
  
[Xavier*, 5(3): March, 2016]  ISSN: 2277-9655 

 (I2OR), Publication Impact Factor: 3.785 

http: // www.ijesrt.com                 © International Journal of Engineering Sciences & Research Technology 

 [79] 
 

IJESRT 

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH 
TECHNOLOGY 

REMOVAL OF TOXIC METALS FROM AQUEOUS ENVIRONMENT USING 

VARIOUS ADSORBENTS: A REVIEW 
R. S. Dubey and R. Xavier* 

Department of Applied Chemistry, Amity Institute of Applied Science, Amity University, NOIDA-125, 

G. B. Nagar, UP, India 

*Department of Chemistry, Mewar University, Gangrar, Chittorgarh, Rajasthan, India 

ABSTRACT 
In Recent decades, there has been an increasing public awareness of the long-term effect of water containing dissolved 

toxic metal ions. Toxic metals are known to be detrimental to plants, animals and humans. Even at very low 

concentration they adversely impair the nervous, digestive and skeletal system. Toxic metal contamination has been 

a crucial issue because these metals tend to persist and accumulate in the environment. Aquatic environment are 

particularly sensitive to toxic metal contamination possibly due to the structure of their food chain. This is because 

toxic pollutants are directly or indirectly introduced into aqueous environment significantly as a result of various 

industrial effluent injections in natural water bodies. In this review, presence of heavy metals in aqueous environment, 

its non bio-degradable properties, its high toxicity, followed by removal of these toxic metals using different 

techniques are discussed.  
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INTRODUCTION 
The past century has seen rapid and uncensored industrialization of the human society. The natural outcome of this 

rapid expansion of industries is the generation of metal containing wastes which are directly or indirectly injected into 

the water bodies. The discharge of heavy toxic metals into aquatic ecosystems has become a matter of great concern 

in India over the past few decades. These heavy toxic metals are generated by dental operations, electroplating 

industries, leather tanning, textiles, paper and pulp industry and are potentially toxic to humans [1]. These kind of 

metals are directly related with environmental pollution and biological toxicity problems [2]. Some examples of these 

metals include mercury, lead, zinc, arsenic, copper, nickel and cadmium etc. These metals and their ions have high 

toxicity, non-biodegradable properties which cause severe health problems in animals and human beings. It is well 

known that chronic cadmium toxicity is the cause of Itai-Itai disease in Japan. The harmful effects of cadmium also 

include renal damage, emphysema, testicular atrophy, skeletal and malformation of the fetus [3, 4]. Similarly lead has 

environmental impact due to its well known toxicity [5] and wide spread use in industries, metal processing industries, 

storage battery manufacturing, printing, pigment manufacturing and petrochemicals etc. Intense exposure to high Pb 

(II) levels (from 100-200 gm/day) causes encephalopathy with the following symptoms like vertigo, insomnia, 

migraine, seizures and coma [6, 7]. The current annual world production of Pb (II) is approximately 5.4 million tons 

and continues to rise. Such industries thus continue to pose a significant risk to workers as well as the surrounding 

communities. Therefore it becomes all the more important that these industrial effluents, which are rich in heavy 

metals, should be treated before being discharged into aqueous environment. This is because aquatic systems are 

particularly sensitive to pollution possibly due to the structure of their food chain. As harmful substances like heavy 

metals and other contaminants enter into the food chain, they are ultimately accumulated in fish and other edible 

organisms. As they move from one ecological tropic level to another, metallic species start damaging the ecosystem. 

As they move up in the tropic levels, tracking these harmful substances is difficult and thus increases in concentration 
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in living tissues throughout the food chain. Due to biomagnifications, humans receive the maximum impact, since 

they are at the top of the food chain. Hence, heavy metal contamination has been a critical problem [8]. 

