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ABSTRACT 

Soil contamination with heavy metals (HMs) is global issue, especially in developing 

countries where the knowledge and awareness regarding the hazardous contaminants is 

lacking grossly in rural people. Therefore, they are more vulnerable to toxic 

contaminants because of improper mining activities and open dumping of wastes. These 

contaminants with the passage of time make their way to nearby agricultural fields and 

enter food chain. Present study area has chromium-manganese reservoirs at larger scale 

and its mining has been continue since long ago. Pi results indicated that, manganese 

(Mn), chromium (Cr), copper (Cu), lead (Pb) and zinc (Zn), are present in higher 

concentrations from their MPL in nearby agriculture fields, posing potential threats to 

food safety, human health and soil quality. Use of biochar for the stabilization of 

selected HMs is environmentally friendly technique.  

Three different studies were conducted to accomplish objective of the study.  The 

experiment one is about application of biochar to reduce health risks via consumption 

of rice (Oryza sativa) grown in Cr-Mn mine contaminated soil. Hard wood biochar 

(HWB) (3% w/w) was applied to three kinds of soil obtained from agriculture fields 

adjacent to chromium, manganese, and chromium-manganese mix ores. Two varieties 

of rice (DR83 and IR6) were cultivated in it and stems, leaves and grains were analyzed 

for HMs. Results revealed that HWB reduced the absorption of HMs significantly 

(P<0.05) in both varieties of rice. Dietary intake (EDI), hazard quotient (HQ) were 

reduced significantly (P < 0.01) in V2. HWB reduced Pb concentrations in V1 (22 to 

36 %) and V2 (95 to 98%) in rice grains, is particularly more important as exposure to 

Pb through contaminated rice consumption may cause cancer. The HWB application 

significantly (P≤0.01) decreased Pb cancer risk via consumption of rice.  Hence, the 

results concluded that HWB effectively decreased the mobility of HMs in amended 
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soils as compare to control soils. Results of the study are in support of the use of HWB 

to mitigate HMs accumulation in rice and hence reducing the exposure to HMs. 

In second study the efficacy of HWB was investigated for bioavailability of selected 

metals (Cr Zn, Cu, Mn and Pb) in degraded soil of mining and their bioaccumulations 

in vegetables and related health risks. Application of HWB to Cr-Mn mine degraded 

soil @ 3% to examine the efficacy of HWB for 2nd crop (in crop/vegetable rotation 

technique). Spinach (Spinaccia oleracea) and Cilantro (Coriandrum sativum) and were 

cultivated as 2nd crop in the same amended pot, which were previously used for rice 

cultivation as first crop. HWB reduced the concentrations of Cr, Zn, Cu, Mn, and Pb in 

cilantro by 25.5%, 37.1%, 42.5%, 34.3%, and 36.2% respectively, in comparison to 

control. For spinach, reduction was observed for Cr 75.0%, Zn 24.1%, Cu 70.1%, Mn 

78.0%, and Pb 50.5% as related to control. HWB significantly decreased (P<0.01) HMs 

uptake in spinach grown in amended soil. Results obtained from calculation of BAF 

also indicated that, amendment decreased HMs bioaccumulation in vegetables thus 

minimized health risk. 

Third study focused on a remediation technique using poplar wood biochar (PWB) and 

sugarcane bagasse biochar (SCBB) at 3% and 7% application rates, subsequently called 

PWB3, PWB7, SCBB3 and SCCB7, for the immobilization of Cr and Pb in mine-

impacted agricultural soils. In a greenhouse experiment, lettuce was cultivated in 

contaminated soil to examine the effect of selected biochars on minimization of HMs 

bioaccumulation and associated human health risk. Both amendments PWB7 and 

SCBB7 has reduced the bioavailable Pb and Cr significantly (P<0.01) in amended soil 

with increase in biomass of lettuce in comparison with control treatment. Risk 

assessment results signified that PWB and SCBB efficiently reduced the daily intake of 
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metal (DIM) in addition with their associated risk due to lettuce consumption as 

compared to the control. The Pb human health risk index (HRI) for children and adults 

were decreased (P<0.01) significantly with SCBB7 in comparison with PWB7 and 

control treatment. Efficiency of both biochars (SCBB and PWB) at application rate of 

7% to reduce Cr and Pb uptake in lettuce was (69%, 73.7%) and (57% ,47.4%) 

respectively. For both amendments, HRI values for Cr were within safe limits for 

children and adults. Values of HRI for Pb were not within safe limits except for SCBB7. 

The results of the study indicated that SCBB7 application to mine impacted agricultural 

soil effectively increased plant biomass and reduced bioaccumulation, DIM and 

associated HRI of Cr and Pb as compared to PWB3, PWB7, SCBB3 and the control. 

Based on above studies results it is concluded that biochar can enhance soil fertility, 

increase yields and decrease bioaccumulation of HMs. Hence, biochar could play a key 

role in reclaiming mine-degraded soil and decreasing the possible human health risks. 

 



 1 

Chapter-1 

INTRODUCTION 

Technological development is responsible for some of the serious problems associated 

with environmental pollution (Agrawal and Sahu, 2006). Anthropogenic sources of the 

current day environmental problems are improper disposal of the material that contains 

heavy metals (HMs), fertilizers, mining, sewage water irrigation and industries 

(Alloway, 1990; Khan et al., 2014). Over past 60 years, the concentrations of various 

toxic metals have been increased in soil particularly cadmium (Cd), nickel (Ni) and 

chromium (Cr) (Alloway, 1990; Naidu et al., 1997; Khan et al., 2017; 2018). Subject 

to their toxicological effects on human health, HMs are considered top priority 

environmental pollutants. HMs present in contaminated soil are non-biodegradable, 

persistent in nature and expensive to remove from soil (Cui and Zhang, 2004; Jiang et 

al., 2012). Soil having HMs contamination is primary routes of human exposure to toxic 

element. These HMs can enter to human by contaminated food consumption, dust 

inhalation and water (Cambra et al., 1999; Huang et al., 2014). 

Food chain contamination with HMs like, lead (Pb), copper (Cu), manganese (Mn), 

arsenic (As), Cr, and Cd is one of the important environmental concern, which pose 

detrimental health problems across the world because of their persistent nature 

(Rahman et al., 2014; Khan et al., 2016). Human exposure to HMs usually occurs at 

trace level to metals through consumption of contaminated food or through 

supplementation (Farid et al., 2004). Cr, Pb, Ni, and Cd having toxic nature, their higher 

accumulation in living bodies can cause, biochemical changes, acute and chronic level 

health issues like kidney dysfunction, respiratory illness, heart problems, memory 

deterioration and cancers (Er et al., 2013; Khan et al., 2010). Metals like Zn, Mn, Fe 
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and Cu, are essential nutrients for proper functions and growth of human body and may 

be toxic above critical level (Rahman et al., 2014; Hussain et al., 2013). 

World’s most important cereal crop rice is contributing 30% of Protein in total to human 

diet and approximately 45% of the digestible energy, also significantly contributing to 

feeding live stock (Timsina and Connor, 2001). Rice is extensively used in world as a 

primary food considered as major source of nutrients in poor countries (Rahman et 

al.,2009) and at the same time serve as a big source of toxic metals causing severe 

health related issues to the consumers (Huang et al., 2008). Rocks of mafic and 

ultramafic possessed different kinds of HMs.   In weathered soil of ultramafic terrain, 

HMs are present in high concentrations (Shah et al., 2010; Shah et al.,2012). From 

mining activities HMs like Cr, Pb, Mn, etc. enter to soil, accumulated and transferred 

to cereal crops and vegetables (Saha and Zaman, 2013), which finally made their way 

to top consumers (human) through food chain (Islam et al., 2015). Therefore, 

remediation of HMs in soil is necessary to minimize human exposure with the 

consumptions of vegetables and cereal crops cultivated in contaminated soils. 

All the times humans are at risks due to HMs (e.g. Hg, Cr, Cd, Pb and As) because 

exposure to these HMs causes detrimental health problems (Jarup, 2003). For example, 

Cr is a human carcinogen and its exposure for a longer time period may cause severe 

health effects including DNA damage and oxidative stress (Khan et al; 2012; Nickens 

et al., 2010; Sato et al., 2003)). Whereas, trace elements are essential for living 

organism at a specific level of concentration, they may act as toxicants at higher level 

and cause deficiency related illness at lower levels (Fraga, 2005; Broadley et al., 2012: 

Ahmed et al., 2015). 
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Among the HMs, Cr is 7th element present in earth crust in abundance in all different 

phases of the environment comprising air, soil and water (Shanker et al., 2005). 

Variable Chemical formula for chromite (Fe,Mg,Al)Cr2O4 is key geogenic cause of 

presence of Cr as peridotite and serpentinites in ultramafic rocks. It is distributed in 

rocks of ultramafic mafic and mafic as basalts and rarely present as chromite, which 

contains 90% chromite. Mineral of chromite is less soluble hence showing resistance 

to dilution (Deng, 1995). It usually enters the environment in the form of CrVI or CrIII 

and in other different forms of compounds (Becquer et al., 2003; Shanker et al., 2005; 

Namie’snik and Rabagjczyk, 2012). Cr being extremely toxic to plants, has turned into 

a very serious environmental pollutant because of its uncontrolled release from 

industrial activities including electroplating, metallurgy, paints production and 

pigments, wood preservation, tanning, production of paper and pulp and Cr chemicals 

production. The extensive uses of materials that contains Cr in agriculture including 

sewage sludge, fertilizers and pesticides are also responsible for Cr pollution (Kuo et 

al., 2006; Zayed and Terry 2003; Salunkhe et al.,1998).  Cr present in stable forms i.e. 

CrIII and CrVI    has potential to damage the plants tissues, where the most toxic form is 

CrVI that inhibits plant growth and seed germination. It also impairs water relations, 

nutrient balance, reduces the activity of enzymes like antioxidants and the microbial 

electron transport (Panda, 2007; Shankar et al., 2005; Dixit et al., 2002). Cr being a 

human carcinogen can cause numerous health effects with long term exposure (Nickens 

et al., 2010). Breast cancer mortalities were assumed to be caused by the dietary intake 

of Cr in studied conducted in different countries. Other health impacts of Cr are red 

blood cells over production, thyroid artery abnormality, problems of right coronary 

artery and polycythemia (Pasha et al., 2010). 
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Lead (Pb) is not required for plant growth, and it is toxic for plant tissues at 30-300 

µg/g, as well as hazardous for human and animals (Ross, 1994; Demirezen and Akosy, 

2004). Cancer like gastrointestinal was caused by the consumptions of food crops 

having high concentration of Pb (Turkdogan et al., 2003).  It is considered as potential 

carcinogen, damage red blood cells, reproductive system, accumulate in brain destroy 

its neurons, causes teratogenesis, mutagenesis, elevated blood pressure, improper 

hemoglobin synthesis and tumor infection (Jarup, 2003). 

Manganese (Mn) is essential for normal body functions and development across the life 

span of all kinds of plants and animals (Keen et al., 2000; Dickerson, 2001). It is 

beneficial to human body especially for the bone’s health. It assists the metabolic 

activity in body by acting as co-enzyme. Mn play an important role in calcium 

absorption and is responsible for proper functioning of thyroid gland (Crossgrove and 

Zheng, 2004). It is required as co-factor for Pyruvate carboxylase enzymes in gluco-

neogenesis, arginase enzymes in liver and glutamine enzyme in brain (Bocca et al., 

2011; Harmanescu et al., 2011). It has a crucial role in the metabolic processes and 

normal growth of plants. It is also an essential element for the reproductive system, 

normal functioning and skeletal formation of human and animals. Its deficiency may 

cause bone disorder, stunted development in children body organs, nervous instability, 

and diabetes. However, Mn is more frequent in terms of toxicological concern due to 

the over exposure to the metal could cause progressive, permanent neurodegenerative 

damage, resulting in idiopathic Parkinson’s disease (Barbeau, 1984; Mena et al., 1967; 

Inoue and Makita, 1996). Mental diseases like, Manganism and Alzheimer’s causes due 

to exposure to higher concentrations of Mn and Cu (Dieter et al., 2005). 
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Cu is essential for living organism, important for metabolism process. Its deficiency 

can cause diseases like myelodysplastic syndrome, osteoporosis, cardiovascular 

problems and colon cancer (Zietz et al., 2003). Whereas its increase concentration from 

permissible limit causes severe harmful effects such as stomach upset, nausea, 

diarrhoea, headache, Jaundice, haemolysis, changes in lipid profile, renal dysfunction, 

damage to kidney, liver and may cause death (Galhardi et al., 2004, Pasha et al., 2010). 

Sufficient quantity of Zn is required to produce 300 plus different enzymes for normal 

functions of body. Its deficiency may cause severe health problems such as, anorexia, 

growth retardation, mental retardation, dermatitis, diarrhea, depression and delayed 

sexual maturation. While Zn toxicity might cause anemia (Muhammad et al., 2011). 

The process of mining is primarily anthropogenic, generating mining wastes. These 

practices are generally engaged with the scrambling of contaminated toxic metals into 

nearby farming fields, woodlands and lead to erosion of the soil (Vamerali et al., 2010). 

Wastes coming from mining activities are of serious concern due to presence of toxic 

metals in high concentration, subsequent environment contamination and risks posed 

to human health (Cobb et al., 2000). In most developing countries mining wastes are 

dumped near the site, without taking any precautions which continuously contaminating 

the surrounding environment. An alarming report issued in 2007 in Europe about the 

polluted sites in member states by the Government Agency   that roughly, 250,000 

locations are heavily polluted and need to be urgent remediation. In Pakistan, open 

dumping of mining wastes and tailing deposits is a common practice in most of the 

mining areas.  Producing severe problems for local community, animals and plants.  

Several techniques have been adopted for remediation of HMs contaminated soil 

including chemical means, physical means, electro kinetic remediation, biological 
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remediation and other combine remediation technologies Acar et al., 1993. Modern in 

situ environment friendly remediation strategies like, addition of organic amendments, 

lime and compost in soil to minimize bioavailability of metals and reduce plant uptake 

are gaining popularity (Komarek et al., 2013). 

 One of these techniques is the use of Soil amendments through which toxic HMs are 

mobilize or immobilize. In mobilization technique metals release in soil solution to 

available for uptake for plants. In immobilization technique HMs binds in soil and are 

not bioavailable for plants, restrict their leaching from soil solution to the ground water 

via the reactions of complexions, adsorption and precipitation (Bolan et al., 2003). To 

upsurge the immobilization of HMs in soil, the organic amendments are commonly 

used (Ucer et al., 2006). 

Plants directly and indirectly lower the pollutants mobility through water uptake and 

stop the ground water contamination (Lehman et al., 2003). Phyto-technologies have 

potential of a series of in-situ alternate to conventional technological methods used for 

the remediations of contaminated matrices from low to medium (Mench et al., 2010).  

Phyto-stabilization is a term refers to a phytotechnology which belongs to the process 

of onsite treatment called Phyto-remediation (Glaser et al., 2002). Phyto-stabilization 

immobilized the pollutants in contaminated sites and provide support to establish the 

vegetation on the surface of the polluted area. The green cover once established it avoid 

the diffusion of pollutants through wind erosion and water runoff (Major et al., 2010a). 

Thus, Phyto stabilization can be considered as temporary or long-term solution for the 

contaminants coming from mine dumping sites. 

Recently scientific community has highlighted biochar’s potential to sequester carbon 

that reduced the concentration of CO2 entered to the environment (Spokas et al., 2009). 



 7 

Biochar is carbonaceous organic amendment prepared under O2-limited conditions 

through pyrolysis of waste biomass residues. Biochar’s popularity as a soil amendment 

also arises from its enhancement of soil fertility (Xu et al., 2013; Lehman et al., 2007; 

Liu et al., 2011; Wang et al., 2010;). Biochar addition can increase available 

phosphorus (P) concentrations, an essential nutrient for crops (Parvage et al., 2013). 

Several materials are in use as feedstock, like agriculture and forest residues, sewage 

sludge and manures but charcoal has been used in past to increase yield of crops (Paz-

Ferreiro et al., 2014). 

 Biochar influences metals (Pb, Cd, Cr, Cu) and other organic compounds mobility 

(Karami et al., 2011; Denyes et al., 2012) through its characteristics like, porous 

structure, higher pH, Ec and CEC, highly activated functional group and proved as 

strong adsorptive for contaminants in soil (Beesley et al., 2011; Jeffery et al., 2011; 

Kookana et al., 2011). Biochar performance for example a soil conditioner totally 

depends upon the properties of material from where it is derived (feedstock) and 

pyrolysis process (Lehmann, 2007; Park et al., 2016). Biochars effects may remain for 

a longer period of time because of their resistance ability in degraded soil (Beesley et 

al., 2011). Biochar application might be beneficial for establishment of a green cover 

on surfaces of wastes for the requirement of long term Phyto-stabilization (Krull et al., 

2009). Application of biochar to the mine wastes sites might be a solution to minimize 

the leaching of pollutants (Hossain et al., 2010). Amendment with biochar improves 

soil physicochemical characteristics, increase nutrient retention, increase cation 

exchange capacity (CEC), avoid leaching losses, improves water retention capacity, 

effects pH and soil respiration (Uchimiya et al., 2010; Smith et al., 2010). 
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Laboratory and field scale research studies established that biochar application can 

decreased HMs mobility and bioavailability   in soil (Lu et al., 2014; Abdelhafez et al., 

2014) Commonly controlled laboratory studies have been used to investigate the 

interaction between biochar and contaminated soil (Liang et al., 2014). 

Industrial, urban and wastes from agriculture are low-cost, easily available in huge 

quantities that can be utilized for the contaminated soil remediation (Kumpiene et al., 

2008). Biochar is high carbon containing substance can efficiently immobilize toxic 

HMs and sufficiently inhibit their uptake by cereal crops in result decrease human 

hazards (Bian et al., 2013). Remediation through biochar amendment, of soil polluted 

by HMs might be an appropriate managing strategy (De Abreu et al., 2012; Pardo et 

al., 2014). 

Previously several researchers have worked on biochar and organic materials role in 

immobilization of HMs present in degraded soils. However, no systematic research 

studies are conducted to study the effectiveness of biochars on immobilization of toxic 

metals present in manganese-chromite-mine contaminated soil. The proposed study 

will not only assess the efficacy of biochar amendments as a stabilizer to immobilize 

toxic metals in mine-impacted soils but their subsequent bioaccumulation in rice and 

vegetables. Furthermore, benefits associated with application of biochar in terms of 

health risks will also be quantified. 

Most of mining sites in Pakistan are in hilly and rural areas where majority of the 

peoples are poor, illiterate and are not fully aware of the adverse effects of mining. 

Open dumping of mining wastes is a common practice in hilly areas across the country, 

which causes severe impacts on agricultural soils through weathering, rainfall, 

landslides and erosion. Profession of the local community is rearing of cattle’s and 
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agriculture. From the agriculture fields these heavy metals enter to the foods chain, 

causing risks to human health.   

Thus, considering potential of biochar to remediate contaminated sites, we 

hypothesized that Hard Wood Biochar (HWB) may support the reclamation of 

agricultural soil polluted by mining activities. It may contribute sustainability in 

agriculture sector and minimize the human health risks pose by mining impacted soil.   

1.1 Study Objectives 

1. To study the effect of biochar on availability and uptake of toxic metals (Cr, Cu, 

Pb, Zn, Mn) in different varieties of rice grown in chromium-manganese mine 

contaminated soil; 

2. To assess the effect of biochar on bioaccumulation of selected metals using crop 

rotation technique by growing coriander and spinach in the same amended soil; 

3. To study the effects of biochar on physiological parameters of tested crops; 

4. To assess the effects of biochar on minimization of health risks through the 

ingestion of tested vegetables. 

1.2 Study Area Description            

 For this study Cr-Mn mine contaminated soils were collected from Bucha in 

District Mohmand, which was previously a Federally Administered Area of Pakistan. 

The Bucha site is positioned between, Latitude 34:23:22N, and Longitude 71:37:31E. 

This area is enriched with mineralized rocks containing Cr and Mn. It is surrounded by 

District Bajaur to the North, Khyber in South, Malakand and Charssada to East, and 

Peshawar is situated in South East (Hussain et al., 2005).  

 Study area soil is highly contaminated with HMs because of extensive chromite 

mining. Rocks of the area comprises of massive bodies and disseminated grains of 
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chromite. Characteristics like (chemical and textural properties) of chromite bear a 

resemblance to podiform deposits of chromite (Arif and Jan. 2006). 

 Chromite deposits of Malakand and Mohmand districts extends from Dargai to 

Skhakot and then Mohmand District. It is forming a linear belt of 60Km length and 2-

6 Km width wise (Nawab et al., 2018).  

Study area rocks are part of the Kot Prang Ghar mélange in Bucha, Prang Ghar, and 

Nawakille areas. This zone mafic and ultra-mafic rocks are mainly composed of 

greenstones/pillow lavas, gabbro, dunnites, peridotites and serpentinites. Chromite ores 

are hosting by ultramafic rocks. Study area northwestern part is mountainous, while the 

low-lying southeastern part is mainly covered with alluvium. Mainly alluvium is 

composed of mélange zone rocks weathering product having key input from mafic and 

ultra-mafic rocks (Shah et al., 2010). Deposits of Mohmand district are primarily found 

in harzburgite and dunite complex which comprises rocks of metagabbro.  Majority 

dunite structures are barren, however chromite layers are visible in some places of 

Bucha.  Ultramafic whole complex structure is intermittently traversed.  Having very 

thined pyroxenite dyke.  There are also some areas where talc-carbonate, quartz, and 

tremolite veins are in abundance (Uppal, 1972; Rafiq et al., 1984). 

In winter the average temperature of the study area is 15ºC and in summer it will reach 

up to 42ºC. Rainfall occurs in winter months during October to January and in summer 

from May-July, which is very scanty. Occupation of the inhabitants of the study area is 

livestock rearing use these lands as pastures and lands for agriculture activities during 

May-July rainy season Shah et al., (2012). 
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Map of the Area 

Figure 0.1 is details study area map.  

 

Figure 0.1: Study area map 
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Chapter-2 

LITERATURE REVIEW            

Chapter 2 is about some of the most relevant literature reviewed to know, current status 

of the selected HMs in food chain, associated health risks and their determination 

method used for measurements of associated parameters. In the start of the chapter 

environmental application of biochar is discussed that is followed by the application of 

biochar in soil. The remaining part of the chapter has two sections i.e. heavy metals, 

food stuff and biochar followed by heavy metals, human health and biochar. 

2.1 Environmental Application of Biochar 

 Li et al., (2017), summarized biochars characteristics and mechanisms of 

sorption for Hg, Cd, Pb, Cr, and As. Properties of biochar varies significantly with 

pyrolysis temperature and feedstock material. Higher temperatures produce biochars 

having higher pH, mineral content, porosity and surface area, but a smaller number of 

functional groups. Dominant sorption mechanism varied according to metal: Hg 

(reduction and complexation), Pb and Cd (precipitation, cation exchange and 

complexation), Cr (complexation, reduction and electrostatic interaction) and As 

(electrostatic interaction and complexation). Further current advances in amending 

Biochar by loading with minerals, organic functional groups, reductants, nanoparticles 

and activation with alkaline solution to increase the sorption capacity of metals is 

discussed. Further research is needed for Biochar application in field, reuse of Biochar, 

and reduction in production cost of Biochar. 

