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Abstract: The objective of present study is to evaluate how the five heavy metals nickel, chromium, cobalt, cadmium, 

and lead are move from soil to rice and wheat, two important Indian crops in terms of nutrition, grown in agriculture soil. 

Between April and November 2021, soil samples from the research region were taken. With the aid of a flame atomic 

absorption spectrophotometer, the presence of heavy metals in the soil was discovered. The agricultural soil's mean 

concentration of heavy metals (mg kg-1) was distributed in the following order: Ni (9.34 ± 0.348) > Pb (8.50 ± 0.42) > 

Co (7.43 ± 0.28) > Cd (4.07 ± 0.186) > Cr (0.135 ± 0.028) respectively. According to Indian norms, the average level of 

all examined heavy metals in agricultural soil was below allowable levels. 
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Introduction: The immediate earth surface's soil is an 

unconsolidated inorganic and organic material that acts 

as a natural environment for plant growth and other 

developmental processes[1]. To achieve their 

requirements, humans occasionally engage in 

behaviours that have an adverse effect on the 

environment. These effects may be favourable or 

unfavourable. The reduction in environmental quality 

brought on by human activity includes things like the 

loss of soil quality brought on by waste pollution from 

residential, commercial, and agricultural operations. 

Heavy metals are one of the main pollutants or 

contaminants for soil. Due to the intimate connection 

between soil and agriculture, these toxins seep into the 

soil and have a toxicological impact [2]. 

 Naturally occurring heavy metals can be found in soils, 

which are produced by geological processes such 

erosion and alteration of subsurface geological 

elements[3,4]. The potential of excessive heavy metals 

contaminating soils is also present due to air deposition, 

the use of herbicides, and the use of fertilisers that have 

high metal content [5]. Because they are enduring 

environmental contaminants, heavy metals are 

poisonous [6,7]. Although their chemical forms may 

alter, heavy metals are neither eliminated nor reduced, 

which is a major cause for concern. Recent years have 

seen a significant increase in the global problem of 

heavy metal-mediated environmental contamination [8]. 

The simplest method of exposing people to metals is 

through soil pollution [9]. Heavy metals that can 

accumulate in human tissues and cause serious health 

risks can be found in fruits, cereals, and vegetables 

grown in contaminated soil [10,11]. The amount of 

heavy metals that accumulate in crops depends on a 

variety of factors, including the type of plant, the 

characteristics of the soil, the selectivity of the crops, 

and the permissibility of the metals [12, 13]. The term 

"accumulation factor" is used to define the heavy metal 

pollution in soil with regard to plants [14,15]. The public 

is worried about exposure to metals through the 

digestion of contaminated food crops due to the 

presence of heavy metals in the soil in industrial 

locations. The most important human exposure way may 

be through dietary consumption, however breathing is 

another exposure method [16,17]. Heavy metals can 

cause serious health problems even when taken in very 

small amounts [18]. When essential metals like Cu and 

Zn exceed their safe limits, they can bioaccumulate in 

both animal and human bodies and create major health 

issues [19,20]. After consuming contaminated meals, 

the body loses several crucial nutrients, which has major 

health consequences [21]. Heavy metal pollution of 

crops is a significant problem worldwide [22]. The soil 

provides plants with a variety of essential nutrients, such 

as N, P, and K, as well as extra harmful metals, as some 

plants have a tendency to accumulate excessive levels of 

heavy metals [23]. Heavy metals can travel from the soil 

to crops through the roots or shoots of plants [24]. The 

hazardous elements Pb, Cd, and As that are present in 

the soil are absorbed and stored by cereal grains [25]. 

Due to their propensity to migrate from soil to crops, 

heavy metals' bioaccumulation patterns are biased [26]. 

The human diet includes weighty amounts of rice and 

wheat [27]. These plants consumers all over the world 

can get vitamins, minerals, and amino acids from rice 

[28]. The prevalence of dangerous metals in arable lands 

and their transfer to crops like rice are major concerns 

right now [29]. Crops grown in contaminated soil can 

accumulate significant levels of heavy metals in their 

tissues [30,31]. In light of the aforementioned factors, 

this study was carried out to look at levels of a number 
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of heavy metals in the agricultural soil of the 

investigated area. 

 

 

 

 

Material and methodology 

Study area: For the process of soil and crop sampling, 

area of a field is selected from Bhiwani district, The 

normal annual rainfall of the district is 420 mm village. 

The Indian state of Haryana contains the Bhiwani 

district. Bhiwani serves as the administrative centre for 

the Bhiwani District. It is situated 261 kilometres north 

of Chandigarh, the state capital. The population of 

Bhiwani District is 1629109. By population, it is the 

third-largest District in the State.  

 

Soil sampling and Analysis 

A total of 40 soil samples were taken across various 

sampling seasons to assess the content of heavy metals 

in the soil. To provide a representative sample, four sub-

samples of soil were taken from a rectangular grid with 

a surface area of 0.5 m2 and dug to a depth of 5–10 cm. 