 

METHODS OF REMOVAL 
The efficient removal of toxic metals from wastewater is an important matter and is being widely studied. A number 

of technologies have been developed over the past years to remove toxic heavy metals from wastewater. Where small 

concentrations of hazardous substances dissolved in water are concerned, physical treatment can be used. Heavy metal 

ions can also be eliminated by several traditional techniques [9] including chemical precipitation [10], reverse osmosis 

[11], electrochemical treatment techniques [12], ion exchange [13], membrane filtration [14], coagulation [15], 

extraction [16], irradiation [17] and adsorption [18]. The basic treatments of industrial effluents include, (a) Primary 

treatment; which aims at removing large particles in the sewage by means of grids on sedimentation. (b) Secondary 

treatment: which aims at reducing the biochemical oxygen demand (BOD) in the waste water by oxidizing organic 

compounds and ammonium ion? This process is most of the time carried out in aerated tanks with the activated sludge. 

It also involves both heterotrophic bacteria and protozoa. The bacteria degrade the organic material and the protozoa 

graze the bacteria and in both cases organic material is converted to CO2 and water. In addition to activated sludge, 

secondary treatment may also be performed with trickling filters or oxidation ponds. (c) Tertiary waste water treatment 

mainly aims at removing the plant nutrients nitrogen and phosphorous. Some of the other techniques are chemical 

precipitation, reduction, ion exchange, distillation, or other ways of extraction. The currently used above mentioned 

physico-chemical processes for heavy metal removal are expensive and inefficient in treating large quantities. They 

also cause metal bearing sludges which are difficult to dispose off. This has directed the attention towards the 

technology of biosorption, based on metal binding capacities of various biological materials which is an attractive 

alternative to physico-chemical methods. 

 

BIOSORPTION OF METALS  
Biosorption can be defined as the ability of biological materials, to accumulate heavy metals, from wastewater through 

metabolically mediated or physico-chemical pathways of uptake [19]. Microorganisms take up metal either actively 

i.e. bioaccumulation and/or passively i.e. biosorption. Algae, bacteria, fungi and yeast have been proved to be potential 

metal biosorbents (Table 1).  

 

Table 1: Heavy metal uptake capacities of different microalgae: 

Microalgae as 

absorbents 

Lead (mg/g) Zinc (mg/g) Copper (mg/g) 

M. spicatum 46.69 15.59 10.37 

P. lucens 141 32.4 40.8 

S. herzegoi ---- 18.1 19.7 

E. crassipes ---- 19.2 23.1 

 

It is demonstrated that for large scale applications, the biosorptive process are more efficient than the bio-accumulative 

processes because living system (active uptake) often require the addition of nutrients and hence increase BOD or 

Chemical oxygen demand (COD) in the effluent. The major advantages of  biosorption over conventional treatment 

methods include low cost, high efficiency, minimization of chemical and biological sludge, no additional nutrient 

requirement, regeneration of biosorbent and possibility of metal recovery. The biosorption process involves a solid 

phase (sorbent or biosorbent, biological material) and a liquid phase (solvent normally water) containing a dissolved 

species to be sorbed (sorbate, metal ions). Due to higher affinity of the sorbent for the sorbate species, the latter is 

attracted and bound by different mechanisms. This process continues till equilibrium is established between the 

amount of solid-bound sorbate species and its portion remaining in the solution. Other types of materials acting as 

adsorbants include activated carbons [20], clay minerals [21], chelating materials [22] and chitosan / natural zeolites 

[23] which are known to adsorb metal ions from aqueous solution. 

 

Complexation-ultrafiltration technique 
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In the recent years, the complexation-ultrafiltration technique has shown to be a promising technique for removal of 

heavy metals in solution. Toxic heavy metals like Cu(II), Ni(II) and Cr(III) can be removed using this method. 

Carboxymethylcellulose (CMC) as a water soluble polymer was used for complexing the cationic forms of the heavy 

metals before filtration. The function of the metal-CMC complex is to increase the molecular weight and size. The 

size of the complex has to be larger than the pore of the selected membranes so the complex can be retained. Permeate 

water is then purified from heavy metals [24]. This method proves to be a new promising technology for separation 

of heavy metals from effluents because of low energy requirements, very fast reaction kinetics and high selectivity of  

separation. 

