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Abstract

With the onset of industrialization mankind has witnessed various environmental issues in the society. This
industrialization has not only brought development and prosperity but eventually disturbed the ecosystem. One of
the impacts is visible, in form of water pollution. In the present study heavy metal contamination of water bodies
has been discussed. Effluents from large number of industries viz., electroplating, leather, tannery, textile, pigment
& dyes, paint, wood processing, petroleum refining, photographic film production etc., contains significant amount
of heavy metals in their wastewater. The conventional methods of treatment of heavy metal contamination includes
chemical precipitation, chemical oxidation, ion exchange, membrane separation, reverse osmosis, electro dialysis
etc. These methods are costly, energy intensive and often associated with generation of toxic byproducts. Thus,
the adsorption has been investigated as a cost effective method of removal of heavy metals from wastewater. In
the present study various low cost adsorbent has been reviewed as an abatement of heavy metal pollution from
wastewater. These adsorbent includes materials of natural origin like zeolites, clay, peat moss and chitin are found to
be an effective agent for removal of toxic heavy metals like Pb, Cd, Zn, Cu, Ni, Hg, Cr etc. Apart from these various
agricultural wastes like rice husk, neem bark, black gram, waste tea; Turkish coffee, walnut shell etc. were also
established as a potent adsorbent for heavy metal removal. Beside that low cost industrial by products like fly ash,
blast furnace sludge, waste slurry, lignin, iron (Ill) hydroxide and red mud, coffee husks, Areca waste, tea factory
waste, sugar beet pulp, battery industry waste, sea nodule residue and grape stalk wastes have been explored for

their technical feasibility to remove toxic heavy metals from contaminated water.
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Introduction

Water pollution caused due to addition of heavy metals resulting
from the industrial activities is increasing tremendously and is a matter
of global concern. Mining, mineral processing and metallurgical
operations are generating effluents containing heavy metals. The heavy
metals present in the wastewater is persistent and non degradable in
nature. Moreover, they are soluble in aquatic environment and thus can
be easily absorbed by living cells. Thus, by entering the food chain, they
can be bioaccumulated and biomagnified in higher trophic levels also.
The heavy metals, if absorbed above the permissible labels, could lead to
serious health disorders. In light of the facts, treatment of heavy metals
containing industrial effluent becomes quite necessary before being
discharged into the environment. The scientists and environmental
engineers are therefore facing a tough task of cost effective treatment
of wastewater containing heavy metals. The conventional methods for
heavy metal removal from wastewater includes chemical precipitation,
chemical oxidation, ion exchange, membrane separation, reverse
osmosis, electro dialysis etc. These methods are not very effective,
are costly and require high energy input. They are associated with
generation of toxic sludge, disposal of which renders it expensive and
non ecofriendly in nature. In the recent past, number of approaches
has been investigated for safe and economical treatment of heavy metal
laden wastewater. Adsorption has emerged out to be better alternative
treatment methods. It is said to be effective and economical because of
its relatively low cost. Authors have claimed adsorption to be easiest,
safest and most cost-effective methods for the treatment of waste
effluents containing heavy metals [1,2]. The key benefit of adsorption
method for heavy metal removal is less initial as well as operation
cost, unproblematic design and less requirement of control systems
[3]. Generally the heavy metals are present in the wastewater at low
concentrations and adsorption is suitable even when the metal ions are
present at concentrations as low as 1 mg/L. This makes adsorption an
economical and favorable technology for heavy metal removal from

wastewater. The adsorbent may be of mineral, organic or biological
origin. It could be zeolites, industrial byproducts, agricultural waste,
biomass and polymeric material. One of the conventional adsorbent,
activated carbon has been extensively used in many applications.
However, the high cost effectiveness of activation processes limits its
usage in wastewater treatment processes. The present research activity
aims toward contributing in the search for cost effective or low cost
adsorbents of natural origin and their applicability in recovery as well
as removal of heavy metals from the industrial wastewater.

Industrial Wastewater and Heavy Metals

Heavy metals are commonly released in the wastewater from
various industries. Electroplating and surface treatment practices
leads to creation of considerable quantities of wastewaters containing
heavy metals (such as cadmium, zinc, lead, chromium, nickel, copper,
vanadium, platinum, silver and titanium). Apart from this wastewater
from leather, tannery, textile, pigment & dyes, paint, wood processing,
petroleum refining industries and photographic film production
contains significant amount of heavy metals. These heavy metal ions are
toxic to both human beings and animals. The toxic metals cause physical
discomfort and sometimes life threatening illness and irreversible
damage to vital body system [4]. The metals get bioaccumulated in the
auatic environment and tend to biomagnified along the food chain.
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Thus, the organisms at higher trophic level are more susceptible to
be affected by their toxicity. There are 20 metals which are almost
persistant and cannot be degraded or destroyed. Mercury (Hg), lead
(Pb), cadmium (Cd), chromium (Cr [VI]), Zinc (Zn), Arsenic (As),
Nickel (Ni) etc., are toxic heavy metals from ecotoxicoligal point of
view. The table below shows Maximum Contaminant Level (MCL)
standards for some heavy metals established by USEPA [5]. These
heavy metals can lead to serious effects such as stunted growth, damage
to vital organs, damage to brain, cancer and in some cases death also.
Health hazard related to heavy metal toxicity are not new. Human
diseases like minamata, itai itai, fluorosis, Arsenicosis etc. are due to
heavy metal ingestion above permissible levels. Treating the industrial
effluents contaminated with heavy metals within the industrial premises
before being discharged is efficient way to remove heavy metals rather
than treating high volumes of wastewater in a general sewage treatment
plant. Thus it is advantageous to develop separate handling modus
operandi for removal of heavy metals from the industrial effluents. The
current work focuses on study of natural coagulants as an effective and
economical alternative treatment process for heavy metals removal
from industrial wastewater. (Table 1)

