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14.1 Introduction

Soil contamination in these days has become a worldwide problem of greatest
magnitude. Despite comprehensive regulations, a huge increase in concentration of
different elements and compounds from threshold level is observed in recent years
[1]. The main reasons of contamination are natural processes like volcanic eruption
and weathering of rocks, as well as anthropogenic activities such as smelting, min-
ing, and overapplication of agrochemicals such as fertilizers and pesticide [1, 2].
Industrial and technological advancement increased pollutant intake into the envi-
ronment. Heavy metals among these pollutants have great influence on fertility of
agricultural soils [3]. Urbanization leads to promote the farmer’s concern to use
contaminated soil for the production of food crops [4]. Urban agricultural soils are
contaminated because of waste water irrigation to increase the crop yield [5]. The
wastewater used for irrigation is rich in toxic heavy metals which are major con-
tributor to heavy metal pollution in the soils irrigated are amended with waste water
and material [6, 7]. Heavy metals are toxic and stored in the environment because
they cannot be broken down [8, 9]. Due to its persistent nature, heavy metals become
part of the food chain and pose risks to human health and degrade soil quality.
Generally soil chemistry and the chemical form of heavy metal are responsible for
the existence of these metals in crops and plants. In soil, commonly the accessibility
of all the metals surges due to acidic environments; the transfer factor of a particular
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element to the plants is also affected by the crop’s type, such as Cd which is mainly
considered a toxic element in soil and fertilizers because of its highest transfer fac-
tor for any crop [10]. The transfer of heavy metals from soil to plant is one of the
basic mechanisms of human exposure to heavy metals through the food chain [11].

Here the overview of heavy metal pollution due to Pb, Cd, Cr, As Ni, Zn, and Cu
is described. The concentration of these heavy metals above threshold level is lethal
to human health. Some elements such as Cd and Pb, without microbial degradation
above optimum level of concentration, put the plant growth at risk due to permanent
adulteration in soil [12]. The continuous use of inorganic and biological fertilizers
increased heavy metal pollution in soil [1]. It is very necessary to minimize the
accessibility and phyto-availability of heavy metals to plants along with the restora-
tion of contaminated soil for safe and healthy food production [13]. In situ remedia-
tion techniques have been emphasized in various studies about remediation of heavy
metals. In recent years researchers much investigated the use of biochar as in situ
soil amendment, and it was found to be effective in reducing the mobility of heavy
metals in soils [9, 14]. Biochar method is known as Terra Preta de Indio, introduced
from the dark soil of the Amazon basin and is of high utility. Biochar have high
chemical stability in contaminated soils and is a C-rich material. A lot of researches
are initiated to explore the distinctive use of biochar for continuing C sequestration
[14]. Biochar which is porous and has high C content is prepared by pyrolysis of
organic waste [14]. Carter et al. [15] defined biochar as follows: “it is a porous car-
bonaceous solid material manufactured by the process of thermo-chemical decom-
position under little supply of oxygen appropriate for the benign and continuing
storage of carbon.” The International Biochar Initiative (IBI) described biochar as a
charcoal which is used as a tool for agricultural and environmental management [9].

Biochar has proved to be a very effective tool for treatment of contaminated soils
due to these reasons: it effectively adsorbs heavy metals and decreases bioavailabil-
ity and toxin-induced stress to plants and microorganisms [13, 16]. Biochar com-
pounds are a good source of organic material and mineral nutrients for microbes. It
promotes the beneficial microbes that promote remediation and protect them from
predators [17]. Biochar improves the soil fertility and plant growth by improving
physical and chemical properties of soil and also increases the availability of useful
nutrients [14]. In soils the use of biochar has proved to raise the stable C pool and
minimize the increasing concentration of atmospheric CO, [18].

14.2 Biochar Production and Properties

14.2.1 Biomass Pyrolysis

Biochar is a fine-grained porous and carbonaceous solid material synthesized from
waste biomass residues under limited oxygen condition and low to medium tempera-
tures (450-650 °C) by the slow pyrolysis [19, 20]. Biochar is manufactured from
renewable resources such as green waste and chicken manure [21]. With recent
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advancements, biochar can be produced by thermal decomposition of various kinds of
organic feedstocks such as crop biomass, wood, agricultural residues (cereal straw,
hazelnut and peanut shell, wheat straw, etc.), and industrial organic waste (sewage
sludge and de-inking paper sludge [1]. Forest-remain biochar has low metal content,
so the frequent use of this biochar has no negative effect on the agricultural soils [22].

14.2.2 Properties of Biochar

Biochar, a carbon-rich material, is now well known because of its agronomic ben-
efits and ability to moderate climate change by carbon sequestration potential [23—
25]. The biochar proved to have an effective role as a soil conditioner and fertilizer
[26]. The properties of biochar include highly porous structure, high surface area,
pH, cation exchange capacity (CEC), adsorptive capacity, carbon content, organic
matter content, and high water-holding capacity. It reduces CO, emission, retains
nutrients and, pesticide [3, 12, 26, 27], making it a perfect soil amendment to reme-
diate heavy metals and to recover the fertility. Activation of biochar is very effective
to improve the adsorption capacity of biochar. The nutrient retention and uptake by
plants are enhanced due to activation of biochar as compared to non-activated bio-
char [28]. Therefore, steam activation is an exciting opportunity for prospective
biochar applications because it revealed to almost double the constructive effects of
biochars in all illustrations.

14.2.3 Factors Affecting Biomass Properties

The properties of biochar are dependent upon the type of feedstock and the produc-
tion procedure. Depending upon these two main parameters, the composition of
organic and inorganic contaminants in the biochar also changed, and application of
this biochar may cause adulteration in the soil [22]. The source material of biochar
may affect the carbon sequestration and conditioning capacity of soil [20]. Other
factors such as the type of soil, the type of metal, the nature of biomass, the thermal
decomposition conditions (pyrolysis), and the quantity of biochar used [13] may
also have prominent effect on properties of biochars.

