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Abstract  Heavy metal enters into the ecosystem from natural and anthropogenic 
sources. Heavy metals are toxic which leads to various types of diseases in the liv-
ing organisms. Hence, the removal of heavy metals from water is very essential to 
minimize the toxic effects of heavy metals. This chapter explains the sources, toxic 
effects and treatment methods of various heavy metals. Adsorption technique seems 
to be the best technique for heavy metal remediation. Activated carbon (AC) is the 
promising adsorbents for the removal of heavy metal from water. Hence, this chap-
ter mainly focused on AC derived from different wastes like agriculture wastes, 
biological wastes, fruit wastes, vegetable wastes, plastic wastes and electronic waste 
(e-waste) materials for heavy metal removal. Various adsorption influencing condi-
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tions which were optimized for heavy metal removal are discussed in detail. A pos-
sible mechanism for heavy metal removal is also given. A comparison of heavy 
metal adsorption capacity of AC derived from various waste materials is discussed 
in detail. 

Keywords  Activated carbon · Waste materials · Adsorption · Heavy metal removal 

3.1  �Introduction 

Water is one of the most important resources present in the universe which is respon-
sible for the existence of all the living organisms. For the past ten decades, water has 
been affected by a lot of pollutants such as heavy metals (Carolin et al. 2017; Awual 
et al. 2016), organic matter, domestic wastes, industrial wastes, etc. (Staples et al. 
2011). Among them, heavy metals are highly dangerous because these are stable 
and non-biodegradable in nature which causes the serious threats and diseases to 
living community (Periyasamy et al. 2017). Aluminium (Al), arsenic (As), chro-
mium (Cr), cadmium (Cd), lead (Pb), cobalt (Co), iron (Fe), copper (Cu), magne-
sium (Mg), molybdenum (Mo), mercury (Hg), manganese (Mn), uranium (U), 
nickel (Ni) and zinc (Zn) are the important toxic heavy metals which enter into the 
drinking water sources from various natural and man-made activities (Gopalakannan 
et al. 2018; Duruibe et al. 2007; Godt et al. 2006). As industrialization and civiliza-
tion have grown over the last century, there has been an increase in the release of 
various toxic contaminants and other waste products into the water system. Although 
some of these metals are essential at lower concentration, the same metals cause 
various diseases if they exceed the tolerance limit. Hence, the World Health 
Organization (WHO) has assigned the tolerance limit of various toxic heavy metals 
in drinking water. It is also mandatory to remove the excess heavy metal ions pres-
ent in water to minimize their toxic effects. 

The different techniques have been reported for the removal of heavy metal such 
as adsorption, chemical precipitation, electrochemical precipitation, chemical oxi-
dation, ion-exchange, membrane process, activated sludge process, electrocoagula-
tion, electrodialysis and anaerobic process (Naushad et al. 2015; Bushra et al. 2015; 
Nag et  al. 2017). Among them, adsorption is one of the best techniques for the 
remediation of heavy metal due to its unique advantages like economical, simple 
operation and high adsorption capacity (Aswin Kumar and Viswanathan 2018; 
Pandi et al. 2017). 

Nowadays, the different adsorbents like polymers, inorganic materials, graphene 
oxide(GO), clays, activated carbon (AC), carbon nanotube (CNT), magnetic materi-
als, covalent organic frameworks (COFs) and metal organic frameworks (MOFs) 
are employed for the heavy metal removal from aqueous solution (Alqadami et al. 
2017). Among the adsorbents, AC and their modified materials are considered as the 
most effective adsorbents for the removal of various contaminants from aqueous 
solution because they possess large specific surface area and high micropore vol-
ume. AC is carbon fabricated from the carbonaceous sources such as coconut husk, 
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bamboo, coir, wood, etc. In the last few decades, AC was prepared from various 
waste materials such as agricultural wastes, biological wastes, fruit wastes, elec-
tronic wastes, vegetable wastes and plastic wastes (Mohan et al. 2005). AC prepared 
from the above-mentioned waste materials has been utilized for heavy metal removal 
because AC materials have many attractive functional groups such as carbonyl, 
polyhydroxy, phenolic, acetamido, alcoholic, amido, amino, sulphydryl, etc. 
(Forgacs et al. 2004; Dias et al. 2007; Demirbas 2008). These functional groups are 
attracted by heavy metal ions via electrostatic attraction or surface metal complex-
ation. The heavy metal adsorption mechanism has been followed by physical 
adsorption, chemical adsorption, complexation, diffusion and ion exchange (Babel 
and Kurniawan 2003; Al-Othman et al. 2011). 

3.2  �Sources and Toxic Effects of Heavy Metals 

Heavy metals are entering into the environment by both natural and anthropogenic 
activities. The important natural sources of heavy metals are weathering of miner-
als, volcanic activity, soil erosion, ores, forest fires and bio-fertilizers (Alloway 
2013). Commonly, soils have various metal minerals and ores like chalcopyrite 
(Cu), gold veins in rock (Au), hematite (Fe), molybdenite (Mo) and sphalerite (Zn). 
The anthropogenic sources of heavy metals are industrial effluents, inorganic fertil-
izers, sewage wastes and fossil fuels (Periyasamy et al. 2018; Luo et al. 2015). Due 
to the rapid industrialization and commercial life style, the anthropogenic sources 
of environmental pollution have increased day by day. The list of anthropogenic 
sources, tolerance limit and toxic effects of heavy metals is demonstrated in 
Table 3.1. 