Adsorption

As discussed earlier, adsorption has emerged out as effective,
economical and ecofriendly treatment technique. It is a process potent
enough to fulfill water reuse obligation and high effluent standards in
the industries. Adsorption is basically a mass transfer process by which
a substance is transferred from the liquid phase to the surface of a solid,
and becomes bound by physical and/or chemical interactions [5]. It is
a partition process in which few components of the liquid phase are
relocated to the surface of the solid adsorbents. All adsorption methods
are reliant on solid-liquid equilibrium and on mass transfer rates.
The adsorption procedure can be batch, semi-batch and continuous.
At molecular level, adsorption is mainly due to attractive interfaces
between a surface and the group being absorbed. Depending upon
the types of intermolecular attractive forces adsorption could be of
following types:

Physical adsorption

It is a general incident and occurs in any solid/liquid or solid/gas
system. Physical adsorption is a process in which binding of adsorbate
on the adsorbent surface is caused by van der Waals forces of attraction.
The electronic structure of the atom or molecule is hardly disturbed

Heavy metal Toxicity MCL (mg/L)

Arsenic (As) S_kln manifestations, visceral cancers, vascular 0.050
disease

Cadmium (Cd) Kldngy damage, renal disorder, human 0.01
carcinogen

Chromium (Cr) Hea(_jache,l diarrhoea, nausea, vomiting, 0.05
carcinogenic

Copper (Cu) Liver damage, Wilson disease, Insomnia 0.25

Nickel (Ni) Eermahtls, r_1ausea, chronic asthma, coughing, 0.20

uman carcinogen

Zinc (Zn) !:)epressmn,llethargy, neurological signs and 0.80
increased thirst

Lead (Pb) ngage the fetal brain, diseases of kidney, 0.006
circulatory system and nervous system

Mercury (Hg) Rheumatmd arthritis and disease of kidneys, 0.00003
circulatory and nervous system

Table 1: The MCL standards for the most hazardous heavy metals [5].

upon physical adsorption. Van der Waals forces originate from the
interactions between induced, permanent or transient electric dipoles.
Physical adsorption can only be observed in the environment of low
temperature and under appropriate conditions, gas phase molecules
can form multilayer adsorption. Commercial adsorbents utilize
physical adsorption for its surface binding.

Chemical adsorption

It is a kind of adsorption which involves a chemical reaction
between the adsorbent and the adsorbate. The strong interaction
between the adsorbate and the substrate surface creates new types
of electronic bonds (Covalent, Ionic). Chemical adsorption is also
referred as activated adsorption. The adsorbate can form a monolayer.
Tt is utilized in catalytic operations.

In general, the main steps involved in adsorption of pollutants on
solid adsorbent are:

Transport of the pollutant from bulk solution to external surface
of the adsorbent.

Internal mass transfer by pore diffusion from outer surface of
adsorbent to the inner surface of porous structure.

Adsorption of adsorbate on the active sites of the pores of
adsorbent.

The overall rate of adsorption is decided by either film formation or
intra particle diffusion or both as the last step of adsorption are rapid as
compared to the remaining two steps.

Low Cost Adsorbents

The removal of heavy metals by using low cost adsorbent is
found to be more encouraging in extended terms as there are several
materials existing locally and profusely such as natural materials,
agricultural wastes or industrial by-products which can be utilized
as low-cost adsorbents [6]. To be commercially viable, an adsorbent
should have high selectivity to facilitate quick separations, favorable
transport and kinetic characteristics, thermal and chemical stability,
mechanical strength, resistance to fouling, regeneration capacity and
low solubility in the liquid in contact. Adsorption process has several
advantages over the conventional methods of heavy metal removal.
Some of the gains of adsorption process are: (I) Economical, (II)
metal selectivity, (III) Regenerative, (IV) Absence of toxic sludge
generation (V) metal recovery and most importantly (VI) effective.
Various low cost adsorbent derived from various natural as well as
anthropogenic sources have been implemented for treatment of waste
water contaminated with heavy metals. The adsorbents mostly used are
agricultural waste, industrial byproducts, natural materials or modified
biopolymers.

Adsorption by Natural Materials

Zeolites

They are naturally occurring crystalline alumino silicates consisting
of a skeleton of tetrahedral molecules, connected with each other by
mutual oxygen atoms. Ion exchanging capacities of zeolites make
them a suitable candidate for removal of heavy metals. Adsorption
in zeolites is in fact a choosy and reversible packing of crystal cages,
so surface area is not a significant aspect. Zeolites consist of a wide
variety of species such as clinoptilolite and chabazite. Among the
different zeolites, clinoptilolite has been extensively studied and was
shown to have high selectivity for metals like Pb (II), Cd (II), Zn (II)
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and cu (II). Several zeolites are modified during the past few years to
increase their efficiency. Clinoptilolite was found to be more effectively
removing heavy metals owing to its ion exchange capability, followed
by pretreatment [5,7].

Clay

There are three main groups of clays: kaolinite, montmorillonite-
smectite, and mica. The montmorillonite has the highest cation
exchange capacity and its recent market price is found to be 20 times
cheaper as compared to activated carbon. Their heavy metals removal
capacity is less as compared to zeolites but their easy availability and
economical properties give back their less efficiency. Efficiency for
heavy metal removal by clay could be improved by modifying them to
clay-polymer composites [8-10].