14.3 Heavy Metal-Contaminated Soils

Mostly the heavy metals such as Cu(II), Cd(II), and Ni(II) are found together in
contaminated soils. Oxidation-reduction and acid-base properties of heavy metal
ions affect the mobility of these heavy metals. Zn(II) and Pb(II) retain in soil, while
Cr(Il), Cu(Il), and Cd(II) move through soil pore water. Cd(Il) and Cu(Il) form a
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complex with available natural organic material in the soil [26]. Mobility and bio-
availability of Cu and Pb are a worldwide matter of concern especially in polluted
soils of mining, shooting, and industrialized areas [29]. The frequent use of sewage,
municipal composts, manure, mining wastes, and copper-containing fungicides is
the main cause of Cu contamination in soil [30]. Higher concentration of Cu has
detrimental effect on soil and reduces the population of bacteria, fungi, earthworms,
and plant organic content in soil. It also disrupts the nutrient cycle and activity of
enzymes such as arylsulfatase, phosphatase, dehydrogenase, and f-glucosidase
[16]. Higher concentrations of Cu in fruits and vegetables cause gastrointestinal
cancer [31]. In areas rich in Pb and Zn rocks, Cd is obtained from lithogenic sources.
Recently, the increased level of Cd in contaminated soils is due to the frequent
application of fertilizers and sewage sludge on agricultural soils.

However, plants have high tolerance level for Cd as compared to animals and
humans due to this reason: Cd is only toxic to plants at significantly higher concentra-
tions. Disease itai-itai caused by high ingestion of Cd may also cause cancer and dam-
age the kidney [2]. Municipal waste incineration; coal combustion; Pb, Cu, or Zn
smelter; electroplating; nickel-cadmium batteries; and pigment production are the
major anthropogenic sources of Cd in the environment (World Health Organization,
http://www.euro.who.int/en/home). Consequently, Cd content is increased due to the
usage of phosphatic fertilizers and sewage sludge [32]. Smelting processes are the
main cause of Zn production. Among other sources, cosmetics, galvanized products,
television, coating of metals, rubber and tire industries, and Zn alloys are prominent.
However, as compared to Cd, Zn is less toxic. The presence of Zn in soil is affected
by pH, organic content, and structure and nature of parent material. Zn is a transition
metal and is an essential micronutrient for many biological processes, but it is toxic at
higher concentrations; Zn is the most abundant trace heavy metal existing in agroeco-
systems [33]. Zn is also entering in the environment from sources such as municipal
waste treatment plants and burning of coal and waste.

Municipal waste treatment plants and burning of coal and waste are also sources
of zinc. The bioavailability of zinc in alkaline soil increases due to its solubility.
Zn(II) also has the mobility in acidic soils [34]. The adverse effects of Zn on plant
physiology are widely reported [35]. The solubility and bioavailability of Pb
increase in soil due to weather and oxidation processes which modify the metallic
Pb in soil. After its bioavailability, Pb promptly adsorbed on the sediment and soil
particles, and it also tends to accumulate in plants and animal bodies [29]. Arsenic
(As)-contaminated soils deteriorate the water quality because it leaches down from
the soil and contaminated water sources such as the rivers and canals. The process
of oxidative phosphorylation and synthesis of ATP in cells is also disturbed from
high concentration of arsenic [3].

Arsenic also has detrimental effect on the activity of microbial population, soil
biota, and nutrient cycles [36]. Ni originated in the environment both from the natu-
ral and anthropogenic process. The weathering of rocks and human activities such
as smelting, plating, and mining are the main sources of Ni contamination of soil.
For agricultural soils, application of organic waste material such as sewage sludge
and fertilizer application are the main causes of contamination [1]. Chromium exists
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in the contaminated soil as Cr(III) and Cr (VI) ions. Chromium oxidation states are
responsible for toxicity toward plants and animals, such as Cr(III) which is an
essential nutrient and has less solubility in acidic and alkaline soils, whereas Cr(VI)
is highly soluble in acidic and alkaline soils considered as carcinogen. Cr(VI) has a
harmful effect and disturbs the biological activity of the soil. The soil properties
play the main role in the availability of heavy metals to plants for uptake [10, 37].
In soil, the various enzymatic activities of bacteria are disrupted due to modification
of soil environment by chromium (Cr).

14.3.1 Heavy Metal Remediation by Biochar

Namgay et al. [38] documented a decrease in the accessibility of heavy metals after
the contaminated soil was amended with biochar, due to which plant absorption of
the heavy metals is reduced. Unlike many other biological amendments, biochar
having the ability to increase soil pH [39] might have improved sorption of these
metals, consequently decreasing their bioavailability for plant uptake.

14.3.2 Heavy Metals Found in Soil

Generally Cu, Zn, As, Cr, Co, Ni, Sb, Hg, Th, Pb, Se, Si, and Cd are heavy metals
that originate in soil which may be extremely harmful to human and plant life by
contamination of soil and water. Heavy metals do not have the ability to biodegrade,
so they can persist in polluted soils for a longer time [40]. There is a prerequisite to
remove these metals, and the best convenient way is by environmental friendly tech-
niques, i.e., biochar. From a long period, biochar is being applied to overcome the
problem of heavy metal contamination and to improve soil fertility. Depending on
the soil type, diverse types of biochar are used for different types of heavy metals,
as demonstrated in Table 14.1.

Biochar has high pH and organic carbon content; higher concentrations of phos-
phorous, calcium, and magnesium; and low particular surface area than activated
carbon [41]. That’s why the addition of biochar brought a notable proliferation in
soil cation exchange capability [42]. Biochar is considerably more active in restrain-
ing soil Pb than AC [41]. Biochar has excellent adsorption capacity due to its asym-
metrical plates and porous structure (Fig. 14.1) [42].