Godlewska et al. (2017) reviewed the application of biochar in the process of compost 

improvement by affecting its properties and reducing contaminants content. The study 

reviewed various effects, such as compost moisture and temperature, compost maturity 
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indices and the bioavailability of organic, inorganic contaminants and nutrients. The 

effects on soil invertebrates, microorganisms and plants were also studied. Biochar 

added to compost has numerous effects on stabilization of humic substance formation, 

quick compost maturity increasing pH of compost, nitrification and total yield, 

reduction in greenhouse gases (GHGs) emissions, heavy metals (HMs) concentrations 

(HMs immobilization) and nutrients losses. It is concluded that the compost with the 

addition of organic matter and biochar has much stronger constructive effects in 

comparison with compost without   organic matter and biochar addition.  

Oliveira et al. (2017) reviewed the biochar’s environmental applications. In this study 

the role of biochar surface structure has been highlighted. Chiefly, the interaction of 

pollutants with the surface structure of biochar, variability of various parameters and 

their effects, competence and mechanisms in the removal of pollutants has been 

critically reviewed. Furthermore, the biochar’s future research directions have also been 

argued. The study governed the pollutants removal processes of biochar mainly by the 

pyrolysis conditions and type of feedstock. Though, the biochar efficacy can be 

enhanced for the removal of specific pollutants by the modification of its properties. 

Trakal et al. (2016) discussed the sorption efficiency of magnetically modified biochar 

for Pb (II) and Cd (II). This modification has significantly affected the characteristics 

of biochar. Results of the study showed that iron-oxide impregnation has strengthened 

the cation exchange mechanism, which lead to the reduced desorption concentration of 

selected metals. Similarly, Pb (II) sorption was reduced by magnetically modified 

grape-stalk biochar as compare to pristine biochar. Therefore, this study suggested 

magnetization of biochars for the immobilization of various mobile HMs.  
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Yang et al. (2016) conducted one-year experiment using rice straw and bamboo 

Biochar; prepared at temperature below 5000C in a soil having texture of sandy loam, 

and having high concentration ofHMs (copper, zinc, lead and Cadmium) extraction and 

enzyme activity. Rice straw Biochar application @ of 5% significantly increased 

(P<0.05), physical parameters like pH, Ec, CEC of soil and catalyst activity having no 

significant impacts on acid phosphatase activity. Biochars made from rice straw and 

bamboo brings significant reduction (P<0.05) in concentration of CaCl2 extractable 

HMs with increased rate of application of Biochar. Significant (P<0.01) correlation in 

HMs extractability with H2O soluble phosphorus, pH and organic carbon in soil was 

found. Rice straw biochar when applied @ of 5%, reduced extractable concentration of 

Zn 62% and Cu 97%. Both Biochar effectively reduced Cu and Pb extractable than Cd 

and Zn extractable from the soil. Application of rice straw biochar @ of 5% increased 

urease activity by 143 and 107%. Rice straw biochar showed more promising results in 

immobilization of HMs present in soil as compared to bamboo biochar. Biochar 

treatment impacts varies with biochar feedstock, particle size and application rate on 

HMs extractability and enzymatic activity. 

Puga et al., (2015) carried out   a research work for the reduction of Pb, Cd and Zn by 

application of 1.5, 3.0 and 5.0% sugar-cane straw derived biochar to HMs contaminated 

soil. Mucuna aterrima and Canavalia ensiformis were selected and grown in 

contaminated soil for control and different biochar applications. Study found a clear 

decrease (54, 50 and 56%) in the available fractionsof (Zn, Pb and Cd) in soil, primarily 

reducing Zn concentration in pore-water. The uptake of selected HMs by C. ensiformis 

and M. aterrima were reduced through BC application, translocating limited quantities 

of HMs to the shoots of M. aterrima as compared to C. ensiformis. The leaf internal 

structures examination through scanning electron microscopy found no such 
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differences of both species. This study revealed a significant reduction of HMs 

concentration for plants in mine impacted soil due to biochar application. 

Ahmad et al. (2014) reviewed the current usage of biochar as sorbent for the 

management of polluted water and soil. Study revealed that, interests increased in 

application of biochar in engineering and technology field. Applications of biochar 

include soil fertility, carbon sequestration, pollution remediation and recycling of 

agricultural waste. In recent researches, techniques like XAFS spectroscopy was used 

for the analysis. Furthermore, it is needed to conduct long-term field experiments. The 

distinct molecular composition and physical architecture of biochar will be useful in 

the determination of the biochar’s long-lasting functions in water and soil. Results 

concluded that the biochar is an environmental sorbent and cost effective. The evolved 

gases and volatiles during its preparation can be captured and condensed into syngas 

and bio-oils; that can be than used as the renewable energy source. Moreover, 

application of biochar can help in mitigating the climate through sequestration of 

carbon in the contaminated soil. 

In the conclusion of these studies’ biochar has many folds application to mitigate 

various environmental issues of local and global concerns. The next section is about 

some specific studies conducted on biochar application in soil. 

2.2 Soil and Biochar 

 Khan et al., (2018), conducted a comprehensive research work on effects of 

organic amendment on bioavailability of Cadmium in mine-degraded soil. The 

subsequent bioaccumulation of Cd in cucumber and tomato was also studied. Results 

of the study showed that, organic amendment act differently on Cd physicochemical 

characteristics and bioavailable fraction in selected plants. The biomass and chlorophyll 
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content were significantly increased by biochar amendment. Amongst all types of 

biochar amendments, the hardwood biochar (HWB) was observed the most effective 

for reduction of Cd bioavailability and uptake by the fruits of cucumber and tomato. 

Study found application @ of 5% showed more effectiveness for mitigation, 

bioaccumulation and mobility of Cd in mine impacted soil. Results indicated HWB as 

the most effective amendment for the significant reduction of Cd concentrations in 

vegetables, improving the quality of food, thus reducing human health risk, and increase 

in the production of biomass. 

Khan et al., (2018), analyzed rice husk and hard wood biochar application to the 

saturated and soil condition to investigate the effects of these amendments on Cd 

adsorptions and desorption’s in batch and incubation experiment. Obtained results from 

these experiments revealed that Cd sorption increased because of hard wood biochar 

71% onto saturated soil, and in upland soil by 84%. Furthermore, sorption of Cd also 

increased as a result of rice husk biochar in both soil condition though lesser than 

hardwood biochar. Sorption of Cd by RCH application was 41% in saturated soil 

solution and 54% in upland soil. For all selected treatment it was observed that Cd 

sorption fitted better with Langmuir equation than Freundlich with R2>0.95. Results 

concluded that hard wood Biochar material presented promising results than rice husk 

Biochar in different soils and conditions for Cd adsorption but for field conditions cost 

benefit analysis is needed. 

Novak et al. (2018) found that agricultural lime and miscanthus biochar amendments 

remediated an acidic type of mine soil by improving enzymatic activity of soil 

microbes, grass seedling’s initial growth and reducing availability of metals. For this 

study, application of biochar was made at different rates (w/w) i.e. 0%, 1%, 2.5% and 
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5% with fertilizer and lime or no lime additions. In biochar (5%) with lime treatment 

showed significant highest Î²-glucosidase activity, whereas the activity of N-acetyl-Î²-

D-glucosaminidase was remained unchanged. Results reveled a mixed concentration of 

metals in rye shoots and roots, where addition of lime has reduced the concentration of 

extractable metals. It was observed that the dissolved organic carbon (DOC) 

concentrations were reduced with increasing rates of biochar, consequently reducing 

the concentration of leachable metals. The study concluded that the combination of 

miscanthus biochar and lime was remarkably capable of improving the activity of Î²-

glucosidase enzyme and reducing the extractable metals concentration. 

 Xu et al., (2018), obtained results from his study that biochar efficiently reduced the 

HMs toxic effects and improves efficiency of microbial carbon use, by increasing pH 

of soil and reduction in  HMs bioavailability. SEM images, IR spectra and EDX analysis 

showed that biochar is binding HMs, thus reducing their mobilization potential. The 

use of biochar has provided evidence for the improved microbial CUE, improving the 

microbial carbon use efficiency. Application of biochar has also increased the activity, 

respiration and biomass of microbes. Though, the carbon sequestration by biochar 

modulation in the HMs contaminated soils may lead to a phenomenon of native N 

mining. Detailed study should be carried out for examination of long-term stability of 

HMs immobilization and long-term shift of the population of microbes by the 

monitoring of microbial carbon sources preferences. 

Igalavithana et al. (2017) has determined the efficiency of pine cone and vegetable 

waste biochar for abundance of various microbial communities and immobilization of 

HMs (arsenic and lead) in two different agricultural soils. Biochar used for the study 

was prepared at two temperatures. The HMs immobilization was evaluated using 
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electron microscopy, thermodynamic modeling and sequential extraction. Activity of 

microbes was examined by the dehydrogenase activity. For this purpose, microbes were 

categorized by their fatty-acid profile. Results showed that the biochar produced from 

the vegetable waste was of greater ability of immobilization for Pb than three torrefied 

biomass and pine-cone biochar. But the dehydrogenase activity and microbial activity 

was effectively increased by torrefied biomass as compare to other types. The study 

revealed that the vegetable waste biomass might be a best choice for the biochar 

production to reduce Pb mobility and increase enzymatic activity and microbial 

communities. For As immobilization the pyrolytic temperature and biomass were not 

found much effective. Study suggested that future studies are required to assure the 

immobilization of As and Pb and increase in the microbial communities using selected 

biochars in long-term stabilization. 

Wang et al. (2017) reviewed biochar utilization and properties for treatment of soil 

contaminated with HMs and its effects on microbial communities, fauna habits and 

plant growth. Biochar applications for contaminated soils management were also 

studied. This study highlighted sustainable and safe use of biochar and strong research 

directions as an effective amendment. Study provided strong reasons to consider 

biochar as an environmentally friendly and low-cost amendment technique for HMs 

remediation in soil.  

Jia et al., (2017), investigated biochar and tourmaline for remediation of polluted acidic 

soil with HMs. Tourmaline is considered as a good remediation material having effects 

on the HMs bioavailability and mobility in wheat and soil, and on the chlorophyll 

content of wheat. The biochar is widely studied for its HMs removal capabilities. This 

study compared the soil enzyme activities of tourmaline to biochar. In this consent, 2% 



 19 

dose of tourmaline (325- and 16000- mesh) and biochar were used for the remediation 

of HMs contaminated acidic soil. It is observed that chlorophyll and weight of wheat 

were increased by tourmaline (16000 mesh) and biochar. Concentration of Cd was 

reduced efficiently (36.5%) in wheat shoots by tourmaline (16000 mesh) and Cu was 

reduced effectively (40.9%) in wheat roots by biochar. Moreover, in soil the available 

Cu and Cd were decreased by 18.6 and 18.8% by biochar and 8.9 to 10.5% and 4.9 to 

12.9% by decreasing particle size of tourmaline respectively. Furthermore, soil 

invertase and urease activities were increased 67.9 and 187.5% by biochar and 37.2 and 

137.5% by tourmaline respectively. The study concluded biochar as the more efficient 

amendment for the HMs contaminated acidic soil as compare to tourmaline.  

Shahid et al. (2017) reviewed Cr speciation, bioavailability, phyto-uptake, 

detoxification and phyto-toxicity in soil-plant association. Two types of Chromium i.e. 

Cr (III) and Cr (VI); found in sediment and soil are different in terms of biogeochemical 

characteristics. Similarly, the transfer from soil to plant, bioaccumulation and other 

behaviors vary with the type of Cr and plant, and physicochemical properties of soil. 

Study revealed that, microbes present in soil are key factor for Cr behavior and 

speciation. There is no such specific transporter for the Cr uptake by plants, Therefore, 

essential ions special and non-special channels are responsible for the uptake of Cr. 

Accumulation of Cr predominantly took place in the plant’s roots with a very partial 

transportation to shoot parts. Findings showed that Cr have toxic effect on plant’s 

biochemical, morphological and physiochemical processes. Several plants have defense 

mechanisms like scavenging ROS by antioxidative enzymes, compartmentation in 

vacuole and complexation through organic ligands against Cr toxicity. Study revealed 

that human health is at risk due to usage of food contaminated with Cr. Therefore, the 

monitoring of Cr biological behavior in soil-plant association is suggested. 
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Lahori et al. (2017) reviewed the use and application of biochar as a remediation 

strategy to immobilize various HMs in contaminated soils. The lasting ambiguous 

factors such as possible environmental risks, long term useful effects and 

immobilization mechanisms of HMs related to the application of biochar were studied. 

It is concluded that HMs accumulation for longer times in the soil is chief concern as 

biochar have effects on microbial processes, plant growth and food chain. Moreover, 

the immobilization of HMs with biochar amendment is dependent on the residential 

time and temperature of pyrolysis, composition, porosity and nature of the stock 

material. The study suggested future research for the management of environmental 

pollution in respect of black gold biotechnology adaption on commercial basis and 

ecological sustainability. 

Yang et al. (2016) remediated Pb contaminated soil using low coat and highly efficient 

biochar supported Nano-hydroxyapatite (nHAP@BC). For this purpose, a batch 

experiment was conducted for 28 days. Results of the study revealed 5.6 times greater 

unit immobilization of Pb for nHAP@BC than nHAP indicating clear cost reduction 

for soil remediation. Moreover, the nHAP@BC increased (61.9%) Pb residual fraction 

consequently, reducing its bio-accessibility in soil. Furthermore, it effectively reduced 

(31.4%) Pb accumulation in plants. The study concluded that nHAP@BC can be 

feasible for the reclamation of soil fertility and remediation of Pb contaminated soil. 

Puga et al. (2016) analyzed two different kinds of mining soils to investigate 

acidification effect and biochar application effect on HMs chemical fractionation and 

mobility. Exchangeable, mobile, bound to OM, bound to Fe and Mn oxide, and 

fractions of residual were also evaluated. Mobility of metals mobility were low in 

polluted control soil. Study found drastically increased of metal mobility in acidified 
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soil. With the application of BC, a reduction was observed in concentration of Cd 57-

73%, Pb45-55%, and Zn 46% in the leachate. Cd boundness to exchangeable fractions 

was 7-38% and mobile fractions was 15-35%.and.  Mn oxides fractions bound Pb, 32-

70% and organic matter boundness was recorded 31-43%. Residual fractions bound Zn 

31-68%. Pb showed the lowest mobility i-e (1-3%).  Highest mobility was recorded for 

Cd (33-53%). Field studies required prior to large scale application of biochar.    

Najar et al. (2015) conducted a review of the concerns and prospects of biochar for the 

sustainable soil health. Study endorsed the promising researches in this regard and 

identified the areas of knowledge gaps. As to explore the mechanisms behind the 

numerous effects of biochar on soil health, the optimal is still needed, identification of 

the optimal rates of its application for different climatic conditions and soils, and the 

assessment of the parameters for biochar quality and other relevant factors. Biochar 

should be designed for the specific end users by the optimization of pyrolytic conditions 

and feedstock properties. Moreover, the aging effect of biochar is also needed to be 

understood by conducting short- and long-term experiments. Study concluded that 

when the knowledge gaps will be fulfilled, then biochar will be perceived as the most 

important scientific breakthrough in the mankind’s history. 

Anawar et al. (2015) reported a review on the biochar’s functional properties, cycling 

of soil nutrient by microbes, bioremediation of soil, sewage sludge, industrial waste and 

mine railings contaminated with HMs and organic pollutants using biochar, its impacts 

on the geochemical dynamics in mine tailings, treatment of acid mine drainage, acid 

production reduction and degraded land restoration. Study revealed that biochar 

addition showed significant benefits to rehabilitate and revegetate the rock pile waste, 

tailings and mining waste. It generally increased the biomass of shoot and decreased 
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the toxic HMs concentration in plants grown as the phyto-stabilizers for mining wastes. 

Similarly, its addition also enhanced alkalinity by decreasing the rate of acid production 

in acid mine drainage, tailings and sulphidic mining wastes, which results a clear 

reduction in the concentrations of HMs and phyto-toxicity. According to review, the 

mechanism for the remediation of HMs contamination can be precipitation and 

electrostatic interaction, whereas for the organic pollutants the remediation mechanisms 

can be sequestration, partition and surface adsorption. Results of the study revealed that 

compost and biochar as soil amendments may ease the recovery of grasslands and 

revegetation in polluted soil, waste rock, mining waste and severely damaged habitats. 

Study revealed that the biochar has less efficiency in the mobility reduction of 

potentially toxic elements (PTEs) and have different effects for different metals. Thus, 

it is concluded that further detailed research should be conducted for the better 

understanding of biochar’s effects in the field of HMs remediation and to overcome 

constraints and risks like socio-economic constraints, financial issues, human health 

and environmental risks.  

Puga et al., (2015) carried out a comprehensive research for reduction of HMs  by  

application of 1.5, 3.0 and 5.0% sugar-cane straw derived biochar to HMs contaminated 

soil. M. aterrima and C. ensiformis were selected and grown in contaminated soil for 

control and different biochar applications. Study found a clear decrease in HMs (Cd 

54%, Pb 50% and Zn 56%) available concentration in soil, primarily reducing Zn 

concentration in pore-water. The uptake of selected HMs by C. ensiformis and M. 

aterrima were reduced through BC application, translocating limited quantities of HMs 

to the shoots of M. aterrima as compared to C. ensiformis. The leaf internal structures 

examination through scanning electron microscopy found no such differences of both 
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species. Results revealed that biochar application reduced HMs concentrations for 

plants in mine impacted soil. 

Tang et al. (2013) worked on findings the characteristics and applications of biochar in 

the contaminated soil remediation. The characteristics are mainly influenced by its 

biomass and preparation temperature. It has been proved that biochars is very effective 

for the improvement of soil properties and for the increase in crop biomass and disease 

resistance. Recent studies revealed that biochar has potential to remediate the pollutted 

soil. Its mechanism for the remediation of soil contaminated with organic pollutants is 

sequestration, partition and surface adsorption and while for the HMs is precipitation 

and electrostatic interaction. Though, studies found that the pesticide efficiency is 

reduced with biochar application in soil that is indicating a clear trade-off among the 

favorable biochar effects on remediation of pesticides and the adverse effects on its 

efficacy. Whereas the study concluded that the arguments on biochar efficiency sound 

more effective and suggested that further detailed studies should be conducted for the 

more widespread biochar applications in the remediation of soil. 

Beesley et al., (2011), mentioned biochar use as amendment for contaminated soil and 

revegetation. Biochar have low density, porous, and carbon rich material, obtained from 

the biological residues combusted while oxygen is limited. Biochar have large cation 

exchange capacities and surface areas allows organic and inorganic sorption of 

contaminants to their surfaces, decreasing mobility of pollutant in amended 

contaminated soils. Release of carbon or liming effect in soil solution may increase HM 

mobility, enhanced plant nutrient retention. Biochar stabilize the soil effectively and 

may provide protection within Biochar to the soil microbial communities. Biochar has 

retentive capabilities for Zn and Cd and other metals depends upon temperature for 



 24 

production, feed stock material and concerned metals. With certain key cautions the 

Biochar gains popularity for the remediation of contaminated soil. Impacts of Biochar 

on soil fauna in long term must be explored. The approach that biochar usage is fit for 

all soil problems is not appropriate approach. To coincide the environmental pollution 

with ecological sustainability, biochar environmental impacts on on soil organism must 

be investigated as it remains somewhat unclear. 

A comprehensive study was conducted by Lehman et al., (2011) and studied the effects 

of biochars on biota of soil. Study observation was that, there is no existing study in the 

field of soil biology that identifies the huge variations of physico-chemical properties 

of biochar. This shortcoming leads to hinder the mechanisms of the biochar influence 

on plant roots, fauna and microorganisms. In several research studies, biomass of 

microbes was found increased by the addition of biochar that significantly induced 

changes in the enzyme activities, and composition of microbial community, which 

explains the biochar’s biogeochemical effects on crop growth, plant pathogens and 

element cycles. However, the mechanisms by which biochar affect the community 

composition and abundance of microbes is very little studied. Observations on the 

dynamics concluded that the co-location of several resources in and around biochar 

improved the resource use. Sorption as inactivation of substances for growth inhibition 

increased the soil biota abundance. Study didn’t find any direct negative effects on the 

roots of plants using biochar. Some decreases were observed in the mycorrhizal fungi 

abundance are may be the result of increased availability of associated nutrients, 

decreasing the symbionts need. It is concluded that in the short term, fresh biochar 

releases various organic molecules. Study suggested that a complete research study is 

required in the field of biochar that include an organized scheme of the types of different 
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biochars and its basic experiments, which can clearly identify the soil biota and biochar 

interactions. 

2.3 Heavy Metals, Food Stuff and Biochar 

 Edelsteina and Ben-Hur (2018) presented an overview on the risks and sources 

of HMs mostly in farming fields and strategies for their reduction in accumulation in 

agricultural crops. Results showed that the HMs sources can be anthropogenic and 

natural activities. Where the natural sources in soils are the weathering of parent 

material and in coastal areas are the sea sprays. Similarly, the HMs chief anthropogenic 

sources in agricultural areas are atmospheric pollution, residual biosolids application 

and treated irrigation water. Absorption of HMs took place through the leaves and roots 

of plants, which accumulates in plant’s various tissues. Hence consequently enters food 

chain, and from their entered to human bodies   that results into various disease and 

damages. Furthermore, the higher HMs concentrations reduced the quantity and quality 

of crops and vegetabes. Hence, international regulating organization like EU bodies and 

USEPA are working bodies for various food pollutants. Study suggested that several 

direct approaches such as grafting, transgenic plants and mycorrhiza that can be used 

for the solution of agricultural problems. 

Hamilton et al. (2018) reviewed chromium speciation in foods. The mostly widely used 

procedure for Cr speciation in solids was alkaline extraction. Because of the reducing 

power of antioxidants and organic matter the earlier quantifications regarding Cr (VI) 

in food items are questionable. That resulted in the development of the inter-

conversions monitoring technique. Results of the genotoxicity examination of Cr 

speciation revealed that they act by different pathways and Cr (III) high concentrations 
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in food materials is reducing the bioavailable Cr (VI) concentrations. Therefore, study 

suggested to reconsider the measurement of Cr (III). 

Fakhri et al., (2018) carried out a research on concentration of Pb and As present in rice 

in Iran and reviewed its carcinogenic risks to consumers. This study was carried out 

from 2008 to 2017 and collected 2088 samples in total. In Golestan area As 

concentration of was recorded (0.01) mg/kg d.w and 3mg/kg d.w in Gillan region; in 

Shahrekord the Pb concentration was (0.07) mg/kg d.w and 35mg/kg d.w in 

Mazandaran.  The results showed that As concentration in rice was within the National 

standard limits, however Pb concentration in rice was higher than the National Limits. 

Pb and As ILTCR studied for the 45-54- and 15-24-year age group consumers, As 

cancer risk was found higher than Pb. All group age people using rice as a food 

contaminated with As and Pb are at risk. 

Ahmad et al. (2014) examined the accumulation pattern of various metalloids and HMs 

in spinach irrigated with wastewater. Study founds concentration of metals (Pb, 

molybdenum (Mo) and Cd) were considerably high than WHO permissible limits in 

wastewater irrigated vegetables and soil. Results of the levels of various metals showed 

a positive correlation of vegetables and soil. Transfer coefficient of metals was recorded 

above 0.5 for Cu, Zn and Cr, indicating the effect of anthropogenic activities in selected 

area (Sargodha, Pakistan). Similarly, the pollution load index for spinach plants 

cultivated in HMs contaminated soil was also significantly high. Study suggested 

proper managerial actions for the selected site to minimize the accumulation rate of 

various metals by vegetable. 