3.3  �Heavy Metal Removal by Various Methods 

Nowadays, numerous types of chemical, physical and biological methods have been 
utilized for heavy metal removal from water. However, they have their own advan-
tages and disadvantages which are listed in Table 3.2 (Gunatilake 2015; Azimi et al. 
2017; Malik et al. 2017). 

3.4  �Advantages of Heavy Metal Adsorption 

Adsorption is one of the best methods for the technological decontamination of 
water because it is effective, economical and eco-friendly (Sharma et al. 2017). In 
addition, the various adsorbents prepared for adsorption process can be highly 
regenerated than the other methods (Aswin Kumar and Viswanathan 2018; Pandi 
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Table 3.1  Various sources, tolerance limit and toxic effects of heavy metals

Heavy 
metals Sources

Tolerance 
limit Effects on the living organisms

Chromium 
(Cr)

Metal finishing, mining, 
electroplating, tannery and leather 
industries

0.05 ppm Its carcinogenic nature leads to 
cancer, kidney and liver damage

It reduces the growth of plants, 
grain weight and weight of 
vegetables

Lead (Pb) Lead acid battery, paints, 
electronics, metallurgical, 
ceramics and pesticide industries

0.05 ppm It causes harmful effects on 
human brain and nervous 
systems. It damages the 
circulatory system and kidney 
function. It leads to high blood 
pressure

Mercury 
(Hg)

Electronics, electrical 
manufacturing and coal 
combustion industries

0.001 ppm It causes harmful effects on the 
human nervous system, digestive 
system, kidney function and 
circulatory function

Copper 
(Cu)

Mining, electroplating, smelting 
and refining industries

0.01 ppm It affects the human blood 
coagulation. It leads to melena, 
hypertension, Wilson diseases, 
gastrointestinal distress and 
insomnia

Arsenic 
(As)

Pesticide/insecticide, smelting 
operations, thermal power plants 
and metallurgical industries

25 ppb It leads to skin cancer, visceral 
cancer, kidney failure, bladder 
damage, abdominal pain and 
visceral cancer
It also decreases red and white 
blood cell production in the 
human body

Cadmium 
(Cd)

Metal plating, pigments, paints, 
plastic production, fertilizer and 
pesticide industries

0.01 ppm It is carcinogenic which leads to 
itai-itai disease, kidney damage 
and renal disorder

Iron (Fe) Metallurgical, steel manufacturing, 
pharmacy production, heavy 
machinery, food and medicine 
industries

1.0 ppm The overload of iron content 
causes mutation in the gene. It 
also causes stomach problems, 
nausea and vomiting

Zinc (Zn) Pyrometallurgical, electroplating, 
cosmetics, pharmaceuticals, 
plastics, inks, textiles, batteries, 
soaps and electrical equipment 
industries

0.5 ppm It leads to hypertension, lethargy, 
neurotic effects and edema of 
lungs. Excess of zinc in drinking 
water affects the internal organs 
in living organisms

Nickel (Ni) Smelting operations, thermal 
power plants, alloys and battery 
industries

2 μg/L It causes lung embolism, asthma 
and liver and kidney damage with 
chronic bronchitis
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et al. 2017; Gopalakannan and Viswanathan 2015). It is a process which is strong 
enough to realize the water reuse requirement and high run-off standards in the 
industries. Adsorption of heavy metal is a mass transfer process in which the metal 
ion is transferred to the surface of the adsorbent and becomes bounded by the physi-
cal or chemical interactions (Kousalya et al. 2010). In addition, the bonding nature 
in the adsorption of heavy metals are shown in a clear manner. The physical and 
chemical adsorption process can occur in the environment at low temperature with 
appropriate pH condition. 

Many adsorbent materials such as inorganic, organic, polymeric, MOF, COF, 
clay, AC, biomass and waste carbon source materials have been utilized for heavy 
metal removal. Among the adsorbents examined for heavy metal removal, AC from 
various waste materials due to be low cost and also a very efficient material. This 
chapter is focused on the development of AC from the inexpensive waste materials 
and its unique properties like high affinity, selectivity and high adsorption capacity 
towards heavy metal removal were discussed. The potential of various agricultural 
and industrial waste materials has received the most attention for heavy metal 
removal from the water/wastewater. 

Table 3.2  Advantages and disadvantages of various heavy metal removal techniques

Heavy metal 
removal methods Advantages Disadvantages

Electrochemical 
treatment

Highly selective, no sludge 
production and nonhazardous

High cost of electricity

Oxidation Rapid removal capacity for toxic 
metal removal

Costly and formation of secondary 
by-products

Precipitation Relatively simple, non-metal 
selective and inexpensive

Secondary pollution formation, large 
production of sludge, poor settling 
time and slow metal precipitation

Coagulation/
flocculation

Economical and simple 
technology

High sludge production and formation 
of large particles

Ion exchange Metal selective, fast rate and high 
regeneration efficiency

High maintenance cost

Membrane process Easy operation, efficient loading 
capacities and gets high-quality 
effluents

High cost, low flow rate and possesses 
the limited screen size

Adsorption High efficiency, non-toxic, 
environmentally compatible and 
easily operated