The biochar produced from different sources showed similar results [43]. The
maximum falloff of transferable Pb was achieved at 10 % application rate of bio-
chars with steady reduction of 68 and 30 % for sugar cane biogases and orange peel,
respectively [3]. Biochar is prosperous in nutrients, i.e., nitrogen, calcium, magne-
sium, and phosphorous in addition to carbon. Concentration of carbon and nitrogen
are reduced with the increase in temperature, although Mg, Ca, and P were aug-
mented by rise in temperature [43]. 93 % of lead was absorbed by biochar at 100,
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Table 14.1 Heavy metal removal by different types of biochar

Contaminants
As and Cu

As, Cr, Cd, Cu,
Ni, Pb, and Zn

Cd and Zn

Cd, Cu, and Pb

Cu

Cu and Pb

Pb

Pb

Pb

Pb, Cu and Zn

Ni, Cu, Pb, and
Cd

Biochar type
Hardwood

Sewage
sludge
(500—
550 °C)

Hardwood

Chicken
manure and
green waste
(550 °C)

Broiler litter
(700 °C)

Oakwood

Dairy
manure
(450 °C)
Oakwood
(400 °C)
Rice straw

Broiler litter
(300 and
600 °C)
Cottonseed
hulls

(200~

800 °C)

Matrix
Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Effects

Mobilization due to enhanced pH
and DOC

Immobilization of As, Cr, Ni, and
Pb due to rise in soil

pH. Mobilization of Cu, Zn, and
Cd due to highly available
concentrations in biochar
Immobilization due to enhanced
pH

Immobilization due to
partitioning of metals from
exchangeable phase to less
bioavailable organic-bond
fraction

Cation exchange; electrostatic
interaction; sorption on mineral
ash content; complexation by
surface functional groups
Complexation with phosphorus
and organic matter
Immobilization by
hydroxypyromorphite formation

Immobilization by rise in soil pH
and adsorption on biochar

Nonelectrostatic adsorption
Stabilization of Pd and Cu
Surface functional groups of

biochar-controlled metal
sequestration

A. Hayyat et al.
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while at 200 and 350, approximately the entire lead was removed from the soil
solution [43]. The pH is the main parameter for disturbing adsorption and/or desorp-
tion of heavy metals in acidic soils. The amplified system pH by application of
biochar increases the adsorption of Pb(I) in the soils. Biochar results in pH increase
that flourishes the negative surface charges in the soil and enhanced the attraction
for cations [44].pH rise is beneficial for heavy metal control in bulk soils. The
increasing amount of biochar reduced the acid soluble Pb(Il) and Cu(Il) by 18.8—
77.0% and 19.7-100.0 %, respectively [42]. The uses of biochar, mussel shell, and
cow bone reduced the lead phyto-availability by 55.50 %, 71.22 %, and 70.47 %,

respectively, in army firing soil [45].
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Fig. 14.1 SEM photographs of rice straw biochar at different magnifications: (a) x800, (b)
%x50,000, and (¢) TEM photograph of the biochar

When the application rate of biochar produced from cow manure increased, the
nutrient uptake, maize production, and photochemical properties of a dry land sandy
soil considerably improved [46]. Sewage sludge-derived biochar successfully erad-
icates Pb?* from acidic soil at early pH 5, 4, 3, and 2with the capabilities of 30.88,
24.80, 20.11, and 16.11 mg g, respectively [47]. Biochar with phosphorus-rich
manure serves as a fertilizer and is also used to remove heavy metal, specifically
lead [48]. Historically, phosphorus in the biochar encouraged modification of less
constant PbCOj; to more stable Pbs(PO,);OH, liable for soil Pb restriction [41]. The
application of biochar produced from cotton sticks put a positive impact on the
cadmium-stressed soils by increasing the plant growth. It is due to the unique capacity
of biochar that the metal ion is separated and the cadmium ion movement to the
aerial tissue of plants is controlled [49].

The biochar synthesized from swine manure at 450 °C could contribute as a pos-
sible amendment for the control of heavy metals (Cd**) in sandy soil [9]. Biochar
produced from green waste restrained lead, copper, and cadmium by 36.8 %, 22.9 %,
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and 30.3 %, respectively, for pointed soil and by 72.9, 0.901, and 42.7 % for naturally
polluted soils [20]. Bamboo-derived biochar can adsorb nickel, chromium, copper,
and mercury, from both water and soils, and cadmium from polluted soils [40].

Table 14.2 shows the effect of biochar application on the mobility of heavy met-
als in soils.

In basic soils, carbonaceous tools, irrespective of biomass and pyrolysis,
improved the Cu(Il) restriction than Ni(II) [26] while the Cu(IT) adsorption ampli-
fied with pH rise (3.5-6.0). Cu(II) has an adsorption capability in the following
order: canola straw char <soybean straw char < peanut straw char [50]. Organic seg-
ments of biochars and natural organic matter can stimulate Cu(Il) extraction by
basic soil because of more carboxyl contents [26]. The unsaturated biochar detached
about 70 % of Cr(IIl) at equilibrium time, although only 30% of As(V) in batch
kinetic trials, suggesting that biochar is highly effective in eliminating cations than
anions [51]. Biochar derived from chicken manure is more active in controlling
metals as well as plant growth than biochar derived from green waste. So, biochar
derived from chicken manure can be used to improve phyto-stabilization of metal
tainted soils [20].