After eliminating foreign bodies, samples were placed 

in clean plastic bags and sealed. In preparation for future 

investigation, soil samples were air dried, pulverised, 

and then sieved with a 2.0 mm mesh before being kept 

in airtight containers. 

A 5.0 ml (HNO3 and HClO4) diacid mixture was 

combined with 0.5g of each soil sample. The sample 

mixture was then put into Teflon containers that had 

already been cleaned, left outside for a whole night at 

room temperature, and then digested in a microwave 

digester (CEM MarsX, USA). Each digestion setup's 

operating programme for the microwave digestion 

system was optimised at 800W of power and 170 °C of 

maximum operable temperature. When digestion was 

finished, the vessels were quantitatively transferred into 

glass beakers and allowed to cool to room temperature. 

The digests were then heated to between 130 and 150 

°C, evaporated to dryness, and the residue was dissolved 

in double-distilled water to create the required volume 

(50 ml). After being transferred to polypropylene 

bottles, extracted solutions were stored in the 

refrigerator until analysis. Atomic absorption 

spectrophotometer measurements were made to 

determine the total amounts of Cd, Ni, Cr, Co, and Pb in 

soil samples. An oxidising flame was employed to detect 

all of the chosen heavy metals, however a reducing 

nitrous oxide flame was used to detect chromium. 

Heavy Metal Transfer Factor from Soil to 

Agricultural Crop Samples  

Transfer factors (TF) were determined in order to gauge 

how well edible agricultural samples absorbed heavy 

metals. It is calculated as the ratio of the heavy metal 

concentration in the edible component of agricultural 

samples to the soil concentration in question (Singh et 

al., 2014). 

TF Edible = Ccrop  

                     Csoil 

 

Where, on a dry weight (DW) basis, Ccrop and Csoil 

represent the concentrations of heavy metals in the 

edible portions of agricultural samples (grain, fodder, 

and vegetables), respectively.  

 

Results and discussion 

Heavy metal content in agricultural soil of wheat 

crop 

With a global production of 659.1 million tonnes in 

2012–2013, wheat (Triticum aestivum L.) is the most 

significant crop in terms of basic food commodities, 

followed by rice and coarse grains (FAO, 2013). The 

assortment of calculated heavy metal content in wheat 

fields soil collected in April-May, 2021 was as follows; 

Ni) 8 - 9 mg kg-1 , (Pb) 8 - 9 mg kg-1 , (Co) 6 - 7 mg 

kg-1 , (Cr) 0.1 - 0.2 mg kg-1 and (Cd) 3.0 – 4.5 mg kg-

1 (Table 1) with mean value of heavy metal content (mg 

kg-1 ) was in the following order: Ni (9.34 ± 0.348) > 

Pb (8.50 ± 0.42) > Co (7.43 ± 0.28) > Cd (4.07 ± 0.186) 

> Cr (0.135 ± 0.028) (Table 1). The results of the current 

study showed that agricultural soil had highest content 

of Ni and lowest content of Cr. Moreover, all the studied 

heavy metals were within permissible limits of Indian 

standards (Awashthi, 2000).  
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Table 1: Range and mean of heavy metals in agricultural soil in Triticum aestivum 

  

 

 

Heavy metal content in wheat grains 

Wheat grain samples from ten sampling stations from 

the study area were collected during wheat harvesting 

season. All the collected samples were analyzed for Pb, 

Ni, Cd, Cr and Co content. Heavy metals in the samples 

of wheat grains collected during April - May, 2021 was: 

(Pb) 0.011 - 0.083 mg kg-1 , (Ni) 0.065 - 0.097 mg kg-

1 , (Cd) 0.010 - 0.019 mg kg-1 , (Co) 0.011 - 0.034 mg 

kg-1 and Cr was not measurable. The following was the 

order of the mean value of heavy metal content (mg kg-

1) in wheat grains: Ni (0.86 ± 0.016) > Pb (0.329 ± 0.21) 

> Co (0.251 ± 0.007) > Cd (0.016 ± 0.0032) > Cr (0.00) 

(Table 2).  It is clear from the results that the content of 

Ni was highest and content of Cr was lowest in the 

studied wheat grain samples. 

 

Table 2: Concentration of heavy metals in fruit of Triticum aestivum 

 

Heavy metal transfer rate from soil to wheat grains 

Transfer factor of heavy metal from soil to wheat grains 

samples collected in April - May, 2021 was: Cr (0.00 - 

0.00), Pb (0.005 - 0.039), Cd (0.002 - 0.003), Ni (0.00 - 

0.01) and Co (0.001 - 0.004) with mean value was as 

follows: Ni (0.007 ± 0.001) > Pb (0.003 ± 0.00) = Cd 

(0.003 ± 0.00) > Co (0.002 ± 0.001)> Cr (0.00 ± 0.00) 

(Table 8 and Fig. 17 - 20). It is clear from the results that 

highest transfer factor of Nickel and lowest of 

Chromium was observed in all the studied samples of 

wheat grains. 