Khan et al., (2010), Khan et al. (2010) examined concentration of HMs in soil and 

vegetables of Gilgit, northern Pakistan. The transfer factor (TF), daily intake and HRI 
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of Ni, Pb, Cu, Zn and Cd were evaluated. Zn, Cd and Cu concentration in soil was 

higher than MPLs. Highest concentration was found for Cu, Ni, Zn, Pb, in the samples 

of edible parts of Brassica campestris, Mintha sylvestris, Brassica oleracea and Malva 

neglecta respectively. Results showed that only Cd has higher values of TF. Moreover, 

excepting Pb the values of HRI recorded within safe limit for other metals. The study 

suggested that it is needed to train the farmers and further researches are needed in the 

field of evaluation of HMs concentration in urine and blood of animals and humans. 

A study was conducted by Asai et al., (2009), to investigate biochar application on rice 

grains and soil physical properties in northern Laos. In three different experiments (0-

16t/ha) Biochar, fertilizer and nitrates (N), phosphates (P), applied and cultivated rice 

in 10 sites of upland condition in northern Laos. Results showed improvement in rice 

plant xylem sap flow and top soil saturated hydraulic conductivity. The sites with low 

P availability resulted in higher grains yields. The reduction occurred in leaf SPAD 

values may be because of reduction of soil nitrogen availability, showing that without 

N application may reduce grains yields in that soil which have low native supply of N. 

Application of CA is dependent on fertility of soil and management of fertilizer. 

However, trails need to be developed for more productive management techniques 

including application of CA.  

Zayed et al. (1998) investigated and analyzed vegetable crops for their Cr 

accumulation, uptake and translocation in shoots and roots. For this purpose, two 

experiments in greenhouse for hydroponic system were conducted. For the equal and 

all-time supply of Cr to all plants was insured using recirculating-nutrient culture 

technique. For the first experiment, 11 vegetable species were supplied by Cr (1 mg/l) 

and were analyzed and compared for Cr accumulation rate in different tissues. For the 
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second experiment, vegetable plant species were treated with CrO2ÿ 4 at either (2 mg 

Cr L ÿ1) for seven days or (10 mg Cr L ÿ1) for two, four or seven days and analyzed 

for Cr using XAS. Results revealed, all plants species has converted CrO2 ÿ 4 to Cr3‡ 

in the roots. Cr translocation was very limited from roots to shoot and the accumulation 

rate of Cr was recorded 11-fold higher in the roots than shoots. The highest calculated 

concentrations of Cr were observed in the species of family Brassicaceae like kale, 

cabbage and cauliflower. Results of this study and earlier findings concluded different 

accumulation and patterns of two Cr ion translocation.  

2.4 Heavy Metals, Human Health and Biochar 

 Kohzadi et al. (2018) measured the concentration of HMs in eight medicinal 

plant species and eight different herbal distillates that are available in the markets of 

Sanandaj, Kurdistan, Iran. On ICPMS various metals were analyzed and quantified like 

magnesium (Mg), Pb, Cr, Ni, cobalt (Co), aluminum (Al), Zn, iron (Fe), manganese 

(Mn), Cu and Cd. Health risk associated with the selected metals were estimated for 

children and adults. All the metals mean concentration were found below WHO limit. 

Where concentration of selected metals was high significantly in herbal distillates. 

Target hazard quotients (THQs) values were calculated for carcinogenic risks by 

traditional medicine’s consumption in children and adults. The results of THQs were 

recorded less than 1 for each metal excepting Cr and Al from every individual herb 

which is a safe dose for human. The study recommended that the premarketing 

regulations for safety screening of herbal products should be enforce by the public 

health managers.  

Nawab et al., (2018) presented a research study on minimization of health risks with 

the usage of contaminated vegetables with toxic metals by peat moss (PTM), farmyard 
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manure (FYM) and biochar application at 1, 2 and 5% rates. The treatment was applied 

to inhibit the mobility of HMs in mining-impacted agricultural soil, and risks linked 

with bioaccumulation in chili and pea. Results of this study indicated that biochar used 

at 5% rate was found maximum proficient for the increase in fruit and plant biomass 

and reduction of bioavailability and accumulation of HMs associated potential health 

risks due to the intake of selected vegetables comparing with control ones. The study 

concluded that the selected organic amendments have a considerable role in recovery 

of contaminated soil and sustainable farming and reduction of health risk. 

Rehman et al. (2018) evaluated the concentration of HMs (Mn, Ni, Cr, Zn and Cu) in 

crops (Rooty, fruity and leafy vegetables) and agricultural soils, and their human health 

risks in community of selected South district of province. Results showed that, highest 

concentration were in order of Mn˃ Zn˃ Cr˃ Ni˃ Cu, where only Cr exceeded the 

maximum permissible risk limit of bioaccumulation. The highest HMs TF was recorded 

for Cu, and lowest for Zn, though highest DIM in humans was recorded for Mn and 

lowest was for Cu.  Results showed that HMs (HRI) was within safe limit for children 

and adults, hence, consumption of food for the community was found safe and good. 

Study suggested that proper monitoring of HMs in crops and agricultural soil should be 

conducted for the determination of health risk and assurance of food safety. 

Rehman et al. (2017) studied Cd and Pb contamination of vegetables and agricultural 

soils in five regions of Pakistan and the TF, average daily in intake (ADI) and HRI of 

HMs were also calculated. Results revealed that Pb concentration in all five soils were 

within the SEPA China maximum allowable limits (MAL) (350 mg/kg), whereas Cd 

concentration crossed MAL of EU and SEPA China.   The Pb MAL set by WHO-

CODEX/FAO was exceeded by (0.1 mg/kg) rooty/tuber and fruity vegetables and (0.3 
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mg/kg) leafy vegetables. Similarly, the Cd concentration in tested vegetables, excepting 

Pisum sativum 0.12mg/kg exceeded the MAL of SEPA. Results of the HRI for Pb and 

Cd and Pb for both adults and children was found <1 for majority of vegetables 

excepting Colocasia esculanta, Brassica oleracea, Praecitrullus fistulosus, Cucumis 

sativus, Aesculantus malvaceae, Momordi charantia, Benincasa hispada, Solanum 

lycopersicum and Luffa acutangula for children. The study concluded that, vegetable 

polluted with Pb and Cd are not safe for human use.  Therefore, this study suggested 

the government responsible authorities to ensure regulation strategies and monitoring 

of HMs contaminated agricultural lands and create awareness in farmers regarding the 

soil tests and proper use of herbicides, pesticides and fertilizers. 

Nawab et al., (2016), conducted a study to investigate effects of using HMs polluted 

food items (cereals, vegetables and fruits) on human health. Samples of food items were 

collected from chromite mine contaminated agricultural fields of northern Pakistan. 

Results showed that the samples of mining affected agricultural soils were found 

multifold enriched with HMs than reference soil. The highest concentration was found 

for Cr, and lowest for Cd. IPI values were found more than 3indicating high level of 

pollution. Similarly, HMs values were found significantly high in food items grown on 

contaminated soil than the reference sample.  Moreover, the study concluded that 

concentration of selected metals was above the MAL of WHO. The HRI value for Cd 

was above 1 which is indication of health risk for the local community.  Results 

suggested the responsible authorities to do proper planning and regular monitoring of 

the mining impacted agricultural lands and awareness creation in community regarding 

the risk of HMs contaminated food. 
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Islam et al., (2015), examined the HMs source, health hazard and their concentration in 

seven food items (fruits, cereals, vegetables, milk, fish, egg and meat) in district of 

Bogra, Bangladesh. ICPMS method was used with the acid digestion for assessment of   

selected HMs concentration. Results found that, highest HMs concentration was 

detected in the samples of fruits, cereals and vegetables. Results of the multi variate 

principal component analysis (PCA) showed that three main HMs groups, that have 

contribution from anthropogenic activities. Results of target carcinogenic risk (TR) and 

HQ revealed that some of the HMs intake was exceeding the recommended limits; 

accordingly, the food consumption may be related to non-carcinogenic health risks. 

However, evaluated Pb and As levels were found to be related with the life time human 

carcinogenic risk. 

Khan et al., (2014), investigated the HMs bioaccumulation and its associated potential 

human health risk through the consumption of food (water, milk and crops) in Swat 

valley, Pakistan. The HMs concentration in human blood of children and adults and in 

food were examined using atomic absorption spectrophotometry (AAS). According to 

the results concentration of HMs in order of Mn>Cr>Cu>Zn>Ni>Cd>Pb, that 

significantly elevated the HMs concentrations in the blood of adults in comparison to 

blood of children, , following the order of Cr4>Zn4>Mn4>Ni4>Pb4>Cu4>Cd4. Results 

of principal component analysis revealed food items as the possible source of HMs 

contamination in the blood of individuals, whereas correlation analysis showed a 

significant correlation of HMs (Zn, Pb, Ni, Mn, Cu and Cr) concentration in food with 

that in human blood. Furthermore, excepting for Cd (HQ41) results of the risk 

assessment for each HM by the food items were within the safe limits. However, the 

risk was recorded 3.97Eþ00 (HI41) for total multiple metals, in which HI greater 

contributors were milk and water (81%), whereas, fruits, vegetables and grains 
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contribute 5% each, whereas pulses contribute 4%. Hence, based on study findings it is 

advised that the HMs in food items should be monitor and awareness regarding 

exposure to HMs and its potential health risk among population should be increased by 

the environmental protection authority. 

Mahmood and Malik, (2014), conducted a study to determine health hazard posed by 

the ingestion of vegetables contaminated with HMs   irrigated with industrial and urban 

wastewater in Lahore, Pakistan. For this study, vegetables, soil and water used for 

irrigation was assessed for HMs like Mn2+, Zn2+, Cd2+, Pb2+, Co2+, Cu2+, Ni2+, 

and Cr2+. The TF, daily intake and HRI of HMs were also calculated. The highest HM 

concentration in the crops irrigated with wastewater was recorded for Cr2+, and lowest 

was for Mn2+. It is found that   leafy vegetables showed high bioaccumulation 

capabilities for HMs as compare to others. Whereas, the HRI revealed that vegetables 

irrigated with ground water or wastewater have no health risk, though a serious health 

risk was shown by B. camperstris and S. oleracea particularly with Mn2+ and Cd2+. It 

is concluded that long-term irrigation with wastewater may lead to severe human health 

risk. The study suggested that an urgent attention is needed in regards of the monitoring 

and regulations of municipal and industrial wastewater. 

Khan et al., (2013), published a research article on usage of contaminated food and their 

possible risks for humans.  His finding was that, higher concentration above MALs of 

toxic metals like Cd, Pb, and Cr were found in soil, water and crops.  Accumulation 

factor (AF) of Mn and Pb in food crops was >1. For the samples irrigated with 

wastewater HRI values for pb and Cd were higher than 1 in tested food crops and for 

Mn in Spinacia oleracea.  It is observed that crops irrigated with waste water were 

highly polluted in comparison to irrigated with tube well water.  Study concluded that 
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it is needed to treat and monitor the wastewater for the irrigation to avoid food crop 

contamination with toxic HMs. 

A study was conducted by Khan et al., (2013) in Swat district to determine the 

concentration of HMs in crops and vegetables and health hazards posed by these food 

items. Khan observed that concentration of Cd was in 100% vegetable and 95% fruit 

samples were high than the WHO MALs 0.05mg/kg.  Furthermore, a significant 

correlation was found between HMs of soil and crops.  Similarly, highest MTF was 

calculated for Cd and lowest was for Mn. HRI values were within safe limit except Cd 

(HRIP10E-1). Results of the study concluded that high level of HRI for Cd could pose 

a potential human health risk. 

Jan et al., (2011), assessed bioaccumulation of metals (Mn, Cu, Zn, Cu) in samples of 

meat, milk, food crops and blood of all four age groups from less polluted and heavily 

polluted zones. Results of the samples analysis revealed that the contaminated milk, 

meat and food crop consumption have increased the metals concentrations in blood of 

individuals. Metals concentration in blood samples from the contaminated zone were 

recorded significantly higher than those of less contaminated area. Study showed that 

male individuals and people of old-age contain more   metals concentrations in their 

blood sample than the female individuals and younger ones of the same area. 

Jan et al., (2010), carried out   a comparative research work regarding health hazards 

linked with the ingestion of crops grown on soils and water supply was clean water   

versus soil irrigated with wastewater (Peshawar). Sample of food crops and soil were 

examined for concentration of total metal and sequential extraction. According to 

recorded results the total metals concentrations and bioavailable metal concentration 

were significantly increased for the soil samples irrigated by wastewater comparing to 
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the clean water. Similarly, the concentration of HMs was observed high in the food 

crops sample of wastewater as compared to clean water. crops cultivated in soil irrigated 

with wastewater can pose significance health risk due to higher Mn concentration. 
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CHAPTER-3 

BIOCHAR REDUCED THE UPTAKE OF TOXIC HEAVY 

METALS AND THEIR ASSOCIATE HEALTH RISK VIA RICE 

(ORYZA SATIVA L.) GROWN IN CR-MN MINE 

CONTAMINATED SOILS 

ABSTRACT  

Purpose: Contaminated rice consumption is major pathway for   human’s exposure to 

toxic heavy metals (HMs). Therefore, environmentally friendly geo sorbents are needed 

to control their mobility in soil and subsequent uptake rates by rice (Oryza sativa L.). 

This study investigates the influence of a hardwood-derived biochar (HWB) on 

mobility of toxic HMs present in mine contaminated soil and their uptake by two rice 

cultivars. Furthermore, estimated daily intake (EDI), health quotient (HQ) and 

incremental life time cancer risk assessment (ILTCR) of HMs via consumption of rice 

were also assessed in this research.   

Materials and methods In this study, HWB was applied to three types of mine 

degraded soils 1) chromite mine contaminated soil (CrCs), 2) manganese mine 

contaminated soil (MnCs) and 3) chromium-manganese mix contaminated soil 

(CrMnCs) at 3% to suppress HMs (Cr, Mn, Cu, Pb, Zn) mobility and their uptake by 

selected rice cultivars. Soil physiochemical properties like pH, electrical conductivity 

(EC) and texture were investigated using standard procedures, while soil samples were 

extracted and analyzed for total and available HMs using atomic absorption 

spectrophotometer (AAS-700 Perkin Elmer USA). Samples of plant were also extracted 

and analyzed for selected HMs using (AAS). Accuracy and precision steps were 

followed for both extraction and subsequent processes.     
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Results and discussion Results showed significant reduction (P≤0.05) of HMs uptake 

in both rice varities (DR83 and IR6 afterward known as V1 and V2, respectively) 

cultivated in HWB-amended-soils. The HWB application significantly (P≤0.05) 

decreased the estimated daily dose (EDI) of HMs (Cr, Zn, Cu, Pb and Mn by: 14.4, 

71.7, 93.3, 36.4 and 47.9%, respectively) for V1 grown on CrCs, MnCs and CrMnCs. 

Similarly, HWB addition significantly reduced (P≤0.01) the EDI of Cr, Zn, Cu, Pb and 

Mn by 86.2, 96.6, 98.2, 98.8 and 81.8%, respectively through V2 rice grown on 

contaminated soils. Health quotient for HMs indicated that HWB inhibited the health 

risks associated with HMs in rice.  Application of HWB significantly decreased 

(P≤0.01) the ILTCR value for Pb linked with intake of rice.  

Conclusions It is concluded that the HWB has effectively suppressed the mobility of 

HMs in soil and their uptake in rice cultivars and the applied rate of HWB has positive 

outcomes to mine contaminated soil having HMs in relations to food safety and 

reducing cancer risk linked with usage of rice. The selected biochar might be a valuable 

soil amendment to minimize HMs exposure to human beings through consumption of 

food plants.  
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Graphical Abstract 

 

3.1 INTRODUCTION 

 Agricultural soil degradation and contamination with heavy metals (HMs) has 

gradually increased in the last few years and are a major global environmental issue 

because of their associated health issues. HMs such as Cu, Mn, Zn, Cr and Pb are 

naturally present in soil (because of weathering of parent rock and volcanic eruptions), 

but their concentrations may be locally elevated as a result of nearby anthropogenic 

activities like processing of metals, industrial and vehicular emissions, mining of 

minerals etc. The amount of environmental pollution with HMs by mining activities is 

growing (Wei et al., 2010; Khan et al., 2017; Wagner et al., 2014). Grinding and milling 

operations and dumping of mine tailings and other wastes are important sources of HMs 

contamination near mines (Bortey-Sam et al., 2015). 

High concentrations of HMs in chemically degraded soil are responsible for their 

transfer from soil to other components of the environment leading to long-term risk to 

ecosystem. These HMs are persistent in nature and can stay in agricultural soils for long 

time, contaminate food chains through uptake and accumulation and directly affecting 
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human’s health (Eisler et al., 2004; Malayeri et al., 2005; OK et al., 2011; Paz-Ferreiro 

et al., 2014). Moreover, HMs affects plants productivity and growth in the vicinity of 

mining areas (Zhuang et al., 2014)). 

Vegetables, grains and other essential foods may have had a range of toxic and essential 

metals (Yang et al., 2011). Bioaccumulation of toxic HMs can lead to the drastic 

biochemical changes in plants and humans and cause acute and chronic health issues 

(Zhao et al., 2012; Bini et al., 2014; Jan et al., 2015). 

Mining degraded soils are considered unsuitable for farming practices because of their 

unstable and poor structure (Nawab et al., 2016). Such soils are highly degraded due to 

the presence of higher concentrations of HMs. These HMs are toxic in nature and 

reducing the quality and total yield of crops (Zhuang et al., 2009; Diacono et al., 2011).  

Biochar, an organic carbonaceous amendment, can reduce the toxic HMs 

bioaccumulation in food crops (Li et al., 2019; Sharma et al., ,2018). Biochar 

application in mining degraded soil may reduce the mobility of HMs through various 

mechanisms such as increase in soil pH, CEC, microbial activity, and insoluble metal 

complexes formation (Kumpiene et al., 2008; Godlewska et al., 2017). It has unique 

physiochemical composition like porous surfaces helps in reduction of HMs 

accessibility and bioavailability to plants and microbes (Kołodyńska et al., 2012). 

Likewise, it improves soil aeration and water retention that help in the improved soil 

pH and crop productivity (Khan et al., 2014; Ahmad et al., 2016). 

In Pakistan, most of mining zones are in rural and hilly areas where majority of the 

population is illiterate and poor.  In these territories due to less awareness about risk, 

mining practices are very common, that is leading to an increase in soil erosion, 

affecting agricultural soils during landslides and rainfall. Recent studies hypothesized 
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that biochar amendment may contribute in the recovery of these degraded agricultural 

soils and assist in the sustainable practices of agricultural sector. This study aimed to 

assess the influence of hard wood biochar (HWB) on (1) availability and 

bioaccumulation of HMs in rice grown on degraded agricultural soils located in mining 

areas, and (2) health risks like estimated daily intake (EDI) of HMs, health hazard 

quotient (HQ) and incremental life time cancer risk assessment (ILTCR) associated 

with rice consumption. The results of this study are not only focused on health risk due 

to consumption of rice grown in mining impacted soils but also highlighted the role and 

properties of HWB applied to mine degraded soils.  

3.2 MATERIALS AND METHODS 

3.2.1 Soil sampling, preparation and extraction 

 In Bucha area of Muhammand District, Khyber Pakhtunkhwa (KP), Pakistan, 

three different mining degraded agricultural sites Chromium contaminated soil (CrCs), 

Manganese contaminated soil (MnCs), and Chromium manganese mix contaminated 

soil (CrMnCs) were designated randomly for collection of soil samples. From each site, 

12 samples were collected (total of 36 samples) from depth of 0-25 cm. These samples 

were then brought to the laboratory; thoroughly mixed and made three composite soil 

samples (Wu et al., 2010).  All the undesirable particles like debris, pebbles, gravels, 

plant materials, stones, rocks and other visible organic debris were removed by hand 

picking. The collected samples of soils were dried in air, mechanically grounded, 

passed through a sieve of 2 mm, and kept in polyethylene bags for further laboratory 

analysis.  

Physicochemical properties of soil like pH, electrical conductivity (EC) and texture 

were identified through standard procedures. Soil pH was determined using 105 Ion 
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analyzer pH meter, while EC of soil solution was recorded using Electrochemical 

Analyzer (EC meter 4510, Jenway, UK). For soil particle size distribution, hydrometer 

method was used (Gee et al., 1979). 

The dried powdered soil samples were extracted for total metals using wet digestion 

method as adopted by Khan et al. (2008 and 2018).  For bioavailable HMs 

determination, 10 g soil sample was taken into a 125 ml Erlenmeyer flask. Then 

extracting solution of AB-DTPA (20 ml) was added to the flask as mentioned in the 

procedure developed by Soltanpour and Schwab (1977). The obtained mixture was 

shaken for 15 min in open flasks on a reciprocal shaker at 180 rpm. Flasks were kept 

open and the extracts were filtered using micropore filter paper. Concentrated HNO3 

(100 µl) was added into each extract. All the extracts for total and bioavailable HMs 

were analyzed using atomic absorption spectrophotometry (AAS-700 Perkin Elmer, 

USA).  Analysis were carried out in Centralized Resource Laboratory (CRL), of 

University of Peshawar, Pakistan. 

3.2.2 Experimental design 

  HWB was chosen as an organic amendment material because of its unique 

properties. The biochar was prepared from hardwood at 500°C through slow pyrolysis 

with a retention time of ~1 h, having alkaline nature with 10% moisture level, 70-80% 

carbon and containing 3% ash (khan et al., 2013).  HWB was thoroughly grounded and 

passed from 2 mm sieve before applying to the mine contaminated soil. The selected 

biochar was homogeneously mixed @of 3% (w/w) with the chromite (FeCr2O4) mine 

contaminated soil (CrCs), manganese mine contaminated soil (MnCs) and chromium-

manganese mix contaminated soil (CrMnCs). These soils had many contaminants (Cu, 

Zn, Pb) but were named after their most abundant contaminants (Cr, Mn) (Table 3.1).  
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The control treatments for all the three types of soils without HWB amendment were 

also included. 

The NPK doses at concentrations of: N 120 mg/kg soil (NH4NO3) basal fertilizer, P 30 

mg/kg soil and K 75.7 mg/kg soil (K2HPO4) were applied and thoroughly mixed in each 

pot (khan et al., 2013). Each control and amended treatment were prepared in triplicates 

in plastic pots. Each pot contained 3 kg of soil including HWB masses. Before 

cultivation, the pots were flooded with deionized water and kept for 1 week. Pot 

positions were changed continuously to make sure equal amount of light and 

temperature availability. Two cultivars of rice (Oryza sativa) were selected 1) DR83 

(V1) released in 1983 and 2) IR6 (V2) released in 1971. The selected varieties’ healthy 

seeds were collected from Tarnab Farm, Peshawar having moisture content of 6% and 

95% germination. The seeds were thoroughly washed with deionized water for almost 

10 min and incubated for two days at 28oC with relative humidity of 70%. After that 

seeds were placed for 10 days in clean soil to attain uniform seedlings. Then three 

healthy and randomly selected equal size seedlings were transplanted to each plastic 

pot containing HWB amended and control soils and then flooded with deionized water 

3 cm above from surface (Khan et al., 2008 and 2013).  These experiments were 

conducted in a control temperature greenhouse environment (25±2ºC ;13 h light) of 

Agriculture University Peshawar, Pakistan.  