Jiang et al. [42] explored that biochar derived from rice straw influences the bio-
availability and mobility of Pb(II), Cu(II), and Cd(II) in an Ultisol. When the amend-
ment dosage of biochar increased, the acid removable Pb(II) and Cu(Il) reduced by
18.8e77.0 % and 19.7¢100 %, respectively. With the addition of 5 mmol kg™! of these
heavy metals, for treatments with 3 and 5 % biochar, the reducible Pb(Il) was 2.0 and
3.0 times greater than the samples deprived of biochar. Pore structure of the biochars
produced from crop straws (i.e., rice, corn, wheat, and cotton) is more developed as
compared to wood char because wood char has greater lignin content. Biochars with

Table 14.2 Effect of biochar application on the mobility of heavy metals in soils

Production
temperature
Feedstock °C) Contaminants Effects References
Bamboo Not available | Cd Combined effect of Ma et al. [72]
electrokinetics, removal of
extractable Cd by 76.9 %
within 12 days
Hardwood 450 As, Cu, Cd, and | Reduction in Cd in soil Beesley et al.
Zn pore water by tenfolds; Zn | [67]; Beesley
concentrations reduced and Marmiroli
300- and 45-folds, [73]
respectively, in column
leaching test
Hardwood 450 As, Cd, Cu, Pb, | Biochar surface mulch Beesley and
and Zn enhanced As and Cu Dickinson [74]
mobility in the soil profile;
little effect on Pb and Cd
Wood 200 and 400 | Cd and Zn Reduction in Cd and Zn Debela et al.
leaching loss by >90 % [75]



14 Role of Biochar in Remediating Heavy Metals in Soil

429

lower lignin content have larger surface areas and more developed pore volumes. In
case of Cd the order of corn straw >cotton straw >wheat straw >rice straw > poplar
shaving is for the sorption capacity of biochar that was not stringently reliable to the
surface area of biochars [52]. Uchimiya et al. [53] reported that a biochar adsorbs Cd,
Cu, Pb, and Ni and perceived that the tendency of the elimination order was
Ni<Cd<Cu<Pb. The affinity for metal immobilization upsurges in the following
order: Pb(Il) > Cu(Il) >Zn(II) > Cd(II) [26].

Table 14.3 shows the effect of biochar application on the bioavailability of heavy

metals in soils.

Table 14.3 Effect of biochar application on the bioavailability of heavy metals in soils

Feedstock

Cotton stacks

Hardwood-
derived
biochar

Eucalyptus

Orchard prune
residue

Chicken
manure and
green waste

Chicken
manure

Sewage sludge

Rice straw

Quail litter

Oakwood

Production
temperature
(°O)

450

450

550

500

550

550

500

Not clear

500

400

Contaminant

Cd

As, Cd, Cu,
Pb, and Zn
Cd, Cr, Cu,
Ni, Pb, and
Zn

Cd, Cu, and
Pb

Cr

Cu, Ni, Zn,
Cd, Pb

Cd, Cu, and
Pb

Cd

Pb

Effects

Reduction of the bioavailability
of Cd in soil by adsorption or
Co precipitation

Significant reduction of As in
the foliage of Miscanthus

Decrease in As, Cd, Cu, and Pb
in maize shoots

Significant reduction of the
bioavailable Cd, Pb, and Zn
with Cd showing the greatest
reduction; an increase in the
pH, CEC, and water-holding
capacity

Significant reduction of Cd, Cu,
and Pb accumulation by Indian
mustard

Enhanced soil Cr(VI) reduction
to Cr(III)

Significant reduction in plant
availability of the metals
studied

Significant reduction in
concentrations of free Cu, Pb,
and Cd in contaminated soils
Identification of functional
groups on biochar with high
adsorption affinity to Cu
Reduction of the concentration
of Cd in physic nut; greater
reduction with the higher
application rates
Bioavailability reduction by
75.8 %; bioaccessibility
reduction by 12.5%

References
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Choppala
etal. [79]
Meéndez et al.
[80]

Jiang et al.
[42]

Suppadit

etal. [81]

Ahmad et al.
[29]



430 A. Hayyat et al.
14.4 Effects of Biochar on Soil

The increasing population of human and their activities put huge pressure on agri-
culture land to fulfill need of food. This overburden on cultivated land raised the
problems of soil erosion and degradation and depletion of organic matter and vital
nutrients from the soil. To overcome these problems, biochar can be used as an
effective tool [54]. Biochar can be utilized to get agricultural, environmental, and
economic benefits although the nature of these benefits can vary by type of biochar
and nature of soil [55].

14.4.1 Agricultural Benefits

Application of biochar in soil results in the following positive impacts on the soil of
agriculture lands.

14.4.1.1 Soil Fertility

The extreme use of fertilizers exacerbates the leaching of macronutrients from the
agriculture lands leading to decrease in soil fertility, amplification of acidity, and
increased requirements of fertilizers that resulted in ultimate low crop yield [56].
Biochar fulfills the nutrient requirement of the soil and improves the soil fertility
and productivity that resulted in optimum yield of crops [57].

14.4.1.2 Crop Productivity

Biochar offers large surface area for soil microbes resulting in increase in microbial
growth. It improves the degradation of organic matter and improves retention time
of microbes in soil and increases availability of nutrients which are favorable for
soil growth for better crop production [27, 49, 54]. The productivity of soil also
increases due to the addition of biochar in soil because it increases the availability
of C compound and minimizes the requirement of artificial fertilizers [58].

14.4.1.3 Water Holding Capacity

Biochar enhances the water-holding capacity of soil by improving the soil quality in
terms of physical, biological, and chemical fertility and better plant root density [59].
14.4.1.4 Cation Exchange Capacity

The application of biochar causes the stabilization of heavy metal, increases CEC,
and increases the availability of higher mineral essential for plant growth [48, 60].
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14.4.1.5 pH of soil

The specific pH properties of biochar make the soil acidic for evaporation of metal
ion in soil. The soils with low pH and CEC will also have the low adsorption caption
for metals [61].

14.4.1.6 Uptake of Heavy Metals

The addition of biochar reduces the heavy metal uptake by plant roots and mini-
mizes the chance of low productivity due to toxicity in plant body [59].

14.4.1.7 Waste Reduction

The production of biochar is also an innovative technique to make beneficial reuse
of waste and to minimize the waste volume [41].