Peat moss

Abundant in nature and has a very high organic content. Its large
surface area (= 200 m*/g) and high porosity makes it an effective agent
for heavy metal removal from wastewater. It was observed that peat
moss plays an important role in treatment of metal-bearing industrial
effluents such as Cu**, Cd**, Zn?* and Ni** [11]. The adsorption capacity
of sphagnum peat moss was found to be 132 mg of Cr®*/g at a pH range
of 1.5-3.0. The most striking benefit of this adsorbent in treatment is
the easiness of the system, low cost, and the capability to acknowledge
a wide variation of effluent composition [12].

Chitin: It is the second most abundant natural biopolymer followed
by cellulose. Chitin is a long-chain polymer of a N-acetylglucosamine, a
derivative of glucose. It is the main component of the cell walls of fungi,
the exoskeletons of arthropods such as crustaceans (e.g., crabs, lobsters
and shrimps) and insects, the radulas of mollusks, and the beaks and
internal shells of cephalopods, including squid and octopuses. It has
been used for removal of several heavy metals in the past. Currently,
chitosan, which is produced by alkaline N-deacetylation of chitin, is
drawing an increased amount of research interest for its heavy metal
removal capability due to chelating property. It can be made by treating
shrimp and other crustacean shells with the alkali sodium hydroxide.
Chitosan has been used for treatment of Hg*> Cu?* Ni*» Zn**, Cr®,
Cd*» and Pb*.

Adsorption by Agricultural Wastes

Use of agricultural byproducts as adsorbents for heavy metal
removal from industrial waste water has been increasing nowadays.
Most of the studies were focused on plant wastes such as rice husk
and neem bark [13,14], Black gram husk [15], Waste tea, Turkish
coffee, Walnut shell [16] etc. Some more adsorbents like papaya wood
[17], maize leaf [18], teak leaf powder [19], coraindrum sativum [20],
lalang (Imperata cylindrica) leaf powder [21], peanut hull pellets [22],
sago waste [23], saltbush (Atriplex canescens) leaves [24,25], tree
fern [26-28], grape stalk wastes [29], etc. are also studied in detail.
The benefits of using agricultural wastes for wastewater treatment
include easy technique, needs modest processing, superior adsorption
ability, selective adsorption of heavy metal ions, economical, easy
availability and easy regeneration. On the other hand, the use of
untreated agricultural wastes as adsorbents can also fetch a number of
problems such as small adsorption ability, elevated chemical oxygen
demand (COD) and biological chemical demand (BOD) as well as total
organic carbon (TOC) due to discharge of soluble organic compounds
contained in the plant materials [30,31]. The increase of the COD, BOD

and TOC can cause diminution of dissolved oxygen (DO) content in
water and can make threats to the aquatic life. Consequently, plant
wastes require to be modified or treated ahead of being applied for the
cleansing of heavy metals.

New products such as jackfruit, rice husk, pecan shells, hazenut
shell, maize cob or husk are also used for adsorbent for heavy metal
elimination after chemical modifications. Chemically modified
agricultural wastes have been found to have enhanced chelating
efficiency. Wheat bran, a by-product of wheat milling industries proved
to be a good adsorbent for removal of many types of heavy metal ions
which eventually results in better efficiency of adsorption of copper
ions as reported by O zer et al. [32]. Orange peel has been used for
Ni (II) removal from simulated wastewater [33]. Similarly, Adsorption
of divalent heavy metal ions particularly Cu2+, Zn2+, Co2+, Ni2+
and Pb2+ onto acid and alkali treated banana and orange peels was
performed by Annadurai et al. in 2002 [34]. Activated Coconut shell
carbon powder (ACSCP) and Activated charcoal powder (ACP) is
used as adsorbent for removal of Lead from electrochemical industry
effluent [35]. There are several other examples of chemically modified
agricultural wastes also. Moreover, factors like pH, temperature,
contact period, initial concentration of metal, agitation rate, dosage of
adsorbent etc. affects the adsorption capacity [36].

Adsorption by Industrial Wastes

Various industrial wastes have also got adsorption capacity and can
be used for adsorbing heavy metals from wastewater. These industrial
wastes are produced as a by-product and are used rarely for any
purpose. The by-product nature renders it to be easily available and
very economical also. These industrial wastes are found to have good
application as adsorbent. Adsorptive capacity of these wastes could be
increased followed by slight processing. Industrial by-products such as
fly ash [37,38], blast furnace sludge [39,40], waste slurry, lignin-a black
liquor waste of paper industry [41,42,43], iron (III) hydroxide [44,45]
and red mud [46,47] have been explored for their technical feasibility
to remove toxic heavy metals from contaminated water. Other
industrial wastes, coffee husks [48], Areca waste [49], tea factory waste
[50], sugar beet pulp [51], waste pomace of olive oil factory waste [52],
battery industry waste, waste biogas residual slurry [53], sea nodule
residue [54] and grape stalk wastes [29] have been utilized as low-cost
adsorbents for the removal of toxic heavy metals from wastewater.
Several adsorbents have been used for adsorption of Zinc from waste
water. Some of the highest adsorption capacities reported for Zn2+
are 168 mg/g powdered waste sludge, 128.8 mg/g dried marine green
macroalgae, 73.2mg/g lignin, 55.82mg/g cassava waste, and 52.91mg/g
bentonite [55].