 After transplanting of 90 d of seedlings and on grain maturity, all plants of rice were 

harvested 3 cm above from soil surface and brought to the laboratory. To remove dust 

particles, plants were thoroughly washed with deionized water, and separated into 

shoots, leaves and grains.  To obtain dry weight, the plants shoots, leaves and grain 
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were oven dried at 70oC for 72 h and weighed. Then these dried samples were milled 

into powdered and kept in paper bags for further analyses. 

3.2.3  Wet digestion of plant 

 For wet digestion procedure, exactly 1.0 g powdered samples of (shoots, leaves 

and grain) were taken into digestion tubes, concentrated HNO3 (10 ml) was added to 

tubes and left for ~12 hours without heating. After that, tubes were heated in automatic 

digestion chamber on 80oC for ~2 hours. Then temperature was raised to 100oC and 

then to 160oC till completion of digestion process. Tubes were kept for cooling and then 

filtered into clean corning tubes and diluted to 50 ml with deionized water (Khan et al., 

2010). 

3.2.4 Heavy Metals Analysis 

 The selected HMs concentrations were analyzed in crops and soil extracts using 

AAS. The reagents blank and standard reference material for plant and soil were used 

to determine the accuracy and precision of the extraction and subsequent processes. 

Good recovery was obtained, 92 ± 3.7% and 93.3 ± 3.5% for plants and soil, 

respectively. All the extraction and analysis were performed in triplicates. 

3.2.5 Pollution level quantification 

 For the pollution level quantification, the technique adopted by Li et al., (2003) 

and Liu et al., (2007), was used in this study and HM pollution levels in agriculture 

degraded soils collected from mining sites were assessed. The expression of single-

factor pollution index is given below:  

Pi = Ci/Si. 
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Where Pi is (calculation of single pollution index (Table 3.1)), Ci is (concentrations of 

HMs in soil mgkg-1) and Si is maximum permissible limit (MPLs) set by world health 

organization (WHO).  Results obtained from single-factor evaluation were further 

categorized in four levels i.e. Pi ≤ 1 clean, Pi ≤ 2 light pollution, Pi ≤ 3 moderate 

pollution, and Pi > 3 heavy pollution (Rashed et al., 2010). 

3.2.6 Health risk assessment  

 Assessment of health-related risks was a significant parameter for the analysis 

of current study and was done through various formulas. The model adopted by Khan 

et al., (2014), was used for calculation of estimated daily intake, which indicates the 

average food individual intake, through oral pathway. 
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In equation (1), EDI is estimated daily dose, Cmetal represent concentrations of selected 

metals in plants (mgkg-1), IRfoodintake ingestion rate of rice, EF is exposure frequency, ED 

is exposure dose, LE is life expectancy and BW average body weight. These constant 

values are given in Annex (Table A3.1).  

3.2.7 Hazard Quotient 

 According to the USEPA (2012) Hazard Quotient (HQ) is equal to the ratio of 

EDI and Reference Dose (RfD). According to Khan et al. (2008) value of HQ<1 

indicates no health risk and HQ>1 shows detrimental health risk. 
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2.3.8 Cancer Risk Assessment 

               Incremental lifetime cancer risk (ILTCR) for Pb intake related cancer slope 

factor (CSF) was determined through the following equation (Khan et al., 2014). 

However, the values of ILTCR were not calculated for other HMs because USEPA or 

other organization have not recommended the CSF limits for them.  

CSF

EDEF


















BwLE

CiIRi

  ILTCR

 

i
_____________________________ (3) 

3.8.9 Statistical Analysis 

 The data obtained from the field and laboratory results, were statistically analyzed by 

using Microsoft excel. Sigma plot (10.0) software was used for graphical presentation 

of the obtained results. For the determination of significant difference one-way 

ANOVA (SPSS 21.0) was used. 

3.3 Results and Discussion 

3.3.1 Soil physico-chemical parameters    

 The physicochemical parameters of the selected degraded soil used in this 

research are shown in Table 3.1. Findings of the study indicated alkaline nature of soils 

collected from the three different mines impacted agricultural soil. Recorded initial pH 

of the soil were 7.6, 8.7, and 8.3 for CrCs, MnCs and CrMnCs respectively. Addition 

of amendment effected the soil properties. After harvesting slight increase in pH were 

observed for CrCs 7.82, MnCs 8.75 and CrMnCs 8.34. Increase in pH generally 

decrease the bioavailability and mobility of HMs in soil (Bolan et al., 2013). Available 

concentration of HMs was also significantly reduced (P≤0.05) after HWB amendment. 

The highest soil organic matter (SOM) (3.3%) was recorded for CrCs, while the lowest 
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(2.1%) was observed for CrMnCs. Application of fertilizers and manure for the 

improvement of soil fertility by the local farmers may be responsible for the reported 

variation (Santos et al., 2012). The results showed that the CrCs was loamy, MnCs and 

CrMnCs were sandy loam type. 

Table 3.1. Physico-chemical parameters of soils and biochar used in this 

experiment 

Table 3.1 summarizes the selected HMs concentration in the agricultural soils taken 

from vicinity of three different mining sites. Observed concentration of these metals 

Parameters CrCS Pi MnCS Pi CrMnCS Pi Biochar SEPA 

limits 

WHO 

limits 

PH 7.6  8.7  8.3  7.81   

EC (mS/cm) 0.1  0.3  0.3  0.64   

TOC (mg/kg)  0.33  47  0.35     

SOM (%) 3.3  2.7  2.1     

Texture  Loam  Sandy 

loam 

 Sandy 

loam 

    

Clay (%) 21.7  17.7  17     

Silt (%) 32  20  18     

Sand (%) 46.3  62.3  64.3     

Cr (Total) mg/kg 602 6.02 174 1.73 597 5.97  250 100 

Cr(Available) mg/kg 45  10  65     

Zn (total) mg/kg 99 1.98 68 1.36 55 1.1  300 50 

Zn(Available) mg/kg 13  6.5  11.5     

Cu (total) mg/kg 157.5 4.37 73.2 2.03 56.5 1.57  100 36 

Cu(Available)mg/kg 22  15.5  9     

Pb (total) mg/kg 50.9 0.59 28.7 0.33 32 0.37  350 85 

Pb(Available) mg/kg 12.5  10.5  22     

Mn (total) mg/kg 276  238  331   NA  

Mn(Available)mg/kg 64.3  135  316     
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were in order of Cr>Mn>Cu>Zn>Pb. These findings showed that the soils of the study 

area were contaminated with different HMs, due to the presence of the mafic and ultra-

mafic bed rocks (Shah et al., 2012). Analysis of the data showed that average 

concentrations of Cr in soil samples of the three sites were varied from each other. The 

highest total concentration of Cr (602 mg/kg) in CrCs was higher than the maximum 

allowed limit (MALs250 mg/kg) set by SEPA (1995), and lowest concentration (173.8 

mg/kg) was recorded in MnCs. Concentration of Zn and Pb were found within SEPA 

limits. 

 The highest total concentration (157 mg/kg) of Cu was found in CrCs which is above 

from the SEPA limits (100mg/kg), while the lowest value (56.5 mg/kg) in CrMnCs.  

The highest total concentration (331.2 mg/kg) of Mn was found in CrMnCs and the 

lowest (238 mg/kg) in MnCs. 

Data presented in Table 3.1 showed that the contamination of HMs in soil samples 

collected from the three sites of the study area were not uniform and could link with 

different nature of minerals. The Cr and Mn concentrations were observed lower than 

the concentrations mentioned Shah et al. (2013). Zn, Cu and Pb results were almost the 

same as mentioned by Shah et al. (2013). Cr concentrations were found six-fold higher 

than the permissible limit of WHO (1996). Mafic and ultra-mafic lithology in the form 

of manganese and chromite deposits in the study area could be associated with the 

enrichment of these metals in soils (Shah et al., 2010). However, concentrations of total 

selected HMs were found lower than those reported by Shah et al. (2013), while Zn and 

Pb concentrations were noted within permissible limits set by SEPA in 1995 (Khan et 

al., 2010). 
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Excessive mining of manganese/chromite ore and open dumping of their wastes are 

some of the major activities responsible for the HM enrichment in agriculture fields 

through the processes of wind erosion and rainfall (Liu et al., 2010; Nawab et al., 2015). 

The concentrations of HMs in soils of the study area indicated multifold enrichment 

with the potential of various risks to humans and grazing animals. 

3.3.2  Pollution index (Pi) 

 The values of Pi (Table 3.1) for Cr in CrCs, MnCs and CrMnCs were 6.02, 1.73 

and 5.97, respectively for agriculture soils in the proximity of the selected mines that 

indicated high level of Cr pollution in the study area. The values of Pi for Zn in CrCs, 

MnCs and CrMnCs were 1.98, 1.36 and 1.1, respectively indicating moderate level of 

pollution in agriculture soil. While the Pi value for Cu in CrCs, MnCs and CrMnCs 

were 4.37, 2.03 and 1.57, respectively, showed high level of Pi in CrCs and moderate 

level of Pi in MnCs and CrMnCs in agriculture soil of mining area. 

Reasons behind this high level of contamination may include excessive mining of 

chromite and manganese for commercial purposes and open dumping of the waste 

materials, and weathering of Cr and Mn-bearing rocks. Chromite manganese mines are 

present at higher elevations than agricultural fields in the study area. Consequently, 

dumped mining wastes travel downhill and seriously threaten local inhabitants both 

directly and through their food supply. Heavy rainfall on the hills accelerates downhill 

transport of these HMs, exacerbating their effect. The Pi values of current study agree 

with those reported by Nawab et al. (2018), while higher than reported by Muhammad 

et al. (2013) in soil and wild plants collected from northern areas of Pakistan.   
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3.3.3  Biochar impacts on rice physiological parameters 

 The addition of HWB had positive effects on both rice varieties grains, 

leaves/shoot biomass, and height of plant (Fig. 3.1). The result indicated that, HWB had 

positive effects on dry weight and height of both varieties.  An increase of 45.7, 33 and 

34.6% for V1 in CrCs, MnCs and CrMnCs, respectively and 41.5, 20.0 and 35.9% for 

V2 in CrCs, MnCs and CrMnCs, respectively, in dry weight biomass were observed as 

compared to the control. Collectively these results revealed that HWB effectively 

enhanced rice plant biomasses. Addition of biochar amendments can alleviate this 

effect (Xiao et al., 2016; Jones et al., 2016).  Usually HMs decrease the yield and plant 

growth by limiting the enzymatic activity of plants (Shanker et al., 2005).  The addition 

of various kinds of biochar increased rice grain yield, biomass, cherry, tomatoes and 

maize (Hossain et al., 2010; Zhang et al., 2012). The results obtained from these 

experiments are agreed with the results observed by Khan et al. (2014), that biochar 

amendment has significantly increased the rice biomass. Al-Wabel et al. (2015) has also 

stated the increases in maize dry biomass by biochar (B) amendment. The height of rice 

was increased for V1 (21.3, 27.8, 33.5%) and for V2 (24.6, 29.9, 33.5%) cultivated in 

CrCs, MnCs and CrMnCs, respectively as compared to the control. HWB significantly 

(P≤0.05) increased V1 and V2 height as compare to control. Biochar amended soil has 

improved plant growth as compare to control soil that is accredited to various 

mechanisms which changes the availability of essential nutrients and physical, 

biological and chemical characteristics of soil (Waqas et al., 2014). Above findings 

agree with various studies that used biochar amendments for contaminated soil (Khan 

et al., 2018).  
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Fig. 3.1: Physiological parameters of V1 {(A), (B) and (C)} and V2 {(D), (E) and 

(F)} grown in contaminated soils amended with HWB (red) and without (black) 

biochar amendments. 
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3.3.4 The influence of biochar on metal accumulation 

 Variations in accumulation of metals were observed in both rice varieties grown 

in different soils. The concentrations of Cr, Cu, Zn, Pb and Mn in rice plant grain were 

significantly (P≤0.01) reduced in V2, grown in HWB amended soil in comparison to 

control. The highest reduction in HM accumulation in V1 grain (Table 3.2) was 

observed for Cr in CrMnCs 14.4%, for Zn 71.8% in CrCs, Cu 93.3%, in MnCs, Pb 

36.4% in CrMnCs, and for Mn 47.9%, in CrCs.  The V2 showed significantly (P≤0.01) 

reduction of HM bioaccumulation as compared to V1. The highest Cr reduction 86.2% 

was observed in MnCs, Zn 96.6% in MnCs, Cu 98.2% in MnCs, Pb 98.8% in CrMnCs 

and Mn 84.6% in MnCs, in HWB amended soils as compared to the control treatments.  

Khan et al., (2014) recorded decrease in HMs uptake in rice grown in biochar amended 

soil and attributed this lower HMs mobility in the presence of biochar. The 

concentration of Cr, Cu, Zn, Pb, Mn grown in control soil exceeded the maximum 

permissible limits (Table 3.1) set by SEPA (1995) for food. HWB reduced the 

concentrations of HMs, Zn and Cu in grains to the permissible limits set by SEPA, and 

50 to 60% reduction occurred in Cr and Pb concentrations which are potentially toxic 

metals for human health.  
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Table 3.2. Heavy metal concentrations (mg/kg) in rice grain cultivated on 

amended and un-amended soils  

Treatments 

Cr Zn Cu Pb Mn 

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD 

Control 

(V1) 

CrCs 76±0.026 240±0.008 23.5±0.005 34.5±0.034 97.5±0.003 

 MnCs 81.5±0.023 78±0.0049 15±0.006 14.5±0.074 112±0.008 

 CrMnCs 62.5±0.004 150±0.005 3.5±0.010 5.5±0.009 48.7±0.005 

       

HWB 

(V1) 

CrCs 70.5±0.14 67.7±0.005 9±0.004 22±0.092 50.7±0.007 

 MnCs 69.7±0.024 40.2±0.010 1±0.011 11.2±0.046 74.2±0.007 

 CrMnCs 55.5±0.005 45.2±0.001 3.25±0.002 3.5±0.010 47.7±0.010 

Control 

(V2) 

CrCs 113±0.011 522±0.002 16.6±0.001 192±0.170 187±0.004 

 MnCs 548±0.015 1336±0.025 301±0.013 683±0.089 401±0.009 

 CrMnCs 126±0.023 758±0.011 61±0.003  582±0.158 362±0.004 

       

HWB 

(V2) 

CrCs 57.7±0.024 36.7±0.002 4±0.005 9.1±0.0108 52.7±0.007 

 MnCs 75.5±0.010 45.7±0.005 5.5±0.01 8.1±0.0023 61.7±0.006 

 CrMnCs 61.7±0.011 50±0.005 6.5±0.01 6.9±0.1848 65.7±0.002 

Similarly, HM concentrations in leaves of V1 decreased (Fig. 3.2) due to organic 

amendment, the highest reduction was observed for Cr 19.3% in CrCs, Zn 53.6% in 

CrMnCs, Cu 38.8% in CrMnCs, Pb 81.4% in CrMnCs and Mn 57.2% in CrCs as 
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compared to control soil. In V2 (Fig. 3.2), the highest reduction was observed for Cr 

37.0% in CrCs, Zn 97.1% in CrCs, Cu 99.2% in CrCs, Pb 82.6% in CrMnCs and Mn 

10.3% in CrMnCs in rice leaves due to HWB addition to mine degraded soils. The 

results revealed that HWB amendments reduced the uptake of HMs in rice leaves. The 

reductions in metals uptake with application of biochar by rice are consistent with 

findings of Khan et al (2014). Indeed, biochar increases soil organic matter thereby 

enhancing the soil’s capacity to bind metals and ultimately reducing concentrations in 

the soil solution (Liu et al., 2007). Biochar in soil may perhaps reduce HMs 

bioavailability by changing available portion into non-available portion (Walker et al., 

2003). Biochar addition effects soil pH which in turn changes the availability of   heavy 

metals in soil. The biochar metal retention capacity is also responsible for decreasing 

available fraction of metals in soil. Moreover, the presence of exchange sites on the 

surface of biochar also plays a key role in retention and reduction of available fraction 

of metals in soil (Fellet et al., 2014).  HMs sorb on the surface of biochar due to 

electrostatic force of attraction and ionic exchange. The application of HWB to mine-

affected soils could be an effective strategy to immobilize heavy metals in soil and 

minimize uptake by rice. Application of biochar to mine degraded soil may also 

improve overall soil quality i.e. physically, chemically and biologically in addition to 

immobilizing toxic metals (Khan et al., 2017).  
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Fig. 3.2. The concentrations of selected heavy metals in Leaves of rice of variety 

V1 {(A), (B) and (C)} and V2 {(D), (E) and (F)} grown in HWB amended(red) 

and un-amended(black) soils 

According to the results, HM concentrations were reduced in rice stem (Fig. 3.3) of V1 

as well: for Cr 24.4% in CrMnCs, Zn 41.1% in CrCs, Cu 99.6% in CrMnCs, Pb 95.6% 

in CrMnCs and Mn 48.3% in MnCs, while for V2 (Fig. 3.3), Cr 74.6% in CrMnCs, Zn 

59.3% in CrMnCs, Cu 84.6% in CrMnCs, Pb 96.9% in CrCs Mn 60.5% in CrMnCs by 

HWB addition. The decreases in uptake of HMs by both cultivars grown in the biochar 

amended soils could be associated to changes in pH, which is an essential factor for 
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HMs sorption process (Khan et al., 2008). The chemistry of absorbent, surface charges, 

speciation process of HMs in soil and ionization can be affected by pH (Kołodyńska et 

al., 2012). The decrease in HMs available concentration can also be linked with the 

changes in dissolved organic carbon and cation exchange capacity in biochar amended 

soil (Khan et al., 2008). Formations of complexes with metals in biochar amended soil 

due to the oxygen functional group of biochar are particularly affective in suppressing 

the Cu availability (Jiang et al., 2013). Reduction of HM bioaccumulation in rice plants 

with the application of biochar agree with the outcomes of Bian et al. (2013) who 

reported 90% decrease of HMs uptake in rice (grains) with biochar amendment.     

 

Fig. 3.3. The concentrations of selected HMs in stem of rice of V1 {(A), (B) and 

(C)} and V2 {(D), (E) and (F)} grown in HWB-amended(red) and un-

amended(black) soils 

 

Stem

C
o
n
ce

n
tr

a
tio

n
 (

m
g
/k

g
)

0

20

40

60

80

100

120

140

CrCS1

BCrCS1

C
o
n
ce

n
tr

a
tio

n
 (

m
g
/k

g
)

0

50

100

150

200

MnCS1 

BMnCS1 

C
o
n
ce

n
tr

a
tio

n
 (

m
g
/k

g
)

0

20

40

60

80

100

120

140

CrMnCS1 

BCrMnCS1 

C
o
n
ce

n
tr

a
tio

n
 (

m
g
/k

g
)

0

2

4

6

8

10

40

60

80

100

120

CrCS2 

BCrCS2 

Cr Zn Cu Pb Mn

C
o
n
ce

n
tr

a
tio

n
 (

m
g
/k

g
)

0

20

40

60

80

100

120

140

160

MnCS2 

BMnCS2 

Cr Zn Cu Pb Mn

C
o
n
ce

n
tr

a
tio

n
 (

m
g
/k

g
)

0

2

4

6

8
50

100

150

200

250

CrMnCS2 

BCrMnCS2 

(A) (B)

(C)
(D)

(E) (F)



 56 

3.4 Health Risk Assessment  

3.4.1 Estimated average daily intake of metals (EDI) 

 Food chain is considered as the major pathway of human exposure to HMs 

(Khan et al.,2008). In Pakistan, rice is one of the most important crops and it has high 

capacity to accumulate HMs from soil solution. Due to high consumption rate, rice is 

considered the most significant source of exposure to HMs (Williams et al., 2009). 

According to study conducted by Ji et al. (2013) on population of rural area of 

Goseaong, Korea residing in abandoned mine vicinity found that 75% of toxic HMs 

intake was due to rice consumption cultivated on nearby agriculture fields. Exposure to 

toxic HMs is 3-11-fold higher through rice consumption as compared to vegetables 

(Zhuang et al., 2009). 

The EDI of HMs was calculated for adults to evaluate the potential human health risk 

to inhabitants of the study area associated with average rice consumption (Annex Table 

A3.2). The results showed EDI was reduced by the addition of HWB for V1  by 14.5% 

in MnCs, 71.7% in CrCs, 93.3% in MnCs, 36.4% in CrMnCs and 47.9% in CrCs for 

Cr, Zn, Cu, Pb and Mn, respectively and for V2 significantly reduced (P≤0.01)  by 

86.2% in MnCs, 96.6% in MnCs, 98.2% in MnCs,  98.8% in MnCs and CrMnCs,  

84.6% in MnCs for Cr, Zn, Cu, Pb and Mn, respectively. Further detail is given in 

Annex (Table A3.1). The estimated EDI for the control is very high than the acceptable 

limits set for daily exposure to HMs without a considerable health risk over a whole 

life time (USEPA 2010). The HWB reduced EDI for all the studied metals present in 

mine degraded soil. Further, detailed research at field level with application of HWB at 

different ratios is required in this regard to assess biochar long term efficacy to reduced 

EDI through cultivation of rice in biochar amended soil under field conditions. It was 

important to note that addition of HWB also significantly (P≤0.01) reduced Pb in rice 
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grain. Pb reduction for grains in V1 (22.4 to 36.4%) and V2 (95.3 to 98.8%) was 

observed. Similarly, the concentrations of Pb were found reduced in leaves for V1 (8.47 

to 81.4%) and V2 (41.9 to 82.6%), and in stems for V1 (76.5 to 95.6%) and V2 (59.4 

to 96.9%) as compared to control. Characteristically, Pb toxicological effect is very 

high in comparison to the organic specie. Hence reduction of Pb concentration both in 

grain and fodder parts of the plants is necessary. HWB amendment treatment reduced 

EDI associated with the consumption of rice for Pb. This reduction of Pb in rice fodder 

may perhaps also be helpful for animal health and reduced the transfer of Pb to food 

stuffs obtained from animals. 

3.4.2  Hazard Quotient (HQ) 

 Potential risk of the ingested pollutants and their adverse health effects are 

assessed using HQ. HQ readings observed for control soils were higher than HWB 

amended soils indicating higher human health risk. The HQ results were significantly 

(P≤0.01) lower in both rice varieties grown on HWB amended soil as compared to 

controlled. In V1 highest HQ value for control soil was obtained for Cr (1.66E+02) of 

MnCs Pb (6.04E+01) of CrCs, Mn (4.91E+00) of MnCs, Zn (4.90E+00) of CrCs, and 

Cu (5.36E-01) of CrMnCs. In V2 highest HQ values in control soil were recorded for 

Pb (3.37E+02) of CrCs, Cr (2.57E+02) of CrMnCs, Zn (2.73E+01) of MnCs, Cu 

(9.34E+00) of CrMnCs, and Mn (8.21E+00) of CrCs. These higher values are 

indicating the human health risk (Table 3). Though HQ was significantly reduced 

(P≤0.01) in the HMs saturated soil by the application of 3% HWB. 