 

Electrochemical techniques 

Various electrochemical techniques are available for effluent treatment [25]. Titanium can be used as a working 

electrode which is stable, energy efficient and can effectively treat variety of effluents. In the electrochemical removal 

of Pb, Pb(NO)3 solution is used as an electrolyte. The mechanism of electrochemical removal of lead can be shown 

by the following reactions: 

                                    Pb(NO3)2                            Pb2+ + 2NO3
-  

The reaction at anode is: 

                                        Pb2+                                Pb4+ + 2e‾     E = -1.6 volts 

Then Pb4+ ion is further oxidized to hydrated lead dioxide (PbO2.xH2O) 

The reaction at the cathode is: 

                                 NO3
‾ + 2e‾                             NO2

‾ 

Nitrate ions are reduced more easily than Pb2+
 ions and thus function as cathodic depolarisers to maintain the cathode 

potential below the value required for the reduction of  Pb ions. As a result Pb gets deposited on electrode as hydrated 

lead oxide. This technique can be used to remove Ni, Cr, Cd, Hg etc. 

 

Use of nano-materials for removal of heavy metals 

Although traditional sorbents can remove heavy metal ions from waste water, the low sorption capacities and 

efficiencies limit their application deeply.  To solve these defects of traditional sorbents nanomaterials are used as the 

novel ones to remove heavy metal ions in waste water. Materials with the particle size between 1nm to 100 nm are 

defined as nanomaterials. These are extensively being investigated because of recent developments in nanosciences 

and nanotechnology which has potential remedies of environmental problems [26, 27]. Compared with traditional 

materials nano-structure adsorbents have exhibited much higher efficiency and faster rates in water treatment. 

Nanomaterials used as sorbents for removing heavy metal ions in waste water should satisfy the following criterions; 

(a) the nano sorbents themselves should be non toxic; (b) the sorbent should have relatively high sorption capacities 

and selectivity to the low concentration of pollutants; (c) the adsorbed pollutant should be removed from the surface 

of the nano adsorbent easily; (d) the sorbents should be infinitely recycled. 

 

A variety of nano materials such as carbon nanotubes, carbon based material composites graphenes, nanometal or 

metal oxides are known to show high adsorption capacities. As one of the inorganic materials, carbon based 

nanomaterials [28] are widely used for removal of heavy metals due to its non toxic nature and high sorption capacities. 

Earlier activated carbon was used but it was difficult to remove heavy metals at ppb levels. But in due course of time, 

with the development of nanotechnology carbon nanotubes, fullerenes and graphenes was synthesized and used as 

nanosorbents. Carbon nano tubes (CNT’s) which were discovered by Lijima are also used widely to remove heavy 

metals in waste water treatment. They show unique structural, electronic, optoelectronic, semiconductor, mechanical, 

chemical and physical properties. To enhance the sorption capacities CNT’s were modified by oxidation [29, 30] 

combining it with other metal ions [31] or metal oxides [32] and coupled with organic compounds [33]. Smith et al. 

[34] showed that carboxyl carbon sites are over 20 times more energetic for zinc sorption than unoxidised carbon sites. 

Salam et al. [33] modified CNT with 8-hydroxyquinoline, which are used to remove Cu2+, Pb2+, Cd2+ and Zn2+. 

Graphene is another type of carbon material used as nanosorbent which is a kind of one or several atomic layered 

graphites, possessing special two dimensional structure and good mechanical, thermal properties. Hwang et al. [35] 

reported magnetic graphene adsorbents with a particle size of ≈10 nm which provide a high binding capacity for As3+ 

and As5+ and the results indicate that the high binding capacity is due to the increased adsorption site in the graphenes 

composite. Nanoparticles formed by metal or metal oxides are another inorganic nanomaterials which are used broadly 
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to remove heavy metal ions in waste water treatment. Nanosized metal or metal oxides include nano-sized silver 

nanoparticles [36], ferric oxides [37], manganese oxide [38] and so on and all these provide high surface area and 

specific affinity. Moreover, metal oxides possess minimal environmental impact and low solubility and no secondary 

pollution. 