14.4.1.8 Moisture Holding Capacity

The moisture holding capacity is improved due to application of biochar due to
retention of pollution for shorter or longer time duration [62].

14.4.1.9 Adsorbent Capacity

Biochar has high adsorbent capacity for adsorption of heavy metals and minerals in
soil. Due to its high competency to adsorb organic contaminants for purification of
soil from contaminants, it improves the soil fertility [63, 64].

14.4.1.10 Soil Respiration Rate

The respiration of soil improves by decomposition of biochar with the help of
microbes (bacterias) resulting in C production which is used by microbes for micro-
bial activity in soil [1].

14.4.1.11 Residing Capacity of Soil-Living Organisms

Biochar also improves the resistance capacity of living organisms residing in soil,
i.e., earthworms (nematodes), insects, fungus, etc. [58].
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14.4.1.12 Nutrient Availability

High concentration of ash in biochar increases the availability of nutrients which
satisfies the need of soil for nutrients. In case of low ash concentration in biochar,
compost or manure can be added to maintain the ratio of nutrients [65].

14.4.1.13 Rate of Germination

The rate of seed germination increased due to direct interaction of biochar with soil [58].

14.4.2 Environmental Benefits

Interaction of soil with biochar results in subsequent effects on environment:

14.4.2.1 Carbon Sequestration

Biochar has great resistance for biotic and biotic degradation in soil which empha-
sizes its importance in carbon cycle as carbon sink [66]. Carbon sequestration
resulting in reduction of CO, in the atmosphere is due to the long-term availability
of biochar in soil. It also has the ability to minimize the effect of climate change,
decrease in GHG (greenhouse gas), and NO, emissions by causing decline in C
emission as output from burning fossil fuels. Methane and nitrous oxide produced
from carbon cycle and nitrification/denitrification process, respectively, can be
reduced by application of biochar, and thus biochar can play an important role to
solve issues of global warming [54, 56, 57, 62].

14.4.3 [Economic Benefits

Application of biochar is also beneficial for the economy.

14.4.3.1 Economically Beneficial

Biochar is desirable nowadays because of its low energy demand, ease of use, low
cost, and no pretreatment for use in soil.



14 Role of Biochar in Remediating Heavy Metals in Soil 433

14.4.3.2 Environment Friendly

The eco-friendly nature of biochar made it desirable, and nowadays it is being
widely used in various applications because it (1) can be reuseable, (2) can recycle
the organic waste, and (3) can reduce waste quantity [64].

14.5 Conclusion

Global industrialization leads pollutants to the environment. Among these pollut-
ants, heavy metals have the profound effect on fertility of soils. Biochar amend-
ments remediate heavy metal toxicity in agricultural soils through different
processes. Biochar is an effective tool for contaminated soil due to these different
processes: (1) adsorption of heavy metals; (2) highly porous structure and high sur-
face area; (3) CEC; (4) reduced CO2 emission; (5) high water-holding capacity; (6)
retention of pesticides, PAHs, and PSBs; (7) reduction of bioavailability and toxin-
induced stress to microorganisms and plants; (8) C-rich material having high chemi-
cal stability in the contaminated soils and mineral nutrients for microbes; (9)
reduction of the mobility in soil; (10) protection of microbes from predators and
introduction of beneficial microbes that promote remediation; and (11) improve-
ment of soil fertility and plant growth by improving physical and biological proper-
ties of soil by provision and maintenance of nutrients.

However, these processes vary with biochar type, nature of soil, type of plants,
type of metal toxicity, conditions of thermal decomposition (pyrolysis), and the
quantity of biochar used. Therefore, we should use biochar according to soil con-
tamination. However, the various facts of opinions founded on comprehensive point
of views should not be snubbed. Variant consequences recommend that recent bio-
char application to soil is not a standard example, as an alternative extensive con-
cern of the properties related to each specific biochar material and how those
properties could cure a particular soil scarcity are mandatory [55]. Biochar use in
soil has been suggested to increase the stable C pool and limit the growing concen-
tration of atmospheric CO,. In conclusion much more investigations are required to
check the long-term environmental and economic feasibility of biochar application
to remediate heavy metal-contaminated soils.

References

1. Mendez A, Ferreiro JP, Gasco G (2014) Biochar from pyrolysis of drinking paper sludge and
its use in the treatment of a nickel polluted soil. J Anal Appl Pyrolysis 107:46-52

2. LuH, LiZ, Fu S, Mendez A, Gasco G, Ferreiro JP (2014) Can biochar and phytoextractors be
jointly used for cadmium remediation? PLoS One 9:1-7



434

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A. Hayyat et al.

Abdelhafez AA, Li J, Abbas MHH (2014) Feasibility of biochar manufactured from organic
wastes on the stabilization of heavy metals in a metal smelter contaminated soil. Chemosphere
117:66-71

. Nabulo G (2009) Assessing risks to human health from peri-urban agriculture in Uganda.

Ph.D. thesis, University of Nottingham

. Mahmood A, Malik RN (2014) Human health risk assessment of heavy metals via consump-

tion of contaminated vegetables collected from different irrigation sources in Lahore, Pakistan.
Arab J Chem 7:91-99

. Singh KP, Mohon D, Sinha S, Dalwani R (2004) Impact assessment of treated/untreated waste-

water toxicants discharge by sewage treatment plants on health, agricultural and environmental
quality in wastewater disposal area. Chemosphere 55:227-255

. Mapanda F, Mangwayana EN, Nyamangara J, Giller KE (2005) The effect of long-term irriga-

tion using wastewater on heavy metal contents of soils under vegetables in Harare, Zimbabwe.
Agr Ecosyst Environ 107:151-165

. Anwar J, Shafique U, Zaman WU, Salman M, Dar A, Anwar S (2010) Removal of Pb(II) and

Cd(II) from water by adsorption on peels of banana. Bioresour Technol 101:1752-1755