3.4.3 Cancer risk assessment ILTCR 

 Incremental Life time cancer risk (ILTCR) was determined for Pb intake 

through rice consumption for individual in the study area (Table 3.3). ILTCR as 
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mentioned by US EPA (1998) is theoretical maximum cases of cancer predictable to 

develop because of toxic metals exposures. It was calculated by multiplying the cancer 

slope factor (CSF) for Pb (0.0085mg/kg/day) with estimated daily intake (EDI) 

according to formulae mentioned in eq.4. 

Table 3.3. Hazard quotient associated with heavy metals in rice grown in amended 

soil as compared to control and Incremental life time cancer risk as affected by 

biochar amendment 

   

Treatment 
Cr Zn Cu Mn Pb ILTCR 

Control (V1)  

CrCs 1.55E+02 4.90E+00 3.60E+00 4.27E+00 6.04E+01 1.80E-03 

MnCs 1.66E+02 1.59E+00 2.30E+00 4.91E+00 2.54E+01 7.55E-04 

CrMnCs 1.28E+02 3.06E+00 5.36E-01 2.13E+00 0.00E+00 2.86E-04 

HWB (V1)  

CrCs 1.44E+02 1.38E+00 1.38E+00 2.22E+00 3.85E+01 1.15E-03 

MnCs 1.42E+02 8.22E-01 1.53E-01 3.25E+00 1.97E+01 5.86E-04 

CrMnCs 1.13E+02 9.24E-01 4.98E-01 2.09E+00 6.13E+00 1.82E-04 

Control (V2)  

CrCs 2.32E+02 1.07E+01 2.55E+00 8.21E+00 3.37E+02 1.00E-02 

MnCs 1.12E+03 2.73E+01 4.62E+01 1.75E+01 1.20E+03 3.56E-02 

CrMnCs 2.57E+02 1.55E+01 9.34E+00 1.58E+01 1.02E+03 3.03E-02 

HWB (V2)  

CrCs 1.18E+02 7.51E-01 6.13E-01 2.31E+00 1.59E+01 4.74E-04 

MnCs 1.54E+02 9.34E-01 8.43E-01 2.70E+00 1.42E+01 4.22E-04 

CrMnCs 1.26E+02 1.02E+00 6.00E-01 2.88E+00 1.21E+01 3.59E-04 

Results indicates that cancer risk values associated with Pb were significantly (P≤0.01) 

reduced for rice varieties grown in HWB amended soil in comparison with control. 

With addition of HWB in V1 reduced Pb accumulation in rice grains (22 to 35%) and 

in V2 was significantly (P≤0.01) reduced to (95 to 98 %). This reduction may lead to 
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less ingestion of Pb. Higher ILTCR values for rice grown in control soil are agreed with 

the study conducted by Meharg et al. (2009) in Bangladesh. The same were also 

reported by Li et al. (2011) for Chinese food, and [ Khan et al. (2014) for rice in China. 

Table 3.4. Permissible limits of the selected heavy metals in food 

Element Food Limit Detail 

Pb 0.2 mg/kg SEPA 2005 

Cr 

 

1.0 mg/kg The maximum level of contaminants 

in foods (GB2762-2005) for Pb and Cr 

Cu 

 

20 mg/kg The tolerance limit of Copper in 

Foods (GB15199-1994) for Cu 

Zn 100 mg/kg The tolerance limit of Zinc in 

Foods (GB13106-1991) for Zn 

 

3.5 CONCLUSION  

 The addition of HWB to Cr-Mn mine contaminated soil effectively suppressed 

reduced HM bioavailability and bioaccumulation in rice varieties through sorption 

mechanism. As a result, the projected daily intake of HMs and the he HQ values were 

likewise reduced, indicating the reduction in associated health risk from the 

consumption of rice.  

Results of this study agree with previous research showing that biochar reduces plant 

uptake of HMs, suggesting that its efficacy extends to Cr-Mg contaminated soil.  

Further field research is required to assess the full potential of HWB to mitigate soil 

contamination and subsequent uptake of toxic metals by rice. Diversification in diet can 
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also reduce various HM effects such as Pb poisoning, anemia and increased cancer risk. 

Results of this study are in support of the use of HWB to mitigate HMs accumulation 

in rice and hence reducing the exposure to HMs. This study was limited to Cr-Mn mine-

contaminated soils, and further research is therefore needed to investigate efficacy of 

biochar in soils contaminated with other pollutants. Likewise, more research is needed 

to determine which, if any, biochar type is optimal for HM remediation. 

It is proposed that hardwood waste can be used for biochar production and subsequent 

application to contaminated soils. This would present an advantageous alternative to 

sending such waste to landfills. Indeed, re-purposing of such waste would present a 

win-win scenario in which waste disposal costs are reduced and contaminated sites are 

restored. 
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CHAPTER-4 

BIOCHAR EFFICACY FOR REDUCING HEAVY METALS 

UPTAKE BY CILANTRO (CORIANDRUM SATIVUM) AND 

SPINACH (SPINACCIA OLERACEA) TO MINIMIZE HUMAN 

HEALTH RISK 

ABSTRACT 

In this study the efficacy of HWB was investigated for bioavailability of selected metals 

(Cr Zn, Cu, Mn and Pb)  in degraded soil of mining and their  bioaccumulations in 

vegetables and related health risks. Application of HWB to Cr-Mn mine degraded soil 

@ 3% to examine the efficacy of HWB for 2nd crop (in crop/vegetable rotation 

technique). Spinach (Spinaccia oleracea) and Cilantro (Coriandrum sativum) and were 

cultivated as 2nd crop in the same amended pot, which were previously used for rice 

cultivation as first crop. HWB reduced the concentrations of Cr, Zn, Cu, Mn, and Pb in 

cilantro by 25.5%, 37.1%, 42.5%, 34.3%, and 36.2% respectively, in comparison to 

control. For spinach, reduction was observed for Cr 75.0%, Zn 24.1%, Cu 70.1%, Mn 

78.0%, and Pb 50.5% as related to control. HWB significantly decreased (P<0.01) HMs 

uptake in spinach grown in amended soil. Results obtained from calculation of BAF 

also indicated that, amendment decreased HMs bioaccumulation in vegetables thus 

minimized health risk. The observed results of this study clearly determine that, HWB 

use can significantly reduce HMs concentration in vegetables, associated human health 

risks and improve food quality, therefore, HWB could be use as soil amendment for 

reclamation of mine-contaminated soil.   
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Graphical Abstract  

 

4.1  Introduction  

 Soil pollution is an unwanted change in the physical, chemical, and biological 

characteristics of soil that deteriorate the ability of land to support habitation and/or 

cultivation (Ahmed et al., 2017). Soil pollution from heavy metals (HMs) can originate 

from natural or anthropogenic sources. Soil can inherit HMs from parent materials. 

Mafic and ultramafic rocks contain relatively high concentrations of HMs compared 

with felsic rocks and are responsible in many instances for the contamination of 

agricultural soil, crops and vegetables (Shah et al., 2010). Soil may store HMs from a 

heavy metal point source and release them into the soil solution slowly over time. In 

this way, various pollutants may accumulate in soil, which acts as a medium for 

transferring pollutants through the food chain, groundwater, animals and human beings 

(Facchinelli et al., 2001; Khan et al., 2010). Hence, soil quality and the amount of 

pollution is closely related to human health (Abrahamas, 2002; Velea et al., 2009).  
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HMs like Cr, Pb, Cu, Mn and Zn are non-biodegradable. HMs are therefore persistent 

in environment and can accumulate in soil and vegetables to toxic levels, causing 

detrimental environmental problems (Bohn et al., 1985; Oliver, 1997; Radwan and 

Salama, 2006; Khan et al., 2010; Muhammad et al., 2011; Mishra et al.,2019). Thyroid 

artery abnormalities, over-production of red blood cells (RBCs), right coronary artery 

malfunctions, cancer, and polycythemia are some of the problems associated with Cr 

contamination. According to the US EPA, Cr is among the list of top 20 contaminants 

of priority (Oliveira et al., 2011; ATSDR, 2007). High concentration of Cr might cause 

severe problems to the inhabitants of local area. Therefore, the workers and habitants 

of the area using local vegetables are at high risk of Cr toxicity. Whereas, for metabolic 

activities and physiological processes Zn is needed for plants, however when present in 

excessive concentrations it is harmful and may cause chlorosis in plant’s leaves, pose 

health risks to humans (Sagardoy et al., 2009; Shah et al., 2010). Higher concentration 

of Zn has decreased the chlorophyll content, damaged the roots and living cells of 

shoots in different plants (Wang et al., 2009). Similarly, Cu is necessary in the range of 

5-20 mg/kg for plants normal growth (Shah et al., 2010). Concentration lower than 5 

mg/kg is insufficient for vegetables growth and may cause negative effects on 

nutritional value of the plants (Kabata-Pendias and Pendias 2001; Shah et al., 2010), 

and if Cu concentration exceeds 20 mg/kg it causes phytotoxic effects (SEPA, 2005). 

Likewise, high doses of Mn and Cu can cause Alzheimer’s and Manganism (Dieter et 

al., 2005). Higher concentration of Pb can cause nerve damage, kidney damage, cancers 

(stomach and lungs) and abdominal pain (Steenland and Boffetta, 2000; Jarup, 2003). 

Soils of mining areas are unstable in structure and are not good for cultivation due to 

the presence of HMs (Baldantoni et al., 2016). These degraded soils are contaminated 

with HMs and contain lower concentrations of essential nutrients and organic matter; 
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thus, these soils reduce the productivity of crops and vegetables due to high toxicity 

and overall low quality (Mendeez and Maier, 2008; Zhuang et al., 2009; Mench et al., 

2010). Globally, a rapid increase has been witnessed in the usage of organic 

amendments for the immobilization of HMs in contaminated soil (Mendez et al., 2014). 

Organic amendments such as biochar reduce the uptake of HMs within the food crops 

by reducing their mobility in soil (Walker et al., 2004; Waqas et al., 2014; Khan et al., 

2015; Ok et al., 2015; Ahmad et al., 2017; Turan, 2019).). It is reported by many 

researchers that amendment of biochar increases crop growth in less fertile soil and 

availability of essential nutrients, improve water retention capacity and immobilize 

HMs like Cu, Cr, Mn, Zn and Pb in contaminated soils (Walker et al., 2004; Clemente 

et al., 2007; Angelova et al., 2011; Khan et al., 2013; Khan et al., 2014;, Qi et al., 

2016).  

Vegetables are most important component of food intake worldwide and consumption 

of vegetables contaminated with HMs is a major pathway of exposure for humans than 

other routes like dermal contact.  (Loutfy et al., 2006; Khan et al., 2010; Yang et al., 

2011). Some of the factors responsible for the bioaccumulation of HMs in vegetables 

are atmospheric depositions, concentration of HMs in soil, climatic conditions, soil type 

and the degree of maturity of plant (Muchuveti et al., 2006). Moreover, leafy vegetables 

excessively accumulate HMs as compared to other food crops (Bortey-Sam et al., 

2015). Cilantro (Coriandrum sativum) and spinach (Spinaccia oleracea) are the leafy 

vegetables that can accumulate higher amounts of HMs in their leaves when grown in 

contaminated soils (Chopra et al., 1986; Al-Jassir et al., 2005).  

United States Environmental Protection Agency (USEPA), World Health Organization 

(WHO) and other regulatory bodies have established health-based guidelines for HM 

concentrations in agricultural soils, crops and vegetables. However, better 
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understanding of organic amendments and appropriate agricultural practices in nearby 

fields of mining areas are required to minimize the HM concentrations in soils, crops 

and vegetables (Khan et al., 2010). In contrast to the developing nations of the world, 

health risks from the consumption of contaminated vegetables are more common in the 

developed countries. In a developing country like Pakistan, open dumping of mining 

waste is a common practice which pollutes nearby agricultural soils during rainfall. At 

the time of writing, published data on the efficacy of biochar amendment as a 

remediation strategy for Cr and Mn contaminated soils are grossly insufficient in 

Pakistan to draw a conclusion.     

Biochar is a carbon-rich soil amendment that can sequester carbon in soil, improve crop 

yields and also immobilize heavy metals. Earlier studies suggested that the carbon in 

biochar is extremely stable in soils; e.g. the time of residence for hardwood biochar 

(HWB) ranges 100-1000 years, therefore, about 10-1000 times longer than the 

mainstream organic matter in soil (Verheijen et al., 2010). Biochar can also adsorb 

heavy metals and may continue to do so during this extended time period, thereby 

reducing bioavailability in the long term. In this study, cilantro and spinach were 

cultivated as second crop in the amended soil which were already used for rice 

cultivation as first crop (without adding further amendments), to assess the efficicacy 

of HWB in crop rotation technique for the second crop. Thus, it is assumed that already 

used HWB amendment for rice crop will be beneficial for the vegetables as well and 

will contribute to the sustainability of agriculture sector. The present study aimed to 

investigate the influence of 3% w/w HWB in (1) mining impacted agricultural soil 

already used for rice cultivation, (2) bioaccumulation of HMs in leafy vegetables 

(cilantro and spinach), (3) daily metal intake (DMI), (4) health risk quotient (HQ) and 

(5) incremental life time cancer risk assessment (ILTCR) associated with the 
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consumption of these vegetables. Based on this research, suggestion and 

recommendations can be made for the HWB amendments to reduce the HMs 

accumulation in vegetables grown in crop rotation technique in mining impacted soils. 

4.2 Materials and Methods 

4.2.1 Experimental Design 

 The already HWB amended soils for rice crop was used in this experiment to 

quantify the efficacy of HWB for second crops in crop rotation technique. Briefly, three 

different kinds of chromium-manganese mine contaminated soils (Chromium-

contaminated soil (CrCs), Manganese-contaminated soil (MnCs), Chromium-

manganese mix contaminated soil (CrMnCs)) were collected from the Bucha area of 

Mohmmand district Khyber Pukhtunkhwa Pakistan. These soils had many 

contaminants (Cu, Zn, Pb) but were named after their most abundant contaminants (Cr, 

Mn). Biochar (HWB) was produced from hardwood through slow pyrolysis at 500°C. 

Pots were filled with 3 kg soil and HWB with the application of 3% (w/w) and 

cultivated with first crop (rice). After harvesting the first crop, soil was prepared for the 

second cultivation of crops (vegetables) as crop rotation technique. Certified Seeds of 

coriander (Coriandrum sativum) and spinach (Spinaccia oleracea) were collected from 

the Tarnab Farm, Peshawar Khyber Pakhtunkhwa, Pakistan. The seeds were thoroughly 

washed with deionized water in laboratory and germinated in petri dishes for one week. 

After one week the healthy seedlings were transferred to pots. Coriander and spinach 

were cultivated in a full factorial design in triplicate (2 crops x 3 soils x 2 treatments 

(control and HWB amendment) x 3 replicates = 36 pots in total).  
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4.2.2 Soil Preparation and Analysis 

 After harvesting of first crop, plant roots were removed to prepare it for the 

experiment to cultivate second crops (cilantro and spinach). Soil was thoroughly mixed 

and allowed to equilibrate for ~2 days. Fundamental properties of soil like, electric 

conductivity (EC), pH, total and bioavailable HMs were measured through standard 

procedures adopted by Khan et al. (2013) and Rahman et al. (2018). Then leafy 

vegetables (cilantro and spinach) were grown in pots. 

4.2.3 Plant Sample Preparation 

 Once mature (40 days after planting), the vegetables were harvested and 

transferred to the laboratory of  Environmental Sciences Department, University of 

Peshawar. Samples were thoroughly washed with distilled water for the removal of 

airborne pollutants, dust particles, and soil, if any. After air drying, all the samples were 

dried in oven at 65°C for ~72 h. Dried samples were well grounded using an electric 

grinder, labeled, and stored in clean zip sealed plastic bags for acid extraction and HMs 

analysis. 

For acid extraction process, 0.2 g samples of powdered vegetables were weighed and 

put in the digestion tubes, 10 ml of HNO3 was added to each sample and kept it for ~12 

h at room temperature (Khan et al., 2010). Then placed these tubes in digestion block 

at 80°C for ~2 h, 160°C for ~20 h followed by the addition of 5 ml HClO4 to each sample 

and heated until the samples became transparent. Samples were filtered using filter 

paper (Wattman No. 42) in volumetric tubes and the volume was raised up to 50 ml by 

adding double deionized water. Extracted samples were stored for Atomic Adsorption 

Spectrophotometry (AAS Model-700 Perkin Elmer, USA) at room temperature. 
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4.2.4 Analytical Procedures 

 The selected metals (Cr, Zn, Cu, Pb and Mn) in vegetables samples were analyzed 

through Atomic Absorption spectrophotometry (AAS 700-perkin Elmer-USA). 

Chemicals (analytical grade) with purity 99 % (Merck Darmstadt, Germany) were used 

for sample preparation and analysis. National institute of standard and technology 

(NIST) standard reference material 1570A were used for vegetables and SRM2709 was 

used for soil heavy metals.   Accuracy and precision of all analysis were repeatedly 

tested throughout the analysis against these NIST standard.   Each digested sample was 

analyzed in triplicate (under standard condition) for data quality assurance within 95% 

confidence level. Analysis were carried out in the Centralized-Resource Laboratory 

(CRL), University of Peshawar. 

4.2.5 Bioaccumulation Factor (BAF) 

 Bioaccumulation Factor (BAF) from soil to plant was calculated by following 

formula adopted by Zhou et al. (2016): 

)1____(__________
C

C
 BAF

soil

plant


 

Where Cplant refers to the concentration of HMs in extracts of food crop and Csoil refers 

to the concentration of HMs in the extracts of soil on dry weight basis. 

4.2.6 Health Risk Assessment 

 Health risk assessment was calculated with a formula adopted by Khan et al. 

(2014) that was used for average daily intake (ADI) which shows the average daily 

intake of vegetables through oral pathway. 
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C
  ADI
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___________________________ (2) 
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In equation (2), ADI is average daily intake, Cmetal represents concentration of selected 

metal in plants (mg/kg), IRfoodintake ingestion ratio of vegetables. EF is used for exposure 

frequency, ED is for exposure dose, LE is for total life expectancy and BW is per person 

average body weight.  

4.2.7 Hazard Quotient 

 HQ is estimated through the USEPA formulae (2012), according to which HQ 

is the ratio of ADI and RfD (Reference Dose). If value HQ >1 then it indicates 

detrimental health risks and less than 1 (HQ<1), it shows no health risks (Khan et al., 

2008).  

D

ADI

f

sum

R
  HQ  ______________________________________ (3) 

4.2.8 Cancer Risk Assessment 

 ILTCR in vegetables for Pb was determined according to formulae adopted by 

USEPA (2011), (2012) and Khan et al. (2014) as shown in equation 4. Whereas EF is 

(Exposure frequency, ED (estimated dose), LE (life expectancy), BW (Body weight) 

and CSF (Cancer slope factor). 

CSF

EDEF


















BwLE

CiIRi

  ILTCR

 

i
_________________________ (4) 

4.2.9 Statistical Analysis 

 All the results obtained were statically analyzed using sigma plot 10.0 for 

graphical presentation and One-way ANOVA (SPSS 21.0) for significant difference. 
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4.3 Results and Discussion 

4.3.1 Effects of Biochar on Metal Accumulation  

 A slight change was observed in pH of amended soils as compared to control. 

Initial pH of the soil at the time of cultivation of first crop (rice) were recorded 7.6 for 

CrCS, 8.7 for MnCS, and 8.3 for CrMnCS and after harvesting first crop and before 

cultivation of leafy vegetables soils were again analyzed and increase in pH of soils 

were observed details are given in (Table 4.1). The effects of HWB on the accumulation 

of selected HMs in cilantro and spinach were studied in all three types of soils. Results 

showed that HWB amendment had different effects on the uptake of Cr, Zn, Cu, Pb and 

Mn in both vegetable species. Annex Tables (A4.1 and A4.2) show that the 

concentrations of selected HMs are present in different vegetables cultivated on control 

and HWB amended soils. Concentrations of HMs in vegetables cultivated in control 

soils were compared with the HWB amended soils as shown in Fig. 4.1. Comparison 

of all the results were then made with the maximum permissible limit (MPL) set by 

State environment protection administration (China) SEPA (2005). The MPL for Cr, 

Zn, Cu, Mn, and Pb for vegetables are 0.5, 100, 20, 500, and 0.2, mg/kg   respectively 

set by SEPA (2005) in Table A4.3. 

Higher concentration of HMs found in agricultural soil of mining areas might be due to 

mafic and ultramafic rocks. From the open dumping of mining waste these HMs 

disperse with the rain water and wind erosion to the nearby fields, accumulate in soil 

and then from soil enter to the food chain (Liu et al., 2005; Nawab et al., 2015a).  Khan 

et al. (2013) reported elevated concentrations of HMs in agricultural soils of northern 

areas in Pakistan. These HMs have been shown to accumulate in edible parts of 

vegetables grown on contaminated soils (Khan et al., 2008). Mapanda et al. (2007) also 

reported higher HMs accumulation in leafy vegetables grown in contaminated soil. In 
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agreement with these results, Nawab et al. (2018) also found that biochar reduced 

uptake of HMs. 

Table 4.1 Physicochemical properties of controlled and amended soil. 

Parameters CrCs 

(control) 

BCrCs MnCs 

(control) 

BMnCs CrMnCs 

(control) 

BCrMnCs  SEPA WHO 

pH 7.64±0.02 7.82±0.01 8.71±0.03 8.75±0.03 8.3±0.02 8.34±0.01   

EC (mS/cm) 0.15±0.01 0.17±0.01 0.33±0.002 0.36±0.03 0.32±0.01 0.41±0.03   

Cr (Total mg/kg) 560±6.00 520±5.65 154±3.00 132±4.04 507±6 421±3.76 250 100 

Cr (Available mg/kg) 35±2.58 27±1.85 8±0.22 5±0.19 45±1.05 33±1.20   

Zn (Total mg/kg) 79±3.35 65±2.05 57±1.65 42±2.06 43±2.04 24±0.91 300 50 

Zn (Available mg/kg) 11±0.90      7±0.23 4.5±0.08 3.7±0.05 9.5±0.95 7±0.85   

Cu (Total mg/kg) 127±2.50 98±3.04 62±4.05 50±5.00 46±3.55 31±2.05 100 36 

Cu (Available mg/kg) 17±0.05 11±2.01 12±3.02 9±1.01 7±0.81 5±0.42   

Mn (Total mg/kg) 226±4.56 156±2.06 198±2.45 171±3.00 281±5.85 203±40 N/A N/A 

Mn (Available mg/kg) 54±2.40 38±1.50 105±3.35 69±2.30 266±4.6 195±3.00   

Pb (Total mg/kg) 37±1.05 29±1.00 19±0.85 12±0.09 25±2.10 16±1.45 350 85 

Pb (Available mg/kg) 10±0.90 8.2±0.08 7±0.05 5±0.01 18±1.05 11±0.95   

4.3.1.1 Chromium (Cr) 

 The concentration of Cr in cilantro was significantly (P≤0.05) reduced in HWB 

amended soil as compared to control (without HWB). The highest reduction in Cr 

accumulation in cilantro was observed for BCrMnCS 25.52% and lowest for BCrCS 

12.54%.  In case of spinach the HWB amendment in soils significantly (P≤0.01) 

reduced the Cr uptake as compared to control. The highest decrease was observed for 

BCrCS (75.05%) and lowest for BCrMnCS (14.75%). The results of spinach clearly 

indicated that HWB efficiently reduced the uptake of Cr. Under control treatments the 

highest mean concentration of Cr was recorded for CrCS (538.25 mg/kg and 1145.25 

mg/kg) in cilantro and spinach respectively. In this study concentrations of Cr observed 
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in unamended soils were higher than those reported by Rehman et al. (2018). The 

effects of HWB were greater for spinach than for cilantro. The concentration of Cr in 

both vegetables under HWB treatment is still very high from the permissible limit set 

for the food by state environmental protection Agency (SEPA) China (1995) i.e. 0.5 

mg/kg. The above results agreed with the study of Zhuang et al. (2009) on food crops 

in mine contaminated soil of Dabaoshan South China where the accumulation of Cr 

was high in leafy vegetables.  