Removal capacity depends upon the 
nature of adsorbents and highly 
pH-dependent

Ozonation Reaction by-products are less 
harmful, short reaction time and 
gets high quality of water

Equipment malfunction, some ozone 
produce by-products, higher initial 
cost and regeneration is not possible

Aerobic process Fewer operational problems, less 
daily maintenance and lower BOD 
produced

Higher energy requirements and high 
sludge productions

Filtration Low cost and easy to operate Not suitable for the removal of all 
heavy metals, very low flow rate and 
non-selective
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3.5  �Origin of Activated Carbon 

Initially, AC has been used by Egyptians as adsorbent for the medicinal purposes 
and as purifying agent in 1500 BC. Sweden Chemist, Karl Wilhelm Scheele, has 
utilized the charcoal for the adsorption of gases in 1773. A few years later, AC was 
utilized in the sugar industry as a decolourizing agent. In the twentieth century, the 
first AC plant was developed in Germany, and it was utilized as sugar-purifying/
decolourization agent. In 1900, the production of AC from various plants was 
applied as the decolourization agent for both pharmaceutical and food products. 
Nowadays, AC plays a vital role in various applications such as water purification, 
sewage treatment, medicine, air purification, fuel storage, metal extraction, hydro-
gen storage and decaffeination. 

3.6  �Preparation of Activated Carbon-Supported Materials 

AC has been broadly applied in air purification, energy storage and water treatment 
especially for the removal of toxic metal ions owing to its abundant pore textural 
properties like large specific surface area, average pore width, micropore volume 
and assets of the exterior oxygen containing active functional groups (Ayranci and 
Duman 2009). AC was synthesized from various carbonaceous materials such as 
agriculture wastes, biological wastes, fruit wastes, vegetable wastes, plastic wastes, 
e-wastes, etc., by the carbonization process followed by physical or chemical acti-
vation (Abioye and Ani 2015; Skodras et al. 2007; Shehzad et al. 2015; Kumar et al. 
2018). 

3.6.1  �Physical Activation 

Physical activation is one of the pyrolysis processes which mainly occurred at high 
temperature. This process involves two steps, namely, carbonization of carbona-
ceous materials in an inert atmosphere and the activation of the resulting materials 
in the presence of carbon gasification reactants such as carbon dioxide, stream or 
air. Physical activation process is involved between the carbon atom and the oxidiz-
ing gas. Fatima Salgado et al. have synthesized AC from babassu endocarpunder 
(Brazilian palm) using physical activation method. They also reported the efficiency 
of AC product as 79.09, 80.94 and 83.72% at 700, 750 and 800 °C, respectively. The 
BET surface area of babassu endocarpunder AC was found to be 543.56, 480.74 and 
542.19 m2/g at 700, 750 and 800 °C, respectively (Fatima Salgado et al. 2018). 
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3.6.2  �Chemical Activation 

Chemical activation is one of the chemical processes occurring in a single-step reac-
tion in which the raw carbon source materials are impregnated with the suitable 
chemicals. In this method, the solid activation agents like alkali, alkaline earth metal 
containing salts and some acid/bases such as sulfuric acid, hydrochloric acid, nitric 
acid, phosphoric acid, potassium hydroxide and sodium hydroxide have been uti-
lized for the production of AC (Hui et al. 2009). The temperature employed in chem-
ical activation is lower than that of physical activation. In addition, the chemical 
activation process offers a higher surface area of AC (>3000 m2/g) than physical 
activation. Limousy et al. have synthesized AC from the phosphoric acid-activated 
olive stone and successfully utilized it for amoxicillin removal from aqueous solu-
tion. The obtained specific BET surface area and pore volume of AC by olive stone 
were found to be 1174 m2/g and 0.46 cm3/g, respectively (Limousy et al. 2017). Tran 
et al. have prepared an efficient AC from the golden shower tree flower via chemical 
activation which provides the high surface area of 1413 m2/g (Tran et al. 2017). 

3.7  �Activated Carbon from Different Waste Materials 
for Toxic Metal Removal 

AC is the promising adsorbent for the removal of heavy metals from water. The AC 
prepared from the waste materials seems to be cost-effective and possess high 
removal capacity. The sources of AC-based waste materials can be divided into two 
categories: natural and man-made wastes. The natural wastes are created by the 
usage of natural materials such as agriculture products, vegetables, fruits, woods 
and seeds. The man-made wastes created by human activities include industrial, 
municipal, plastic and e-wastes. These waste materials can be utilized for the syn-
thesis of AC which can be applied in various wastewater treatments especially the 
removal of heavy metal. In addition, the large surface area and the high micro-
mesoporous structure of AC can be prepared by either physical or chemical activa-
tion of AC which helps to enhance the heavy metal adsorption capacity. The derived 
AC from different sources of waste materials developed for the removal of various 
heavy metals from water is discussed as follows. 

3.7.1  �Activated Carbon from Agricultural Wastes 

Agricultural waste is unsalable or unwanted materials produced entirely from the 
results of various agricultural operations which directly related to the growing of 
crops. Agricultural waste materials could be used as the resource materials in many 
fields such as engineering, medical, wastewater treatment, etc. A lot of agricultural 
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wastes such as rice husk, tamarind seeds, corn cobs, groundnut shell, etc. have been 
produced day by day in various agricultural processes. These waste materials are 
biodegradable and can be easily converted into AC which is often applied for heavy 
metal removal from water. 

