption and equilibrium studies on
removal of Cu (II) by chitin. J Indian Chem
Soc 2005; 82: 21-24.
Arica MY, Kacar Y, Genc O. Entrapment of
white fungus Trametes versicolor in Caalginate beads; Preparation and biosorption
kinetic analysis for Cd removal from an
aqueous solution. Biores Techonol 2001;
80:121-129.
Cruz CCV, Da Casta ACA, Henriques CA,
Luna AS. Kinetic modeling and equilibrium
studies during Cd Biosorption by dead
Saragassam sp. Biomass. Bioresource
Technol 2004; 91:249-257.
Fourest E, Volesky B. Alginates properties
and heavy metal biosorption by marine
algae. Biochem Biotechnol 1997; 67: 215226.
Esposito A, Pagnanelli F, Lodi A, Solisio C,
Veligo F. Biosorption of heavy metal by
Spharotides natums; An equilibrium study
at different pH and biomass concentration.
Hydrometallurgy 2001; 60: 129-141.
Asku Z. Determination of the equilibrium,
Kinetic and thermodynamic parameters of
the batch biosorption of Ni (II) ions onto
Chlorella vulgaris. Process Biochemistry
2007; 38: 89-99.
Tahir SS and Rauf N. Removal of Fe (II)
from the waste water of a galvanized pipe
manufacturing industry by adsorption onto
bentonite clay. J Environ Manag 2004; 73:
285-292.
Havelcova M, Mizera J, Sykorova I, Pekar
MS. Sorption of metal ions on lignite and
derived humic substances. J Hazard Mat
2009; 161: 559-564.
Saglam N, Say R, Denizil A. Biosorption of
inorganic mercury and alkyl mercury species
on
to
phanerochaete
Chysosporium
mycellius. Process Biochem 1999; 34:725730.
Gzikova J, Kozler J, Madronova L, Novak J,
Janos P. Humic acids from coals of the
North-Bohemian coal field; Metal binding

J P harm Chem Biol Sci, Dec ember 2017-Febr uar y 2018; 5(4):330-336

Naveen Chandra Joshi

59.

60.

61.

62.

63.

64.

65.

66.

67.

capacity under static conditions. React Funt
Polym 2001; 47:111-118.
Ayyapan R, Sophia AC, Swaminathan K,
Sandhya S. Removal of Pb (II) from aqueous
solution using carbon derived from
agricultural wastes. Process Biochem 2005;
40:1293-1299.
Kumar AM, Kadirvelu K, Mishra GK,
Rajagopal C, Nagar PN. Adsorptive removal
of heavy metals from aqueous solution by
treated saw dust (Acacia arabica). J Hazard
Mat 2008; 150: 604-611.
Lokeshwari N, Joshi K. Biosorption of heavy
metal (chromium) using biomass. Global J
Environ Res 2009; 3:29-35.
Karthikeyan G, Ilanga SS. Adsorption of Cr
(VI) onto activated carbons prepared from
indigenous materials. E J Chem 2008; 5:
666-678.
Krishnan MM, Kavasagam KM, Rasappan
K, Shabudeen PSS. Venkatesh, R., Pattabhi,
S. Ricinus communis pericarp activated
carbon used as adsorbent for the removal of
Ni(II) from aqueous solution. E J Chem
2008; 56: 761-769.
Tan WT, Ooi ST, Lee CK. Removal of Cr (VI)
from solution by coconut husk and palm
pressed fibers. Environ Technol 1993; 14:
227-282.
Alaerts GL, Taurant VJ, Kelderman. Use of
coconut shell for Cr (VI) removal. Water Sci
Technol 1989; 21: 1701-1704.
Chand S, Agarwal VK, Kumar CP. Removal
of hexavalent chromium from waste water
by adsorption. Indian J Environ Health
1994; 36:151-158.
Curkovic L, Mioc AR, Majc M, Zupan J.
Application of different isotherm models on
lead ions sorption on to electric furnace slag.
Holistic Approach Environ 2011; 1: 13-18.

336

68. Quinones I, Guiochen G. Application of
different isotherm models to the description
of single – component and competitive
adsorption data. J Chromatogr 1996; 734:
83-96.
69. Erto A, Andrecozzi R, Natale FD, Lancia A,
Musmama D. Experimental and isotherm
models analysis on TCE and PEC adsorption
on to activated carbon. Available from:
www.aidic.it/icheap
9/ web papers/31
UERTO. pdf.
70. Devaprasth PM, Solomon JS, Thomas BV.
Removal of Cr(VI) from aqueous solution
using natural plant material. J Appl Sci
Environ Sanit 2007; 2:77-83.
71. Abdelwalahs O. Kinetic and isotherm
studies of copper (II) ion removal from waste
water using various adsorbents. Egyptian J
Aquatic Res 2007; 33: 125-143.
72. Kiado A, Budopest, Khewer. Citation review
of Langergren kinetic rate equation on
adsorption reactions. Scientomet 2004; 59:
171-177.
73. Ho YS, Mckay G. Pseudo second order model
for sorption processes. Process Biochem
1999; 34: 451-465.
74. Sparke DL. Kinetics of soil chemical process.
New York: Academic press; 1989.
75. Mckay G, Poots VJP. Kinetics and diffusion
process in colour removal from effluent
using wood as an adsorbent. J Chem
Technol Biotec 1980; 30: 279-292.
76. Varma AJ, Deshpande SV, Kennedy JF.
Metal complexation by chitosan and its
derivatives: A review. Carbohydrate Polym
2004; 55: 77-93.
77. Wang J, Chen C. Biosorption of heavy
metals by Sachhromyces cerevisiae: A
review. Biotech Adv 2006; 24: 427.

Cite this article as:
Naveen Chandra Joshi. A Brief Discussion on Biosorption and Biosorption Technology. J Pharm
Chem Biol Sci 2017; 5(4):330-336.

J P harm Chem Biol Sci, Dec ember 2017-Febr uar y 2018; 5(4):330-336