Results of this study are generally agreeing with the literature. Khan et al. (2015) 

reported decrease in Cr uptake in turnip under biochar treatment. Similarly, Muhammad 

et al. (2014) has also reported a decrease in HMs uptake in cabbage by using bamboo 

biochar. Biochar has strong adsorption affinity for ionic solutes (Lehman et al., 2003). 

The reduction of Cr in leafy vegetables tissues may be due to high adsorption capacity 

and larger surface area of HWB (Clark et al., 2007), low solubility of Cr in amended 

soil (Lehman et al., 2011), increase in pH and Cation exchange capacity (CEC) 

(Radovic et al., 2001) could be  possible causes for reduction of Cr uptake in vegetables 

as compared to control. Choppala et al., (2010) also reported that the Cr adsorption to 

soil increases with the increase in pH and CEC of soils. 

4.3.1.2 Zinc (Zn) 

 Uptake of Zn in cilantro was significantly (P≤0.05) reduced in HWB amended 

soil as compared to control. BCrCS reduced 37.1% Zn accumulation which is highest 

reduction among the three types of soil and lowest for BCrMnCS (18.75%). In spinach 

the accumulation of Zn was also significantly (P≤0.05) reduced as compared to control.  

The highest reduction was obtained for BMnCS (24.1%) and lowest for BCrCS 

(10.24%). In control the highest mean concentration of Zn was observed for CrCS (104 
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mg/kg and 95.2 mg/kg) for cilantro and spinach respectively. In control soils the 

concentration of Zn in vegetables was higher than the results reported by Rehman et al. 

(2018); Khan et al. (2010) and Khan et al. (2013) in Gilgit and Swat districts of Pakistan 

respectively. Zn is an essential micronutrient for the plants, needed by the plants in 

small amount but it plays important role in growth hormone production but its excess 

in the plants causes chlorosis and, in some cases, decrease the growth of leaves and 

eventually death of entire leaf (Reichman, S. M. 2002).  

 HWB efficiently reduced Zn concentration in both vegetables. Beesly et al. (2010) also 

observed reduction in Zn concentration in biochar amended soil as compared to control. 

Zhang et al. (2012) has observed reduction in Zn concentration in rice cultivated on 

mine contaminated soil of Hunan province with the application of biochar in 

comparison to control. His study attributed the HMs uptake reduction to increase in pH. 

Likewise, Kim et al. (2015) also reported 65% reduction in Zn concentration in lettuce 

in biochar amended soil as compared to control. Biochar reduced concentrations of Zn 

in pore water and in a result significant decrease of Zn in soil solution was observed.  

Same results were also reported in soil by Melo et al. (2013), who observed for the soil 

cultivated jack beans, 42, 51 and 35% reduction in Zn concentration in first second and 

third collection, against control.  Similarly, decrease in Zn concentration in plant was 

reported by Puga (2015) and in soil by Karami et al. (2011) with biochar application. 

Thus, biochar effectively reduced HMs in soil solution from diverse kind of 

contaminated soil (Beesly et al., 2010). Various factors such as increase in soil pH 

(Karami et al., 2011), electrostatic interaction between metal cations and carbon 

negative surface charge including ion exchange between surface protons of biochar and 
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metal cations are involved in biochar ability to adsorb HMs (Machida et al., 2016) and 

reduce its bioaccumulation in vegetables.  

4.3.1.3 Copper (Cu) 

 Significant (P≤0.05) reduction was observed in the concentration of Cu for 

cilantro in HWB amended soil as compared to control. Highest reduction in Cu 

accumulation due to HWB was recorded for BMnCS (42.47%) and lowest for 

BCrMnCS (31.40%) as compared to control soils (all three types of mining soils). On 

the other hand, in spinach significant (P≤0.01) reduction in concentration of Cu was 

noted in HWB amended soil as compared to control. The highest decrease was recorded 

for BMnCS (70.06%) and lowest for BCrMnCS (8.33%). In control the highest mean 

concentration of Cu was observed for cilantro in CrMnCS (21.5 mg/kg) and for spinach 

in MnCS (39.25 mg/kg), which is much higher in spinach from the permissible limit 

(20mg/kg) set by SEPA (2005). HWB amendment efficiently reduced Cu concentration 

to permissible limit and brought it to 11.75 mg/kg in BMnCS. In Cilantro HWB also 

reduced the concentration of Cu in BCrMnCS (14. 75 mg/kg). The Cu concentration 

results of this study obtained for control were higher than observed by Rehman et al. 

(2018) and less than the values (27-65mg/kg) recorded by Del Rio- Celestino et al. 

(2006) for leafy vegetables cultivated on mine tailing contaminated soil. Jia et al. (2017) 

reported an 18.6% reduction in Cu uptake in wheat because of biochar amendment. Cu 

stability in soil is strongly dependent on pH, when pH decreases, mobility increases. 

Phosphate, carbonates and clay could keep lower the Cu mobility in contaminated soil 

by chemisorption (Kabata-Pendias and Pendias). Cu is required to plants for the process 

of photosynthesis and necessary for plant respiration, but its higher concertation causes 

toxicity to plants and they appeared as stunted, bluish in color and eventually turn 

brown (Yruela, 2009)  
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Biochars effectively immobilize HMs in soil however biochars do not always 

significantly immobilize Cu, which may link with increase in Cu mobility due to 

increase in DOC with addition of biochar (Beesley and Dickinson, 2011).  Beeslay et 

al. (2010) testified that a hardwood biochar amendment reduced HMs concentration in 

water extractable fraction and for Cu the water extractable concentration was increased. 

Generally, Cu availability under biochar treatment may be reduced because of 

complexion, sorption and precipitation (Bolan et al., 2003a; Zhang et al., 2013a). 

4.3.1.4 Manganese (Mn) 

 Concentration of Mn in cilantro was significantly (P≤0.05) reduced in HWB-

amended soils as compared to control. Highest reduction in uptake was recorded for 

BCrMnCS (34.26%). Among controls, the mean concentration of Mn was recorded 

highest for CrMnCS (708.5 mg/kg) above the MPL (500mg/kg) set by SEPA (2005) of 

China. HWB amendment efficiently reduced this concentration to 465.78 mg/kg which 

is in the range of MPL. 

In case of spinach significant (P≤0.01) reduction of Mn uptake was observed in HWB-

amended soil. Highest reduction of Mn accumulation in biochar amended soil was 

observed for BMnCS (78.47%) as compared to control soils. In control the highest 

mean value for Mn was noted for MnCS (1389 mg/kg) which is almost 3-folds higher 

than the MPL. With the application of HWB significant reduction in Mn uptake was 

observed and reduced it to 299 mg/kg which is within the range of MPL.  The results 

of control soils for Mn accumulation of this study were observed higher than the results 

reported by Rehman et al. (2018); Khan et al. (2013) for Mn accumulation in vegetables 

of Northern area of Pakistan. 
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4.3.1.5 Lead (Pb) 

 For cilantro significant (P≤0.05) reduction was observed in Pb accumulation in 

HWB amended soil as compared to control. Highest reduction was observed for 

BMnCS (36.22%) and lowest for BCrMnCS (3.07%) in HWB amended soil. For 

control the highest mean concentration of Pb was observed 70.5 mg/kg in CrCS that is 

multifold high from the MPL (0.3 mg/kg) set by SEPA (2005). HWB reduced this 

concentration and brought it to 45mg/kg but it is still very high and may cause potential 

health problems to humans and animals. 

In case of spinach, significant (P≤0.01) reduction was recorded in Pb uptake in amended 

soil. BMnCS reduced Pb uptake up to 50.48% as compared to control soil. The lowest 

reduction in Pb uptake was observed for BCrMnCS (6.88%). Highest mean 

concentration of Pb for control soil was recorded for MnCS (104 mg/kg) which is very 

high for agricultural soil. HWB amendment reduced it and brought it to 50.5 mg/kg that 

is still multifold higher concentration for agricultural soil. 

Results of this experiment agree with the study of Puga et al. (2015) who reported 50% 

reduction in Pb uptake in mine contaminated soil through biochar amendment. 

Igalavithana et al. (2017) also reported immobilization of Pb due to pine cone biochar. 

A recent study conducted by Nawab et al. (2018) on mine impacted soil has reported 

significant reduction in Pb uptake with 5% application of Biochar. Zhang et al. (2012) 

observed a high decrease in Pb concentration in rice due to application of 5% rice straw 

biochar. Similarly, Karami et al. (2011) reported that biochar inhibited the Pb uptake 

in ryegrass. According to Sharma et al. (2008), Pb is very toxic poison, that entered 

humans and animals through ingestion of vegetables. 
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In the current study the reduction of Pb in the spinach and cilantro may be attributed to 

the increase in soil pH which cause precipitation or co-precipitation of Pb (Ahmad et 

al., 2012). Pb adsorption to biochar could be another reason for low uptake (Namgay 

et al., 2010). 

 

Fig. 4.1. The concentrations of selected HMs in cilantro {(A), (B) and (C)} and 

spinach {(D), (E) and (F)} grown in HWB amended and unamended (control) 

soils (CrCS, MnCS and CrMnCS) 
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4.3.2 Bioaccumulation Factor (BAF) 

 BAF might be considered an important tool for the assessment of human’s 

exposure to HMs through ingestion and it also signifies the bioavailability of HMs 

present in soil to plants (Garg et al., 2014). BAF values measured for vegetables grown 

in control and biochar amended mine contaminated soils. Fig. 4.2 show the BAF for the 

selected HMs in cilantro and spinach. 

In cilantro the BAF values for Cr and Cu were less than 1 in all three types of control 

soils, and in amended soil the concentration was further reduced. Highest BAF value 

for Zn was found 1.76 for CrMnCS, HWB reduced it to 1.43, for Pb the highest BAF 

value was measured 3.34 for MnCS and was reduced to 2.13, and for Mn the highest 

BAF value was recorded 2.52 for CrMnCS that was reduced to 1.65. Likewise, higher 

concentrations of Pb, Zn and Mn (1.20 -5.51, 1.762-1.05 and 1.55 respectively) were 

found by Satter (2012) in the plants of Dhaka Bangladesh. 

In case of spinach, the highest BAF value for Cr in all three types of soil was found 

3.06 for MnCS and with the application of HWB it reduced to 1.17.  BAF value for Zn 

was observed 1.67 for MnCS and is reduced to 1.26 by the HWB amendment. For Cu 

the BAF values were less than 1. Quite high BAF value was recorded for Pb in MnCS 

(5.47) and HWB decreased it to 2.71. A very high BAF value was found for Mn in 

MnCS (7.01) and with the application of HWB it reduced to 1.51. This means that leafy 

vegetables like spinach have high transfer rate of HMs but HWB efficiently inhibits 

these HMs uptake. Results of the present study agreed with the work conducted by 

Zhuang et al. (2009) on vegetables in South China Dabaoshan mine, where the BAF 

values for HMs in leafy vegetables were significantly high. According to Zhuang et al. 

(2009) electrolyte present in soil plays vital role in transferring metals. Soil 
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electrochemical properties imitated through pH, electrolyte concentration and 

temperature etc. influence the toxic metals ability of migration and transformation 

(Zhuang et al., 2009). 

Spinach and cilantro are important vegetables and are used in a large scale around the 

globe.  The soils having high HMs concentrations are potential threats to human health. 

Toxic elements through these vegetables enter into food chain from contaminated soil 

and cause disruption in various systems of humans. Health of residents and labors of 

the study area are therefore at high risk due to these metals and such health risk can be 

reduced by proper management of pollution source, applying remediation techniques 

and plants pattern adjustment. 
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Fig. 4.2. Bioaccumulation factor (BAF) of selected HMs in cilantro {(A), (B) and 

(C)} and spinach {(D), (E) and (F)} grown in HWB amended and unamended 

(control) soils (CrCS, MnCS and CrMnCS) 
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4.3.3 Health Risks 

4.3.3.1 ADI 

 Toxic metals accumulations from the vegetables to the food chain cause severe 

human health impacts. In this study ADI was determined through average consumption 

of vegetables. It was noted from the data shown in Table (4.2) for cilantro and Table 

(4.3) for spinach, that the ADI was lower in vegetables grown on HWB amended soil 

as compared to control. For adults, the ADI in cilantro was significantly (P≤0.05) 

reduced with the application of HWB in all three types of soils. The ADI reduction was 

noted in the range of 12.73-25.54%, 18.88-37.11%, 31.52-42.59%, 3.00-36.25% and 

0.99-34.33%, for Cr, Zn, Cu, Pb and Mn respectively in all three types of amended soil 

in comparison with controlled. Similarly, for spinach the ADI was reduced in all three 

types of soils by 14.79-75.07%, 10.60-24.14%, 8.27-70.12%, 6.73-50.39% and 14.90-

78.50% for Cr, Zn, Cu, Pb and Mn respectively with the application of HWB as 

compared to control. Khan et al. (2014) also found 42% decrease in ADI of HMs with 

the application of biochar to mining impacted soil. Previously Nawab et al. (2018) also 

reported 21-36% reduction in ADI of HMs with the addition of biochar through the 

intake of pea fruits.  

The ADI in vegetables grown on control soils are very high than the permissible limits 

set by USEPA (2010) for daily exposure to HMs without a considerable health risk over 

a whole life time.  Results indicated that HWB efficiently reduced the average daily 

intake of these metals. These reductions may be attributed to the HWB role in 

increasing soil organic matter (SOM) which enhance the HMs binding capacity and 

reduced their mobility in soil (Liu et al., 2007). This may also be attributed to the 

organic amendment characteristic to reduce the bioavailability of HMs from the 

available fraction to non-available fractions (Walker et al., 2004).   Results of the study 
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are fully in agreement with the observations of Khan et al. (2014), who reported that 

the application of sewage sludge (SS) biochar to contaminated soil has efficiently 

reduced the HMs and mitigate associated health hazards. Application of HWB mainly 

led to some alteration in physicochemical properties of soil and HMs uptake by 

vegetables, HWB changes the soil pH that has a vital role in the bioavailability and 

mobility of HMs (Nigham et al., 2001). 

The above results clearly demonstrated that the HWB addition to mining impacted soil 

have a considerable role in food safety and in minimizing health risks of HMs 

associated with dietary intake through consumption of vegetables cultivated in 

contaminated soil. 
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Table 4.2. The average daily intake (ADI) values of selected HMs for cilantro in 

control and under HWB amendment 

 Treatment Cr Zn Cu Pb Mn 

Control CrCS 3.30E+00 6.36E-01 1.21E-01 4.32E-01 2.14E+00 

 MnCS 1.01E+00 5.71E-01 1.12E-01 3.89E-01 3.02E+00 

 CrMnCS 1.84E+00 4.66E-01 1.32E-01 4.00E-01 4.34E+00 

        

Biochar BCrCS 2.88E+00 4.00E-01 7.20E-02 2.76E-01 1.58E+00 

 BMnCS 7.94E-01 3.71E-01 6.43E-02 2.48E-01 2.99E+00 

 BCrMnCS 1.37E+00 3.78E-01 9.04E-02 3.88E-01 2.85E+00 

 

Table 4.3. The average daily intake (ADI) values of selected HMs for Spinach in control and 

under HWB amendment 

  Treatment Cr Zn Cu Pb Mn 

Control  CrCS 7.02E+00 3.68E-01 1.50E-01 4.84E-01 2.49E+00 

 MnCS 2.89E+00 5.84E-01 2.41E-01 6.37E-01 8.51E+00 

 CrMnCS 1.42E+00 3.94E-01 9.19E-02 4.90E-01 3.02E+00 

        

Biochar  BCrCS 1.75E+00 3.29E-01 5.06E-02 4.38E-01 1.05E+00 

 BMnCS 1.11E+00 4.43E-01 7.20E-02 3.16E-01 1.83E+00 

 BCrMnCS 1.21E+00 3.35E-01 8.43E-02 4.57E-01 2.57E+00 

4.3.3.2 Hazard Quotient (HQ) and ILTCR 

 HQ is used as an important tool for the evaluation of potential health risks from 

the consumption of vegetables grown in contaminated soil. The HQ values of selected 

HMs for vegetables in control and under HWB amendment are given in Table 4.4 for 
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cilantro and Table 4.5 for spinach. HQ values for spinach and cilantro are very high in 

control soil indicating high human health risk. The highest HQ value in cilantro for Cr 

in control soil was 1.10E+03 in CrMnCS, Zn 2.12E+00 in CrCS, Cu 3.29 E+00 in 

CrMnCS, Pb 1.23E+02 in CrCS and Mn 1.53E+01 in CrCS. The highest reduction of 

25.49% was observed for Cr in BCrMnCS, for Zn 37.26% in BCrCS, for Cu 42.50% in 

BMnCS, for Pb 36.13 in BMnCS, for Mn 34.19 BMnCrCS. For spinach the highest HQ 

value for Cr in control soils was found 2.34E+03 in CrCS, Zn 1.95E+00 in MnCS, Cu 

6.01E+00 in MnCS, Pb 1.82E+02 in CrCS and Mn 6.08E+01 in CrCS. The highest 

reduction of Cr was observed 75.04% in BCrCS, Zn 24.10% in BMnCS, Cu 70.05% in 

BMnCS, Pb 50.44% in BMnCS and Mn 78.45% in BMnCS. 

The observed HQ values are more than 1 in both control and amended soil, though 

HWB reduced it but not to an acceptable level. The higher values of HQ in control and 

amended soils are the indication of human health risk. However, the addition of HWB 

to mining impacted soil has significantly (P≤0.05) lowered the HQ values for HMs in 

cilantro and similarly it has significantly (P≤0.01) reduced HQ in spinach as compared 

to control. Previously similar reduction of HQ values for HMs with the application of 

Biochar to contaminated soil was reported by Khan et al. (2014). The presence of heavy 

metals in vegetables may be linked with continues mining activities in the study area 

for several years, which resulted HMs release in nearby agricultural fields and hence 

bioaccumulation in vegetables. 

International Agency for Research of Cancer (IARC) (Tani and Barrington, 2005) 

classified Pb as carcinogenic agent and its continuous exposure of low doses may result 

in different types of cancers (Jarup, 2003). ILTCR for Pb through the studied vegetables 

are given in Table 4.4 and Table 4.5. High concentration of HMs presence in 
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agricultural soil is due to mafic and ultramafic rocks and may be due to the open 

dumping of mining wastes (Nawab et al., 2015b). 

In this study the ILTCR was observed for Pb through the consumptions of vegetables 

in study area. Results demonstrated that ILTCR value associated with Pb in studied 

vegetables has been significantly (P≤0.05) reduced in HWB amended soil as compared 

to control. The addition of HWB has reduced Pb bioaccumulation from 3 to 36 % in 

cilantro and 6 to 50% in spinach. This decrease may lead to less ingestion of Pb and 

similar results were also reported by Li et al. (2011) for Chinese food. 

Table 4.4. The hazard quotient (HQ) values of selected HMs for cilantro in 

control and under HWB amendment and Incremental life time cancer risk 

(ILTCR) as affected by biochar amendment 

 Treatment Cr Zn Cu Mn Pb ILTCR(Pb) 

Control  CrCS 1.10E+03 2.12E+00 3.03E+00 1.53E+01 1.23E+02 5.99E-01 

 MnCS 3.35E+02 1.90E+00 2.80E+00 2.16E+01 1.11E+02 5.40E-01 

 CrMnCS 6.12E+02 1.55E+00 3.29E+00 3.10E+01 1.14E+02 5.55E-01 

        

Biochar  BCrCS 9.62E+02 1.33E+00 1.80E+00 1.13E+01 7.88E+01 3.83E-01 

 BMnCS 2.65E+02 1.24E+00 1.61E+00 2.13E+01 7.09E+01 3.44E-01 

 BCrMnCS 4.56E+02 1.26E+00 2.26E+00 2.04E+01 1.11E+02 5.38E-01 
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Table 4.5. The hazard quotient (HQ) values of selected HMs for spinach in 

control and under HWB amendment and Incremental life time cancer risk 

(ILTCR) as affected by biochar amendment 

 Treatment Cr Zn Cu Mn Pb ILTCR(Pb) 

Control  CrCS 2.34E+03 1.23E+00 3.75E+00 1.78E+01 1.38E+02 6.72E-01 

 MnCS 9.65E+02 1.95E+00 6.01E+00 6.08E+01 1.82E+02 8.84E-01 

 CrMnCS 4.74E+02 1.31E+00 2.30E+00 2.16E+01 1.40E+02 6.80E-01 

        

Biochar  BCrCS 5.84E+02 1.10E+00 1.26E+00 7.48E+00 1.25E+02 6.08E-01 

 BMnCS 3.70E+02 1.48E+00 1.80E+00 1.31E+01 9.02E+01 4.38E-01 

 BMnCrCS 4.04E+02 1.12E+00 2.11E+00 1.84E+01 1.30E+02 6.33E-01 

4.4 Conclusion 

 It is concluded that HWB application to Cr-Mn mine contaminated soil 

effectively reduced available fractions of heavy metals and their subsequent 

bioaccumulation in leafy vegetables. All results indicated that HWB is a promising 

material for mining impacted soil as its raw material is available in abundance and 

proven as effective heavy metal (Cr, Zn, Cu, Mn, Pb) immobilization agent even in 2nd 

crop.  Incorporation of HWB (3%w/w) into contaminated soil significantly reduced the 

phytoavailable toxic metals pool and as a result decreased metal uptake of leafy 

vegetables. This decrease in metal phyto-availability was primarily attributed to HWB 

induced increase in pH, surface area, and surface functional groups. Consequently, 

biochar increased binding of heavy metals to soil, thereby decreasing their mobility in 

soil solution as well their phyto-availability.  Reduced phyto-availability in turn 

reduced estimated daily intake via consumptions of vegetables. HWB decreased the HQ 

values of the heavy metals which reveals that HWB could minimize health risk linked 
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with the contaminated vegetables consumptions.  HWB reduced the concentration of 

Pb 50.5% in spinach and 36.2% in cilantro is particularly very significant regarding 

human health aspect. Reported results are very encouraging regarding the age and 

efficacy of HWB in long term. These results, however, only apply to the specific 

biochar, soils and crops examined in this study were conducted in greenhouse 

environment.  It is therefore imperative to conduct the further field research over longer 

timescales with more diverse soils, biochars, and crops. 
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CHAPTER-5 

CHROMIUM AND LEAD IMMOBILIZATION IN MINE 

IMPACTED SOIL USING BIOCHARS DERIVED FROM POPLAR 

WOOD AND SUGAR CANE BAGASSE 

ABSTRACT 

The metal mining sector in Pakistan generates more income than many other sources 

of revenue. Unfortunately, environmental management aspects of this sector are 

generally overlooked. As a result, HMs like Pb and Cr may enter the ecosystem, 

accumulate in basic food supplies and lead to serious human and environmental 

problems due to their negative eco-toxicological impacts.  Therefore, this study focused 

on a remediation technique using poplar wood biochar (PWB) and sugarcane bagasse 

biochar (SCBB) at 3% and 7% application rates, subsequently called PWB3, PWB7, 

SCBB3 and SCCB7, for the immobilization of Cr and Pb in mine-impacted agricultural 

soils. In a greenhouse experiment, lettuce was cultivated in contaminated soil to 

examine the effect of selected biochars on minimization of HMs bioaccumulation and 

associated human health risk. Both amendments PWB7 and SCBB7 has reduced the 

bioavailable  Pb and Cr significantly (P<0.01) in amended soil with increase in biomass 

of lettuce in comparison with control treatment. Risk assessment results signified that 

PWB and SCBB efficiently reduced the daily intake of metal (DIM) in addition with 

their associated risk due to lettuce consumption as compared to the control. The Pb 

human health risk index (HRI) for children and adults were decreased (P<0.01) 

significantly with SCBB7 in comparison with PWB7 and control treatment. Efficiency 

of both biochars (SCBB and PWB) at application rate of 7% to reduce Cr and Pb 

uptake in lettuce was (69%, 73.7%) and (57% ,47.4%) respectively. For both 

amendments, HRI values for Cr were within safe limits for children and adults. Values 
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of HRI for Pb were not within safe limits except for SCBB7. The results of the study 

indicated that SCBB7 application to mine impacted agricultural soil effectively 

increased plant biomass and reduced bioaccumulation, DIM and associated HRI of Cr 

and Pb as compared to PWB3, PWB7, SCBB3 and the control. 