Shrestha et al. have developed the agricultural waste product seed-generated AC, 
namely, Lapsi (Choerospondias axillaris), which is available in the subcontinent of 
India. The major purpose of their work was to improve the easiest chemical method 
which is adopted for the chemical activation of Lapsi seed and carbonization for 
Pb(II) and Ni(II) removal. The higher adsorption capacity of AC which derived 
from Lapsi seed occurred by the use of chemical carbonization process. The experi-
mentally observed adsorption capacities of Pb(II) and Ni(II) were found to be 424 
and 70 mg/g, respectively (Shrestha et al. 2013). 

Kadirvelu et al. have prepared AC from the numerous solid wastes obtained from 
agricultural such as sago waste, coconut tree sawdust, silk cotton hull and maize cob 
for Ni(II) adsorption from aqueous solution. The adsorption of Ni(II) requires a very 
diminutive time period and gives the quantitative removal as well. The experimental 
result of AC obtained from the agriculture waste materials was effective in Ni(II) 
removal from water. Since all the solid wastes applied in this exploration are locally 
available and abundant in nature, this ensuing AC was projected as an inexpensive 
material for the wastewater treatment. These biowaste materials were collected 
from the agricultural processing industries in and around Coimbatore, Tamilnadu, 
India. These materials were converted into AC using concentrated H2SO4. The 
removal of Ni(II) was carried out in batch scale using coconut tree sawdust, sago 
waste, silk cotton hull and maize cob which was found to be 81, 100, 58 and 100%, 
respectively (Kadirvelu et al. 2003). 

The effluent treatment at various water sources is necessary for any industry to 
overcome the problems of adverse public health, economic and environmental 
impacts caused by excess Cd(II) in water. The pretreatment of Cd(II) effluent up to 
the safe limit can only resist the hazardous Cd(II) to reach the water bodies and 
natural environment. Nag et al. have developed the naturally obtainable agriculture 
waste materials, viz. rubber plants, mango leaves and jackfruit leaves, which have 
been utilized for the preparation towards the toxic Cd(II) removal from aqueous 
medium. The surface characteristic properties like porous morphology and high 
surface area facilitate the adsorption process. The adsorption of Cd(II) was con-
trolled by intraparticle diffusion, mass transport and chemical adsorption process. 
Jackfruit leaf showed the best adsorption performance of 20.37  mg/g for Cd(II) 
removal. In addition, the prepared AC from jackfruit leaf performed satisfactorily 
when tested for the collected industrial wastewater as well (Nag et  al. 2018). 
Recently, microwave heating method has been utilized for AC synthesis toward the 
removal of heavy metal by low-cost vegetable wastes. The conservative heating 
process was adopted frequently for AC synthesis which involves the fabrication of 
electrical energy heater and involves elevated energy use and long-time processes; 
thereby, microwave technology was improved for the preparation of AC (Wang 
et al. 2012a, b). 

S. Periyasamy et al.



55

In addition, olive stone (OS) waste residue is a raw material used for AC fabrica-
tion which can be considered as the better material because it is abundant and quite 
cheap. The International Olive Council has reported that the annual invention of 
olive oil worldwide in the year 2012 was almost more than 3 million tons, and 
approximately 15 million tons of olive cakes are gained (Vossen 2007). Taking these 
into consideration, Alslaibi et al. have developed the microwave technology for the 
synthesis of olive stone (OS)-generated AC (OSAC) towards Cd(II) removal 
(Alslaibi et al. 2013). The removal percentage of 95.32% was observed for Cd(II) 
adsorption using OSAC, and also the microwave-applied OSAC can be applied for 
the efficient Cd(II) adsorption from wastewater at field condition. The carbonization 
process of carbon-containing raw materials is the requirement step for the easiest 
preparation of AC. However, the carbon porosities are not efficiently improved for 
the need of practical applications. So, carbonization followed by thermal activation 
has applied for the preparation of AC in which the process occurred under the flow 
of CO2 or steam. 

Chand et al. have synthesized the porous AC materials from the agro-waste bar-
ley straw (BS) and wheat straw (WS) by applying the carbonization process, and the 
prepared AC has been utilized for Cr(VI) removal from aqueous solution (Chand 
et al. 2009). The Cr(VI) adsorptive removal investigation occurred at a carboniza-
tion temperature of 800 °C at pH 2. The carbonized barley straw (CBS) and carbon-
ized wheat straw (CWS) materials obtained from the agro-wastes were found to 
have the higher Cr(VI) adsorption capacities of 44.89 and 43.75 mg/g respectively. 
In addition, it requires the equilibrium time of 1 h for Cr(VI) removal. Chun-Shui 
et al. have developed an agricultural by-product called peanut hull which is most 
abundant in nature and utilized for Cu(II) removal from aqueous solution (Chun-
Shui et al. 2009) (Fig. 3.1). 