. Xu D, Zhao Y, Sun K, Gao B, Wang Z, Jin J, Zhang Z, Wang S, YanY LX, Wu F (2014)

Cadmium adsorption on plant- and manure-derived biochar and biochar-amended sandy soils:
Impact of bulk and surface properties. Chemosphere 11:320-326

Javied S, Mehmood T, Choodhry MM, Tufail M, Irfan N (2009) Heavy metal pollution from
phosphate rock used for the production of fertilizer in Pakistan. Microchem J 91:94-99

Khan S, Rehman S, Khan AZ, Khan MA, Shah MT (2010) Soil and vegetables enrichment
with heavy metals from geological sources in Gilgit, northern Pakistan. Ecotoxicol Environ
Saf 73:1820-1827

Kloss S, Zehetner F, Obergur E, Buecker J, Kitzler B, Wenzel WW, Wimmer B, Soja G (2014)
Trace element concentrations in leachates and mustard plant tissue (Sinapis alba L.) after bio-
char application to temperate soils. Sci Total Environ 481:498-508

Al-Wabel MI, Usman ARA, El-Naggar AH, Aly AA, Ibrahim HM, Elmaghraby S, Al-Omran
A (2014) Conocarpus biochar as a soil amendment for reducing heavy metal availability and
uptake by maize plants. Saudi J Biol Sci 22:503-511

Houben D, Evrard L, Sonnet P (2013) Mobility, bioavailability and pH-dependent leaching of
cadmium, zinc and lead in a contaminated soil amended with biochar. Chemosphere
92:1450-1457

Carter S, Shackley S, Sohi S, Suy TB, Haefele S (2013) The impact of biochar application on
soil properties and plant growth of pot grown lettuce (Lactuca sativa) and cabbage (Brassica
chinensis). Agronomy 3:404—418

Mackie KA, Marhan S, Ditterich F, Schmidt HP, Kandeler E (2015) The effects of biochar and
compost amendments on copper immobilization and soil microorganisms in a temperate vine-
yard. Agric Ecosyst Environ 201:58-69

Rutigliano FA, Romano M, Marzaioli R, Baglivo I, Baronti S, Miglietta F, Castaldi S (2014)
Effect of biochar addition on soil microbial community in a wheat crop. Eur J Soil Biol
60:9-15

Fang Y, Singh B, Singh BP (2015) Effect of temperature on biochar priming effects and its
stability in soils. Soil Biol Biochem 80:136-145

Lehmann J, Joseph S (2009) Biochar for environmental management: an introduction. In:
Lehmann J, Joseph S (eds) Biochar for environmental management-science and technology.
Earthscan, London, pp 1-9

Park JH, Choppala GK, Bolan NS, Chung JW, Chuasavathi T (2011) Biochar reduces the bio-
availability and phytotoxicity of heavy metals. Plant Soil 348:439—451

Hass A, Gonzalez JM, Lima IM, Godwin HW, Halvorson JJ, Boyer DG (2011) Chicken
manure biochar as liming and nutrient source for acid Appalachian soil. J Environ Qual
41:1096-1106



22.

23.
24.
25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Role of Biochar in Remediating Heavy Metals in Soil 435

Lucchini P, Quilliam RS, DeLuca TH, Vamerali T, Jones DL (2014) Does biochar application
alter heavy metal dynamics in agricultural soil? Agric Ecosyt Environ 184:149-157

Marris E (2006) Putting the carbon back: black is the new green. Nature 442:624—-626
Lehmann J (2007) A handful of carbon. Nature 447:143-144

Khan S, Reid BJ, Li G, Zhu YG (2014) Application of biochar to soil reduces cancer risk via
rice consumption: A case study in Miaoqgian village, Longyan, China. Environ Int
68:154-161

Uchimiya M, Lima IM, Klasson KT, Wartelle LH (2010) Contaminant immobilization and
nutrient release by biochar soil amendment: Roles of natural organic matter. Chemosphere
80:935-940

Fellet G, Marmiroli M, Marchiol L (2014) Elements uptake by metal accumulator species
grown on mine tailings amended with three types of biochar. Sci Total Environ
468-469:598-608

Borchard N, Wolf A, Laabs V, Aeckersberg R, Scherer HW, Moeller A, Amelung W (2012)
Physical activation of biochar and its meaning for soil fertility and nutrient leaching-a green-
house experiment. Soil Use Manage 28:177-184

Ahmad M, Lee SS, Yang JE, Ro HM, Lee YH, Ok YS (2012) Effects of soil dilution and
amendments (mussel shell, cow bone, and biochar) on Pb availability and phytotoxicity in
military shooting range soil. Ecotoxicol Environ Saf 79:225-231

Uchimiya M, Klasson KT, Wartelle LH, Lima IM (2011) Influence of soil properties on heavy
metal sequestration by biochar amendment: 2. Copper desorption isotherms. Chemosphere
82:1438-1447

Turkdogan MK, Fevzi K, Kazim K, Ilyas T, Ismail U (2003) Heavy metals in soil, vegetables
and fruits in the endemic upper gastrointestinal cancer region of Turkey. Environ Toxicol
Pharm 13:175-179

Lu H, Li Z, Fu S, Mendez A, Gasco G, Ferriero JP (2015) Combining phytoextraction and
biochar addition improves soil biochemical properties in a soil contaminated with Cd.
Chemosphere 119:209-216

Baccio D, Kopriva S, Sebastiani L, Rennenberg H (2005) Does glutathione metabolism have a
role in the defence of poplar against zinc excess. New Phytol 167:73-80

Cameron RE (1992) Guide to site and soil description for hazardous waste site characterization,
EPA/600/4-91/029, vol 1, Metals. US Environmental Protection Agency, Washington, DC
Manivasagaperumal R, Balamurugan S, Thiyagarajan G, Sekar J (2011) Effect of zinc on ger-
mination, seedling growth and biochemical content of cluster bean (Cyamopsis tetragonoloba
(L.) Taub). Curr Bot 2:11-15