 

Graphical Abstract 
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5.1 INTRODUCTION 

  Contamination of soil ecosystems with HMs is a most important global issues 

(environmental issue) that affect one’s health and agricultural productivity (Neilson and 

RajaKaruna, 2015). HMs such as chromium (Cr) and lead (Pb) enter the environment 

through natural processes like volcanic eruption and weathering of rocks while some of 

the anthropogenic sources include mining, land application of biosolids, wastewater 

irrigation, fuel production, use of pesticides, fertilizers, smelters and power 

transmissions (Rehman et al., 2017; Nawab et al., 2018). HMs are persistent in nature, 

remain in soil ecosystems for a long time period and bioaccumulate in crops, affecting 

their growth, productivity and quality with implication for human health and food 

security (Chen et al., 2018; Afanasyeva et al., 2019). The health of children is 

particularly of concern due to the associated risks of Cr and Pb (Pan et al., 2016; Cao 

et al., 2016). Pb and Cr are ranked 2nd and 17th in the list of top 20 hazardous 

contaminants respectively (Wilbur et al., 2000; ATSDR, 2007). 

Cr is a very important micronutrient for biological life and easily detectable in the crust 

of earth. However, is toxic, carcinogenic, mutagenic and teratogenic above critical 

levels (Kamran et al., 2017; Ali et al., 2019). Vegetation cultivated in the soils that are 

contaminated with Cr, have the potential for its uptake and accumulation in their tissues 

(Nagajyoti et al., 2010). Cr reduces plant’s production and causes toxicity in nutritional 

contents (Panday et al., 2003). Similarly, physical impacts of Pb are severe such as 

gastro-intestinal distress, neurological, oncogenic effects, and act as a neurotoxin that 

affects every organ in human body, damages kidneys and reproductive systems, reduces 

cognitive development in children, causes headache and irritability, lung and stomach 

cancer and abdominal pain ( ATSDR, 2007; Li et al., 2014; Fang et al., 2014). Increased 

Pb exposure causes severe impacts on children’s health (Cherfi et al., 2014). Long term, 
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low HMs intake through contaminated food consumption has detrimental impacts on 

human health that appears because of exposure for numerous years (Bortey-Sam et al., 

2015). Exposure can occur through multiple routes, such as soil particles inhalation, 

and ingestion of food contaminated with Pb. Dietary intake is the most critical pathway 

because vegetables and crops are important human nutrition sources (Chen et al.,., 

2016; Cao et al., 2016). Therefore, crops and vegetables cultivated close to mining 

activities and HMs rich sites might be a matter of concern due to metals accumulation 

in their tissues (Neilson and Rajakaruna, 2015). Hence, immobilization of HMs in 

agricultural soil and restoration of such sites by using economically feasible 

technologies is necessary (Sarwar et al., 2017). 

Several conventional methods are in use for heavy metal-contaminated soil remediation 

such as solidification, soil replacement, washing, and electro kinetic extraction (Khalid 

et al., 2017). Immobilization of metals through the addition of highly sorptive materials 

is a recent economically viable remediation technique. Organic amendments such as 

biochar can be prepared from different feedstocks, like wood chips, manure, rice husks, 

and municipal solid waste which can be utilize for of HMs degraded soil remediation 

(Ahmad et al., 2017; Wei et al., 2019). Biochars are carbon rich material, with some 

unique properties that help to reduce HMs bioavailability, such as high pH, large 

surface area, strong sorption capacity, and high porosity (Hunter et al., 2017; Yu et al., 

2019). Biochar application can increase soil fertility, soil water retention capacity, plant 

growth and yield, retain essential nutrients, improve soil physical and biological 

characteristics, immobilize bioavailable HMs in soil and reduce plant HMs uptake (Qi 

et al., 2017; Khan et al., 2018; Yu et al., 2019). 
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Most mining sites in Pakistan are hilly rural areas. People in these areas often live in 

extreme poverty with no awareness of the harmful effects of mining and disposal of 

mining waste. Therefore,, two kinds of organic amendments were applied to treat mine-

impacted agricultural soils and it is hypothesized that organic amendments may 

improve these soils and increase crop yield. Thus, biochar is predicted to contribute to 

agriculture sector sustainability. The present study investigates the influence of biochar 

on mine-contaminated agricultural soil, lettuce biomass, bioaccumulation of Cr and Pb 

in lettuce, DIMand HRI related to lettuce consumption. 

5.2 MATERIALS AND METHODS  

5.2.1  Experimental Design 

 Greenhouse experiment was conducted for the evaluation of the effect of poplar 

wood biochar (PWB) and sugar cane bagasse biochar (SCBB) at 3% and 7% application 

rates on Cr and Pb and its uptake by lettuce grown in mine impacted soil. Soil for the 

greenhouse experiment was collected from Qala area of Mohmand District, Khyber 

Pakhtunkhwa, Pakistan. Agricultural soil of the selected area is highly contaminated 

due to mining practices and atmospheric deposition (Nawab et al., 2016).  

For the greenhouse experiment, round pots of 20 cm height and 15 cm diameter were 

filled with 2.5 kg mine impacted soil. PWB and SCBB were ground into a fine powder 

and mixed thoroughly with contaminated soil (CS) with 3% and 7% (wt/wt) application 

rate. Pots having no biochar served as controls. Doses of NPK were applied to ensure 

maximum nutrient supply  according to the method adopted by Khan et al. (2013). Plots 

for treatments were prepared in triplicates, watered using deionized water to keep 70% 

moisture content and then kept in complete randomized order for 15 days at room 

temperature (25±3 ºC) to reach equilibrium.  Lettuce was cultivated in a full factorial 
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design in triplicate (1 crop x 1 soil x 5 treatments) x 3 replicates = 15 pots in total, while 

control, PWB3, PWB7, SCBB3, and SCBB7 represent soil amended respectively with: 

no biochar, 3% PWB, 7% PWB, 3% SCBB and 7% SCBB. The high rate of 7% biochar 

was used to ensure detection of the biochars’ effects at the laboratory scale.  

Lettuce seeds were brought from Tarnab Agriculture Farm, Peshawar, Pakistan and 

grown in seedling trays. After 20 days of germination, well developed seedlings were 

transplanted to pots. Vegetation were grown for 60 days to ensure the maximum uptake 

of HMs.  

5.2.2 Collection, Preparation and Extraction of Soil 

 Surface soil samples of different agricultural fields near to multiple mine-

impacted sites of a selected areas were collected using an auger at depth of 0-20 cm and 

brought for laboratory analysis. Soil was homogenized by thoroughly mixing to prepare 

a composite sample of contaminated soil (CS). All pebbles, stones, organic debris and 

other undesired particles were removed by hand, air dried and sieved using 2 mm mesh.  

A sub-sample from CS composite was taken for the determination of physicochemical 

properties. Soil characteristics were determined by using standard procedures adopted 

by Waqas et al., (2014). Concentration of Hydrogen ion was measured through pH 

meter in water: soil ratio of 2.5:1. EC was calculated through automated EC meter. 

Fritsch Analysette 3 RPO sieve machine was used to perform particle size distribution 

as procedure adopted by Khan et al., (2010). Textural class was identified through the 

USDA textural triangle after determining the percentage of clay, silt and sand. 

ammonium acetate method was used to determine CEC (Chapman, 1965). Total 

concentration of Cr and Pb were analyzed using standard procedure adopted by Khan 

et al. (2008). In brief, 0.5 g soil samples were processed with 15 ml of aqua regia 
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(HNO3, HCLO4andH2SO4, ; ratio of 5:1:1) (160ºC) in digestion chamber. Upon 

completion of the digestion process, samples were filtered, then raised their volume up 

to the level of 50 ml in corning tubes by means of distilled water. HMs concentration 

were determined by AAS. 

5.2.3 Extraction of Soil Samples for Bioavailable Cr and Pb 

 Bioavailable Pb and Cr in soil were determined by the standard procedure 

developed by Soltanpour and Schwab (1977). Soil samples of 10 g were kept in 125 ml 

Erlenmeyer flasks along with 20 ml extracting solution AB-DTPA. The flasks were 

then placed in reciprocal shaker at 180 rpm for 15 min. . Concentrated HNO3 (100 µl) 

was added to the extract and analyzed for bioavailable HMs using AAS. 

5.2.4  Biochar Preparation 

 Organic amendments SCBB and PWB were prepared from sugar cane bagasse 

and poplar wood feedstocks, respectively. These feed stocks are easily available in 

Pakistan in large quantities. Poplar wood was dried in the open sun and chopped into 

small pieces of 2.5 cm.  Biochar was prepared from the poplar wood pieces in a 

stainless-steel tube furnace by a slow pyrolysis process at 550 oC under very low O2 

conditions and residence times ~8 h as described by the Kloss et al. (2012). For SCBB 

production the feed stock was milled and placed in sealed reactor to inhibit O2, then 

was heated to 550oC. This temperature was maintained for ~1 h, then the reactor was 

slowly cooled to room temperature. Both biochars were milled and seived using a 2 mm 

sieve. Biochars processed at high temperatures have increased surface area and 

adsorption capacity which are beneficial for Cr and Pb removal (Xie et al., 2015). 

Previously, Puga et al. (2015) and Melo et al. (2013) used sugar cane feedstock for the 

preparation of biochar to immobilize HMs in contaminated soil.  Feedstock and 
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pyrolysis temperatures play vital roles as surface area and porous structure develop 

more sufficiently at 500ºC (Ding et al., 2014; Lu et al., 2014). Properties of soil, PWB 

and SCBB are given in Table 5.1. 

5.2.5 Plant Analysis 

5.2.5.1 Plant Biomass Assessment and Sample Preparation 

 After 60 days of the experiment, lettuce plants were harvested, brought to the 

laboratory, rinsed with double deionized water and weighed for the determination of 

biomass (fresh weight). The lettuce was then oven dried at 70 oC for ~72 h and weighed 

for its dry weight. Samples were then powdered and kept in labelled polyethene bags 

for chemical process. 

5.2.5.2  Wet Digestion 

 The procedure used for wet digestion was adopted as by Khan et al. (2008) was 

used. Briefly, 0.5 g of powdered samples were digested with 10 ml acid (concentrated 

HNO3) at 80 oC. and then at 130 oC for ~20h. Thereafter, 5 ml HNO3 was added to each 

sample solution and heated until its transparency. Filtered solution’s volume were 

raised to 50 ml using deionized water for HMs analysis. Cr and Pb were analyzed and 

quantified through AAS. 

5.3 ANALYTICAL PROCEDURES 

 All of the utilized chemicals for preparation and analysis of samples were of 

analytical grade having high purity (99.9%) Merck Darmstade. Digested samples were 

analyzed in triplicates in standard condition, within 95% confidence level for data 

quality assurance. 



 96 

5.3.1 Concentration Index (CI) 

Concentration index was calculated for lettuce with equation below; 

𝐶𝐼 =
 concentration of metals in treated plant

concentration of metals in control plant
 ------------------------- (1) 

5.3.2 Health Risks 

 Health risk assessment was a significant parameter for the analysis of this study 

through various computer-based software and formulae. Exposure through oral 

pathways were mainly considered in the study. HRI and DIM were measured for 

children and adults in lettuce grown in CS and amended soils to quantify the human 

health risks present in study area’s agricultural soil with following formulae.  

5.3.2.1 Daily intake of metal (DIM) 

 Daily intake of metal (DIM) values were calculated using formula adopted by 

Jan et al. (2010) and Khan et al. (2008). 

𝐷𝐼𝑀 =
Cm×Cf×IRveg

Bw
 --------------------------------------------------- (2) 

Cm represents metals concentration in vegetables in mg/kg. Cf is used for conversion 

factor (0.085), IR for ingestion rate for children and adults as 0.232 and 0.345 

kg/person/day, respectively (Khan et al., 2008), Bw for body weight for children and 

adult as 32.7 and 73 kg kg, respectively (Khan et al., 2013). 

5.3.2.2 Health Risk Index (HRI) 

 To investigate HRI for any toxic pollutant, it is necessary to evaluate the 

exposure level through assessing possible pathways of exposure of pollutant to the 

selected organism.  HRI was determined for Cr and Pb using the formula adopted by 

Jan et al. (2010) and Khan et al. (2008). 
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𝐻𝑅𝐼 =
DIM

RfD
 --------------------------------------------------------------- (3) 

HRI represents human health risk index, DIM is the daily intake of selected metal, and 

RfD is the metal reference. Oral toxic reference dose (RfD) for Pb and Cr are 3.5E-03 

and 1.5E-0 mg/kg/day, respectively mentioned by US-EPA (2005). Furthermore, if HRI 

is less than 1, it will represent the safety of exposed population from harmful effects of 

element (Muhammad et al., 2011). 

5.3.2.3 Data Analysis 

 Statistical software package SPSS (version 21) was used for interpretation of 

data. Sigma plot 10.0 was used for plotting graphs and ANOVA was used for significant 

variance. 

5.4 RESULTS AND DISCUSSION 

5.4.1 Physicochemical Properties of Soil and Organic Amendments 

 Contaminated soil was a sandy loam with pH 7.20, EC 328 µS/cm, bulk density 

1.53 g cm-3, SOM 2.80% and field capacity 0.178 cm3 water per cm3 soil.  Cr 

concentration in the soil was very high (545 mg/kg) and crossed the permissible limit 

(250 mg/kg) of SEPA, (1995). Pb concentrations (36 mg/kg) were within SEPA 

permissible limit (350 mg/kg). Cr and Pb bioavailable concentrations in soil were 25 

and 7 mg/kg, respectively (Table 5.1).  
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Table 5.1. Physicochemical properties of mine impacted soil and biochars (PWB 

and SCBB) 

Parameters CS (dry weight 

basis) 

PWB 

550C0 

 SCBB 

550C0 

SEPA limits 

pH 7.2 7.33 7.76  

EC (µS/cm) 328 340 395  

SOM (%) 

CEC (cmol/kg) 

2.8 

6.02 

   

Texture  Sandy Loam    

Clay (%) 22    

Silt (%) 30.7    

Sand (%) 47.3    

N (%) 0.42±0.1 1.08 ± 2                        2.2±0.4  

P (mg/kg) 125±10 2450±30 130.6±12.4  

Cr total (mg/kg) 545±2 0.77±0.01 0.72±0.01 250 

Pb total (mg/kg) 36±0.8 0.14±0.01 0.18±0.1 350 

Cr bioavailable (mg/kg) 25±05 0.03 ±0.01             0.02 ±0.01  

Pb bioavailable (mg/kg) 7±15 0.02 ±0.01          0.03±0.02  

CS: contaminated soil; PWB: poplar wood biochar; SCBB: Sugar cane bagasse biochar. 

An increase in the pH of biochar amended soils was observed. pH increased from 7.2 

to 7.3, 7.2 to 7.4, 7.2 to 7.5, 7.2 to 7.5, and 7.2 to 7.8 for control, PWB3, PWB7, SCBB3 

and SCBB7, respectively (Table 5.2). The highest increase in pH was observed for 

SCBB7 as compared to control. Lu et al. (2017) reported increases in soil pH (0.24 

unit) with 5% bamboo biochar application. Increase in the soil pH generally decreases 

the bioavailability of the HMs present in the contaminated soils (Liu et al., 2016). EC 
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values for PWB and SCBB were also increased as compared to control. Biochar 

contains alkalis and salts which can raise soil pH and EC respectively (Al Wabel et al. 

2015 and Fidel et al. 2017).  

Both amendments (PWB and SCBB) with different rates decreased the available HMs 

concentrations as compared to the control soil (Table 5.2). A decrease in bioavailable 

concentrations of Cr (9.6, 23.2%) and Pb (19.28, 29.3%) were observed after harvesting 

in PWB3 and PWB7 amended soil, respectively. Similarly, the decrease due to SCBB 

amendment (3 and 7%) addition were also found for Cr (30.8, 50.4%) and Pb (46.9, 

59.4%), respectively. These reductions can be attributed to the biochars’ higher 

adsorption characteristic as reported by Jindo et al. (2014). 

Table 5.2.  characteristics of mine impacted soil after amendment with biochar. 

Mean concentration on dry weight basis (n=3)                       

Parameters Control 

soil 

PWB3  

Soil 

PWB7  

Soil 

SCBB3 

soil 

SCBB7 

soil 

pH  7.3±0.01 7.40±0.11 7.48±0.06 7.51±0.02 7.85±0.03 

EC (µS/cm) 

CEC (cmol/kg) 

318±2.06 

5.03 

395±3.55 

6.44 

415±4.20 

6.92 

435±3.56 

6.68 

470±4.09 

7.97 

Cr(bioavailable) 

(mg/kg) 

23±0.21 22.6±0.32 19.2±1.00 17.3±0.64 12.4±0.92 

Pb(bioavailable) 

(mg/kg) 

6.07±0.1 5.65±0.08 4.95±0.03 3.72±0.04 2.84±0.02 

Control soil: soil without amendment; PWB soil: Poplar wood biochar treated soil; 

SCBB soil: Sugarcane bagasse biochar treated soil; 3 and 7: % application rates 
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Based on the above results, it can be concluded that SCBB (3% and 7%) reduced HMs 

concentrations in mine-impacted soil more than PWB. One reason might be the higher 

pH value and increased CEC of SCBB biochar as compared to PWB.  Previous studies 

showed that the increase in pH decrease the HMs mobility in soil (Khan et al. 2008; 

Shen et al. 2016).  

5.4.2 Biochar Application Effects on Yield 

 Aboveground fresh and dry weight of lettuce significantly (P < 0.01)  increased 

at all biochar application rates: PWB3, PWB7, SCBB3 and SCBB7 as compared to the 

control (Fig. 5.1). Further detailed data of fresh weight and dry weight of lettuce are 

given in Annex (Table A5.1). The most pronounced effect was observed for the SCBB7 

that significantly (P < 0.01) increased (152.6%) lettuce aboveground mass as compared 

to the control. No significant difference was observed in fresh weight of lettuce among 

the PWB3 and SCBB3. Similarly, greater yield results with biochar application were 

also observed in greenhouse studies conducted by Jones et al. (2016) and Singh et al. 

(2018). The increase in the above ground biomass of lettuce with the application of 

biochar was also reported by Carter et al. (2013).  Uzoma et al. (2011) reported 98-

150% increase in the yield of maize with manure biochar. Similarly, a study conducted 

on poplar wood biochar observed 111% increase in lettuce biomass (Viger et al., 2015). 

Puga et al. (2015) also reported increased in biomass with the application of higher 

ratio of sugar cane derived biochar. However, the findings of this study are not in 

agreement with Alburquerque et al. (2013) who observed slight or no response to crop 

yield with the application of biochar as compared to the control. 
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Fig. 5.1. Fresh weight and Dry weight of Lettuce grown in control soil and 

biochar (PWB3, PWB7, SCBB3 and SCBB7) amended soils 

Control: lettuce grown in soil without biochar amendment; PWB: poplar wood biochar; 

SCBB: sugarcane bagasse biochar; 3 and 7: % application rates. 

Both amendments increased the lettuce growth and height (Fig. 5.2). In the 1st week, 

there was no significant difference in heights between all treatments and control. But at 

the 4th week amended soil lettuce heights were significantly greater than the control. 

After the 8th week the lettuce height was observed as 59.9% greater for SCBB7 relative 

to the control. The height of lettuce grown in amended soil at 7% application rate were 

significantly (P < 0.01) different from control at the time of harvesting. 
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Fig. 5.2. Height of Lettuce grown in control soil and biochar (PWB3, PWB7, 

SCBB3 and SCBB7) amended soils 

Control: lettuce grown in soil without biochar amendment; PWB: poplar wood biochar; 

SCBB: sugarcane bagasse biochar; 3 and 7: % application rates. 

Various mechanisms can be responsible for the increase in plant aboveground biomass 

that can alter essential nutrients (N, P, K) availability and change the basic properties 

of the soil (Khan et al., 2014).  Biochar increases some fundamental properties such as 

pH, cation exchange capacity (CEC), and water content, that could improve the 

availability of nutrients to plants, subsequently resulting in an increase of biomass (Sohi 

et al., 2010; Scotti et al., 2015; Puga et al. 2015). Biochar increased the pH of soil, 

which could also stimulate the growth of lettuce (Clough et al., 2010). Beeslay et al. 

(2011) observed that alkalization of soil with biochar positively effects the dissolved 

organic carbon (DOC) content and can increase plant biomass.  
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Higher CEC and decreased bioavailability of HMs helped plants to grow and survive 

in contaminated soils, as mine soils are commonly found with limited nutrient 

availability (Fellet et al., 2014). Biochar addition increased CEC, soil organic matter, 

and pH buffering capacity, resulting in reduced activity of hazardous metals in soil 

(Ahmad et al., 2010). Limiting contaminants’ activity in soil decreases the 

phytotoxicity which leads to significant increase in yield (Tlustos et al., 2006). 

5.4.3  Effects of Amendments on Cr and Pb Bioaccumulation 

  Effects of biochars (PWB and SCBB) application at 3 and 7% rate on Cr and Pb 

uptake in lettuce are presented in Fig. 5.3. Results indicated that both biochars reduced 

Cr and Pb concentrations in amended soil and lettuce. Concentrations of Cr and Pb in 

lettuce above ground mass were reduced significantly (P < 0.01) with PWB7 and 

SCBB7 amendments as compared to control. PWB as compared to control at both 

application rates (3% and 7%) decreased the accumulation of Cr and Pb (44.4%, 

57.1%), (26.3%, 47.4%) respectively in lettuce. PWB significantly (P < 0.05) reduced 

the Cr, Pb uptake in lettuce. SCBB significantly (P < 0.01) reduced Cr and Pb uptake 

in lettuce with both treatments. For SCBB (3% and 7%) application to contaminated 

soil reduced Cr, Pb uptake in lettuce (49.2%, 69.8%) and (42.1%, 73.7%) respectively. 