Conclusion

The recent worldwide trend to achieve higher environmental
standards favors the usage of low cost systems for treatment of effluents.
In the meantime various low cost adsorbent derived from agricultural
waste or natural products have been extensively investigated for heavy
metal removal from contaminated wastewater. It has been found that
after chemical or thermal modifications, agricultural waste exhibited
tremendous heavy metal removal capability. Concentration of
adsorbate, extent of surface modification and adsorbent characteristics
are the factors responsible for metal adsorption capability. Cost
effectiveness and technical applicability are the two important key
factors for selecting effective low cost adsorbent for heavy metal
removal.

J Bioremed Biodeg
ISSN: 2155-6199 JBRBD, an open access journal

Volume 6 - Issue 6 » 1000315


http://en.wikipedia.org/wiki/Kaolin
http://en.wikipedia.org/wiki/Montmorillonite
http://en.wikipedia.org/wiki/Smectite
http://en.wikipedia.org/wiki/Chlorite_group
http://en.wikipedia.org/wiki/Montmorillonite
http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/N-Acetylglucosamine
http://en.wikipedia.org/wiki/Glucose
http://en.wikipedia.org/wiki/Cell_wall
http://en.wikipedia.org/wiki/Fungi
http://en.wikipedia.org/wiki/Exoskeleton
http://en.wikipedia.org/wiki/Arthropod
http://en.wikipedia.org/wiki/Crustacean
http://en.wikipedia.org/wiki/Crab
http://en.wikipedia.org/wiki/Lobster
http://en.wikipedia.org/wiki/Shrimp
http://en.wikipedia.org/wiki/Insect
http://en.wikipedia.org/wiki/Radula
http://en.wikipedia.org/wiki/Mollusk
http://en.wikipedia.org/wiki/Cephalopod_beak
http://en.wikipedia.org/wiki/Gladius_%28cephalopod%29
http://en.wikipedia.org/wiki/Cephalopods
http://en.wikipedia.org/wiki/Squid
http://en.wikipedia.org/wiki/Octopus

Citation: Tripathi A, Ranjan MR (2015) Heavy Metal Removal from Wastewater Using Low Cost Adsorbents. J Bioremed Biodeg 6: 315.

doi:10.4172/2155-6199.1000315

Page 4 of 5

Acknowledgement

Authors would like to acknowledge the motivation and facilities provided by

Amity University Uttar Pradesh to carry out the present work.

References

1.

Shah BA, Shah AV, Singh RR (2009) Sorption isotherms and kinetics of
chromium uptake from wastewater using natural sorbent material. International
Journal of Environmental Science and Technology 6: 77-90.

Rahmani K, Mahvi AH, Vaezi F, Mesdaghinia AR, Nabizade R, et al (2009)
Bioremoval of lead by use of waste activated sludge. International Journal of
Environmental Research, 3: 471-476.

Acar FN, Eren Z (2006) Removal of Cu (Il) ions by activated poplar sawdust
(Samsun Clone) from aqueous solutions. J Hazard Mater B 137: 909-914.

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

Babel S, Kurniawan TA (2003) Various treatment technologies to remove
arsenic and mercury from contaminated groundwater: an overview. In:
Proceedings of the First International Symposium on Southeast Asian Water
Environment, Bangkok, Thailand, 24-25 October: 433-440.

Siti Nur AA, Mohd Halim SI, Lias Kamal Md, Shamsul Izhar (2013) Adsorption
Process of Heavy Metals by Low-Cost Adsorbent: A Review. World Applied
Sciences Journal 28: 1518-1530.

Bose P, Bose MA, Kumar S (2002) Critical evaluation of treatment strategies
involving adsorption and chelation for wastewater containing copper, zinc, and
cyanide. Adv Environ Res 7: 179-195.

Vengris T, Binkiene R, Sveikauskaite A (2001) Nickel, copper, and zinc removal
from wastewater by a modified clay sorbent. Appl Clay Sci 18:183-90.

Solenera M, Tunalib S, O"zcan ,A' S, O"zcanc A, Gedikbey T (2008) Adsorption
characteristics of lead (Il) ions onto the clay/ poly(methoxyethyl)acrylamide
(PMEA) composite from aqueous solutions. Desalination 223: 308-322.

10. Abu-Eishah Sl (2008) Removal of Zn, Cd, and Pb ions from water by Sarooj

clay. Appl Clay Sci 42 : 201-205

11. Gosset T, Trancart JL, Thevenot DR (1986) Batch Metal removal by peat

Kinetics and thermodynamics. Water Res 20: 21-26.

12. Sharma DC, Forster CF (1993) Removal of Hexavalent Chromium using

Sphagnum moss peat. Water Res 27: 1201-1208.

13. EI-Said AG, Badawy NA, Garamon SE (2012) Adsorption of Cadmium (Il)

and Mercury (Il) onto Natural Adsorbent Rice Husk Ash (RHA) from Aqueous
Solutions: Study in Single and Binary System, International Journal of
Chemistry 2012: 58-68.

14. Bhattacharya AK, Mandal SN, Das SK (2006) Adsorption of Zn(ll) from aqueous

solution by using different adsorbents. Chem Eng J 123: 43-51.

15. Saeed A, Igbal M (2003) Bioremoval of cadmium from aqueous solution by

black gram husk (Cicer arientinum). Water Res 37: 3472-3480.

16. Orhan Y, Blyikglingér H (1993) The removal of heavy metals by using

agricultural wastes. Water Sci Technol 28(2): 247-255.