The Cu(II) adsorption was pH-dependent and maximum at pH 5.5 at 2 h of equi-
librium time. The activation energy (Ea) of Cu(II) adsorption was found to be 17.02 kJ/
mol which shows that peanut hull bioadsorbent has been activated with chemical 
method, and the adsorption capacity for Cu(II) was observed as 21.25 mg/g at 30 °C. 
Mohan et  al. have focused on the decontamination of Cr(III) from drinking water 
using low-cost AC which was synthesized from the coconut shell fibres. The coconut 
shells that are the current grim disposal trouble in the environment were collected 

Agricultural Wastes
Agricultural Waste-
Activated Carbon

Heavy Metal Adsorbed
Agricultural Waste-
Activated Carbon

Physical/Chemical
Activation

Carbonization
600 – 900 °C

Heavy Metal

Fig. 3.1  Synthesis of activated carbon from agricultural waste materials for heavy metal removal
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from Lucknow, India. In this study, AC was synthesized by treating 2 g of coconut 
shell fibres with 20 mL of concentrated sulfuric acid, and this mixture was kept in an 
oven at 150–165 °C for 24 h. Finally, the carbonized material was washed well with 
double distilled water to remove the excess acid and dried at 105–110 °C for 24 h. The 
dried coconut shell fibres were get in through the removal of Cr(III) from water, and 
the adsorption capacity was observed as 39.56 mg/g (Mohan et al. 2006). 

Hegazi has focused on utilizing the possible sources of agro-based inexpensive 
rice husk adsorbent for the feasible removal of heavy metals from water. He focused 
on contributing less expensive adsorbents for various agricultural waste products, 
which are also pollution sources. In this study, Fe(II), Pb(II), Cd(II), Cu(II) and 
Ni(II) ion solutions of 20, 30, 40, 50 and 60 mg/L were taken for adsorption studies. 
Fe, Pb, Cd, Cu and Ni removal using rice husk has the percentage removal effi-
ciency of 99.25, 87.17, 67.91, 98.18 and 96.95%, respectively (Hegazi 2013). 

3.7.2  �Activated Carbon from Biological Wastes

The biological waste materials that exist in nature are capable of self-replication and 
may produce the effects upon biological organisms. The important biological waste 
materials include buffing dust, bovine skin obtained from leather industries, etc., 
which may cause itself a serious problem until it gets disposed or reused. Hence, the 
preparation of AC from these biological waste materials has been taken into account 
in which it is applied in the environmental remediation (Gil et al. 2014) (Fig. 3.2). 

Lopez-Anton et al. have studied AC of biowastes obtained from the vegetable 
tanning process and demonstrated for the adsorption of Hg(II) capture in 
oxy-combustion process. The high proportion of Hg oxidizes to Hg(II) under AC is 
very important to consider that the cost-effective mode, in order to diminish Hg(II) 
emissions during coal combustion process and 60% of Hg(II) removal was observed 
(Lopez-Anton et al. 2015). 

Biological Wastes Biological Waste-
Activated Carbon

Heavy Metal Adsorbed
Biological Waste-
Activated Carbon

Physical/Chemical
Activation

Pre-treatment

Heavy
Metal

Fig. 3.2  Synthesis of activated carbon from biological waste materials for heavy metal removal
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3.7.3  �Activated Carbon from Fruit Wastes 

Fruit wastes occur when sorting and selecting are done during the fruit production 
processes. The development of fruits may produce two types of waste as the solid 
waste of peel/skin, seeds, stones, etc. and the liquid waste of juice and its wash 
waters. The various solid fruit wastes like orange peels, banana peels, grape seeds, 
pomegranate peels, palm shells, medlar seeds, etc. are utilized for the preparation of 
AC for pollutant removal from water (Guo and Lua 2000; Issabayeva et al. 2006). 
In recent years, the attention to palm shell has improved as it can be an exceptional 
source for the preparation of high-quality AC. A study also showed that the palm 
shell AC has elevated adsorption capacity to capturing Pb(II) ion compared with 
other types of AC (Daud and Ali 2004). Issabayeva et al. have focused on the prepa-
ration of column packed palm shell assisted AC for the continuous adsorption of 
Pb(II), and the adsorption capacities are found to be 90.2 mg/g at pH 5 (Issabayeva 
et  al. 2008). Likewise, Choong et  al. have synthesized the magnesium silicate-
impregnated palm shell waste powdered AC for the removal of Pb(II) from water, 
and the adsorption capacity of 419.9 mg/g was observed (Choong et al. 2018). 

Awwad et al. have prepared AC derived from date seeds (DS) via physical and 
chemical activation. The raw DS material was activated under pure steam with N2 
gas, and the chemically activated DS was prepared by the addition of 10% calcium 
acetate. The prepared AC was studied for the removal of assorted metal ions like 
Co(II), Fe(III), Pb(II) and Zn(II) from water, and almost 95% removal percentage of 
all the toxic metals was observed. The high removal of the toxic metal ions can be 
explained through the chemical or physical activation as follows: (i) AC by steam 
pyrolysis process and (ii) AC by single-step steam pyrolysis at 700 °C with N2 acti-
vation. The adsorption capacities of Co(II), Fe(III), Pb(II) and Zn(II) were found to 
be 1317, 1555, 1261 and 1594 mg/g, respectively (Awwad et al. 2013) (Fig. 3.3). 