Gregory SJ, Anderson CWN, Arbestain MC, McManus MT (2014) Response of plant and soil
microbes to biochar amendment of an arsenic-contaminated soil. Agric Ecosyst Environ
191:133-141

Wyszkowska J (2002) Soil contamination by chromium and its enzymatic activity and yield-
ing. Pollut Environ Stud 11:79-84

Namgay T, Singh B, Singh BP (2010) Influence of biochar application to soil on the availabil-
ity of As, Cd, Cu, Pb, and Zn to maize (Zea mays L.). Soil Res 48:638-647

Novak JM, Busscher WJ, Laird DL, Ahmedna M, Watts DW, Niandou MAS (2009) Impact of
biochar amendment on fertility of a south eastern coastal plain soil. Soil Sci 174:105-112
Zhang X, Wang H, He L, Lu K, Sarmah A, Li J, Bolan NS, Pei J, Huang H (2013) Using bio-
char for remediation of soils contaminated with heavy metals and organic pollutants. Environ
Sci Pollut Res 20:8472-8483

Cao X, Ma L, Liang Y, Gao B, Harris W (2011) Simultaneous immobilization of lead and
atrazine in contaminated soils using dairy-manure biochar. Environ Sci Technol
45:4884-4889

Jianga J, Xua R, Jianga T, Li Z (2012) Immobilization of Cu(II), Pb(II) and Cd(II) by the addi-
tion of rice straw derived biochar to a simulated polluted Ultisol. J Hazard Mater
229-230:145-150



436

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61

62.

63.

A. Hayyat et al.

Cao X, Harris W (2010) Properties of dairy-manure-derived biochar pertinent to its potential
use in remediation. Bioresour Technol 101:5222-5228

Jiang T, Jiang J, Xu R, Li Z (2012) Adsorption of Pb (II) on variable charge soils amended with
rice-straw derived biochar. Chemosphere 89:249-256

Ahmad M, Lee SS, Lim JE, Lee S, Cho JS, Moon DH, Hashimoto Y, Ok YS (2014) Speciation
and phytoavailability of lead and antimony in a small arms range soil amended with mussel
shell, cow bone and biochar: EXAFS spectroscopy and chemical extractions. Chemosphere
95:433-441

Uzoma KC, Inoue M, Andry H, Fujimaki H, Nishihara E, Zahoor A (2011) Effect of cow
manure biochar on maize productivity under sandy soil condition. Soil Use Manage
27:205-212

Lu H, Zhang W, YangY HX, Wang S, Qiu R (2012) Relative distribution of Pb 2D sorption
mechanisms by sludge-derived biochar. Water Res 46:854—-862

Uchimiya M, Bannon DI, Wartell LH, Lima IM, Klasson KT (2012) Lead retention by broiler
litter biochars in small arms range soil: impact of pyrolysis temperature. Agric Food Chem
60:5035-5044

Younis U, Shah MHR, Danish S, Malik SA, Ameer A (2014) Biochar role in improving bio-
metric and growth attributes of S. oleracea and T. corniculata under cadmium stress. Int
J Biosci 5:84-90

Tong X, LiJ, Yuan J, Xu R (2011) Adsorption of Cu (II)by biochars generated from three crop
straws. Chem Eng J 172:828-834

Agrafioti E, Bouras G, Kalderis D, Diamadopoulos E (2013) Biochar production by sewage
sludge pyrolysis. J Anal Appl Pyrolysis 101:72-78

Sun J, Lian F, Liu Z, Zhu L, Song Z (2014) Biochars derived from various crop straws: char-
acterization and Cd(II) removal potential. Ecotoxicol Environ Saf 106:226-231

Uchimiya M, Lima IM, Klasson KT, Chang SC, Wartelle LH, Rodgers JE (2010) Immobilization
of heavy metals ions (Cull, CdII, Nill, and PbII) by broiler litter-derived biochar in water and
soil. J Agric Food Chem 58:5538-5544

Fisher D, Glaser B (2012) Synergism between compost & biochar for sustainable soil amelio-
ration. Intech Open Sci/Open Mind 32:167-198

Novak JM, Busscher WJ (2012) Selection and use of designer biochars to improve character-
istics of southeastern USA Coastal Plain degraded soils. In: Lee JE (ed) Advanced biofuels and
bioproducts. Springer, New York

Yao Y, Gao B, Zhang M, Inyang M, Zimmerman AR (2012) Effect of biochar amendment on
sorption & leaching of nitrate, ammoniumé& phosphate in a sandy soil. Chemosphere
89:1467-1471

Jones DL, Murphy DV, Khalid M, Ahmed W, Jones GE, Deluca TH (2011) Short term biochar-
induced increase in soil CO, release in both biotically & abiotically mediated. Soil Biol
Biochem 43:1723-1731

Ahmad M, Rajapaksha AU, Lim JE, Zhang M, Bolan N, Mohan D, Vithanage M, Lee SS, Ok
YS (2014) Biochar as a sorbent for contaminant management in soil and water: a review.
Chemosphere 99:19-33

Younis U, Qayyum MF, Shahi MHR, Malik SA (2014) Nutrient shift modeling in Fenugreek
(Trigonella corniculata L.) under biochar and cadmium treatment. Int J Biosci 5:64-74

Bolan NS, Kunhikrishnan A, Choppala GK, Thangarajan R, Chung JW (2012) Stabilization of
carbon in composts and biochars in relation to carbon sequestration and soil fertility. Sci Total
Environ 424:264-270