 

Nanosized metal oxides show great removal efficiency of heavy metal in waste water, owing to their higher surface 

area and much more surface active sites than bulk materials. But, it is very difficult to separate them from the waste 

water due to their higher surface energy and nano size. So, many researchers have now turned to design polymer based 

nanosorbents. Most of the current inorganic sorbents rarely have the two main characteristics i.e. functional groups 

and a large surface area. Because of this polymer based silicate nanocomposites [39]  have attracted attention because 

they exhibit dramatic improvement in properties at very low filer contents. Xu et al. [40] synthesized the hybrid 

polymers from the ring opening polymerization of pyromellitic acid dianhydride (PMDA) and phenylaminomethyl 

trimethoxysilane (PAMTMS). This hybrid polymers are used to remove Cu2+ and Pb2+. Adsorption for Cu2+ and Pb2+ 

followed lagergren second order kinetic model and Langmuir isotherm model, demonstrating that the adsorption 

process might be Langmuir monolayer adsorption. 

 

Chitosan 

Chitosan is another biopolymer which is extracted from crustacean shells or from fungal biomass. The structure of 

chitosan is presented schematically in the figure 1. 

 
Figure 1 Structure of chitosan 

 

Chitosan has been used for about three decades in water purification processes because high porosity of this natural 

polymer results in novel binding properties for metal ion such as cadmium, copper, lead, uranyl, mercury and 

chromium. When chitosan is spread over oil spills it holds the oil mass together making it easier to clean up the spill. 

Similarly, chitosan is widely being used to remove oil, grease, heavy metals and fine particulate matter that causes 

turbidity in waste water [41].  Some commercially attractive properties of chitosan are that they are polymeric, 

including natural decomposition, non-toxic to both environment and humans with no side effects or allergic effects if 

implanted in the body. They occur naturally in the environment in large quantities and run second in abundance to 

cellulose. It has an amine functional group which is strongly reactive with metal ions.  

 

CONCLUSIONS 
Throughout in this review paper, the need and importance of removing toxic heavy metals from aqueous environment 

in general have been discussed. Different methods are already being used and many more are under study. The paper 

throws light on methods like physico-chemical methods, biosorption, complexation-ultrafiltration technique, 

electrochemical techniques, use of nanomaterials, certain polymers as well as natural biopolymer like chitosan. The 

current physiochemical processes for heavy metal removal like precipitation, reduction, ion-exchange etc are 
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expensive and inefficient in treating large quantities. In this regard bio-adsorption which is the physical adhesion of 

chemicals onto the surface of the solid is a good alternative to traditional processes. To sum up, nano-materials 

including traditional inorganic nanoadsorbents and novel polymer supported composites are used to remove the heavy 

metal ions in wastewater treatment due to their novel size and shape dependent properties and excellent removal 

efficiency. Similarly bio-polymers like chitosan which is a renewable polymer have the potential to reduce and solve 

some environmental pollution problems for creating greener environment. However, we are confronted with the 

development of cheaper methods, since in most countries wastewater treatment has to be a low-cost plan for its 

majority approval. More work by scientist and technologist are required in order to accomplish this objective. In this 

regard exploitation of new and efficient methods than the ones existing will infinitely continue. 

 

Table 2: Summary of different techniques commonly used for removal of heavy metals from water 

S. No. Experiment Adsorbent Adsorbate Conclusion/Result Reference 

1. Biopolymer 

adsorption 

Chitosan Cd, Cu, Pb, U, 

Hg and Cr. 

Chitosan is a renewable polymer 

and has the potential for creating 

greener environment. It has 

attractive properties like natural 

decomposition, non-toxic to both 

environment and humans with no 

side-effects or allergic effects if 

implanted in the body. 