An additional solid waste with a large potential for the synthesis of AC is medlar 
seed waste. Medlar (Mespilus germanica) is an apple-shaped fruit with a reddish-
tinged colour which carries different sizes (diameter, 1.5–3 cm; weight, 10–80 g). 
Medlar has been used in the form of jam, marmalade and jellies which has been 
commercially observed by food industries. In addition, it has been applied for the 
treatment of diuretic, bladder and kidney stones (Gruz et al. 2011). Solgi et al. have 

Fruit Wastes Fruit Wastes-
Activated Carbon

Heavy Metal Adsorbed
Fruit Waste-

Activated Carbon

Physical/Chemical
Activation

Pre-treatment
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Fig. 3.3  Synthesis of activated carbon from fruit waste materials for heavy metal removal
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focused on the characterization of novel AC from medlar seed for Cr(VI) removal. 
The obtained medlar seed (Mespilus germanica) was chemically activated using 
KOH, and the carbonization process occurred at different temperatures of 450, 550, 
650 and 750 °C. The maximum adsorption capacity of Cr(VI) on AC obtained from 
medlar seed was observed as 200 mg/g (Solgi et al. 2017). Likewise, Silva et al. 
have prepared AC from Malpighia emarginata grinded seeds for the removal of 
Cd(II) and Cu(II) in aqueous solution. The adsorption capacities of Malpighia 
emarginata seeds were found to be 103 and 98 mg/g for Cd(II) and Cu(II), respec-
tively (Silva et al. 2017). 

Gupta and Gogate have investigated the application of ultrasound technique on 
the activated watermelon shell-based bioadsorbent for the adsorption of Cu(II) from 
aqueous solution. The observed watermelon shells were let to dry under the sunlight 
for 48 h. Further, the shells were heated in the hot air oven at 120 °C overnight. 
Then, the dried watermelon shells were then powdered and then sieved in order to 
get the uniform particles of size, and the sieved watermelon shell powder was then 
mixed with stock 0.1 M citric acid solution. Considering the significant effects of 
the sonochemical processes, the effect of ultrasonic power indulgence on the adsorp-
tion rate has also been investigated. In order to attain the intensified adsorption by 
the combination of ultrasound with AC has been studied. The result shows that the 
watermelon treated with calcium hydroxide and the watermelon treated with citric 
acid adsorbents were utilized for the removal of Cu(II) from water, and the adsorp-
tion capacities were found to be 31.25 and 27.02 mg/g, respectively (Gupta and 
Gogate 2015). 

3.7.4  �Activated Carbon from Vegetable Wastes 

These waste materials mainly comprised of the various vegetable matters. These veg-
etable waste materials can be easily decomposed by microorganisms. Nowadays, a 
lot of vegetable wastes such as soybean hulls, pumpkin stem waste, putrescible veg-
etables, etc. have been utilized for the preparation of AC towards toxic metal removal 
from water. Generally, they are burnt in the air to attain the function of the rapid 
removal of soil and water pollution in the environment (Nahil and Williams 2010). 

At present, the different types of vegetable waste materials have been utilized for 
the adsorption of various toxic metal ions from water. One of them is carrot residue 
(CR) which is readily available in nature, and their use as adsorbents seems appro-
priate. Nasernejad et al. have developed the comparison studies for the adsorption 
modelling of heavy metals like Cr(III), Cu(II) and Zn(II) from wastewater by 
CR. CR is composed of lignin and cellulose with the removal capacity to bind metal 
cations due to the available functional groups like carboxylic and phenolic groups 
(Dhiman et al. 2017). The attained CR was dried overnight at 60 °C, and the obtained 
AC was chemically modified for the use of adsorption process. The adsorption 
capacities of AC obtained from CR residue were found to be 32.74, 45.09 and 
29.61 mg/g for Cu(II), Cr(III) and Zn(II), respectively (Nasernejad et al. 2005). The 
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use of different chemically modified cassava waste biomass for the enhancement of 
the adsorption of metal ions such as Cd(II), Cu(II) and Zn(II) from aqueous solution 
was reported by Abia et al. Cassava as garri, foofoo and starch is considered as a fast 
food in Nigeria which generates the large amounts of wastes and which has been 
often creating the environmental trouble in the region. The cassava waste biomass 
was chemically modified by thiolation and applied for the adsorption studies, and it 
possesses the adsorption capacities of 0.94, 1.01 and 0.95 mg/g for Cd(II), Cu(II) 
and Zn(II) compared to the unmodified cassava waste biomass which possesses 
slightly lower adsorption capacities of 0.87, 0.89 and 0.92 mg/g for Cd (II), Cu (II) 
and Zn (II), respectively (Abia et al. 2003). 

Marshall et al. have proposed the enhanced metal adsorption by soybean hulls 
modified with citric acid for Cu(II) removal. Soybean hulls have been modified with 
citric acid (CA) at 120 °C for 90 min. The result shows that CA-modified hulls pos-
sess the adsorption capacities of 2.44 mmole/g for Cu(II) adsorption which was 
much greater than the unmodified soybean hulls which hold the removal capacities 
of 0.39 mmole/g (Marshall et al. 1999). Similarly, Horsfall and Abia have developed 
cassava waste biomass (Manihot sculenta Cranz) for the adsorption of two divalent 
ions Cd(II) and Zn(II) under untreated and differentially acid-treated conditions. 
The Cd(II) and Zn(II) adsorption capacities were found to be 86.68 and 55.82 mg/g 
for untreated and 647.48 and 559.74 mg/g for acid-treated biomass, respectively 
(Horsfall and Abia 2003) (Fig. 3.4). 