 

Table 3: Transfer factor for metals in Triticum aestivum 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

Statistics 
                                                        Metals 

Ni Pb Cd Cr Co 

Min. 8.900 8.017 3.821 0.109 7.971 

Max. 8.937 8.992 4.414 0.120 6.102 

Mean ± SD 

 
9.349±0.348 8.507±0.420 4.078±0.186 0.135±0.028 7.437±0.286 

S. No. Heavy Metals Mean 

1 Ni 0.086±0.016 

2 Pb 0.032±0.021 

3 Cd 0.016±0.003 

4 Cr                                               00 

5 Co 0.025±0.007  

S. No. Heavy Metals Mean 

1 Ni 0.007±0.001 

2 Pb 0.003±0.002 

3 Cd 0.003±0.000 

4 Cr 00 

5 Co 0.002±0.009 



Pak Heart J 2023:56(02) 

ISSN:0048-2706 E-ISSN:2227-9199 
 

 

 

1151 
http://www.pkheartjournal.com 

 

Heavy metal content in agricultural soil of rice crop 

Over 90% of the world's 7 billion people eat rice as a 

staple food, and Asia accounts for roughly half of this 

consumption. Only China, Taiwan, and India account 

for about 55% of the world's total rice production (IRRI, 

2013). The following heavy metal concentrations were 

found in rice field agricultural soil between October and 

November 2021: The mean value of heavy metal content 

(mg kg-1) in the agricultural soil was as follows: (Co) 

4.3 - 5.9 mg kg-1, (Cd) 0.15 - 0.45 mg kg-1, (Ni) 7.8 - 

8.9 mg kg-1, (Pb) 6.0 - 6.9 mg kg-1, and (Cr) 0.12 - 0.18 

mg kg-1. Mean value was in order of : Ni (8.310 ± 

0.348) > Pb (6.404 ± 0.338)  > Co (5.284 ± 0.495) > Cd 

(3.542 ± 0.309) > Cr (0.164 ± 0.020) respectively (table 

4). 

 

 

 

 

Table 4: Range and mean of heavy metals in agricultural soil in Oryza sativa 

  

 

 

 

 

Heavy metal content in grain of rice crop 

Rice crop samples from ten sampling stations from the 

study area were collected during harvesting season. All 

the collected samples were analysed for Pb, Ni, Cd, Cr 

and Co content. Heavy metals in the samples of rice 

collected during October-November , 2021 was: (Pb) 

0.009 - 0.027 mg kg-1, (Ni) 0.014 - 0.075 mg kg-1, (Co) 

0.006 - 0.012 mg kg-1, (Cd) 0.001 - 0.008 mg kg-1 and 

Cr was not measurable. Mean value of these heavy 

metals (mg kg-1) in rice grain samples collected was in 

the following order: Ni (0.057 ± 0.017) > Pb (0.018 ± 

0.006) > Co (0.009 ± 0.001) > Cd (0.003 ± 0.002) > Cr 

(0.00) (Table 5).  It is clear from the results that the 

amount of Pb was highest and concentration of Cr was 

lowest in the above studied crop sample. 

 

Table 5: Concentration of heavy metals in fruit of Oryza sativa 

 

 

 

 

 

 

 

 

 

 

Statistics 
                                                        Metals 

Ni Pb Cd Cr Co 

Min. 7.832 6.004 3.113 0.123 4.389 

Max. 8.987 6.983 3.987 0.189 5.999 

Mean ± SD 

 
8.310±0.348 6.404±0.338 3.542±0.309 0.164±0.020 5.284±0.495 

S. No. Heavy Metals Mean 

1 Ni 0.057±0.017 

2 Pb 0.018±0.006 

3 Co 0.009±0.001 

4 Cr                                             00 

5 Cd 0.003±0.002 
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Transfer factor of heavy metal from soil to rice grain 

Transfer factor of heavy metal from soil to fruit of crop 

samples collected in October- November, 2021 was: Cr 

(0.00 - 0.00), Pb (8.488 - 9.604), Cd (0.003 - 0.006), Ni 

(0.001 - 0.002) and Co (0.002 - 0.009) with mean value 

was as follows: Cd (0.009 ± 0.005) > Ni (0.006 ± 0.002) 

> Pb(0.002 ± 0.001) > Co (0.003 ± 0.001) > Cr (0.00 ± 

0.00) (Table 6). It is clear from the results that highest 

transfer factor of Lead and lowest with nil value of 

Chromium was observed in all the studied samples of 

rice grains. 

 

Table 6: Transfer factor for metals in Oryza sativa 
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