. Jiang J, Xu RK (2013) Evaluating role of alkali and organic functional group in Cu(II) immo-

bilization. Bioresour Technol 133:537-545

Kolodyriska D, Wnetrzak R, Leahy JJ, Hayes MHB, Kwapiriski W, Hubicki Z (2012) Kinetic
and adsorption characterization of biochar in metal ions removal. Chem Eng J 197:295-305
Xu X, Cao X, Zhao L, Wang H, Yu H, Gao B (2013) Removal of Cu, Zn and Cd from aqueous
solutions by the dairy manure-derived biochar. Environ Sci Pollut Res 20:358-368



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Role of Biochar in Remediating Heavy Metals in Soil 437

Ahmad M, Lee SS, RajapakshaAU VM, Zhang M, Cho JS, Lee SE, Ok YS (2013)
Trichloroethylene adsorption by pine needle biochars produces at various pyrolysis tempera-
ture. Bioresour Technol 143:615-622

Ska DK, Trzak RW, Leahy JJ, Hayes MHB, Ski WK, Hubicki Z (2012) Kinetic and adsorption
characterization of biochar in metal ions removal. Chem Eng J 197:295-305

Harvey OR, Kuo LJ, Zimmerman AR, Louchouarn P, Amonette JE, Herbert BE (2012) An
index based approach to assessing recalcitrance and soil carbon sequestration potential of
engineered black carbons (biochar). Environ Sci Technol 46:1415-1421

Beesley L, Jiménez EM, Eyles JLG (2010) Effects of biochar and green waste compost amend-
ments on mobility, bioavailability and toxicity of inorganic and organic contaminants in a
multi-element polluted soil. Environ Pollut 158:2282-2287

Khan S, Chao C, Waqas M, Arp HPH, Zhu YG (2013) Sewage sludge biochar influence upon
rice (Oryza sativa L.) yield, metal bioaccumulation and greenhouse gas emissions from acidic
paddy soil. Environ Sci Technol 47:8624—-8632

Uchimiya M, Wartelle LH, Klasson T, Fortier CA, Lima IM (2011) Influence of pyrolysis
temperature on biochar property and function as a heavy metal sorbent in soil. J Agric Food
Chem 59:2501-2510

Karami N, Clemente R, Moreno-Jiménez E, Lepp NW, Beesley L (2011) Efficiency of green
waste compost and biochar soil amendments for reducing lead and copper mobility and uptake
to ryegrass. J Hazard Mater 191:41-48

Uchimiya M, Klasson KT, Wartelle LH, Lima IM (2011) Influence of soil properties on heavy
metal sequestration by biochar amendment: 1. Copper sorption isotherms and the release of
cations. Chemosphere 82:1431-1437

Ma JW, Wang H, Luo QS (2007) Movement-adsorption and its mechanism of Cd in soil under
combining effect of electrokinetics and a new type of bamboo charcoal. Environ Sci
28:1829-1834

Beesley L, Marmiroli M (2011) Theimmobilisation and retention of soluble arsenic, cadmium
and zinc by biochar. Environ Pollut 159:474—480

Beesley L, Dickinson N (2011) Carbon and trace element fluxes in the pore water of an urban
soil following greenwaste compost, woody and biochar amendments, inoculated with the
earthworm Lumbricus terrestris. Soil Biol Biochem 43:188-196

Debela F, Thring RW, Arocena JM (2012) Immobilization of heavy metals by Co-pyrolysis of
contaminated soil with woody biomass. Water Air Soil Pollut 223:1161-1170

Zhou JB, Deng CJ, Chen JL, Zhang QS (2008) Remediation effects of cotton stalk carbon on
cadmium (Cd) contaminated soil. Ecol Environ 17:1857-1860

Hartley W, Dickinson NM, Riby P, Lepp NW (2009) Arsenic mobility in brownfield soils
amended with green waste compost or biochar and planted with Miscanthus. Environ Pollut
157:2654-2662

Fellet G, MarchiolL DVG, Peressotti A (2011) Application of biochar on mine tailings: effects
and perspectives for land reclamation. Chemosphere 83:1262-1297

Choppala GK, Bolan NS, Mallavarapu M, Chen Z, Naidu R (2012) The influence of biochar
and black carbon on reduction and bioavailability of chromate in soils. J Environ Qual
41:1-10

Mendez A, Gomez A, Ferreiro JP, Gasco G (2012) Effects of sewage sludge biochar on plant
metal availability after application to a Mediterranean soil. Chemosphere 89:1354-1359
Suppadit T, Kitikoon V, Phubphol A, Neumnoi P (2012) Effect of quail litter biochar on pro-
ductivity of four new physic nut varieties planted in Cadmium-contaminated soil. Chilean
J Agric Res 72:125-132



	Chapter 14: Role of Biochar in Remediating Heavy Metals in Soil
	14.1 Introduction
	14.2 Biochar Production and Properties
	14.2.1 Biomass Pyrolysis
	14.2.2 Properties of Biochar
	14.2.3 Factors Affecting Biomass Properties

	14.3 Heavy Metal-Contaminated Soils
	14.3.1 Heavy Metal Remediation by Biochar
	14.3.2 Heavy Metals Found in Soil

	14.4 Effects of Biochar on Soil
	14.4.1 Agricultural Benefits
	14.4.1.1 Soil Fertility
	14.4.1.2 Crop Productivity
	14.4.1.3 Water Holding Capacity
	14.4.1.4 Cation Exchange Capacity
	14.4.1.5 pH of soil
	14.4.1.6 Uptake of Heavy Metals
	14.4.1.7 Waste Reduction
	14.4.1.8 Moisture Holding Capacity
	14.4.1.9 Adsorbent Capacity
	14.4.1.10 Soil Respiration Rate
	14.4.1.11 Residing Capacity of Soil-Living Organisms
	14.4.1.12 Nutrient Availability
	14.4.1.13 Rate of Germination

	14.4.2 Environmental Benefits
	14.4.2.1 Carbon Sequestration

	14.4.3 Economic Benefits
	14.4.3.1 Economically Beneficial
	14.4.3.2 Environment Friendly


	14.5 Conclusion
	References