3.7.5  �Activated Carbon from Plastic Wastes 

Plastic waste is a waste that refers to a wide range of synthetic organic amorphous 
solid materials which derived from natural gas and oil. The numerous plastic waste 
materials such as polyethylene terephthalate bottles, rubber tyres, polystyrene tyres, 
etc. are converted into AC and utilized for heavy metal removal from water. The 
precursor, namely, polyethylene terephthalate (PET), from bottle waste has been 
utilized for the synthesis of AC by chemical activation with potassium hydroxide 
(KOH) and physical activation with steam under limited heating levels and 
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Fig. 3.4  Synthesis of activated carbon from vegetable waste materials for heavy metal removal
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atmospheric condition. Wang et al. have reported on the preparation of chelating 
fibres with waste PET fibres for the various heavy metal ion removal from water 
(Wang et al. 2012a, b). To extend the application of PET in the adsorption system, 
Mendoza-Carrasco et  al. have synthesized the high-quality AC from PET bottle 
waste for Fe(III) removal, and PET-derived AC holds the adsorption capacity of 
659 mg/g (Mendoza-Carrasco et al. 2016) (Fig. 3.5). 

3.7.6  �Activated Carbon from Electronic Wastes (e-Wastes) 

Electronic waste or e-waste refers to discarded electronic or electrical devices. The 
sources of e-wastes are mobile phones, discarded computers, entertainment device 
electronics, office electronic equipment, refrigerators and television sets which are 
destined for resale, reuse, recycling, salvage or disposal, etc. A low-cost AC mate-
rial derived from many e-wastes such as printed circuit boards and disposal of 
printed track boards has been utilized for heavy metal removal from water. In elec-
tronic industries, e-waste materials have become the most important problems 
raised by the public in the past few years. With more common information of the 
various electronic equipments, the product life has been reduced, and more out-
moded products are becoming superseded, thus lifting the serious environmental 
trouble when disposed into the water system (Xiang et al. 2006). 

The printed circuit boards (PCBs) are centre constituents in the electronic prod-
ucts. The most eco-friendly technologies presently utilized for PCB recycling split 
the PCBs into a metallic and non-metallic powder (Wong et al. 2007). Xu et al. have 
focused on the idea of recycling the e-waste material in order to develop the AC for 
the treatment of the various heavy metals especially in Cd(II)-mixed wastewater. 
The maximum uptake capacity of the newly derived PCB material for Cd(II) has 
reached 2.1 mmole/g. This value shows that this material can effectively remove 
Cd(II) from the effluents (Xu et al. 2014) (Fig. 3.6). 

The huge disposal of printed track boards (PTBs) worldwide leads to the eco-
logical threats for adequate solution. Mainly, the modified non-metallic fraction of 
this waste develops nano-AC material with the suitable functionalization. Hadi et al. 
have developed AC derived from PCB which acts as the attractive adsorbent mate-
rial for capturing the toxic metals from effluents especially the removal of Cu(II), 
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Pb(II) and Zn(II) in single-component solutions, and the adsorption capacities of 
92.94, 112.17 and 64.10 mg/g were observed, respectively. Furthermore, the limited 
selectivity was attained in the binary solution of Pb(II) and Cu(II), whereas a com-
plete selectivity in the Zn(II)-containing binary solution was demonstrated using 
AC generated from PTB (Hadi et al. 2014). 

3.8  �Development of Functionalized Activated Carbon 
for Heavy Metal Removal 

Functionalization is the progress of adding fresh functions, properties or capabili-
ties to the adsorbent by changing the surface nature of the adsorbents. It also plays 
a vital role in various fields such as textile engineering, material chemistry, biologi-
cal engineering and nanotechnology. To enhance the adsorption capacities of AC 
towards heavy metal, the functionalization of various active functional groups has 
been introduced on AC. The functional groups such as -COOH, -OH, amine, thiol, 
etc., have been focused on the functionalization of AC derived from waste materials 
(Yao et al. 2016). The incorporation of these functional groups possibly enhances 
the number of active sites on AC surface which increases the interaction of toxic 
pollutants, thereby enhancing the adsorptive capacity. Recently, Lalhmunsiama 
et al. have focused on the simultaneous removal of Hg(II) using succinic anhydride-
functionalized AC derived from areca nut waste, and the removal capacity was 
found to be 11.23 mg/g (Lalhmunsiama et al. 2017). The comparison of adsorption 
capacities of AC derived from various waste materials for the removal of heavy 
metal are shown in Table 3.3. The AC derived from various waste materials pos-
sesses the appreciable heavy metal removal capacity (Fig. 3.7). 
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Table 3.3  Evaluation of adsorption capacities of AC derived from different waste materials for the 
removal of toxic heavy metal ions