Results have clearly demonstrated that the amendments (PWB3, PWB7, SCBB3 and 

SCBB7) reduced Cr and Pb bioaccumulation in lettuce. Among the biochars, SCBB 

reduced concentrations of selected metals the most relative to the control. At the 3% 

application rate, SCBB increased immobilization of Cr and Pb in soil, reduced their 

uptake by 8.8% and 21.4%, respectively in lettuce as compared to the PWB3. Similarly, 

at 7% SCBB application rate, reduction in bioaccumulation of Cr and Pb was higher 

(29.7% and 50.0%, respectively) in comparison with PWB. Detailed data is provided 

in Annex (Table A5.3). 
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Fig. 5.3. Bioaccumulation of Cr and Pb in lettuce grown in control soil and 

biochar (PWB3, PWB7, SCBB3 and SCBB7) amended soils 

Control: lettuce grown in soil without biochar amendment; PWB: poplar wood biochar; 

SCBB: sugarcane bagasse biochar; 3 and 7: % application rates. 

The results indicate that SCBB at both application rates has more efficiently suppressed 

the Cr and Pb uptake in lettuce. Puga et al. (2015) also observed immobilization of HMs 

with the application of sugar cane biochar. Kim et al. (2015) reported a 60% decrease 

of Pb uptake relative to control in lettuce with the application of 10% biochar. Zheng et 

al. (2012) also reported 72% decrease in Pb accumulation in rice with the application 

of rice derived biochar. Miscanthus biochar at 5 and 10% showed decreased available 

concentration of Pb in contaminated soil (Houben et al., 2013). Jiang et al. (2019) 

reported that biochar effectively reduced HMs from contaminated soil. The above 

results are also in agreement with the previous studies conducted by Skjemstad et al. 

(2002) and Cheng et al. (2003), reporting that Bamboo biochar efficiently adsorbs Cr 

from soil.  

Ahmad et al. (2012) reported a 92.5% decrease in Pb bioavailability by increasing the 

soil pH applying biochar to military shooting range contaminated soil. Increase in soil 
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pH and adsorption capacity were the mechanism for reduction of Pb. High pH (8.08) of 

chicken manure biochar has efficiently reduced bioavailable Pb in naturally 

contaminated soil by immobilizing Pb up to 100 to 94.6% while low pH biochar was 

not effective for the immobilization of Pb (Park et al., 2013). Thus, SCBB used in this 

study has high pH (7.76) as a result, its immobilization of Pb efficiency was more than 

PWB.  

HMs are more bioavailable in acidic soil condition. By increasing pH, HMs 

bioavailability is reduced as Karami et al. (2011) reported 1 unit increase in soil pH 

decreased bioavailability of HMs. Wnetrzak et al. (2014) and Qian et al. (2016) 

observed higher Cr sorption capacity by biochar having high pH. Cr sorption is 

dependent on pH, and pH is directly proportional to sorption (Pan et al., 2016). Reduced 

Cr concentration in lettuce grown in amended soil is due to the higher Cr adsorption 

capacity of biochar (Nigussie et al., 2012). According to Park et al. (2013) Pb might be 

removed not only by sorption but by precipitation too. Biochar’s strong adsorption 

affinity for various ionic solutes was also reported by Radovic et al. (2001). Minimum 

bioaccumulation of Cr and Pb in amended soil could also be attributed to the increase 

in soil CEC due to the additions of biochar (Table 5.2). HMs adsorption to soil increases 

with the increase in pH and CEC of soils (Choppala et al. 2010). Jefferson et al. (2010) 

also reported increase sorption capacity of walnut shell biochar for HMs especially Pb. 

Other possible reason for the HMs suppression by SCBB might be its larger surface 

area. Reduced availability of Cr and Pb can be because of exchange sites presence on 

the biochar surfaces, that are responsible for elements retention resulting in low 

bioavailability (Fellet et al., 2014). Biochars effects on the HMs bioavailability to plants 

was previously also reported by Khan et al. (2018).  
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5.4.3 Concentration Index 

 Cr and Pb concentration index (CI) in lettuce under different organic 

amendments with different treatments are shown in Table 5.3. Both amendments 

significantly affected the CI of Cr and Pb. SCBB decreased the CI more prominently 

as compare to PWB. SCBB application significantly (P < 0.01) decreased the Cr and 

Pb CI as compared to control. SCBB7 decreased Cr by 69.8% and Pb by 73.7% in 

lettuce. 

Table 5.3. Concentration Index (CI) of Cr and Pb in lettuce under SCBB and 

PWB treatments                         

Treatments Cr Pb 

PWB3 0.55 0.73 

PWB7 0.42 0.52 

SCBB3 0.5 0.57 

SCBB7 0.3* 0.26* 

*significantly different at P<0.01  

PWB: poplar wood biochar; SCBB: sugarcane bagasse biochar; 3 and 7: % application 

rates 

5.4.4  Daily Intake of Metals (DIM) and Human Health Risk Index (HRI) 

 The DIM and HRI values for Cr and Pb oral consumption via lettuce, grown in 

CS and amended soils are given in Table 5.4. Both amendments significantly (P < 0.01) 

decreased the DIM for metals in lettuce at 7% application rate as compared to the 

control. Decrease in DIMadl (adults) of Cr for SCBB7 and PWB7 amendments were 

69.8% and 57.1%, respectively.  Among the amendments the SCBB7 showed 29.7% 
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more immobilization of Cr as compared to PWB7. The DIM for Pb was observed 

significantly (P < 0.01) reduced for both amendments at 7% application rate as 

compared to control. At 7% application SCBB reduction of DIMadl for Pb was 73.7% 

and PWB was 47.4%. SCBB7 immobilization of Pb was observed to be 50.0% higher 

than PWB7. DIM values of Cr and Pb in lettuce were observed less than 1 in all treated 

soils. Results reveal that DIM of both metals was efficiently decreased by SCBB as 

compared to PWB and control. The findings of this study agree with Khan et al. (2014), 

who reported 66.0% reduction in DIM in rice grown in mining impacted agricultural 

soil due to biochar addition. 
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Table 5.4. Daily dietary intake (mg kg-1 day-1), Health risk index associated with 

selected metals in lettuce grown in amended soil as compared to control. 

HMs DIM and 

HRI 

Control PWB SCBB 

PWB3 PWB7 SCBB3 SCBB7 

Cr Cr (Conc) 63 35 27 32 19 

 

DIM (Adl) 2.53E-02 1.41E-02 1.08E-02 1.29E-02 7.63E-03 

DIM Chl 3.80E-02 2.11E-02 1.63.E-

02 

1.93E-02 1.15E-02 

HRI (Adl) 1.69E-02 9.37E-03 7.23E-03 8.57E-03 5.09E-03 

HRI (Chl) 2.53E-02 

 

1.41E-02 

 

1.09E-02 

 

1.29E-02 

 

7.64E-03 

 

 

Pb Pb (Conc) 19 14 10 11 5 

 

DIM (Adl) 7.63E-03 5.62E-03 4.02E-03 4.42E-03 2.01E-03 

DIM (Chl) 1.15E-02 8.44E-03 6.03E-03 6.63E-03 3.02E-03 

HRI (Adl) 2.18E+00 1.61E+00 

 

1.15E+00 

 

1.26E+00 

 

5.74E-01 

 

HRI (Chl) 3.27E+00 

 

2.41E+00 

 

1.72E+00 

 

1.90E+00 

 

8.62E-01 

 

HMs: heavy metals; DIM: daily intake of metals; HRI: human health risk index; PWB: 

poplar wood biochar; SCBB: sugar cane bagasse biochar; Adl: adults; Chl: children 

HRI values for Cr and Pb through consumption of lettuce was calculated in both 

amended and control soil, and efficiency of amendments were investigated. HRI values 

for Cr obtained for children and adults in control and both amendments are within the 

safe limits (< 1). The lowest value of HRI was obtained for SCBB7 and highest was 

obtained for Control. HRI values for Pb were not within safe levels (˃ 1) both for adults 

and children in control and amended soil, except SCBB7. High values of HRI indicate 

higher concentration of Pb in soil which might be due to the mining activities and open 

dumping of mining wastes. HRI values were observed in the safe limit (< 1) with the 

application of SCBB7 representing no health risks for children and adults.  Both the 

amendments efficiently reduced the HRI for both metals as compared to control.  
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Results of HRI of this study are consistent with Singh et al. (2010). Hamid et al. (2016) 

also reported lower HRI for Cr in vegetables. Nawab et al. (2018) also reported HRI<1 

for vegetables in mine impacted agricultural soil. From CS the Pb enter the food chain 

(Wang et al., 2011) and its continuous exposure effected several organs, such as 

kidneys, liver, lungs and spleen. 

SCBB7 has a high pH and high adsorption capacity for Pb (Qian et al., 2016), possibly 

explaining its efficiency for reducing HRI in adults and children. However, the HRI 

method considers only exposure to HMs through consumptions of vegetables, and does 

not address other pathways like inhalation, dermal contact, and factors like presence of 

herbicides and agrochemicals. 

It can be concluded from the results that the use of PWB and SCBB amendments for 

agricultural soils located near mining sites reduced the bioaccumulation and associated 

risk of toxic HMs and can increase food quality and health safety. To monitor long term 

immobilization and stability of HMs in mine impacted soil, their bioaccumulation in 

vegetables should be subjected to further research work with aims to reduce human 

health risks especially in developing countries’ agricultural systems. Metals dietary 

intake through food results in long-term low-level accumulation of HMs in the human 

body and its harmful impacts may only become apparent after several years of exposure.  

5.5 Conclusion 

 This study concluded that application of biochar in mine-impacted soils resulted 

in increased plant biomass and decreased bioaccumulation of HMs in vegetables, 

resulting in a projected reduction in related health risks. Plant biomass was increased 

under treatments as compared to control. SCBB7 showed promising results, by 

increasing 7% more fresh biomass than PWB7. Concentration of HMs (Pb, Cr) in soil 
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and their bioaccumulation in lettuce, grown on organic amendments (PWB, SCBB), 

decreased as compared to control in tested ratios, 3% and 7%. SCBB7 significantly 

(P < 0.01) decreased the CI of Cr and Pb in lettuce. The DIM and HRI via lettuce 

consumptions in adults and children were decreased by the PWB and SCBB efficiently 

at both ratios (3%, 7%) as compared to control. SCBB7 increased the plant biomass, 

decreased the metals’ CI, DIM and HRI more efficiently than PWB7. 

Hence, it can be concluded that the biochar amendments SCBB and PWB have 

significant impacts on mine-contaminated agricultural soil, could enhance biomass of 

vegetables and nutrient availability, and can play a vital role in sustainable farming and 

reducing human health risk by minimizing HMs bioaccumulation in vegetables. 

Monitoring for HMs on a regular basis in the vegetables and other food crops, especially 

those cultivated in agricultural soil near mining areas, are essential to avoid their 

excessive accumulation in the food chain.  

  



 111 

Chapter-6 

CONCLUSION AND RECOMMENDATIONS 

Contamination of soil with heavy metals is globally considered as serious 

environmental issue, due to their persistence nature, toxicity, bioaccumulation ability 

and adverse impacts on environment and human health. 

Study area results showed that all the three kinds of soil are highly contaminated with 

Cr, Pb, Zn, Cu and Mn. Their accumulation in soil is multifold higher than the 

permissible limit. Mean concentration of Cr, Mn and Pb were in order of CrCs ˃ 

CrMnCs˃ MnCs, and Cu and Zn in order of CrCs ˃ MnCs˃ CrMnCs. Results revealed 

that application of hard wood biochar (HWB) has beneficial effects on HMs mobility, 

bioavailability and uptake in rice crop. HWB suppressed the availability of HMs in soil, 

consequently reduced plant uptake by altering the physico-chemical properties of soil. 

HWB significantly reduced (P˃0.01) uptake of selected HMs in V2 and reduced the Pb 

concentration (95 to 98%) in rice grains. Significant decrease in EDI and HQ indicating 

that HWB minimize the health risks associated with consumption of rice. Study results 

suggested that the application of HWB to mine-contaminated soil potentially reduced 

cancer risk associated with Pb. HWB also increased the crop yield as compare to 

control. Hence, it is concluded that HWB has the potential to reclaim the mine 

contaminated soil and can play a vital role in minimizing human health risks associated 

with consumption of rice grown in contaminated soil. 

Second study was focused on the HWB efficacy for the 2nd crop grown in the already 

amended soil for the first crop as in crop rotation technique. All results indicated that 

HWB is a promising material for mining impacted soil, proven as effective HM (Cr, 

Zn, Cu, Mn, Pb) immobilization agent for the second crop (leafy vegetables) as well. 



 112 

HWB significantly (P < 0.01) reduced selected HMs in spinach. HWB decreased the 

HQ values of HMs, revealing the efficacy of HWB in minimization of health risk 

associated with the consumption of contaminated vegetables.  HWB reduced the 

concentration of Pb in spinach (50.5%) and cilantro (36.2%), that is particularly 

significant regarding human health aspect. Reported results were very encouraging 

regarding the age and efficacy of HWB in long term.  

Results of the 3rd study revealed that application of different biochars to mine 

contaminated agricultural soil is very effective in decreasing the bio-accessible 

concentrations of HMs (Cr and Pb) and their bioaccumulation in lettuce. Sugar cane 

bagasse biochar (SCBB) was found more effective in the reduction of bioavailable HMs 

(Cr and Pb) as compare to PWB. SCBB7 showed the most promising results, by 

increasing 7% fresh biomass than PWB7. SCBB7 significantly (P < 0.01) decreased 

the CI of Cr and Pb in lettuce.  The DIM and HRI via lettuce consumptions in adults 

and children were decreases by the PWB and SCBB efficiently in both application rates 

(3%, 7%) in comparison with control. SCBB7 increased the plant biomass, decreased 

the CI, DIM and HRI more efficiently than PWB7, PWB3 and SCBB3. 

Hence, it can be concluded that the organic amendment HWB, SCBB and PWB have 

significant impacts on mine contaminated agricultural soil. Biochar can play a vital role 

in sustainable farming by enhancing plant biomass and nutrient availability and 

reducing human health risk by minimizing HMs bioaccumulation in crop and 

vegetables.  

6.1 Recommendations 

 It is proposed that hard wood waste, Sugar cane bagasse, and poplar wood, 

could be used for biochar (HWB, SCBB and PWB) production, thereby contributing to 
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the sustainability of agricultural sector and might be an alternate solution to waste 

proper use. Results indicated that the targeted application of these biochars has positive 

outcomes to reclaim the mine contaminated soil having HMs in relation to food safety 

and reducing cancer risk associated with the consumption of rice and leafy vegetables. 

Additional, mandatory education about the negative impacts of HMs on health and 

environment is also highly recommended to improve awareness. Environmental quality 

standards and guidelines should be strictly implemented in mining areas to discourage 

open dumping of mining wastes. 

 Further, it is suggested that the monitoring on regular basis of the vegetables and other 

food crops specially cultivated in mining areas is essential to avoid the excessive 

accumulation of toxic HMs in food chain and possible human health risks. Proper 

washing of vegetables and other foods are recommended and suggested to reduce health 

risks posed by these vegetables as washing remove substantial amount of contaminants 

presents on the vegetables surface.   

 A limitation of the studies herein is that the specific biochars, soils and crops were 

examined at control environment and it doesn’t explicate fate of HMs in long term. 

Therefore, more detailed field studies involving a greater variety of soils, biochars and 

crops are suggested to assess the context-specific effects of biochar on HMs in long 

term.   
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ANNEXURE 

Table A3.1. Exposure Factor Values used for the calculation of EDD, ILTCR, 

and HQ. 

Parameters Symbols Units Values References 

Total Pb in 

rice 

Ccrop food mg/kg Presented in table 2 This study 

Ingestion rate 

of rice 

IRfood crop g/day 398.3 g/adult 

person/day 

[1] 

Exposure 

Frequency 

EF Days/year 365 [2] 

Exposure 

duration 

ED Years 70 [2] 

Body weight BW Kg 70 for adults [3] 

Life 

Expectancy 

LE Days 25550 [4] 

Pb reference 

dose 

RfD mg/kg /day 0.0035 USEPA (2010) 

Pb cancer 

slope factor 

CSF mg/kg/day 0.0085 [5] 

 

Table A3.2. EDI of selected metals through consumption of rice grown in 

amended soil as compared un-amended soil 

Treatment Cr Zn Cu Pb Mn 

Control (V1) 

CrCs 4.66E-01 1.47E+00 1.44E-01 2.11E-01 5.97E-01 

MnCs 4.99E-01 4.78E-01 9.19E-02 8.89E-02 6.88E-01 

CrMnCs 3.83E-01 9.19E-01 2.14E-02 0.00E+00 2.99E-01 

HWB (V1) 

CrCs 4.32E-01 4.15E-01 5.51E-02 1.35E-01 3.11E-01 

MnCs 4.27E-01 2.47E-01 6.13E-03 6.89E-02 4.55E-01 

CrMnCs 3.40E-01 2.77E-01 1.99E-02 2.14E-02 2.93E-01 

Control (V2) 

CrCs 6.95E-01 3.20E+00 1.02E-01 1.18E+00 1.15E+00 

MnCs 3.36E+00 8.19E+00 1.85E+00 4.18E+00 2.46E+00 

CrMnCs 7.72E-01 4.65E+00 3.74E-01 3.57E+00 2.22E+00 

HWB (V2) 

CrCs 3.54E-01 2.25E-01 2.45E-02 5.58E-02 3.23E-01 

MnCs 4.63E-01 2.80E-01 3.37E-02 4.96E-02 3.78E-01 

CrMnCs 3.78E-01 3.06E-01 3.98E-02 4.23E-02 4.03E-01 
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Table A4.1. Mean concentrations (mg/kg) of selected HMs in coriander grown in 

HWB amended and unamended soils  

 Treatment Cr Mean±St Zn Mean±St Cu Mean±St Pb Mean±St Mn Mean±St 

Control CrCS 538.25±4.1145 103.75±8.1070 19.75±2.9540 70.5±2.6210 348.75±6.6500 

 MnCS 164.25±3.1192 93.25±1.1580 18.25±1.3250 63.5±1.3500 492.75±2.5480 

 CrMnCS 299.75±8.6700 76±4.9850 21.5±2.5410 65.25±3.7920 708.5±9.3460 

        

Biochar BCrCS 470.75±7.2300 65.25±2.1957 11.75±2.3540 45±2.3540 257.75±4.3640 

 BMnCS 129.5±3.5200 60.5±2.2300 10.5±1.1360 40.5±1.4520 487.25±4.8920 

 BCrMnCS 223.25±3.6210 61.75±1.7260 14.75±1.2910 63.25±2.7840 465.75±7.7640 

Table A4.2. Mean concentrations (mg/kg) of selected HMs in spinach grown in 

HWB amended and unamended soils 

 Treatment Cr Mean±St Zn Mean±St Cu Mean±St Pb Mean±St Mn Mean±St 

Control CrCS 1145.25±7.6750 60±3.5845 24.5±2.3510 79±3.9530 406±5.4710 

 MnCS 472.25±6.3240 95.25±3.9680 39.25±1.4120 104±5.5600 1389±8.6121 

 CrMnCS 232.25±8.1210 64.25±3.7540 15±1.2350 80±3.9560 492.75±9.5870 

        

Biochar BCrCS 285.75±7.8600 53.75±2.6700 8.25±3.1210 71.5±4.8520 171±6.6750 

 BMnCS 181.25±6.1650 72.25±3.1860 11.75±1.2350 51.5±2.5640 299±8.6140 

 BCrMnCS 198±7.3560 54.75±3.6520 13.75±1.1250 74.5±4.8670 419.5±9.9530 

Table A4.3. SEPA Limits of the selected HMs in food 

Element Food Limit Detail 

Pb 0.3 mg/kg SEPA 2005 

Cr 0.5 mg/kg The maximum level of contaminants in foods (GB2762-

2005) for Pb and Cr 

Cu 20 mg/kg The tolerance limit of Copper in foods (GB15199-1994) for 

Cu 

Zn 100 mg/kg The tolerance limit of Zinc in foods (GB13106-1991) for Zn 
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Table A5.1. Fresh weight and Dry weight of Lettuce grown in control soil and 

biochar (PWB3, PWB7, SCBB3 and SCBB7) amended soils 

 Fresh 

weight 

  Dry Weight 

Treatme

nt 

Mean±St.

D 

%Diff

. with 

contro

l 

%Diff. 

within 

treatme

nt 

Mean±St.

D 

%Diff 

with 

control. 

%Diff. 

within 

treatment 

Control 18.3±0.86   2.70±0.39   

PWB3 32.2±0.34 75.4  3.80±0.06 40.7  

SCBB3 34.3±0.42 87.1 6.69 3.90±0.04 44.4 2.63 

PWB7 43.3±0.54 136.3  5.60±0.45 107.4  

SCBB7 46.3±0.26 152.6 6.88 6.20±0.72 129.6 10.7 

 

Table A5.2. Height of lettuce grown in control soil and biochar (PWB3, PWB7, 

SCBB3 and SCBB7) amended soils 

 

  

Treatments 0 week 1st week %diff. 

with 

Control 

%Diff. 

within 

treatment 

4th week %diff. 

with 

Control 

%Diff. 

within 

treatment 

8th week %diff. 

with 

Control 

%Diff. 

within 

treatment 

Control E 2.98±0.13   6.08±0.75   10.02±0.91   

PWB3 2.55±0.12 3.02±0.1 1.34  7.34±0.95 20.7  12.32±1.2 23.0  

SCBB3 2.55±0.12 3.12±0.1 4.70 3.31 7.44±0.9 22.4 1.36 13.54±1.3 35.1 9.90 

PWB7 2.55±0.12 3.17±0.15 6.38  8.21±1 35.0  14.78±1.4 47.5  

SCBB7 2.55±0.12 3.32±0.14 11.4 4.73 8.63±1.24 41.9 5.12 16.02±1.71 59.9 8.39 
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Table A5.3. Bioaccumulation of Cr and Pb in lettuce grown in control soil and 

biochar (PWB3, PWB7, SCBB3 and SCBB7) amended soils 

 Cr (mg/kg) Pb (mg/kg) 

Treatments mean±StD 

%Diff. 

with 

control 

% Diff. 

within 

treatment mean±StD 

%Diff. 

with 

control 

% Diff. 

within 

treatment 

Control 63±1.85   19±1.02   

PWB3 35±1.62 -44.4  14±0.91 -26.3  

SCBB3 32±1.64 -49.2 -8.6 11±0.72 -42.1 -21.4 

PWB7 27±1.31 -57.1  10±0.34 -47.4  

SCBB7 19±0.20 -69.8 -29.7 5±0.91 -73.7 -50.0 

 

Table A5.4. Exposure Factors Values Used for the Calculation of DIM and HRI 

Parameters Symbols Units Values References 

 Cr in Lettuce Cmetal mg/kg Presented in Table 

1 

This study 

 Pb in Lettuce Cmetal mg/kg Presented in Table 

1 

This study 

Ingestion Rate of 

lettuce 

IRveg kg/adult 

person/day 

0.345 Khan et al., 

(2008) 

Ingestion Rate of 

lettuce 

IRveg kg/child/day 0.232 Khan et al., 

(2008) 

Body weight 

Adult 

BW Kg 73 for adults khan et al., 

(2013) 

Body weight 

Children 

BW Kg 32.7 khan et al., 

(2013) 

Cr reference dose Rfd mg/kg/day 1.5E-0 US-EPA 

(2005) 

Pb reference dose Rfd mg/kg/day 3.5E-3 US-EPA 

(2005) 
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