17. Saeed A, Igbal M, Akhtar MW (2005) Removal and recovery of heavy metals

rom aqueous solution using papaya wood as a new biosorbent. Sep. Purif
Technol 45: 25-31.

18. Babarinde NAA, Oyebamiji Babalola J, Adebowale Sanni R (2006) Biosorption

of lead ions from aqueous solution by maize leaf. Int. J Phys Sci 1: 23-26.

19. King P, Srivinas P, Prasanna KumarY, Prasad VSRK (2006) Sorption of copper

20.

2

22.

=

(I1) ion from aqueous solution by Tectona grandis I.f. (teak leaves powder). J
Hazard Mater B136: 560-566.

Karunasagar D, Balarama Krishna MV, Rao SV, Arunachalam J (2005)
Removal of preconcentration of inorganic and methyl mercury from aqueous
media using a sorbent prepared from the plant Coriandrum sativum. J. Hazard
Mater B 118: 133-139.

.Hanafiah MAK, Ngah WSW, Zakaria H, lbrahim SC (2007) Batch study of
liquid-phase adsorption of lead ions using Lalang (Imperata cylindrica) leaf
powder. J Biol Sci 7: 222-230.

Johnson PD, Watson MA, Brown J, Jefcoat IA (2002) Peanut hull pellets as a
single use sorbent for the capture of Cu (Il) from wastewater. Waste Manage

23.

24,

25.

26.

27.

28.

29.

30.

3

=

32.

33.

34.

35.

36.

37.

38.

39.
40.

41,

42.

43.

44,

45.

46.

22:471-480.

Quek SY, Wase DAJ, Forster CF (1998) The use of sago waste for the sorption
of lead and copper. Water SA 24: 251-256.

Sawalha MF, Peralta-Videa JR, Romero-Gonza’lez J, Duarte-Gardea M,
Gardea-Torresdey JL (2007) Thermodynamic and isotherm studies of
the biosorption of Cu(ll), Pb(ll), and Zn(ll) by leaves of saltbush(Atriplex
canescens). J Chem. Thermodyn 39: 488-492.

Sawalha MF, Peralta-Videa JR, Romero-Gonza'lez J, Gardea-Torresdey
JL (2007) Biosorption of Cd (ll), Cr (Ill), and Cr(Vl) by saltbush (Atriplex
canescens) biomass: thermodynamic and isotherm studies. J Colloid Interface
Sci 300: 100-104.

Ho YS, Wang CC (2004) Pseudo-isotherms for the sorption of cadmium ion
onto tree fern. Process Biochem. 39: 759-763.

Ho YS, Chiu WT, Hsu CS, Huang CT (2004) Sorption of lead ions from aqueous
solution using tree fern as a sorbent. Hydrometallurgy. 73: 55-61.

Ho YS (2003) Removal of copper ions from aqueous solution by tree fern.
Water Res 37: 2323-2330.

Villaescusa |, Fiol N, Martinez N, Miralles N, Poch J, et al. (2004) Removal of
copper and nickel ions from aqueous solutions by grape stalks wastes. Water
Research. 38: 992-1002.

Gaballah I, Goy D, Allain E, Kilbertus G, Thauront J (1997) Recovery of copper
through decontamination of synthetic solutions using modified barks. Met
Metall Trans.B 28: 13-23.

. Nakajima A, Sakaguchi T (1990) Recovery and removal of uranium by using

plant wastes. Biomass 21: 55-63.

Ozer A, Ozer D (2004) The adsorption of copper (Il) ions onto dehydrated wheat
bran (DWB): determination of equilibrium and thermodynamic parameters.
Process Biochem 39: 2183-2191.

Ajmal M, Rao RAK, Ahmad R, Ahmad J (2000) Adsorption studies on Citrus
reticulata (fruit peel of orange) removal and recovery of Ni (I) from electroplating
wastewater. J Hazard Mater 79: 117-31.

Annadurai G, Juang HS, Lee DJ (2002) Adsorption of heavy metal from water
using banana and orange peels. Water Sci Technol 47: 185-190.

Nishigandha JB, Suryavanshi AA, Tirthakar SN (2015) Removal of heavy metal
lead (pb) from electrochemical industry waste water using low cost adsorbent.
Int J Research in Engineering and Technology 04: 731-733.

Parmar M, Thakur Lokendra Singh (2013) Heavy metal Cu, Ni and Zn: toxicity,
health hazards and their removal techniques by low cost adsorbents: a short
overview. Int J Plant Animal & Env. Science 3: 143-147.

Bayat B (2002) Combined removal of zinc (Il) and cadmium (ll) from aqueous
solutions by adsorption onto high-calcium Turkish Fly Ash. Water Air Soil
Pollut. 136: 69-92.

Wang SB, Li L, Zhu ZH (2007) Solid-state conversion of fly ash to effective
adsorbents for Cu removal from wastewater. J Hazard. Mater 139: 254-259.

Dimitrova SV (1996) Metal sorption on blast-furnace slag. Water Res. 30: 228-232.

Srivastava S, Gupta V, Mohan D (1997) Removal of Lead and Chromium by
Activated Slag-A Blast-Furnace Waste. J Environ Eng, 123: 461-468.

Suhas, Carrott PJM, Ribeiro Carrott MML (2007) Lignin-from natural adsorbent
to activated carbon: A review Bioresour Technol 98: 2301-2312.

Srivastava SK, Singh AK, Sharma A (1994) Studies on the uptake of lead
and zinc by lignin obtained from black liquor-a paper industry waste material.
Environ Technol 15: 353-361.