S. 
no.

Sources of activated carbon 
materials

Heavy 
metal

Adsorption capacity 
(mg/g) References

1 Lapsi seed Pb(II) 424 Shrestha et al. (2013)
2 Lapsi seed Ni(II) 70 Shrestha et al. (2013)
3 Sawdust Zn(II) 14.10 Naiya et al. (2009)
4 Sawdust Cd(II) 26.73 Naiya et al. (2009)
5 Neem bark Zn(II) 13.29 Naiya et al. (2009)
6 Neem bark Cd(II) 25.57 Naiya et al. (2009)
7 Jackfruit leaf Cd(II) 20.37 Nag et al. (2018)
8 Olive stone Cd(II) 11.72 Alslaibi et al. (2013)
9 Wheat straw Cr(VI) 43.75 Chand et al. (2009)
10 Barley straw Cr(VI) 44.89 Chand et al. (2009)
11 Peanut hull Cu(II) 21.25 Chun-Shui et al. (2009)
12 Coconut shell Cr(III) 39.56 Mohan et al. (2006)
13 Rice husk Ni(II) 0.089 Hegazi (2013)
14 Rice husk Pb(II) 0.91 Hegazi (2013)
15 Rice husk Fe(II) 3.7 Hegazi (2013)
16 Rice husk Cu(II) 4.10 Hegazi (2013)
17 Palm shell Pb(II) 90.20 Issabayeva et al. (2008)
18 Date pits Co(II) 1317.52 Awwad et al. (2013)
19 Date pits Fe(III) 1555.20 Awwad et al. (2013)
20 Date pits Pb(II) 1261.03 Awwad et al. (2013)
21 Date pits Zn(II) 1594.00 Awwad et al. (2013)
22 Malpighia emarginata Cd(II) 103 Silva et al. (2017)
23 Malpighia emarginata Cu(II) 98 Silva et al. (2017)
24 Watermelon shell Cu(II) 31.25 Gupta and Gogate 

(2015)
25 Polyethylene terephthalate Cu(II) 659 Wang et al. (2012a, b)
26 Printed circuit boards Cd(II) 10.8 Xu et al. (2014)
27 Medlar seed Cr(VI) 200 Solgi et al. (2017)
28 Printed track boards Cu(II) 92.94 Hadi et al. (2014)
29 Printed track boards Pb(II) 112.17 Hadi et al. (2014)
30 Printed track boards Zn(II) 64.10 Hadi et al. (2014)
31 Bagasse fly ash Cd(II) 1.24 Tan et al. (2008)
32 Plum stone Cu(II) 48.31 Parlayici and Pehlivan 

(2017)
33 Plum stone Pb(II) 80.65 Parlayici and Pehlivan 

(2017)
34 Sawdust Ni(II) 10.47 Rehman et al. (2006)
35 Imperata cylindrica leaf 

powder
Pb(II) 13.50 Hanafiah et al. (2006)

36 Carrot residues Cr(II) 45.09 Nasernejad et al. 
(2005)

(continued)

S. Periyasamy et al.



63

3.9  �Conclusions 

This chapter discussed the activated carbon obtained from the different natural 
waste materials for the assorted toxic metal removal from drinking/wastewater:

•	 A wide range of AC derived from various waste materials like vegetable, agricul-
tural, fruit, electronic, plastic and biological wastes for heavy metal removal is 
presented in detail.

•	 AC derived from waste materials possesses advantages like inexpensiveness, 
high microporosity, local availability and high surface area and selectivity 
towards heavy metal removal.

•	 A comparison results in the adsorption capacity of AC derived from various 
waste materials was given in detail.

•	 The development of AC is frequently reported by worldwide researchers. 
However, to control the influence of multisteps in the synthesis of AC for the 
adsorption studies should be focused in the near future.

•	 Fabrication, optimization and application of AC which derived from the various 
waste materials are needed to concentrate at the industrial scale.

Table 3.3  (continued)

S. 
no.

Sources of activated carbon 
materials

Heavy 
metal

Adsorption capacity 
(mg/g) References

37 Sugarcane bagasse Cu(II) 114 Junior et al. (2006)
38 Corn carbs Cd(II) 19.3 Leyva-Ramos et al. 

(2005)
39 Tea waste Cr(VI) 21.23 Wen et al. (2017)
40 Tea waste As(V) 38.03 Wen et al. (2017)
41 Iron (III)-impregnated 

sugarcane bagasse
Cr(VI) 12.22 Zhu et al. (2012)

42 Peanut hull pellets Cd(II) 6.0 Brown et al. (2000)
43 Peanut hull pellets Cu(II) 10.0 Brown et al. (2000)
44 Peanut hull pellets Pb(II) 30.0 Brown et al. (2000)
45 Areca nut waste Hg(II) 11.23 Lalhmunsiama et al. 

(2017)
46 Waste mixture Co(II) 83.6 Kenawy et al. (2017)

Activated Carbon

Functionalization

Heavy MetalAmine, Thiol
& Acid Functionalized

Activated Carbon

Metal Adsorbed
Functionalized

Activated Carbon

O
O

O

OH
OH

OH

O

O

P OH

OH

OH

O

O

P OH

OH
H

O

H

Fig. 3.7  Synthesis of functionalized activated carbon for heavy metal removal

3  Activated Carbon from Different Waste Materials for the Removal of Toxic Metals



64

•	 The significant features such as the preparation techniques, the modification of 
the surface properties, and the regeneration studies of AC should be improved in 
order to make AC material as a cost-effective one.

•	 AC should be mixed with suitable binding materials which help to convert into 
usable shapes like membranes, beads, etc., for developing the heavy metal 
removal technology. 
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