1, 41-42 

2 Adsorption Pyrolusite 

Zeolite 

Activated carbon 

Clay Surface 

Kaolinite and alumina 

Calcite 

 

Coffee 

 

Egg shells 

Rice straw  

 

Garlic Cloves 

Pb, Zn 

Pb, Zn 

Mg 

Pb 

Pb2+ 

Mn, Co, Ni, Zn, 

Pb 

 

Pb, Cu, Hg, Cd, 

Zn,  

 

Pb2+ 

Pb2+, Mn2+, 

Zn2+ 

Cd2+, Hg2+, Pb2+ 

Adsorption is a good tool for 

controlling the level of aqueous Pb 

pollution. The   utilization of low 

cost adsorbents is helpful as it is 

simple, effective and economical.  

43-52 

3. Biosorption Syzygium cumini L. (jamun) 

Tridax procumbens 

(Asteraceae) 

 

Pb2+ 

Pb2+ 

Natural adsorbents are cheaper and 

environmentally safe, low cost 

adsorbents for treatment of polluted 

water from heavy metals 

53-54 

4. Biological 

adsorption 

methods by 

microalgae 

M. spicatum 

P.lucens 

S.herzegoi 

E. crassipes 

Pb, Zn, Cu 

Pb, Zn, Cu 

Pb, Zn, Cu 

Pb, Zn, Cu 

Microalgae are used in 

bioremediation of metal 

contaminated sites due to their 

ability to tolerate heavy metals, their 

high yield of recovery per unit mass 

and their high specific outer area 

coupled with a cell wall loaded with 

ionisable groups.  

55-57 
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5. Nanosorption Carbon nano tube (CNT) 

Modified CNT with 8-hydroxyl 

quinoline 

 

Graphene oxide nano sheets 

 

Magnetite-graphene adsorbents 

with particle size ~ 10 nm 

 

Nanosized silver nano 

particles 

 

 

 

Ferric oxide 

Manganese oxide 

Titanium oxide 

Magnesium oxide 

 

Copper oxide 

Cerium oxide 

Mg(OH)2/Al2O3  composite 

membranes 

Pyrometallic acid dianhydride 

(PMDA) and phenylamino-

methyl trimethoxy silane 

(PAMTMS) 

Co2+, Cu2+,  

Cu2+, Pb2+,Cd2+, 

Zn2+ 

 

Co2+, Cd2+ 

 

As3+, As5+ 

 

 

Heavy metals 

 

 

 

As3+ 

As5+ 

As3+ 

Toxic 

pollutants 

As3+, As5+,  

heavy metal 

ions 

Ni2+ 

 

Cu2+, Pb2+ 

Nanomaterials have a number of 

physiochemical properties due to 

their unique structure and surface 

characteristics. They are able to 

remove heavy metal ions at low 

concentrations with high selectivity 

and adsorption capacity.  

Metal oxides provide high surface 

and specific affinity and have 

minimal environmental impact and 

low solubility and no secondary 

pollution 

Nanosized metal oxides show great 

removal efficiency of heavy metal 

in waste water owing to their higher 

surface area and more surface active 

sites than bulk materials 

 

58 

33 

 

 

3 

 

35-38 

 

 

 

 

 

59-63 

 

 

 

 

 

 

 

 

39-40 

6. Complexation-

ultrafiltration 

techniques 

Carboxymethyl cellulose 

(CMC) 

Cu(II), Ni(II) 

and Cr(III) 

The use of water soluble metal 

binding polymers in combination 

with ultrafiltration is a hybrid 

approach to concentrate selectively 

and to recover valuable elements as 

heavy metals. The advantage of this 

process is high separation 

selectivity due to the use of a 

selective binding and low energy 

requirements.  

24 

7. Electrochemic-

al techniques  

Titanium as working electrode Pb(II, Ni(II), 

Cr(II), Cd(II), 

Hg(II) 

Titanium as a working electrode is 

stable, energy efficient and involves 

control and minimization of 

environmental pollution through 

remediation of toxic metal ions from 

aqueous solution. 

25 
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