Demirbas A (2004) Adsorption of lead and cadmium ions in aqueous solutions
into modified lignin from alkali glucerol delignification. J of hazard Mater, 109:
221-226.

Namasivayam C, Ranganathan K (1993) Waste Fe (Ill)/Cr (lll) hydroxide as
adsorbent for the removal of Cr (VI) from aqueous solution and chromium
plating industry wastewater. Environ Pollut. 82: 255-261.

Namasivayam C, Ranganathan K (1998) Effect of organic ligands on the
removal of Pb(Il), Ni(Il), and Cd(Il) by waste Fe(Ill)/Cr(lll) hydroxide. Water Res
32: 969-971.

Gupta VK, Ali Imran (2002) Adsorbents for water treatment: Low cost

J Bioremed Biodeg
ISSN: 2155-6199 JBRBD, an open access journal

Volume 6 - Issue 6 » 1000315


http://link.springer.com/article/10.1007%2FBF03326062
http://link.springer.com/article/10.1007%2FBF03326062
http://link.springer.com/article/10.1007%2FBF03326062
http://www.sid.ir/en/VEWSSID/J_pdf/108220090317.pdf
http://www.sid.ir/en/VEWSSID/J_pdf/108220090317.pdf
http://www.sid.ir/en/VEWSSID/J_pdf/108220090317.pdf
http://www.sciencedirect.com/science/article/pii/S0160412003001867
http://www.sciencedirect.com/science/article/pii/S0160412003001867
https://books.google.co.in/books?id=14Qv4m9StqUC&pg=PA214&lpg=PA214&dq=Various+treatment+technologies+to+remove+arsenic+and+mercury+from+contaminated+groundwater:+an+overview.&source=bl&ots=jv0Xlt8NK0&sig=jxXZpVWNJqPqE_KM8VD0Ta8hWS4&hl=en&sa=X&ved=0CBwQ6AEwAGoVChMIxJPb1JXEyAIVl8SOCh19fgSC#v=onepage&q=Various treatment technologies to remove arsenic and mercury from contaminated groundwater%3A an overview.&f=false
https://books.google.co.in/books?id=14Qv4m9StqUC&pg=PA214&lpg=PA214&dq=Various+treatment+technologies+to+remove+arsenic+and+mercury+from+contaminated+groundwater:+an+overview.&source=bl&ots=jv0Xlt8NK0&sig=jxXZpVWNJqPqE_KM8VD0Ta8hWS4&hl=en&sa=X&ved=0CBwQ6AEwAGoVChMIxJPb1JXEyAIVl8SOCh19fgSC#v=onepage&q=Various treatment technologies to remove arsenic and mercury from contaminated groundwater%3A an overview.&f=false
https://books.google.co.in/books?id=14Qv4m9StqUC&pg=PA214&lpg=PA214&dq=Various+treatment+technologies+to+remove+arsenic+and+mercury+from+contaminated+groundwater:+an+overview.&source=bl&ots=jv0Xlt8NK0&sig=jxXZpVWNJqPqE_KM8VD0Ta8hWS4&hl=en&sa=X&ved=0CBwQ6AEwAGoVChMIxJPb1JXEyAIVl8SOCh19fgSC#v=onepage&q=Various treatment technologies to remove arsenic and mercury from contaminated groundwater%3A an overview.&f=false
https://books.google.co.in/books?id=14Qv4m9StqUC&pg=PA214&lpg=PA214&dq=Various+treatment+technologies+to+remove+arsenic+and+mercury+from+contaminated+groundwater:+an+overview.&source=bl&ots=jv0Xlt8NK0&sig=jxXZpVWNJqPqE_KM8VD0Ta8hWS4&hl=en&sa=X&ved=0CBwQ6AEwAGoVChMIxJPb1JXEyAIVl8SOCh19fgSC#v=onepage&q=Various treatment technologies to remove arsenic and mercury from contaminated groundwater%3A an overview.&f=false
http://www.idosi.org/wasj/wasj28(11)13/7.pdf
http://www.idosi.org/wasj/wasj28(11)13/7.pdf
http://www.idosi.org/wasj/wasj28(11)13/7.pdf
http://www.sciencedirect.com/science/article/pii/S1093019101001253
http://www.sciencedirect.com/science/article/pii/S1093019101001253
http://www.sciencedirect.com/science/article/pii/S1093019101001253
http://www.sciencedirect.com/science/article/pii/S0169131700000363
http://www.sciencedirect.com/science/article/pii/S0169131700000363
http://www.sciencedirect.com/science/article/pii/S0011916407008685
http://www.sciencedirect.com/science/article/pii/S0011916407008685
http://www.sciencedirect.com/science/article/pii/S0011916407008685
http://www.sciencedirect.com/science/article/pii/S0169131708000458
http://www.sciencedirect.com/science/article/pii/S0169131708000458
http://www.sciencedirect.com/science/article/pii/0043135486902095
http://www.sciencedirect.com/science/article/pii/0043135486902095
http://www.sciencedirect.com/science/article/pii/0043135493900127
http://www.sciencedirect.com/science/article/pii/0043135493900127
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.278.5525&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.278.5525&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.278.5525&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.278.5525&rep=rep1&type=pdf
http://www.sciencedirect.com/science/article/pii/S1385894706002543
http://www.sciencedirect.com/science/article/pii/S1385894706002543
http://www.ncbi.nlm.nih.gov/pubmed/12834740
http://www.ncbi.nlm.nih.gov/pubmed/12834740
http://www.iwaponline.com/wst/02802/wst028020247.htm
http://www.iwaponline.com/wst/02802/wst028020247.htm
http://www.sciencedirect.com/science/article/pii/S1383586605000936
http://www.sciencedirect.com/science/article/pii/S1383586605000936
http://www.sciencedirect.com/science/article/pii/S1383586605000936
http://www.researchgate.net/publication/228907584_Biosorption_of_lead_ions_from_aqueous_solution_by_maize_leaf
http://www.researchgate.net/publication/228907584_Biosorption_of_lead_ions_from_aqueous_solution_by_maize_leaf
http://www.sciencedirect.com/science/article/pii/S0304389405008423
http://www.sciencedirect.com/science/article/pii/S0304389405008423
http://www.sciencedirect.com/science/article/pii/S0304389405008423
http://www.ncbi.nlm.nih.gov/pubmed/15721537
http://www.ncbi.nlm.nih.gov/pubmed/15721537
http://www.ncbi.nlm.nih.gov/pubmed/15721537
http://www.ncbi.nlm.nih.gov/pubmed/15721537
http://scialert.net/abstract/?doi=jbs.2007.222.230
http://scialert.net/abstract/?doi=jbs.2007.222.230
http://scialert.net/abstract/?doi=jbs.2007.222.230
http://www.sciencedirect.com/science/article/pii/S0956053X01000368
http://www.sciencedirect.com/science/article/pii/S0956053X01000368
http://www.sciencedirect.com/science/article/pii/S0956053X01000368
http://www.wrc.org.za/Knowledge Hub Documents/Water SA Journals/Manuscripts/1998/03/WaterSA_1998_03_jul98_p251.pdf
http://www.wrc.org.za/Knowledge Hub Documents/Water SA Journals/Manuscripts/1998/03/WaterSA_1998_03_jul98_p251.pdf
http://www.sciencedirect.com/science/article/pii/S0021961406001698
http://www.sciencedirect.com/science/article/pii/S0021961406001698
http://www.sciencedirect.com/science/article/pii/S0021961406001698
http://www.sciencedirect.com/science/article/pii/S0021961406001698
http://www.sciencedirect.com/science/article/pii/S002197970600213X
http://www.sciencedirect.com/science/article/pii/S002197970600213X
http://www.sciencedirect.com/science/article/pii/S002197970600213X
http://www.sciencedirect.com/science/article/pii/S002197970600213X
http://www.sciencedirect.com/science/article/pii/S0032959203001845
http://www.sciencedirect.com/science/article/pii/S0032959203001845
http://www.sciencedirect.com/science/article/pii/S0304386X03001944
http://www.sciencedirect.com/science/article/pii/S0304386X03001944
http://www.sciencedirect.com/science/article/pii/S0043135403000022
http://www.sciencedirect.com/science/article/pii/S0043135403000022
http://www.sciencedirect.com/science/article/pii/S0043135403006195
http://www.sciencedirect.com/science/article/pii/S0043135403006195
http://www.sciencedirect.com/science/article/pii/S0043135403006195
http://link.springer.com/article/10.1007%2Fs11663-997-0122-3
http://link.springer.com/article/10.1007%2Fs11663-997-0122-3
http://link.springer.com/article/10.1007%2Fs11663-997-0122-3
http://www.researchgate.net/publication/240175160_Recovery_and_removal_of_uranium_by_using_plant_wastes
http://www.researchgate.net/publication/240175160_Recovery_and_removal_of_uranium_by_using_plant_wastes
http://agris.fao.org/agris-search/search.do?recordID=US201301022537
http://agris.fao.org/agris-search/search.do?recordID=US201301022537
http://agris.fao.org/agris-search/search.do?recordID=US201301022537
http://www.ncbi.nlm.nih.gov/pubmed/11040390
http://www.ncbi.nlm.nih.gov/pubmed/11040390
http://www.ncbi.nlm.nih.gov/pubmed/11040390
http://www.ncbi.nlm.nih.gov/pubmed/12578193
http://www.ncbi.nlm.nih.gov/pubmed/12578193
http://www.ijpaes.com/admin/php/uploads/368_pdf.pdf
http://www.ijpaes.com/admin/php/uploads/368_pdf.pdf
http://www.ijpaes.com/admin/php/uploads/368_pdf.pdf
http://link.springer.com/article/10.1023%2FA%3A1015296032528
http://link.springer.com/article/10.1023%2FA%3A1015296032528
http://link.springer.com/article/10.1023%2FA%3A1015296032528
http://www.ncbi.nlm.nih.gov/pubmed/16839666
http://www.ncbi.nlm.nih.gov/pubmed/16839666
http://www.researchgate.net/publication/222131411_Metal_Sorption_on_Blast_Furnace_Slag
http://ascelibrary.org/doi/abs/10.1061/(ASCE)0733-9372(1997)123%3A5(461)
http://ascelibrary.org/doi/abs/10.1061/(ASCE)0733-9372(1997)123%3A5(461)
http://www.sciencedirect.com/science/article/pii/S0960852406004056
http://www.sciencedirect.com/science/article/pii/S0960852406004056
http://www.researchgate.net/publication/249058268_Studies_on_the_uptake_of_lead_and_zinc_by_lignin_obtained_from_black_liquor_-_A_paper_industry_waste_material
http://www.researchgate.net/publication/249058268_Studies_on_the_uptake_of_lead_and_zinc_by_lignin_obtained_from_black_liquor_-_A_paper_industry_waste_material
http://www.researchgate.net/publication/249058268_Studies_on_the_uptake_of_lead_and_zinc_by_lignin_obtained_from_black_liquor_-_A_paper_industry_waste_material
http://www.ncbi.nlm.nih.gov/pubmed/15177762
http://www.ncbi.nlm.nih.gov/pubmed/15177762
http://www.ncbi.nlm.nih.gov/pubmed/15177762
http://www.sciencedirect.com/science/article/pii/026974919390127A
http://www.sciencedirect.com/science/article/pii/026974919390127A
http://www.sciencedirect.com/science/article/pii/026974919390127A
http://www.sciencedirect.com/science/article/pii/S0043135497002224
http://www.sciencedirect.com/science/article/pii/S0043135497002224
http://www.sciencedirect.com/science/article/pii/S0043135497002224
http://www.nature.com/nprot/journal/v1/n6/abs/nprot.2006.370.html

Citation: Tripathi A, Ranjan MR (2015) Heavy Metal Removal from Wastewater Using Low Cost Adsorbents. J Bioremed Biodeg 6: 315.

doi:10.4172/2155-6199.1000315

Page 5 of 5

4

4

49.

50.

5

alternatives to carbon, Encyclopaedia of surface and colloid science, (edited by
Arthur Hubbard), Marcel Dekker, New York, USA Vol. 1: 136-166.

7. Altundogan HS, Altundogan S, Tumen F, Bildik M (2000) Arsenic removal from
aqueous solutions by adsorption on red mud. Waste Manage. 20:761-767.

8. Oliveira WE, Franca AS, Oliveira LS, Rocha SD (2008) Untreated coffee husks
as biosorbents for the removal of heavy metals from aqueous solutions. J
Hazard Mater. 152: 1073-81.

Zheng W, Li XM, Wang F, Yang Q, Deng P, et al. (2008) Adsorption removal of
cadmium and copper from aqueous solution by areca-a food waste. J Hazard
Mater 157: 490-495.

Malkoc E, Nuhoglu Y (2007) Potential of tea factory waste for chromium (VI)
removal from aqueous solutions: Thermodynamic and kinetic studies. Sep
Purific Technol 54: 291-297.

o

. Pehlivan E, Cetin S, Yanik BH (2006) Equilibrium studies for the sorption of zinc

52.

53.

54.

55.

and copper from aqueous solutions using sugar beet pulp and fly ash. J Hazard
Mater 135: 193-199.

Malkoc E, Nuhoglu Y, Dundar M (2006) Adsorption of chromium (VI) on
pomace-An olive oil industry waste: Batch and column studies. J Hazard Mater
138: 142-151.

Namasivayam C, Yamuna RT (1995) Waste biogas residual slurry as an
adsorbent for the removal of Pb(Il) from aqueous solution and radiator
manufacturing industry wastewater. Bioresour Technol 52: 125-131.

Agrawal A, Sahu KK, Pandey BD ( 2004) Removal of zinc from aqueous
solution using sea nodules residue, Colloids and Surfaces A: Physicochem.
Eng Aspects 237: 133-140.

Zwain Haider M, Vakili Mohammadtaghi, Dahlan Irvan (2014) Waste Material
Adsorbents for Zinc Removal from Wastewater: A Comprehensive Review. Int.
J Chem Engg. 2014: 1-13.

J Bioremed Biodeg
ISSN: 2155-6199 JBRBD, an open access journal

Volume 6 - Issue 6 » 1000315


http://www.nature.com/nprot/journal/v1/n6/abs/nprot.2006.370.html
http://www.nature.com/nprot/journal/v1/n6/abs/nprot.2006.370.html
http://www.sciencedirect.com/science/article/pii/S0956053X00000313
http://www.sciencedirect.com/science/article/pii/S0956053X00000313
http://www.sciencedirect.com/science/article/pii/S0304389407011132
http://www.sciencedirect.com/science/article/pii/S0304389407011132
http://www.sciencedirect.com/science/article/pii/S0304389407011132
http://www.ncbi.nlm.nih.gov/pubmed/18313210
http://www.ncbi.nlm.nih.gov/pubmed/18313210
http://www.ncbi.nlm.nih.gov/pubmed/18313210
http://www.sciencedirect.com/science/article/pii/S1383586606003066
http://www.sciencedirect.com/science/article/pii/S1383586606003066
http://www.sciencedirect.com/science/article/pii/S1383586606003066
http://www.sciencedirect.com/science/article/pii/S0304389405007582
http://www.sciencedirect.com/science/article/pii/S0304389405007582
http://www.sciencedirect.com/science/article/pii/S0304389405007582
http://www.sciencedirect.com/science/article/pii/S0304389406005383
http://www.sciencedirect.com/science/article/pii/S0304389406005383
http://www.sciencedirect.com/science/article/pii/S0304389406005383
http://eprints.nmlindia.org/567/
http://eprints.nmlindia.org/567/
http://eprints.nmlindia.org/567/
http://www.hindawi.com/journals/ijce/2014/347912/ref/
http://www.hindawi.com/journals/ijce/2014/347912/ref/
http://www.hindawi.com/journals/ijce/2014/347912/ref/

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Industrial Wastewater and Heavy Metals
	Adsorption
	Physical adsorption
	Chemical adsorption
	Low Cost Adsorbents

	Adsorption by Natural Materials
	Zeolites
	Clay
	Peat moss

	Adsorption by Agricultural Wastes
	Adsorption by Industrial Wastes
	Conclusion
	Table 1
	References



